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1.0-Energy Probe-33s

Ref:

1-Staff-2

a) Please provide an updated revenue requirement work form (including the live Excel

version) that incorporates all of the changes that GSHI indicates that it wants
incorporated into the deficiency calculation as noted in part (c) of the response. Please
include the addition of smart meters and removal of stranded meters from the opening
figures for 2013 in the calculation of rate base. Please also include any further changes
based on responses to the supplemental interrogatory responses, as well as updated
cost of capital parameters based on the Board's February 14, 2013 letter related to the
Cost of Capital Updates for 2013 Cost of Service Applications for Rates Effective May 1,
2013.

Please provide a table that shows the impact on the service revenue requirement for
each of the changes requested in part (a) above. Please include documentation of the
corrections and adjustments, such as a reference to an interrogatory response or an
explanatory note for each change.

GSHI Response

Please see the response to 1-Staff-47s.
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1-SEC-24s

[1.0-EP-1] Please provide a breakdown of the Applicant’s Test Year Board of Director
expenses.

GSHI Response

Here is the budget breakdown for the Board of Directors for the Test Year:

Item Amount
Board Annual Compensation 21,000
Legal/Consultants 3,250
Professional Development/Conferences 18,500
Miscellaneous Material 1,450
Total 2013 Budget 44,200
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1 Staff 47s RRWF
Reference: 1-Staff-2

A review of the Revenue Requirement Work Form filed in the responses to interrogatories
shows a revenue sufficiency of $706,877 (cells H52 and L52 on sheet 8 of the RRWF.)

A. Please explain what changes GSHI has made that resulted in the sufficiency shown in
the updated RRWF.

B. If this is in error, please provide a corrected version.

C. Please provide updated versions of the RRWF reflecting all updates made as a
response of supplemental interrogatories. In doing these updates, also reflect the
updated Return on Equity and deemed Short-term and Long-term Debt Rates as
communicated by the Board on February 14, 2013 for 2013 Cost of Service
applications with an effective date of May 1, 2013. Please file the RRWF in working
Microsoft Excel format. Use columns | and M of the RRWF to reflect the further
changes made; do not use column E which should continue to correspond to the
Application as initially filed.

GSHI Response

a) GSHlI's revised Revenue Requirement Workform submitted with the interrogatories
resulted in a deficiency of $994,151, not a sufficiency of $706,877. However, many
additional changes have been reflected in a revised Revenue Requirement Workform
which has been included with this submission.

b) Please see the revised version of GSHI’'s Revenue Requirement Workfrom included with
this submission.

c) GSHI made several changes to the Revenue Requirement Workform as requested by
Board Staff and the intervenors. The following summarizes the changes, however the
table requested by VECC in 1.0-VECC-47s and Energy Probe in 1.0-EP-33s could not
be completed due to the short time frame available to answer the supplementary
interrogatories.

Rate Base

Gross Fixed Assets, Accumulated Depreciation and Amortization/Depreciation: GSHI included
Smart Meters and Stranded Meters as requested by several intervenor interrogatories (2-VECC-
48, 1.0-Energy Probe-33s, 2-SEC-25s) into the 2013 Opening Gross Fixed Assets and
Accumulated Depreciation figures. GSHI also incorporated the updated the 2012 and 2013
continuity schedules as requested by 2.0-Energy Probe-6 for preliminary 2012 year-end figures
(and the resulting changes to 2013). GSHI also changed the average useful life of Account
1835 Overhead Conductor & Devices to 40 years from 50 as per 4-Staff-54s. These
adjustments also affected depreciation expense and closing accumulated depreciation. The net
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change for the adjustments was $1,740,681 to average assets and a change of $114,714 to the
depreciation expense.

Allowance for Working Capital

GSHI recalculated the Cost of Power calculation to reflect the change in average commodity
cost as requested by 2.0-Energy Probe-10 and 2.0-Energy Probe-38s. The recalculation
resulted in a change to the Cost of Power Calculation from $94,914,882 to $95,407,097, a
change of $492,215. This changed GSHI's Working Capital Allowance by $63,988, from
$14,362,335 to $14,426,323.

Utility Income
Other Revenue

GSHI included the Microfit Charge Revenues of $3,088 as requested by 3-Staff-23. GSHI has
also included sale of scrap revenues of $67,000 and the gain on the sale of vehicles of $43,658
as requested 3.0-Energy Probe-40s. These changes have increased GSHI’s Total Revenue
Offsets by $113,747.

Operating Expenses

Depreciation/Amortization: The change to the depreciation and amortization figure of $114,714
has been discussed in conjunction with the change in Rate Base above. It is due to the updated
2012 and 2013 Capital Continuity for preliminary 2012 year-end figures as well as the change in
useful life for account 1835 Overhead Conductor and Devices from 50 years to 40 years.

Taxes/PILS

The PILS model has been updated for the change in CCA class for Computer Hardware from
Class 10 to Class 50 as requested by 4.0-Energy Probe-23. The CCA schedules in the PILS
model have also been updated to reflect the updated 2012 and 2013 Capital Asset Continuity
Schedules included as Attachments 7 and 8. It has also been updated to reflect the
recalculated Rate Base and the updated Cost of Capital Parameters as requested 1-Staff-47s
and 4-Staff-55s. It also now includes a $14,147 tax credit relating to the Apprenticeship Tax
Credit as requested by 4.0-Energy Probe-43s. The revised PILs amount (grossed-up) is
$417,070, up $215,410 from $201,660. The new PILs figure has been included in the Revenue
Requirement Work Form.

Capitalization/Cost of Capital
Cost of Capital

The revised Cost of Capital Parameters per 5-Staff-55s have been included throughout the
submission, including the Revenue Requirement Workform. GSHI’s Long-term debt rate used
in the Workform was calculated in the revised Appendix 2-OA and 2-OB (included as
Attachments 2 & 3) which have been updated to reflect the deemed rate of 4.12% for non-arms
length loans.
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The above changes resulted in an increase of GSHI’s revenue deficiency of $160,288 and an
increase in the Service Revenue Requirement of $255,429. A summary of changes between
the Revenue Requirement Workform included with the Supplementary Interrogatory Responses

and the Original Application has been provided as Table 1 Below.
Table 1 — Summary of RRWF Changes

Supplementary

Interrogatory Original

Item Responses Application Change

Regulated Return on Capital 5,386,981 5,461,647 S (74,666)
Regulated Rate of Return 5.99% 6.20% -0.21%

Rate Base 89,884,379 88,079,710 S 1,804,669
Working Capital 110,971,715 110,479,500 S 492,215
Working Capital Allowance 14,426,323 14,362,335 S 63,988
Amortization 3,991,579 3,876,864 S 114,715
PILs 417,070 201,660 S 215,410
OM&A 15,564,617 15,564,617 S -
Revenue Deficiency 1,004,576 844,288 S 160,288
Service Revenue Requirement 25,360,217 25,104,788 S 255,429

Also included with this submission is an updated Appendix 2-W Bill Impacts (Attachment 22),
and updated Cost Allocation Model (included with submission), which reflect the changes to the
Revenue Requirement Workform. Other models filed with the submission include: PlLs model

(updated as discussed above), RTSR Model (no change from version filed with the initial

interrogatories), EDDVAR (updated as discussed in 9 Staff 57) and the Smart Meter Model (no

change from version filed with the initial interrogatories).



1.0-VECC-47s

Reference:

1-Staff-2
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a) Upon completing your responses to all interrogatories please provide an updated
RRWF with any corrections or adjustments.

b) Please provide a table in the format shown below and which shows all the
proposed adjustments made from the original filing in both the original and
supplementary interrogatories. An example of the table requested is shown

below:
Regulated | Regulated Working Service
Reference Item ReturnOn RateOf RateBase Working Capital Amortization PlLs OM&A Revenue
Capital Return Capital Allowance Requiremen
OriginalSubmissionOctober2012 2,875,064 6.97% 41,694,299 51,873,750 6,743,588 1,379,137 6,325,500 10,579,701
BoardStafflRé4. Board UpdateofSmartMeterModelandCapitalCont
oard>taitifs, oar inuitySchedulestorefle ctactualSMaddition 6,067 87,000 0 6,000 12,067
StaffIR#SC(b)&EP IR#7
sfor2012&proposed2013
2,881,131 6.97% 41,781,299 51,873,750 6,743,588 1,385,137 6,325,500 10,591,768

GSHI Response

Please see the response to 1-Staff-47s.
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2-AMPCO-15 Reliability

Reference: AMPCO IR#2 (g)

In this interrogatory, AMPCO sought a further breakdown of the specific causes of defective
equipment and the number of outages and customer minutes for each cause.

Please provide this additional data.

GSHI Response

Please see Attachment 9 for the causes of defective equipment and number of outages and
customer minutes.
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2-AMPCO-16

Reference: SEC IR #8

The response to SEC #8 indicates given the age of the plant and the number of recent failures,
it was necessary to undertake this rebuild.

Please provide the recent failure data.

GSHI Response

As stated earlier, the Copper Cliff Rebuild is actually an underground plant renewal of an
existing townhouse complex located in the Town of Copper Cliff. The entire system (which was
about 35 years old) included live-front transformers and direct-buried cables, which, upon
failure, would have resulted in a prolonged outage for the residents of the complex.

GSHI had already lost a span of underground primary conductor which eliminated the loop-feed
to the complex due to cable failure. Additionally, the loop-feed into the vault of the apartment
building had also been lost. Finally, we also experienced three live-front transformer failures.
GSHI present-day standard is to install dead-front transformers. The existing cables, which
were not designed to any standard when they were inherited by GSHI many years ago, needed
to be cut so that a lineman could place an elbow to make connection to the new transformer.
Unfortunately, the cables, as they were direct-buried, offered insufficient slack to accomplish the
connection, which was another compelling reason to upgrade the remaining cables throughout
the complex to a modern-day standard.

In our view, the overall age of the system and the potential for outages of a significant duration
due to the loss of the ability to loop feed the system drove this project.

Table 1 Copper Cliff Rebuild Failure Summary

Failure Description
Live-front Transformer Oct 9th 2009
Live-front Transformer Nov 12th 2010
Live-front Transformer Oct. 24th 2011
Primary Conductor Loss of loop-feed to complex
Primary Conductor Loss of loop-feed to apartment building
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2-AMPCO-17

Reference: Board Staff IR#3 (b)

The response indicates the CAMP will be presented to the GHSI Board at the February
25, 2013 meeting.

Please provide the decision of the Board regarding the approval of the CAMP.

GSHI Response:

GSHI's Board of Directors considered and approved the CAMP. Board Motion No.:
#2013-GSHI-K-01-06, is included as Attachment 18.



2.0-Energy Probe-34s

Ref: 2.0-Energy Probe-4

Attachment 1 provided in the response shows changes to the working capital allowance but
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does not provide the revised net capital assets in service resulting from the changes related to
the inclusion of smart meters and exclusion of stranded meters in the opening balance for the

test year.

a) Please provide a revised Attachment 1 that shows the impact of the change in the

stranded and smart meters on the rate base calculation.

b) Please show the derivation of the $4,267,452 figure provided in the response in relation
to the figures shown in Appendix 2-B found in Exhibit 2, Tab 3, Schedule 2, Attachment
2 for the 2013 test year.

GSHI Response

a) Please see the Schedule 1 below, that shows the impact of the change in the stranded
and smart meters on the rate base calculation as reported in the initial interrogatory. It
has since been updated in the second round of interrogatories.

Schedule 1 - Updated Rate Base - Smart Meters in Opening Balance

2009 2010 2011 2012 2013 2013
Restated Change
Actual Actual Actual Projection | Projection | Projection
Net Capital Assets in
Service:
Opening Balance 60,941,846 | 63,607,436 | 64,843,012 | 65,442,489 | 68,090,111 72,357 563 4,267,452
Ending Balance 63,607,436 | 64,843,012 | 65,442,489 | 68,090,111 | 79,344,639 79,344,639
Average Balance 62,274,641 | 64,225,224 | 65,142,750 | 66,766,300 | 73,717,375 75,851,101 2133726
Working Capital
Allowance 13,311,200 | 13,068,383 | 14,694,079 | 15,451,517 | 14,362,335 14,362,335
Total Rate Base 75,585,841 | 77,293,607 | 79,836,829 | 82,217,817 | 88,079,710 90.213.436




Response to Supplementary Interrogatories
EB-2012-0126
Filed March 18, 2013

b) The following table shows the derivation of the $4,267,452 figure provided in the
response in relation to the figures shown in Appendix 2-B found in Exhibit 2, Tab 3,
Schedule 2, Attachment 2 for the 2013 test year. The values are taken directly from the
2013 Appendix 20B

Smart Meter Activity as of December 31, 2012
Included in Opening NBV for Fixed Assets for 2013
Smart Meter Additions 6,523,624.00
Accumulated depreciations (1,047,818.00)
Net Additions 5,475,806.00
Stranded Smart Meter Assets (7,076,701.00)
Accumulated depreciations 5,868,347.00
Net removals (1,208,354.00)
Net change to opening NBC 4,267,452.00

This figure reflects only the actual smart meter capital but excluded the hardware and
miscellaneous equipment. In the final updated rate base, these additional values were
incorporated into the 2013 opening capital figures.
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2.0-Energy Probe-35s

Ref: 2.0-Energy Probe-6

Does GSHI now have better information on year-end figures closed to rate base for 20127 If
yes, please provide an updated fixed asset continuity schedules for 2012 and 2013, along with
an updated depreciation schedule for 2013.

GSHI Response

Please see attachments 7 and 8 for the updated 2012 and 2013 Capital Continuity Schedules
(Appendix 2-B) as well as attachment 1 for the updated 2013 Depreciation Expense Schedule
(Appendix 2-CG). Please note that GSHI has changed the useful life for account 1835
Overhead Conductors & Devices from 50 years to 40 years as a result of Board Staff’s
supplementary interrogatory 4-Staff-54s.
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2.0-Energy Probe-36s

Ref: 2.0-Energy Probe-6

Please explain any changes in the line items related to the capital expenditures shown in
Attachment 2 to 2.0-Energy Probe-6 for 2013 relative to the figures shown in Exhibit 2, Tab 3,
Schedule 2, Attachment 2 (Appendix 2-B), if they are not solely related to the carryover of
projects from 2012 to 2013.

GSHI Response

The material changes in line items for 2013 capital expenditures are related to carryovers from
2012 for projects that were not completed as expected at the time of the initial filing.
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2.0-Energy Probe-37s

Ref: 2.0-Energy Probe-7 &
Exhibit 2, Tab 4, Schedule 2 &
2.0-Energy Probe-6

a) The response to part (b) of 2.0-Energy Probe-7 indicates that GSHI still anticipates all of
the projects listed to be completed and in-service by the end of 2013. Given the actual
results from 2012 where a number of projects were not completed by the end of 2012
and the added work carried into 2013 as a result of these projects not being completed
in 2012, please explain why GSHI believes it has the resources to complete all of the
projects listed by the end of 2013.

b) Please confirm that the new radial boom derrick that was purchased in 2012 and will not
arrive until 2013 has not been placed in rate base as of the end of 2012 or beginning of
2013.

c) Please provide an updated Exhibit 2, Tab 4, Schedule 2 that reflects for each table
shown in that exhibit, revised 2012 and 2013 figures that correspond to the actual capital
expenditures shown for 2012 and the revised 2013 forecast in Attachment 2 of the
response to 2.0-Energy Probe-6.

GSHI Response

a. 2012 WIP results do not follow the trend set in previous years as a result of an
abnormal amount of third party costs and commercial projects. When the third
party costs are removed i.e. $89,100 down payment on a new vehicle and
$100,000 payment towards the new control room amongst others the remaining
WIP reduces to $115,169. Of this remaining WIP approximately $30,000
accounts for commercial work that has not been completed as the timelines for
this work are driven by the proponent. GSHI contends that if there were no third
party impediments to completing the work these amounts would not remain
unfinished and by extension WIP would be reduced to $87,000. Given this
analysis we do not believe that the single year of outlier WIP provides any basis
to project actual 2013 performance.

b. The new radial boom derrick purchased in 2012 is not included in either 2012
closing or 2013 opening rate base.

c. Please see Attachments 19 and 20 for the updated Summary of Capital
Expenditures that was included as Exhibit 2, Tab 4, Schedule 2 and an updated
Appendix 2-A Capital Projects Table, prepared using updated preliminary year-
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end figures, subject to change as GSHI prepares its annual Financial
Statements.
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2.0-Energy Probe-38s

Ref: 2.0-Energy Probe-10 &
Exhibit 2, Tab 5, Schedule 1, Attachment 1

a) The response refers to a revised table in an attachment. However no attachment
number is provided. Please provide the attachment referred to.

b) If not provided in the attachment referred to above, please provide a table equivalent to

that found in Exhibit 2, Tab 5, Schedule 1, Attachment 1 showing the revised cost of
power calculations.

GSHI Responses

a) Please refer to Attachment 13, which shows the updated commodity cost calculations.

b) Also included as Attachment 14 is the table equivalent to that found in Exhibit 2, Tab 5,
Schedule 1, Attachment 1 showing the revised cost of power calculations of
$95,407,097. This is slightly different from the interrogatory response.
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2-SEC-25s

[2.0-EP-7] Please confirm that the 2012 closing rate base and 2013 open rate base have been
updated to reflect the answer to the interrogatory.

GSHI Response

The 2012 closing rate base and 2013 opening rate base included with these supplementary
interrogatories have been updated with the most recent 2012 preliminary figures, which includes
the adjustments to work in progress of the projects referred to in the response to 2.0-EP-7.
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2-SEC-26s

[2.0-EP-7] Please provide the expected month that each major Test Year capital project is
expected to go in-service in 2013.

GSHI Response

Please see Attachment 16 for the planned in-service dates for the 2013 Test Year Capital
Projects.
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2 Staff 48s Trends
Reference: 2 Staff 4

GSHI has provided a trend table in response to Board staff's request. The trends are based on
actuals for 2007 — 2011.

A. Please state the 2009 Board approved capital expenditures that are underpinning
GSHYI’s current rates.

B. Please confirm that the estimated 2009 costs for the CODAC/SAP CIS system was
included in the approved CAPEX, and state the amount.

GSHI Response

A. The following excerpt from Greater Sudbury’s 2009 Cost of Service Application Decision
and Order dated December 1, 2009 (EB-2008-0230) indicates the Board approved
capital expenditures underpinning Greater Sudbury’s current rates

“Summary of Board Findings for Capital Expenditures
Overall, the Board orders the following adjustments to Greater Sudbury’s proposed capital
spending plan for the 2009 Test Year.

Net Capital Requested in Rate Base $9,733,812
Less:
1. $200,000 land for MS14 substation $ 200,000
2. AM/FM GIS Software Carryover $ 160,610
3. Webpage Design $ 21,658
4. Reduction in meter capital expenditures $ 61,370
5. Allocation of CIS capital costs to water customers $ 320,860
Total Approved Capital Spending Plan for 2009 $8,969,314

In addition, Greater Sudbury is directed to remove the amount of $293,906 from the 2008 rate
base and add it to the rate base of the Test Year.”

B. Per Appendix C of the Decision and Order, Greater Sudbury had included $1,525,000
for the SAP CIS System in the requested rate base of $9,733,812. Per the adjustments
noted in A above, this amount was reduced by 21.04% to allocate a portion of the CIS to
water customers, leaving a balance of $1,204,140 or 78.96% allocated to electricity
customers.
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2 Staff 49s Community Energy Storage
Reference: 2 Staff 7

In clarifying the purpose of the Community Energy Storage (“CES”) as a component of GSHI’s
GEP, GSHI states on page 52 that under Sections 3.3.3 and 3.3.2 (h) of the Distribution System
Code (“DSC”) the LDC is financially responsible for “modifications or additions to allow for and
accommodate 2-way or reverse flows.

A. lIs it GSHI's interpretation of these sections that none of the costs associated with the
CES is eligible for the provincial benefit? Please explain your answer.

GSHI has stated on page 51 that in order to meet requirements of CSA Standard C22.2,
inverters used on renewable generators are to supply voltages between 0.88 and 1.1 per unit
(“pu”). Specifically GSHI states: “Clearly under the right conditions secondary voltages of
between 1.04 pu and 1.1 pu, i.e. voltages that exceed CSA Can3-235 will exist on secondary
lines supplying load customers.” Board staff would like some clarification.

B. Is it GSHI's understanding that this precludes the inverter being set to provide a supply
voltage of 1.04 pu?

C. If the answer to B is “yes”, is it your understanding that the CES units are capable of
bringing about a voltage reduction from 1.1 to 1.04 on a continuous basis?

Board staff is interested in further information regarding the application of CES on GSHI’s
distribution system.

D. Is GSHI aware of any installations utilising solar generators supplemented by CES
units, given that there are numerous solar generator projects throughout Canada and
the United States?

E. Does GSHI have any experiential knowledge with any inverter output devices and their
voltage control? If so, please describe the relevance to the expected situation.

F. Does GSHI have a staged plan to demonstrate that there is a need to have a CES unit
in place before placing a solar generator in service? If so please describe the plan. If
not, please state why it is necessary to install CES upfront.

G. As an alternative, would GSHI be prepared to have an independent consultant
recommend as to whether the CES devices are required before installing such
devices?

H. Given that CES is new technology, and the degree of investment that GSHI is
planning over the next few years, please explain why the plan is a prudent plan
relative to other more conventional solutions.

GSHI Response

20
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A. No. It GSHI’s position that the because of the DSC requirements of Sections 3.3.3 and
3.3.2 (h), all costs associated with the CES are eligible for provincial benefit. The Green
Energy Act and the programs resulting provide insignificant benefits for LDCs. The
connection of distributed generation adds complexity and unintended consequences in
all aspects of the distribution system; planning, construction, maintenance and
operations. It has and will add costs and the benefits primarily accrue to the province;
reduced transmission, elimination of coal, increased jobs in Southern Ontario.

B. With respect to islanding tripping points, specifically overvoltage, the standard is
permissive. Section 15.2.2.2 states “A utility-interconnected inverter provided with field
adjustable trip points for specific utility requirements...”. Therefore a manufacturer is
allowed to build an inverter with field adjustable trip points...they are not required to do
so. Units with static set points cannot alleviate the sustained, localized overvoltage
problem. GSHI can ask proponents to provide inverters with trip points set to 1.04 pu,
however the proponent may or may not have signed a contract to purchase an inverter
with field adjustable set points and therefore may or may not be able to comply.

Assuming the proponent can set the trip point to 1.04 pu, there will be consequences. It
is probable the lower set point will reduce the output, i.e. revenue, from the inverter as
high penetrations of inverters will result in sustained, localized high voltages on the
secondary bus, i.e. sustained periods when the secondary voltage exceeds 1.04 pu as a
direct consequence of connection of distributed generation to the existing distribution
system. Reduced revenues will undoubtedly bring howls of indignation from the
proponents and demands for a remedy that will allow unfettered generation. Back to
square one and the CES solution.

C. The CES dynamically compensates for adverse system conditions and maintains the
secondary voltage at a user defined set point such as 1.04 pu on a continuous basis
through two means;

a. Providing a “load” by storing electrical energy. This functionality is somewhat
limited. The size of the battery will limit the CES’s ability to provide “continuous”
voltage regulation in this mode. If the battery were “fully” discharged, operating
at 10 to 20% of rated energy storage, the unit could provide voltage control for a
finite period of less than an hour to several hours, depending on the distribution
feeder loading and therefore the feeder voltage present at the time.

b. Operating the inherent CES inverter in “four-quadrant” mode will allow the
inverter to operate as an inductive load, on a continuous basis, up to the kVA
rating of the inverter. The presence of a large inductive load on the secondary
bus will reduce the voltage on a continuous basis, however, there is a
consequence. System Losses, which cause voltage drop, will increase. It must
be said at this point that the European Union, Germany in particular, has recently
issued requirements that all large inverters be Smart inverters. Smart inverters
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allow “four quadrant” operation. The use of Smart inverters can replace the CES
inverter as described above. However, there are consequences:

i. The inverter will have to be sized at least 42% larger than the proponents
required kW output to allow for operation with full kW and an equivalent
amount of inductive kKVAR. For Example, a proponent who desires a 250
kW FiT contract whose utility requires that they are able to simultaneously
supply 250 kVAR inductive will require an inverter rated at 353 kVA to be
able to achieve both outputs simultaneously. This will require changes to
the OPA’s FiT rules as a 353 kVA inverter, capable of producing 353 kW
when conditions allowed, at a 250 kW contract site would not be allowed
under current FiT rules. Also significant monitoring and control, as
envisioned in a DMS system, will be required to operate the distribution
system under either a CES or a Smart inverter scenario.

ii. It is unclear whether current changes to IEEE 1547 and CSA C22.2 No.
107 will allow European type Smart inverters into the North American
market or not, and if they do what functionality will be allowed is also not
clear.

D. S and C Electric report that Southern California Edison, San Diego Gas and Electric and
Duke are using their CES units in support of PV installations. E-camion reports that
Detroit Edison Electric is using battery storage to mitigate voltage issues related to PV
installations.

In addition E-camion provided us with Attachment 15, Sandia National Laboratories
public report entitled “Energy Storage for the Electricity Grid: Benefits and Market
potential Assessment Guide, A study for the DOE Energy Storage Systems Program”. |
would refer you to section 3.4.3.3 found below (highlight added for emphasis);
3.4.3.3. Application Synergies
Utility-owned storage used for T&D deferral is also likely to be well-suited for several other
applications, especially electric energy time-shift, electric supply capacity (peaking), and electric
supply reserve capacity. Depending on location and circumstances, the same utility-owned

storage could also be used for voltage support, transmission congestion relief, electric service
reliability, electric service power quality, and renewables energy time-shift.

If the storage is customer-owned, it may be especially compatible with TOU energy cost and
demand charge management as well as electric service reliability and electric service power
quality and for renewables (co-located distributed PV) capacity firming.

E. No

F. GSHI will NOT willy nilly install CES units. The need for a unit would be indentified at
the Customer Impact Assessment (CIA) stage. The current state of Engineering
Analysis software, will likely result in significant under diagnosis of this problem.
Currently all GSHI ClAs are performed by a third party engineering firm. GSHI would
ONLY consider installing a CES unit in two circumstances;
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The CIA identifies that secondary high voltages will result from high penetrations
of distributed generation, or

Operating experience identifies localized, sustained high voltages, and;

Where NO CONVENTIONAL SOLUTION TO THE HIGH VOLTAGE EXISTS!

G. GSHI Engineering Staff regularly consider the benefit of accessing external consulting
expertise against the value of developing the enhanced ability internally. If the specific
skill set is expected to be required on a continuing basis GSHI would likely combine
external expertise with our own professional engineering staff to develop the skills
internally. Again GSHI would carefully weigh the costs against the benefit on a case by
case basis.

H. The CES solution would ONLY be used if required as per F above. The GEA plan is
based on projections of both generation penetration and costs for the CES solution. If
other less expensive solutions come to market the GSHI will consider their pros and
cons and implement if applicable. The degree of investment is driven by five factors;

a.

© 20U

The need for a localized, non-traditional solution;

Projected distributed generation connections in the coming years and

The high cost for emerging technologies such as CES and

The lack of commercially available options at this time and

THE REALITY THAT NO CONVENTIONAL SOLUTION, DEPLOYED AT THE
DISTRIBUTION SYSTEM LEVEL, EXISTS TO DEAL WITH SUSTAINED,
LOCALIZED, SECONDARY HIGH VOLTAGES.
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2 Staff 50s Distribution Management System

Reference: 2 Staff 8
Board staff seeks additional information on GSHI’s Distribution Management System (“DMS”).

A. Please state GSHI's knowledge of other installations utilising the described DMS given
that there are numerous solar generator projects around North America?

B. Please state any experience that GSHI might have with DMS, and how that
experience is related to GSHI's GEP.

C. Does GSHI have a staged plan to demonstrate that there is a need to have this
specialized DMS in place before placing solar generation/inverter system in service?
That is, does GSHI plan to first use conventional SCADA? If so please describe such
the plan.

D. As an alternative, would GSHI be prepared to have an independent consultant
recommend as to whether DMS devices are required or not before installing such
devices?

GSHI Response

A. GSHI is aware of the following organizations utilizing the described DMS;
a. Quebec Hydro has plans to install a DMS system in the 2008 to 2023 time frame.

Refresh from Distributech 2009

* In 2009 Hydro-Québec presented the first version of
its Distribution roadmap
— Benchmark

— Guiding principles
— Vision
— Roadmap projects

b. BC Hydro has plans to install a DMS system.
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DMS Functions “+” Value Added Functions

Basic Functions Advanced Functions
1. SCADA On Line Power Flow

2 User Interface 2 Vaolt Viar Optimization®

3. Tagging 3. Faull Locabon Isolation & Restorabon *
4.  Outage/ Permit Request

5 Alarms

B Switch Order Management

7. Despatcher Training Simulator

IPP generator monitoring and control micro

grid operations.

*DMS Value Drivers

c. At Distributech 2013 the following utilities reported DMS installations: Duke
Energy, Ameren Electric, ConEd, San Diego Gas & Electric, Alabama Power,
Oncor, American Electric Power and others.
d. Atthe IEEE 2013 Power & Energy Society General meeting the following utilities
reported DMS installations: Portland General Electric and Hawaii Electric Co
B. GSHI has participated in numerous Smart Grid training sessions that included
information about and in some cases focused on Distribution Automation/Distribution
Management Systems (DA/DMS). GSHI has had presentations from the following
vendors; Survalent, Milsoft , Telvant and SNC Lavalin.

The presentations and demonstrations have shown us that when high penetrations of
renewable generation on the distribution system begins to cause power quality issues
such as sustained, localized high voltage and flicker there is no conventional technology
that can adequately solve the problem. The application of new technologies such as
CES units introduces operational complexities that will require DMS functionality.

GSHI has no actual hands on experience with a DMS system.

C. Yes, GSHI will use a staged approach. GSHI will first use conventional SCADA to
control and manage renewable generation sites. As penetrations grow and ClAs
indicate power quality issues arising GSHI will introduce CES in standalone
(autonomous voltage control) mode, with the possible addition of Interactive Volt-Var
Control (IVVC) software. The decision to introduce DMS or at least DMS functionality
would come, having performed an appropriate cost-benefit analysis, when distribution
system operational complexity exceeds the abilities of traditional SCADA.
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D. GSHI Engineering Staff regularly consider the benefit of accessing external consulting
expertise against the value of developing the enhanced ability internally. If the specific
skill set is expected to be required on a continuing basis GSHI would likely combine
external expertise with our own professional engineering staff to develop the skills
internally. Again GSHI would carefully weigh the costs against the benefit on a case by
case basis.
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2 Staff 51s SCADA

Reference: 2 Staff 9
In GSHI's response stating specific needs/projects for monitoring, controlling and
transfer trip facilities, it described functions fulfilled by classic SCADA systems,
including digital status and control points and analog/digital data monitoring, for purpose
of status, control and metering.

A. Is the transfer trip essentially a monitoring of a status point?
B. Is GSHI describing the addition of points to an existing SCADA system?

GSHI Response

A. Yes.
B. Yes
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2.0-VECC- 48s
Reference: 2-Energy Probe -4

a) Please file the updated RRWF showing the adjustment in the table requested in 47s
and also showing the results if smart meters are added to the 2013 opening balance
and stranded meters are removed (as per 2-Energy Probe-4).

GSHI Response

Please see the response to 1-Staff-47s.
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2.0 - VECC - 49s
Reference: 2-Energy Probe -5 /2-SEC-5

The evidence in respect to the 2012 and 2013 Continuity Schedules filed in the original
evidence and the schedules updated in the interrogatory response has changed significantly.

a) Please explain the significant change in accounts 1805 (Land) and 1808 (Building
Improvements). Please confirm or update the project cost figures used in response
to 2-SEC-5.

b) Please also explain the change in accounts 1611 (Software) and 1920 (Computer
Hardware)

GSHI Response

To respond to both a) and b) GSHI has used its updated continuities included as attachments 7
& 8 as they represent the most up to date preliminary figures.

a) For Account 1805 (Land), the variance is only $6,383 and is due to the fact that in the
original application, $10,000 of land costs were erroneously included with Account 1820
Substation Equipment, instead of 1805. This has been corrected in the updated
continuities included as Attachments 7 & 8. See table 1 below for the updated figures.

Table 1 — Account 1805 Land

2012 2013 Total
Updated S 1,253 S 10,699 S 11,952
Original S 5,569 S - S 5,569
Variance S (4,316) S 10,699 S 6,383

For Account 1808 (Building Improvements), GSHI had originally anticipated that the cost

to renovate the washroom would be approximately $100,000 and would be completed in

2012. GSHI went out to tender and the lowest bid, which has been approved by GSHI’s

board was for $160,400 and the work will not be completed until 2013, resulting in a

carryover to the 2013 year. Please see Tables 2 and Tables 3 below for further details.
Table 2 — Account 1808 Building Renovations

2012 2013 Total
Updated $ 171,885 $ 1,177,121 $ 1,349,006
Original $ 310,379 S 966,000 $ 1,276,379
Variance $(138,494) S 211,121 S 72,627
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Table 3 — Excerpts from Appendix 2-A Capital Projects Table

Update Original

Building 2012 2013 Total 2012 2013 Total
Renovate washrooms $ 9370 | $ 160,400 $ 169,770 $ 100,000 $ 100,000
Modifications to server room $ 25,379 $ 25,379 | $ 25,379 $

New Roof $ 130,410 $ 30,400 $ 160,810 $ 155,700 $ 155,700
Lighting Conversion $ 110,064 $ 110,064 $110,064 | $ 110,064
Geothermal Energy System $ 615,221 $ 615,221 $615221 | $ 615,221
Fuel Conversion $ 208,000 $ 208,000 $ 208,000 $ 208,000
Other Miscellaneous $ 6726 | $ 53,036 | $ 59,762 | $ 29,300 | $ 32,715 | $
Sub-Total $ 171,885 $1,177,121 $ 1,349,006 $ 310,379 $ 966,000 $ 1,276,379

b) For account 1611 (Computer Software), there is an $80,000 decrease between what

was originally filed and the updated figures included in Attachments 7 & 8. This relates
specifically to the budgeted Outage Management System. GSHI originally budgeted
funds in 2012 and 2013 to purchase and implement the system. The project was
deferred to 2013 and a revised estimate of the costs indicate that the amount that was
originally budgeted in 2013 will suffice, therefore the funds budgeted in 2012 were not
carried over to 2013.

Table 4 — Account 1611 Computer Software

2012 2013 Total
Updated S 7,888 $ 533,450 S 541,338
Original S 248,175 $ 375,000 S 623,175
Variance S (240,288) S 158,450 S (81,838)

For account 1920 (Computer Hardware), an addition was missed in the updated version
of the continuity for the interrogatories. The figures have been updated here with the
most recent preliminary numbers, which indicate that a significant variance does not
exist.

Table 5 — Account 1920 Computer Hardware

2012 2013 Total
Updated S 9,001 S 364,328 S 373,329
Original S 371,510 S - $ 371,510

Variance $(362,509) S 364,328 S 1,819
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2.0 - VECC - 50s
Reference: 2-Staff-6

a) Please provide details as to the breakdown of GEA capital costs. Specifically
explain the vehicle costs including whether this is for a vehicle purchased
specifically for this program or is an allocation of existing vehicle costs.

GSHI Response

The following is an itemized breakdown of the $284,913.

Labour ----- $78,107
Vehicles --- $23,576
Materials -- $183,230

a) The entire $284,913 is predicated on some as yet undefined project(s) being
required to connect distributed generation and the costs falling within the LDC
requirement to improve existing line(s) or station(s) to facilitate distributed
generation connection under the general headings of expansions or renewable
enabling improvements.

Labour — Burdened cost of internal operations crews to perform approximately
1000 hours of labour.

Vehicles — hourly rate for existing line vehicles times expected hours on the job.
Materials — Burdened rate for typical line materials used to re-conductor or
otherwise rebuild line sections.
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2.0 - VECC -51s
Reference: 2-VECC-4.0

a) In contrast to Billing and Collecting, IT capital investments in the SCADA system has
been significant and ongoing since 2009. Please explain why. What is GSHI long-
run annual capital costs for this system?

GSHI Response

IT Capital investments accounted for as SCADA system software investments have been
ongoing since 2009. The SCADA IT moniker is misleading in that this category incorporates all
IT capital work relative to the wires company. Included in the SCADA IT Capital account are all
Engineering, ERP and SCADA IT software improvements. The tabulated costs in the original
submissions have been revised to reflect 2012 year end actual and carryover to 2013. Below is
each year, as revised, itemized as requested with explanations.

$ 75,000 EPR/Warehouse Automation (2012 carryover)
$ 66,000 Partnersoft/Field Staker (2012 carryover)
$ 92,450 Milsoft Map/ESRI Integration (2012 carryover)
$225,000 Outage Management
$ 75,000 Business Process Improvement/Process Integration
$533,450

ERP/Warehouse Automation — This project will enable the use of bar codes for all inventory
material.

Partnersoft/Field Staker — this project will build upon the Milsoft Map/ESRI integration project to
allow the modification to existing field assets as projects that inherently create bills of material,
accounting ties to the GL and work orders and allow load flow and protection studies without
manual model creation. Updates to the base map are controlled by the GIS administrator who
“accepts” projects as designed and modifies base plan to “as built”.

Milsoft Map/ESRI Integration — ties the ESRI base map and it's ‘as configured’ connectivity to
the Milsoft Engineering Analysis software through the Milsoft Map application. Engineering
models are created using the data inherent in the GIS allowing accurate on the fly load flow and
short circuit analysis. The real time integration of the GIS System and the Engineering Analysis
system allows the introduction of real time Electronic Operating Maps in the Control Room that,
in turn, affect the real time connectivity of the Engineering Analysis model.

Outage Management — In 2013, having created and accurate real time connectivity using
Electronic Operating Schematics that are linked in real time to the ESRI connectivity model
which is linked in real time to the Milsoft Engineering Analysis model, we can now tie in an
Outage Management System to aid in customer communications during outages and accurately
predict open points using real time information.

Business Process Improvement/Process Integration — A process to define and improve
processes and allow the singular, accurate and timely capture of important data to be stored in
an appropriate host data base. The singularly hosted data is then available as source data for
all enterprise requirements.
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Business Process Improvement/Process Integration — See Submission Ex X, SCH Y, Tab Z,
Page X for further details.

2012 $ 7.800 Automatic Vehicle Location
$ 7,800

Automatic Vehicle Location — Automatic Vehicle Location (AVL) software was purchased and
implemented, which allows us to track the location of every vehicle on our GIS system.

$ 13,984 Customer Information System
$ 52,901 Partnersoft Inspection Software/Work Order Drawings
$ 70,000 Asset Management
$ 1,800 SCADA System Programming
$138,685

Customer_information System — Programming changes and testing required as a result of
regulatory changes (LEAP).

Partnersoft Inspection Software/Work Order Drawings — Two GIS software/programming
projects completed; (i) with respect to the upgrade from GAMUT to ESRI GIS systems
programming required to bring over the work order drawing ability we had in GAMUT to ESRI
and (ii) the Partnersoft Inspection software used in our OEB mandated (DSC) and other asset
inspections.

Asset Management — Licensing of Kinetrics asset management software.

SCADA System Programming — Programming SCADA archiving software.

2010 $ 45,300 Conversion Costs Legacy GIS to ESRI
$ 2,982 SCADA System Programming
$ 854 Customer Information Reconfiguration Costs
$ 49,136

Conversion Costs Legacy GIS to ESRI — Programming costs to convert data and connectivity
from legacy GIS system to ESRI.

SCADA System Programming — Data conversion from legacy Vax SCADA system to windows
based SCADA.

Customer_information System — Programming changes and testing required as a result of
regulatory changes.

2009 $ 165,172 Conversion Costs Legacy GIS to ESRI (2009)

$ 137,266 ESRI Software License-Conversion Costs from Legacy GIS (2008
WIP)

$ 301,347

Conversion Costs Legacy GIS to ESRI (2009) — Programming costs to convert data and
connectivity from legacy GIS system to ESRI.

ESRI Software License-Conversion Costs from Legacy GIS (2008 WIP) — ESRI Software
license and programming costs to convert data and connectivity from legacy GIS system to
ESRI.
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The following SCADA software costs are not in the table in 2.0 VECC 4 but rather were reported
as SCADA capital

$297,472 Cost to License SCADA software and initial set up and
rogramming
2010 $ 15,730  Additional set up and programming
2011 $ 17,265  Additional set up and programming.
$ 330,467

There will be ongoing upgrades, changes and programming costs associated with every system
used in the wires business. The purpose of the Business Process Improvement/System
Integration (see Exhibit 4, Tab 1, Schedule 1, Attachment 2 of the Application) is to ensure that
processes are adequate for our needs, timely, cost effective, do not duplicate existing data
collection and require a singular “best” place for each piece of data to be stored in and
accessed from.
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3.0-Energy Probe-39s

Ref:

3.0-Energy Probe-15

With respect to the figures provided in Attachment 6 to the response to 3.0-Energy Probe-6,
please explain the following:

a)

c)

Why is there no interest and dividend income shown for the 2012 preliminary year in the
first table in Appendix 2-F, despite the account 4405 detail showing an amount of
$113,669?

Please explain the drop in account 4405 for interest on related party balances in 2012
and reconcile the figure of $113,669 with the figure of $149,029 found in the response to
part (d) of the interrogatory.

Please explain why there is no bank deposit interest shown for 2012 preliminary year.

GSHI Response

a)

b)

This was an oversight, it has been included in the first table now, please see Attachment
12 for the updated Appendix 2-F. This amount has also been updated with the most
recent preliminary year-end figures.

The table included with interrogatory response to 3.0-EP-15 has been updated below as
Table 1. This table has been prepared using updated 2012 preliminary figures and
GSHI has also changed the interest rate charged to the affiliated competitive companies
to 4.69% effective in 2012. The updated figures for 2012 and 2013, based on the
affiliated competitive companies balances with GSHI, have been included in the first
table of Appendix 2-F. The interest charged is down in 2012 as the competitive
companies intercompany balance was low throughout the beginning of 2012 and while
repayment is expected in 2013, the balance will be higher early in the year attracting
more interest.

Table 1 — Intercompany Balance & Competitive Interest Charged

Intercompany balance Competitive Interest | Interest Rate
2011 | S 1,874,207 S 161,782.88 3.0%
2012 | S 3,211,797 S 152,976.95 4.69%
2013 | S 2,711,797 S 167,568.47 4.69%

C) The preliminary 2012 year-end figure has now been included.
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3.0-Energy Probe-40s

Ref:

3.0-Energy Probe-15 &
3.0-Staff-23

Please confirm that Attachment 6 provided in the response to 3.0-Energy Probe-15
includes $3,088 for microfit revenues in 2013 as part of the revised forecast of
$1,553,116.

Please confirm that the 2013 revised forecast of $1,553,116 does not include the gain on
sale of vehicles of $43,658 as noted in the response to part (b) of the Energy Probe
interrogatory. If this is confirmed, please explain why this has not been added to the
forecast.

Please explain why there is no forecast of revenue associated with the sale of scrap
material for the 2013 test year, despite revenues of $195,902 in 2011 and $133,256 in
2012.

GSHI Response

a) Yes, Attachment 6 provided in the initial interrogatory responses had been updated to

b)

include the forecasted microfit revenues in 2013. An updated Appendix 2-F has been
included with these supplementary interrogatory responses as Attachment 12, which still
includes the forecasted microfit revenues in 2013.

The gain on vehicles was not included in the updated Appendix 2-F included with the
initial interrogatory responses, however has now been included with these
supplementary interrogatory responses. Please see Attachment 12.

GSHI staff have reviewed the 2013 projects with the engineering department and
anticipate lower scrap levels for the rebasing year. The revised projection is fifty
percent of the 2012 actual scrap sales value - $67,000, and is an estimate, but it is
corroborated by the engineering projections and lower base metal prices for scrap going
into 2013. This estimate has been reflected in the updated Appendix 2-F included as
attachment 12.
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3-Staff-52sCDM Adjustment
Reference: 3-Staff-21 (2)

Further to the analysis provided in response to 3-Staff-21 (2), Board staff has an alternative
proposal to deal with the CDM adjustment that would be factored into the load forecast and that
would be related to the amount used as the basis for the 2013 (and 2014) LRAMVA balance.
This approach takes into account the 2011 results and their persistence, as measured and
reported by the OPA for GSHI, and then to assume an equal increment for each of 2012, 2013,
and 2014 so as to achieve GSHI's CDM target of 47,380,000 kWh. This was first explored in 3-
Staff-21 (2). Based on the final 2011 OPA results filed on the record, and the information filed in
the response to 3-Staff-21 (2), Board staff has prepared the following table, which is also
provided in working Microsoft Excel format:

Load Forecast CDM Adjustment Work Form (2013)

Greater Sudbury Hydro Inc. EB-2012-0126

4 Year (2011-2014) kWh Target:
47,380,000
2011 2012 2013 2014 Total
%
2011 CDM Programs 4.55% 4.55% 4.55% 4.29% 17.95%
2012 CDM Programs 13.68% 13.68% 13.68% 41.03%
2013 CDM Programs 13.68% 13.68% 27.35%
2014 CDM Programs 13.68% 13.68%
Total in Year 4.55% 18.23% 31.90% 45.31% 100.00%
kWh
2011 CDM Programs 2,157,479 2,157,479 2,157,479 2,031,030 8,503,467
2012 CDM Programs 6,479,422 6,479,422 6,479,422 19,438,267
2013 CDM Programs 6,479,422 6,479,422 12,958,844
2014 CDM Programs 6,479,422 6,479,422
Total in Year 2,157,479 8,636,901 15,116,323 21,469,297 47,380,000
Check 47,380,000
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Net-to-Gross Conversion

"Gross" "Net" Difference "Net-to-
Gross"
Conversion
Factor
(‘")
2006 to 2011 OPA CDM programs:
Persistence to 2013 1 1 0 0.00%
Total for
2011 2012 2013 2014 2013
Amount used for CDM
threshold for LRAMVA 2,157,479 6,479,422 6,479,422 15,116,323
Manual Adjustment for
2013 Load Forecast 2,157,479 6,479,422 3,239,711 11,876,612
Manual adjustment uses Only 50% of 2013 CDM
"gross" versus "net" (i.e. impact is used based on a
numbers multiplied by (1 half year rule
+9)

The methodology for this is as follows:
For the top table

e The 2011-2014 CDM target is input into cell B4;

¢ Measured results for 2011 CDM programs for each of the years 2011 and persistence

into 2012, 2013 and 2014 are input into cells C13 to F13;

o Based on these inputs, the residual kWh to achieve the 4 year CDM target is allocated
so that there is an equal incremental increase in each of the years 2012, 2013 and

2014.
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The second table is to calculate the conversion from “net” to “gross” results. While the LRAMVA
is based on the “net” OPA-reported results, the load forecast is impacted also by CDM savings
of “free riders” and “free drivers”. While Board staff has input values of “1” in each of cells D24
and E24, in the absence of other information, these should be populated with the measured
“gross” and “net” CDM savings for the persistence of all CDM programs from 2006 to 2011 on
2013, as reported in the final OPA reports.

For the last table, two numbers are calculated:

The “Amount used for CDM threshold for LRAMVA” is the sum of the persistence of
2011 and 2012 CDM programs and the annualized impact of 2013 CDM programs on
2013; and

“Manual Adjustment for 2013 Load Forecast” represents the amount to be reflected in
the 2013 load forecast. This amount uses the “gross” impact, which is calculated by
multiplying each year’s CDM program impact or persistence by (1 + g) from the
second table. In addition, the impact of the 2013 CDM programs on 2013 “actual”
consumption is divided by 2 to reflect a “half year” rule. Since the 2013 CDM
programs are not in effect at midnight on January 1, 2013, the “annualized” results
reported in the OPA report will overstate the “actual” impact. In the absence of
information on the timing and uptake of CDM programs in their initial year, a “half-
year” rule may proxy the impact.

Please input the “gross” and “net” cumulative kWh CDM savings from all CDM
programs from 2006 to 2011 on 2013 as measured in the final OPA reports into,
respectively, cells D24 and E24.

Please derive the class CDM kWh and kW savings that would correspond with the
“net” CDM savings above.

Please provide GSHI's comments on the methodology above to develop the CDM
savings that will underlie the 2013 CDM amount for the LRAMVA and the
corresponding CDM adjustment for the 2013 test year load forecast. What
refinements to this approach should be considered?

GSHI Response

A. Note that GSHI has updated Board staff's model to reflect correct CDM Target and 2011

plus persistence OPA Final Results.

Load Forecast CDM Adjustment Work Form (2013)

Greater Sudbury Hydro Inc. EB-2012-0126

4 Year (2011-2014) kWh Target:
43,710,000
2011 2012 2013 2014 Total
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2011 CDM Programs 6.99% 6.98% 6.98% 6.88% 27.83%
2012 CDM Programs 12.03% 12.03% 12.03% 36.09%
2013 CDM Programs 12.03% 12.03% 24.06%
2014 CDM Programs 12.03% 12.03%
Total in Year 6.99% 19.01% 31.04% 42.97% 100.00%
kWh
2011 CDM Programs 3,054,630 3,051,063 3,050,813 3,007,574 12,164,079
2012 CDM Programs 5,257,653 5,257,653 5,257,653 15,772,960
2013 CDM Programs 5,257,653 5,257,653 10,515,307
2014 CDM Programs 5,257,653 5,257,653
Total in Year 3,054,630 8,308,717 13,566,120 18,780,534 43,710,000
Check 43,710,000
Net-to-Gross Conversion
"Gross" "Net" Difference "Net-to-
Gross"
Conversion
Factor
('s')
2006 to 2011 OPA CDM programs:
Persistence to 2013 23,705,008 14,770,636 8,934,372 60.49%
2011 2012 2013 2014 Total for 2013
Amount used for CDM
threshold for LRAMVA 3,050,813 5,257,653 5,257,653 13,566,120
Manual Adjustment
for 2013 Load Forecast 4,896,170 8,437,871 4,218,935 17,552,975

Manual adjustment
uses "gross" versus
"net" (i.e. numbers
multiplied by (1 + g)

Only 50% of 2013 CDM impact
is used based on a half year
rule

B. GSHI interprets Board staff's request as follows for Kwh:
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2013 Net kWh
Application Load Forecast
2013 CDM Threshold Factor CbMm 2013 Net to 2013 Load
(kWh of incremental CDM 1.0 Full Year Adjustment Gross Forecast CDM
savings needed in 2013) 0.5 Half Year |before Gross-Up| Adjustment Adjustment
A B C=A*B D E=C*(1+D)
Year
2011 3,050,813 1.0 3,050,813 60.5% 4,896,170
2012 5,257,653 1.0 5,257,653 60.5% 8,437,871
2013 5,257,653 0.5 2,628,827 60.5% 4,218,935
13,566,120 10,937,293 17,552,975
Weather Normalized CDM Load 2013 CDM
2013F Forecast Adjusted Load
(Elenchus) Adjustment Forecast
Residential (kWh) 406,137,555 43% 7,481,069 398,656,486
GS<50 (kWh) 144,316,198 15% 2,658,310 141,657,888
GS>50 (kW) 392,452,934 41% 7,228,998 385,223,936
Street Lights (kW) 8,096,785 1% 149,143 7,947,642
Sentinel Lights (kW) 467,079 0% 8,604 458,475
USL (kwh) 1,457,735 0% 26,852 1,430,883
Total Customer (kWh) 952,928,286 100% 17,552,975 935,375,311

To calculate the kW component GSHI uses the same methodology as applied to kWh.

Schedule to achieve 4 Year kW CDM Target
4Year 2011 - 2014 kW CDM Target

8,220
% 2011 2012 2013 2014 Total
2011 Programs 10.6% 8.7% 8.7% 8.4% 36.4%
2012 Programs 10.6% 10.6% 10.6% 31.8%
2013 Programs 10.6% 10.6% 21.2%
2014 Programs 10.6% 10.6%
10.6% 19.3% 29.9% 40.2% 100.0%
kWh 2011 2012 2013 2014 Total
2011 Programs 874 715 715 690 2,994
2012 Programs 871 871 871 2,613
2013 Programs 871 871 1,742
2014 Programs 871 871
874 1,586 2,457 3,303 8,220
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2013 Net kW
Application Load Forecast
2013 CDM Threshold Factor CDM 2013 Net to 2013 Load
(kWh of incremental CDM 1.0 Full Year Adjustment Gross Forecast CDM
savings needed in 2013) 0.5 Half Year |before Gross-Up| Adjustment Adjustment
A B C=A*B D E=C*(1+D)
Year
2011 715 1.0 715 58.6% 1,134
2012 871 1.0 871 58.6% 1,381
2013 871 0.5 436 58.6% 691
2,457 2,021 3,206
Weather Normalized CDM Load 2013 CDM
2013F Forecast Adjusted Load
(Elenchus) Adjustment Forecast
Residential (kwWh) - 0% - -
GS<50 (kwWh) - 0% - -
GS>50 (kW) 970,659 98% 3,128 967,531
Street Lights (kW) 22,618 2% 73 22,545
Sentinel Lights (kW) 1,287 0% 4 1,283
USL (kWh) - 0% - -
Total Customer (kWh) 994,564 100% 3,206 991,358

C. GSHI has calculated the above based on Board staff request. GSHI agrees that the

Board staff proposed approach is reasonable. GSHI has no basis for further refinements
at this time.
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3.0-VECC - 52s
Reference: 3.0-Energy Probe 12 ¢)

a) What were the actual 2012 values for the weather related variables (SudHDD and
SudCDD) as used in the regression equations for Residential, GS<50 and GS>507?

GSHI Response

GSHI does not understand the question. Actual consumption does not require regression
equations and normalized consumption does not use actual yearly values.
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3.0-VECC -53s
Reference: 3.0-Energy Probe 15 a) & d)

a)

b)

With respect to Energy Probe 15 a), should the first table shown in the updated
Appendix 2-F also include for 2012 preliminary results the $113,669 attributable to
Interest on Related Party Balances (Account #4405) as shown in the last table
provided in the response?

With respect to Energy Probe 15 d), this response shows a 2012 value of $149,029
for Interest on Related Party Balances whereas Energy Probe 15 a) shows an
updated value of $113,669 and the initial application showed a value of $233,200.
Please reconcile the response to Energy Probe 15 d) with these other values.

GSHI Response

a)

b)

Yes the number should have been included. Appendix 2-F has now been updated
and has been included as Attachment 12.

The table included with interrogatory response to 3.0-EP-15 has been updated below
as Table 1. This table has been prepared using updated 2012 preliminary figures
and GSHI has also changed the interest rate charged to the affiliated competitive
companies to 4.69% effective in 2012. The updated figures for 2012 and 2013,
based on the affiliated competitive companies balances with GSHI, have been
included in the first table of Appendix 2-F.

Table 1 — Intercompany Balance & Competitive Interest Charged

Intercompany balance Competitive Interest | Interest Rate
2011 | S 1,874,207 S 161,782.88 3.0%
2012 | S 3,211,797 S 152,976.95 4.69%
2013 | S 2,711,797 S 167,568.47 4.69%
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3.0-VECC -54s
Reference: 3.0-Staff 15d) & e),16d) & e) and 17 d) & e)

a) lIs the decision to include a variable based solely on it statistical significance and the
change in R? value?

b) If the inclusion of a variable must also have an “intuitive basis”, please explain the
intuitive basis for using change in employment to explain the level (as opposed to the
change) in electricity usage for a customer class.

GSHI Response

a)

No. GSHI’s consultant is of the opinion that a model must represent an actual
process, albeit in simplified form. “A model is a simplified representation of an
actual phenomenon, such as an actual system or process. The actual
phenomenon is represented by the model to explain it, predict it, and to control it,
goals corresponding to the three purposes of econometrics, namely structural
analysis, forecasting, and policy evaluation”.’

An increase or decrease in the level of employment (i.e., a change in
employment) in general would indicate an increase or decrease in the level of
economic activity, one of the factors that explain the level of electricity usage for
a customer class. Modeling the relationship between a level and a change is not
uncommon in economic phenomena; for example, level of investment as a

function of a change in consumption, the change in the rate of taxation, etc.

M. Intriligator, “Economic and Econometric Models, Chapter 3,” in Handbook of Econometrics, Vol. I,
Griliches and Intriligator, North-Holland (1983), pp.182-183.
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3.0-VECC -55s
Reference: 3.0-Staff 19

a) Please confirm that the City’s conversion of traffic lights to LED units was not done

as part of an OPA program.
b) If it was part of an OPA program, please reconcile this with the reported 2006-2011

CDM results which show no savings for Street Lights (see 3/1/3/, page 2 and VECC
#23 e)).

GSHI Response

a) GSHI confirms that the City’s conversion of traffic lights to LED units was not done as

part of an OPA program.
b) Please reference response to a) above.

46



Response to Supplementary Interrogatories
EB-2012-0126
Filed March 18, 2013

3.0-VECC -56s
Reference: 3.0-Staff 22

a) Please provide a schedule that sets out the derivation of the “Weather Normalized
2013F” by customer class (totaling 954,365,970 kWh).

b) Please indicate how/why the 954,365,970 kWh value differs from the values show in
Table 1 of Exhibit 3, Tab 1, Schedule 3 (952,928,286 kWh and 951,705,881 kWh).

GSHI Response

a) GSHI inadvertently referenced an earlier version of the load forecast in error. The correct
value should have been 952,928,286 kWh as originally presented. GSHI apologizes for
any confusion created in this event.

b) GSHI inadvertently referenced an earlier version of the load forecast in error. The correct
value should have been 952,928,286 kWh as originally presented. GSHI apologizes for
any confusion created in this event.

47



3.0-VECC -57s
Reference:

3.0-Staff 21 (2)

a) With respect to part VECC 23 (e), please revise the response such that the 2011-

3.0-VECC 23
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2014 CDM Target column is based on “20% of Target” as originally requested.
(Note: The change to 20% reflects the fact that the preceding columns already

include the impact of the 2011 CDM programs).
Please provide an alternative response to part (a) where the 2011-2014 CDM Target

b)

column is based on 24% - per Staff 21 (2).

c)

reported in VECC #23 parts (e) and (g).

GSHI Response

Please reconcile the differences in the 2013 persistence of 2006-2011 programs as

a) This table includes the results of 2011 CDM programs in the calculation of the historical
average savings and 2013 persistence and with the CDM Target Adjustment on 20% of
Sudbury’s CDM target.

ENERGY (kWh)
Weather -
Normalized | 200¢-2011 CDM Programs N?r:::::d Cz[[)]r1.11T§[:;:t N?r:::::d
2013F 6 yr. Avg. 2013 Revised Adjusted
(20% of Target)

(Elenchus) (2006/11) | Persistence 2013F 2013F
Residential (kWh) 406,137,555 6,380,763 6,779,839| 405,738,479 3,740,392| 401,998,087
GS <50 (kWh) 144,316,198 811,655 2,659,931 142 467,922 1,313,373 141,154,550
GS=50 (kW) 392,452,934 2,937 469 5,331,116 390,059,287 3595,849| 386,463,437
Intermediate 0 0 0 0 0 0
Large Users 0 0 0 0 0 0
Street Lights (kW) 8,096,785 0 0 8,096,785 74,642 8,022,143
Sentinel Lights (kW) 467,079 0 0 467,079 4,306 462,773
USL (kWh) 1,457,735 0 0 1,457,735 13,438 1,444 297
Total Customer (kWh) 952,928,286| 10,129,887| 14,770,886| 948,287,287 8,742,000] 939,545,287

b) See table below:
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ENERGY (kWh)
Weather Weather 2011-2014 Weather
Normalized 2006-2011 CDM Programs Normalized [ CDM Target | Normalized
2013F 6 yr. Avg. 2013 Revised Adjusted
- (24% of Target)
(Elenchus) (2006/11) | Persistence 2013F 2013F
Residential (kWh) 406,137,555 6,380,763 6,779,839 405,738,479 4,488,470 401,250,009
GS<50 (kWh) 144,316,198 811,655 2,659,931| 142,467,922 1,576,047 140,891,875
GS>50 (kW) 392,452,934 2,937,469 5,331,116 390,059,287 4,315,019 385,744,267
Intermediate 0 0 0 0 0 0
Large Users 0 0 0 0 0 0
Street Lights (kW) 8,096,785 0 0 8,096,785 89,570 8,007,215
Sentinel Lights (kW) 467,079 0 0 467,079 5,167 461,912
USL (kWh) 1,457,735 0 0 1,457,735 16,126 1,441,609
Total Customer (kWh) 952,928,286 10,129,887| 14,770,886 948,287,287| 10,490,400 937,796,887
c) See table below:
Per VECC23e) 14,770,886
Per VECC23g) 14,770,636
Unreconciled Difference 250
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3.0-VECC -58s
Reference: 3.0-VECC #24 c)

a) Please explain the basis for the decline in revenues from SSS Admin fees (per
Appendix 2-F) as between 2011 and 2013 when the total number of Residential and

GS<50 customers is increasing and the number of customers in contracts with
retailers is decreasing.

GSHI Response

a) Atthe end of 2010, GSHI underwent a system conversion and as a result did not bill
for the last two months of 2010 and caught up at the beginning of 2011. This
resulted in greater SSS Admin fees in 2011 and lower in 2010 than would have

normally been experienced. When comparing 2009 to 2013, the SSS Admin fees
are projected to increase.
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4.0-Energy Probe-41s

Ref:

a)

4.0-Energy Probe-17

Will GSHI cease to bill for water services on behalf of the city as of April 1, 2013, or has
some arrangement been made for the transition from GSHI billing to an alternate billing
service? If yes, please provide details.

Has GSHI implemented the changes to monthly billing? If yes, please explain when this
change was made. If no, please explain why this change is forecast to be made.

If GSHI does not move to monthly billing, would it continue to provide water billing
services for the city?

GSHI Response

a.

GSHI has offered to continue billing for water on behalf of the City on a month by month
basis pending resolution of this rate application. The provision of the service is proposed
at rates at least equal to those arrived at from the transfer pricing study. At time of writing
the City has not responded.

No GSHI has not moved to monthly billing. As noted in our IR responses our only
motivation for this move would be to comply with a Ministerial Directive. As we reported
in our response to 4-SEC-12 Ministry Staff conducted a meeting with LDC
representatives on August 28, 2012 and indicated that the Minister would issue a
directive to require monthly billing by all LDCs. We continue to await the directive.

GSHlI is willing to continue billing for water/wastewater. The outstanding issue remains
the quantum of increase that GSHI would be required to pass on to the City, following
this rate application and the City's willingness to bear that increased cost.
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a) Does GSHI have any more up-to-date figures for 2012 that are now available, relative to
those shown in Attachment 10? If yes, please provide an updated Attachment 10.

b) Please provide a cost driver table that shows the major drivers for the change in OM&A
costs between 2011 ($13,117,277) and 2012 ($11,703,187).

GSHI Response

a) GSHI has updated the preliminary 2012 figures as requested, however the numbers are
still preliminary and are subject to change as GSHI prepares its year-end financial
statements. An updated Appendix 2- Summary of Recoverable OM&A Expenses has
been included as Attachment 21. This updated version also excludes Special Purpose
Charge and non-recoverable donations, previously included in error for the years 2009,

2010 and 2011.

b) Included below is a cost driver table between 2011 and the updated 2012 preliminary

OM&A figures.

OM&A 2012 Bridge Year

Reporting Basis CGAAP

Opening Balance - 2011 Actuals S 12,979,241
Employee Future Benefit Obligation (gain)/loss S 175,000
Bad Debt S (70,000)
General Wage Increase S 200,000
OMERS Costs $ 150,000
Increase in allocation to affiliates S (210,000)
Increase in Operations Maintenance S 650,000
Right of Way S 300,000
CDM - Revenue/Expense Recognition $ (440,000)
Meter Reading Costs S (270,000)
Reduction in Insurance Expense S (40,000)
Reduction in Legal/Settlement Costs S (220,000)
Miscellaneous S (155,162)
Closing Balance - 2012 Preliminary 13,049,080
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4.0-Energy Probe-43s

Ref:

c)

4.0-Energy Probe-24 &
2.0-Energy Probe-6

Please update the CCA schedules for 2012 and 2013 to reflect the actual capital
expenditures for 2012 and the revised forecast of capital expenditures for 2013, as
provided in the continuity schedules found in Attachment 2 to 2.0-Energy Probe-6.

Please confirm that in 2013 the CCA related to all of the classes related to the smart
meter additions are calculated based on full year eligibility for CCA and do not use the
half year since the half year would apply only to the year that these assets went into
service. If this cannot be confirmed, please provide a version of the 2013 CCA schedule
that includes a full year of CCA for the smart meter assets.

Please show how the tax credit of $14,147 noted in part (c) has been calculated.

GSHI Response

a) Please see attachment 17, the PILs model, which has been updated using the most

b)

c)

recent continuity schedules included as attachments 7 & 8 with this submission.

GSHI confirms that in 2013 the CCA related to all of the classes related to the smart
meter additions are calculated based on full year eligibility for CCA and do not use the
half year rule.

The tax credit of $14,147 noted in part (c) has been calculated as follows:

For the 2013 tax year, 35% of eligible expenses plus $10,000 are subject to the 11.5%
Ontario tax rate.  Eligible costs are $56,587 and the tax credit is $14,147.
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4.0-Energy Probe-44s

Ref:

4.0-Staff-27 &
Exhibit 4, Tab 1, Schedule 1

Please reconcile the cost of the loss of the water billing contract of $700,000 as noted on
page 3 of Exhibit 4, Tab 1, Schedule 1, with the cost of $1,010,113 shown in the
response to 4.0-Staff-27.

Under the assumption that GSHI did not go to monthly billing and that the water billing
contract with the city remained in place for the entire 2013 year, what would be the
impact on the OM&A forecast for the test year?

GSHI Response

a)

These two numbers cannot be reconciled. The $700,000 represents the rounded figure
taken from the stand-alone component of the Transfer Pricing study that was submitted
and represents the calculated net benefit to GSHI as a result of cost sharing the billing
and customer service costs with the City of Greater Sudbury. It reflects 2012 budget
numbers and is based on bi-monthly billing. The $1,010,113 reflects 2013 budget
numbers, no water billing component and monthly electric billing.

Under the assumption that GSHI did not go to monthly billing and that the water billing
contract with the city remained in place for the entire 2013 year, the budget would be
reduced by the incremental postage and stationary costs in the amount of $71,209 and
monies billed to the City of $623,000 (this excludes direct pass through costs) for a total
reduction of $694,209.
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4-SEC-27s

[4.0-EP-21] When in the Test Year is the Applicant moving to monthly billing? Please include a
table of all the cost consequences in the Application related to the move to monthly billing.
(Note: Please do not include the cost consequences relating to the potential loss of water billing)

GSHI Response

In the response to 4-Energy Probe-21at part b) GSHI states "b) GSHI is awaiting a public policy
decision directing us to implement monthly billing." We are not aware of any Ministerial Directive
as of yet and have not firmed up plans to move to monthly billing. In our view, the cost of
monthly billing (we cannot separate the loss of scope effects) outweighs the presumed benefits
of better management of conservation efforts and the ability to budget monthly. This is
especially true given that GSHI currently offers equal monthly payment plans and is in the
process of rolling out web-based conservation tools that will use a customer's current smart
meter data.

The response to the remainder of this question asks GSHI to assume that the City of Greater
Sudbury will pick up the additional costs related to monthly billing including stationary and
postage, additional labour and additional meter reading costs. Clearly GSHI assumes the
opposite to be true. However for purposes of answering the question asked we offer the
following:

The table below is based on the table provided in GSHI's answer to 4-EP-21. The table only
represents direct costs and does not include other expenses such as renovations to the building
to accommodate additional staff. Those costs are impossible to estimate at this point and we
have not attempted to previously as the possibility of this scenario materializing is deemed to be
remote. The table originally provided in response to 4-Staff-27 and 4-EP-21 had an error in the
split between the costs associated with the loss of water and the move to monthly billing. The
monthly billing portion of the table should have reflected this:

Revised 4-Staff-27 Table 1 Details of Monthly Billing

Move to Monthly Billing Assumes Electric Only

Increased Postage 169,969
Increased Stationary 71,009
Add FTE's 147,363
Total 388,341

As for the table requested in response to this interrogatory, Table 2 below illustrates the
increased costs to GSHI upon moving to monthly billing, assuming the water billing continues
and 40% of the costs would be transferred to the City of Greater Sudbury as per the transfer
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pricing study. These represent the increased costs to GSHI only and not the increased costs to

the City of Greater Sudbury.

Table 2 — Increase in GSHI Costs — Monthly Billing

Item

Increased Postage
Increased Stationary

Add FTE's
Total
Total Impact
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4 Staff 53s Inflation Estimate
Reference: 4-AMPCO-4

In its response to 4-AMPCO-4, GSHI derives the change in inflation as measured by
CPI by subtracting the earlier value from the latest value, i.e. 120.1 — 113.7 = 6.4%.
Indices as reported by Statistics Canada and other national statistics bureaus and
economic forecasters are a series which represent the underlying actual series but
converted to be expressed relative to the value in a specific point in time. As currently
reported by Statistics Canada; indices use a base year of 2007=100.

With this definition, please confirm that the change in inflation is expressed as the ratio,
i.e. (120.1-113.7)/113.7 = 5.63%.

GSHI Response

GSHI used the CPI tables specific to Ontario, all ltems were posted on the Statistics Canada
website, as indicated in the response. The table uses 2002 as the basis for comparison. The
change in inflation of the period does work out to 5.63%.
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4 Staff 54s Reference: 2 Staff 28

GSHI stated in its Application that it is being compliant with the Kinectrics report and will use
Typical Useful Lives (“TUL”) of 50 years for Subtransmission and Primary Overhead Conductors
and Devices, while it would prefer to use 40 years. In response to the above stated
interrogatory, GSHI stated that it would be appropriate to change this to 40 years. Board staff
also notes that the average useful life for poles is 40 years. GSHI has stated that when poles
are replaced, so are cables and devices.

GSHI has also stated the accounting treatment for retiring assets that are less than fully
depreciated. Board staff points out that a retired asset is no longer used and useful.

Board staff is distinguishing between the physical life of an asset, and the economic life. As an
example, cables may physically last 50 years; economically speaking they are written-off after
40 years.

A. Please provide the years for depreciation for a new asset based on the economic life,
as opposed to TULs, for any asset that is retired prior to the end of their useful life.

B. Please make any necessary updates to any Average Remaining Life used on the
opening NBV based on A above for the same assets.

C. Please update columns (i) “Average Remaining Like of opening NBV” and (f) Years
(New Additions Only)” in Appendix 2-CG

GSHI Response

A. The only account that has an economic life that differs from the typical useful life is 1835
Overhead Conductors & Devices which the Board has indicated above.

B. Please see Attachment 1, updated Appendix 2-CG for the change to the Average
Remaining Life on the opening NBV.

C. Please see Attachment 1, updated Appendix 2-CG for the changes requested. Please
note that upon further consideration following this interrogatory, GSHI has chosen to
reduce the useful life of the assets included in Account 1835 Overhead Conductors &
Devices to 40 years as this best represents their economic life.
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4-VECC-59s
Reference: 4-Staff-27 /4.0-VECC-27
a) Inthe comparison of monthly billing costs with and without water billing there does

not appear to be any costs associated with the activity of acquiring water billing data
and presenting that data on the Hydro bill. Nor does there appear to be any costs
associated with collecting and remitting monies to the City, or consideration of
reduction in customer service issues. Please explain if these costs were considered
in the analysis of standalone Hydro billing and how.

Has GSHI completed a formal analysis of the costs and benefits of losing the
contract for city water billing? If so please provide that analysis.

GSHI Response

a)

Meter reading costs are a direct pass through cost to the City and these costs are
not reflected in the billing/collection costs as the budget costs include only the costs
that would be shared by both GSHI and the City as well as direct GSHI costs. Cost
of bill presentment is embedded in the costs as bill print is a shared cost. Costs for
collecting and remitting were considered in the transfer pricing study overall as these
‘corporate’ costs are allocated to the affiliates. The costs were not isolated and
included in the water billing analysis as they were reflected elsewhere.

GSHI has not completed a formal analysis of the costs and benefits of losing the
contract for city water billing. The extent of our analysis is reflected in the 2013
budget costs and incorporates the results of the transfer pricing study. It is not an
official stand alone document but the budget analysis and response to 4 Staff 27
summarizes the impacts.
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4-VECC-60s
Reference: 4-VECC- 25s

a) Please provide the ESA safety audit report in question.

GSHI Response

Please see Attachments 4, 5 & 6 for the results of the 2008, 2009 and 2010 ESA audits
conducted in January of the following year. In 2011 GSHI devoted significantly increased
resources (and therefore costs) to line maintenance.

2008 Audit — See Observations and Improvement Needs #1
2009 Audit — See Needs Improvements and Observations #1
2010 Audit — See Needs Improvements and Observations - Observations #1
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5 Staff 55s
Reference: 5 Staff 30 Attachments 16 & 17

GSHI provided Appendix 2-OA and 2 OB as attachments to correct the SWAP instrument rates.
Board staff noticed that for 2013 on Attachment 17, the weighted cost for long term debt is
4.42% while it is 4.41% on Attachment 16.

On February 14, 2013 the Board published the following costs of capital parameters for rates
with effective dates of May 1, 2013:

Deemed Rates for May 1, 2013

Debt
1 Long-term Debt 4.12%
2 Short-term Debt 2.07%
Equity

3 Common Equity 8.98%

Please update any changes in debt interest rates related to third party agreements and for the
deemed rates set by the Board for non-arms-length loans. In addition, please update for the
new deemed equity rate.

GSHI Response

Please see updated Appendix 2-OA and 2-OB included as Attachments 2 & 3 respectively.
GSHI has updated the debt interest rates and deemed rates as requested above throughout the
submission. GSHI has also changed the interest rate for the Term Loan with TD Bank based on
an estimate received from the bank.
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7.0-Energy Probe-45s

Ref:

a)

7.0-AMPCO-11

Does the reference in the response to part (e€) of the AMPCO interrogatory refer to
Attachment 207?

Please explain why the residential bill impact on a total basis shown in Attachment 20 is
less of an increase than that shown in the original evidence in Exhibit 8, Tab 4, Schedule
2, Attachment 2, even through the deficiency has increased from the original filing and
the revenue to cost ratio has increased under the AMPCO response.

Please explain why there are changes in the riders proposed by GSHI and, in particular,
why there is no stranded asset disposition rider in the AMPCO response, while there is
in the original evidence.

GSHI Response

a)

The reference in the response to part (e) of the AMPCO interrogatory does not refer to
Attachment 20. It is enclosed as Attachment 11.

The corrected Appendix 2-W cost impacts with revenue/cost parity that are submitted as
Attachment 11 show a residential bill impact of $5.58 increase or 5.46% as compared to
the corrected table information in 8.0 Energy Probe 31 - 800kWh residential customer
overall increase of 3.10%

Distribution
RPP Volume Charges Delivery Charges Total Bill

$ % $ % $ %
Customer Class Name | Rate Class | kWh | KW | change | change | change | change | change | change
Residential 8.0 EP 31 800 $3.32 | 12.86% $3.08 9.07% $3.21 3.10%

7.0 Ampco
Residential 11 800 $5.72 | 22.19% $5.49 | 16.18% $5.58 5.46%
c) The stranded asset disposition rider was inadvertently omitted in the Table 20

attachment. It is included in the revised attachment that shows parity. There are
proposed changes to riders - a revised calculation for the stranded asset disposition is
included as part of this update. As per 9.0 VECC 45, a revised calculation of the
stranded meter costs was proposed. A change in the 1592 PILs calculation for
HST/PST savings is also being incorporated. As well, as part of the second set of
interrogatory responses GSHlI is electing to defer disposition of the IFRS deferral and
this will impact the results enclosed.
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7.0-Energy Probe-46s

Ref: 7.0-Staff-32 &
Exhibit 7, Tab 1, Schedule 1

Please provide a revised Table 5 from Exhibit 7, Tab 1, Schedule 1 that reflects the new
starting revenue to cost ratios as identified in the response to 7.0-Staff-32, part B.
GSHI Response

Please refer to 7.0 VECC 63 for the updated Table 5 from Exhibit 7, Tab 1, Schedule 1.
The table reflects the correction to the Cost Allocation model as identified in the
response to 7.0-Staff-32.
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7.0-VECC - 61s
Reference: 7.0-AMPCO 10

a)

b)

7.0-Energy Probe 28
7.0-VECC 39 b)
7.0-VECC 40 a)

Please confirm whether i) all GS>50 customers have interval meters or ii) just GS>50
customers with loads over 1,000 kW have interval meters.

If all GS>50 customers do not have interval meters, please confirm that the GS>50
load profile was only updated for actual 2011 data for those customers (typically
greater than 1,000 kW) that have interval meters as opposed to all customers as
suggested in the Elenchus 2013 CA Study, page 6.

For those GS>50 customers with interval meters, does Sudbury perform all of the
data review and validation for the GS>50 class? If so, how is the relative cost of this
effort factored into the Billing weighting factors when for Residential and GS<50
customers this service is performed by the SME/IESO?

GSHI Response

a)

Only those GS>50 customers with loads over 1,000 kW at market opening or new
services exceeding 500kW after market opening have interval meters.

The GS>50 customer data for both interval and non-interval accounts was updated
in the first round of interrogatories. GSHI was able to get the data as we billed these
accounts before the end of January 2013 for the 2012 calendar year.

For those GS>50 customers with interval meters, the data review and validation for
the GS>50 class is done with GSHI's MV90 and billing software application. As
stated previously, based on discussions with staff, the overall effort for reading,
billing and collecting from GS>50 customers still remains similar to other rate
classes. Itis acknowledged that for Residential and GS<50 customers this service
is performed by the SME/IESO but the interaction with the MDMR and processing
billing requests generates reports that need to be reviewed and handled by staff
similar to an in house VEE process.
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7.0-VECC - 62s
Reference: 7.0-Energy Probe 27
a) With respect to the response to part (b), please confirm that, despite the reference in

the original question to “meters”, the response was with respect to the treatment of
services. If not, what is the practice with respect to services?

GSHI Response

a) With respect to the response to part (b), the reference in the original question was to
“‘meters”, and as such, the response was with respect to the treatment of meters.
The correct response to part (b) if it referred to services is that there is only
depreciation associated with residential services.
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7.0-VECC - 63s

Reference: 7.0-Staff 32 b)
7.0-Energy Probe 29 a)

a) Based on the revised CA model filed with Staff 32, please update Table 5 from the
original Application.

GSHI Response

a) See updated Table 5 below and the table included with the first round of
interrogatories.

Table 5 - Proposed 2013 Revenue to Cost Ratios Supplemental Interrogatories

Rate
Application

Service Costs per Cost 2013 Proposed

Revenue Allocation Revenue to Cost OEB Floor | OEB Ceiling
Customer Class Requirement Model Ratio Target Target
Residential 14,946,961 16,444,797 0.9089 0.85 1.15
General Service < 50 kW 4,052,879 3,378,163 1.1997 0.80 1.20
General Service > 50 kW 5,504,430 4,637,034 1.1871 0.80 1.20
Unmetered Scattered Load 52,504 43,791 1.1990 0.80 1.20
Sentinel Lighting 44,137 48,542 0.9093 0.80 1.20
Street Lighting 759,306 807,890 0.9399 0.70 1.20
TOTAL 25,360,217 25,360,217

Table 5 — Updated Table 5 from 7-Energy Probe-29

Rate
Application

Service Costs per Cost 2013 Proposed

Revenue Allocation Revenue to Cost OEB Floor OEB Ceiling
Customer Class Requirement Model Ratio Target Target
Residential 14,823,070 16,056,242 0.9232 0.85 1.15
General Service < 50 kW 3,971,552 3,309,627 1.2000 0.80 1.20
General Service > 50 kW 5,465,468 4,862,853 1.1239 0.80 1.20
Unmetered Scattered Load 51,916 43,263 1.2000 0.80 1.20
Sentinel Lighting 43,961 47,618 0.9232 0.80 1.20
Street Lighting 748,821 785,187 0.9537 0.70 1.20
TOTAL 25,104,788 25,104,790
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7.0-VECC - 64s
Reference: 7.0-VECC 29f)

a) Please explain where the current connected load information for Street Light
and USL customers that is given monthly to billing staff comes from.

GSHI Response

a) The current connected load information for Street Light comes from our GIS
system and USL customer load comes from engineering if there is a new
connection or, in the case of traffic lights, the data is provided by the City of
Greater Sudbury for LED change-outs. Changes have been fairly
insignificant over the years as this is a small customer base. All new
installations are metered.
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9 Staff 56s Reference: 9 Staff 38

GSHI provided an update to the EDDVAR continuity schedule in response to 9 Staff 38. Board
staff notes the following:

In the updated EDDVAR continuity schedule, it appears that the Column “Transactions
Debit/ (Credit) during 2009 excluding interest and adjustment” was reduced by the
amount that was approved for disposition in EB-2008-0230 for each deferral/variance
account, as compared to the same column in the EDDVAR continuity schedule
originally filed in the Application. A similar adjustment was also made in the 2009
carrying charge section of the EDDVAR continuity schedule; and

It appears that in the updated EDDVAR continuity schedule, the in Column
“Transactions Debit/ (Credit) during 2009 excluding interest and adjustment” was
recorded in the Column “Board-Approved Disposition during 2009”. A similar
adjustment was also made in the 2009 carrying charge section of the EDDVAR
continuity schedule.

It is not clear to Board staff from reviewing the updated EDDVAR continuity schedule if the
transfer for the 2009 Board approved amount from each deferral/variance account to Account
1595 was actually done in 2009.

A. Please provide a copy of the journal entry (both sides — debits and credits) that shows

the transfer to Account 1595 from each deferral/variance account for the principals
and carrying charges approved for disposition in EB-2008-0230. Please ensure that
the copies show the date the entry was made to the general ledger.

If the journal entries do not support the transfer for the 2009 Board approved amount
from each deferral/variance account to Account 1595 in 2009, please propose
solutions to address this issue.

GSHI Response

A. Attachment 10 includes scans of groups 4996 and 4971 which were booked in 2009.

Details are on the journals themselves and the 'group information' sheet shows the
time/date updated to be 2010/03/10 and 2010/03/07 booked to 2009. OEB account
numbers are marked beside the account numbers as GSHI's general ledger
numbering sequence is different than the APH. The EDDVAR worksheet has been
revised to show 2009 opening balances equal to the values for disposition and the
2009 column 'transaction debits/credits' represents 2009 activity only.

Included in Attachment 10, is an excerpt from the 2009 Board Decision and Order,

page 41 which shows the total approved disposition of $2,591,261CR. An excerpt
page was taken from the 2011 IRM rate filing which shows the 1595 account
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breakdown for disposition with the split between principal and interest. The total of
$2,591,261.21 agrees to the 2009 Board Decision. These amounts can be vouched
to the enclosed journal entries. There are a few exceptions. However, the Board
approved amount is what was transferred to account 1595.

When completing the 2009 year- end audit an error was found in the worksheet
submitted with the COS filing. The request for disposition was short by
$173,575.61CR. GSHI requested disposition of this error in the 2011 IRM filing but
this was not approved. Instead the Board suggested it be included in the next COS
rebasing. This number is part of the current filing for disposition.
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9 Staff 57s Reference: 9 Staff 42

GSHlI is seeking disposition of a debit balance of $136,929 in Account 1508, sub-account IFRS
Transition Costs, as at December 31, 2012, including carrying charges forecast to April 30,
2013. GSHI incurred a balance of $82,866 in Account 1508, sub-account IFRS Transition
Costs, as at December 31, 2011. GSHI filed a revised Appendix 2-U with its response to 9
Staff 42. Appendix 2-U provided a breakdown of the one-time incremental IFRS costs. GSHI’s
current rate application is based on CGAAP.

A

Please state if the principal balance in Account 1508 Sub-Account Deferred IFRS
Transition costs as at December 31, 2012 included in the $136,929 balance noted
above is an audited balance.

Please state whether GSHI had any one-time incremental administrative IFRS costs
included in its either its Board-approved 2009 revenue requirement or in its proposed
2013 revenue requirement.

If there were such costs included in the 2009 Board approved revenue requirement,
please update GSHI’s evidence to comply with the Accounting Procedures Handbook
Frequently Asked Questions (“APH FAQ”) #2 regarding account 1508, Sub-account
IFRS Transition Costs Variance. This sub-account should be used if GSHI has a
Board-approved amount designated for one-time administrative incremental IFRS
transition costs already included for recovery in its distribution rates.

Please confirm that any such costs:

. are one-time incremental;
Il.  exclude labour costs which were included in GSHI’s approved 2009 revenue
requirement; and
lll.  are not already claimed by GSHI in other parts of GSHI’s current application.

Did GSHI collaborate with other distributors regarding the IFRS project for cost sharing
purposes?

IV. If so, please list those distributors and explain the nature of the work that was
jointly undertaken.

V. Please explain the basis of the allocations of the costs between the distributors.

VI.  Please confirm all the costs shown in Appendix 2-U are only incurred by GSHI
and were not shared with any other distributors.

F. GSHI has deferred adopting IFRS until 2014, however the Accounting Standards

Board (AcSB) has recently allowed for an additional one-year optional deferral to
2015.

VII.  Please confirm that GSHI is still requesting the disposition of the transitional
costs incurred to 2012.
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In response to 9 Staff 42, GSHI listed five outstanding major elements for transitioning
to IFRS that are yet to be completed. With regards to 1508, Other Regulatory Assets,
“Sub-account Deferred IFRS Transition Costs”, APH FAQ #2 states:

“In the distributor’s next cost of service rate application immediately
after the IFRS transition period, the balance in this sub-account should
be included for review and disposition.

VIll.  Please state GSHI’s justification for the disposition of the IFRS transition costs in
this rate application and not the rate application immediately after the IFRS
transition period.

IX. If disposition is still being requested by GSHI, please indicate if GSHI plans to
continue accumulating costs in Account 1508 from 2013 onwards.

X.  If disposition is not requested, please update the relevant evidence in the
application.

Response

The principal balance in Account 1508 Sub-Account Deferred IFRS Transition costs as
at December 31, 2012 included in the $136,929 balance noted is a partially audited
balance. The balance of $82,866 as of December 31, 2011 has been audited but not
the 2012 additions at this time.

As stated in the December 1, 2009 OEB Board Decision with Reasons, GSHI removed
$50,000 from the Cost of Service filing that had been provided for IFRS costs and
stated a deferral account would be used. As such there are no costs for IFRS in the
Board approved 2009 revenue requirement. There are no such costs in the 2013
Cost of Service filing.

GSHI had no Board-approved amount designated for one-time administrative
incremental IFRS transition costs already included for recovery in its distribution rates.
Please confirm that any such costs:

l. Yes, the costs in the deferral account are one-time incremental costs.
Il.  Yes, the costs exclude labour costs which were included in GSHI's approved
2009 revenue requirement; and
[lI.  No, the costs are not already claimed by GSHI in other parts of GSHI’s current
application.

Did GSHI collaborate with other distributors regarding the IFRS project for cost sharing
purposes?
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GSHI staff visited other distributors to share information in efforts to
streamline processes where other distributors had already made
significant strides in the conversion process. As well many telephone
conversations took place to discuss the issues. All costs that were
incurred relative to discussions dropped to the bottom line and were not
deferred. There was no sharing of costs. GSHI contracted
independently with consultants for reporting specific to the LDC.

There was no cost sharing.

GSHI can confirm all the costs shown in Appendix 2-U were only incurred by
GSHI and were not shared with any other distributors.

F. GSHI has deferred adopting IFRS until 2014, however the Accounting Standards
Board (AcSB) has recently allowed for an additional one-year optional deferral to

2015.

VILI.

GSHI has reconsidered in light of our deferral to implement IFRS and as
per APH FAQ #2 and will continue to accrue costs in the deferral account
and will not be filing for disposition with this rate rebasing but rather in a
future IRM or next cost of service rate application.

In response to 9 Staff 42, GSHI listed five outstanding major elements for transitioning
to IFRS that are yet to be completed. With regards to 1508, Other Regulatory Assets,
“Sub-account Deferred IFRS Transition Costs”, APH FAQ #2 states:

VIII.

IX.

“In the distributor’s next cost of service rate application immediately
after the IFRS transition period, the balance in this sub-account should
be included for review and disposition.

GSHI will be filing for the disposition of the IFRS transition costs in a future rate
application after the IFRS transition period.

Disposition is no longer being requested by GSHI, however, GSHI plans to
continue accumulating costs in Account 1508 from 2013 onwards pending full
implementation of IFARS.

The EDDVAR has been updated and included with the submission (in excel
format), the request for disposition has been removed.
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Attachment 1

Appendix 2-CG

Depreciation and Amortization Expense - Supplemental IR

Assumes the applicant adopted IFRS for financial reporting purposes January 1, 2014

File Number:
Exhibit:

Tab:
Schedule:
Attachment:

Date:

EB-2012-0126

18 March, 2013

Year 2013  CGAAP - EUL UPDATE
Average R Av?ragel_f Years . . Depreciation D i 2013 Depreciation Depreciation ||| ¢ Depreciation
Opening NBV as | Smart Meter & Remaining Life | ReMaining Life | " | Depreciation | Depreciation Expense on epreciation 2013 Exponce per ) , | Expenseon Expense on Assets | 2013 Ful Year
Account | Description at Jan 1, 20135 | Stranded Meter | Additions | ¢ o0 ning NBY of Smart Meter | oo | Rate onNew| Expenseon Opening NBV Expgﬁse on Depreciation | i 2.8 Fed | VATiance 2013 Full Fully Depreciated | Depreciation ®
: NBV Adjustment 4 Adjustment NBV 3 | Additions Opening NBV Adjustment Additions Expense PP Year 'y Dep
A only) Smart Meters Assets, Column K Additions during the year
I 0
@ d ® 0 @=1/( N=@70) h=(d) 05/ | (=0 +h) o | (m)=0) -0 f m=(@)O © )=+ Mm-(©
1 Computer Software (Formally known as Account 1925) 527.094 | § 193,368 | $  533.450 2.35 3.51 5.00 20.00% 224.207.73 55,069.37 53.345.02 332,622.12 | § 332,622.12 - 106.690.04 330.897.78
1 Land Rights (Formally known as Account 1906) - 0.00% - - - - - - -
0! an 858,551 $ 10.699 0.00% - - - - - - -
0! uildings 4.765.863 20.20 50.00 2.00% 235.990.15 - - 23599015 [ § 235,990.15 - - 235.990.15
0! uildings 738.833 $ 1.177.121 10.89 25.00 4.00% 67.824.45 - 23.542.42 91.366.87 | $ 91.366.87 - 47.084.84 114.909.29
1 Station E >50 kV = 009 - - - - - - -
| 182 tribution Station <50 K 6.320.918 $ 991480 13.28 20.00 009 475.994.15 - 24.787.01 500.781.16 [ § 500,781.16 |- 0.00 49.574.01 525.568.16
| 1820 |Distribution Station <50 K = $ 94,871 25.00 009 - - 1.897.41 189741 % 1.897.41 0.00 3.794.83 3.794.83
| 1820 |Distribution Station <50 K = $ 1726646 45.00 229 - - 19.184.96 19.184.96 | $ 19.184.96 |- 0.00 38.369.92 38.369.92
| 1825 |Storage Battery - 009 - - - - - - -
| 1830 [Poles, Towers & Fixtures 10.192,007 1.541.511 28.50 0.00 509 7.604.61 - 19.268.89 376.873.4¢ 376.873. - 8.5637.77 396.142.38
835 _|Overhead C & Devices 13.712,091 1.782.556 21.28 40.00 509 14,216 - 2228195 | $§ 666.498.0 666.498.. - 14,563.89 688.779.96
840 L Conduit ,676.431 512,626 35.95 0.00 009 1.325. - .126.26 246.451.3 246.451. - 0.252.51 251.577.65
| 1845 [L Conductors & Devices 608177 532,312 22.89 0.00 509 9.705. - .653.90 | $§  426.359.2 426,359.. - 3.307.80 433.013.13
| 1850 ine Tr 11.436.776 1.345.700 2442 0.00 509 468.415. - 16.821.25 | § 485.236.58 485,236.58 - 3,642.51 502,057.84
| 1855 [Services (Overhead & L ,842,468 931.831 28.13 0.00 509 207.684. - 11.647.89 219.331.97 219,331.97 - 3,295.78 230.979.85
| 1860 eters 256.837 14.73 25.00 009 17.430.4 - - 17.430.41 17.430.41 - - 17.430.41
| 1860 |[Stranded Meters Disposition 1,208,354 | § (1,208.354) = ¥ - - - - - - -
| 1860 eters (Smart Meters) -18 5475806 [ § 132,791 12.59 15.00 Y - 434.908.26 4.426.37 439.334.63 | § 439,334.63 - 8.852.74 8.852.74
| 1860 eters (Metering ) 188.339 35.21 45.00 % 5.349.09 - - 5349.09 | § 5,349.09 - - 5.349.09
| 1860 eters (Wholesale Meterina) 464.907 21.82 30.00 ¥ 2131047 - - 2131047 | $ 2131047 - - 2131047
905 [Land - % - - - - - - -
90! Buildings & Fixtures - 0.00% - - - - - - -
1 Leasehold = 0.00% - - - - - - -
1 Office Furniture & (10 vears) 2,601 277 10.00 10.00% 938.52 - - 938.52 | § 938.52 - - 938.52
| 1915 |Office Furniture & (5 vears) - 0.00% - - - - - - -
| 192 Computer - Hardware 115,892 | § 103,014 | $ 364,328 3.56 2.51 5.00 20.00% 32,597.54 40,963.07 36.432.80 | $ 109.993.42 | § 109.993.42 - 72.865.60 105.463.14
| 1920 [Computer Equip.-Hardware(Post Mar. 22/04) - 0.00% - - - - - - -
| 1920 [Computer Equip.-Hardware(Post Mar. 19/07) - 0.00% - - - - - - -
| 1930 1.394.133 $ 39.949 8.08 8.00 12.50% 172,613.67 - 2.496.81 17511048 | $ 175.110.48 0.00 4.993.63 177.607.30
| 1930 $ 1.078.450 12.00 8.33% - - 44.935.42 4493542 | § 44.935.42 - 89.870.83 89.870.83
935 tores I - 0.00% - - - - - - -
940 ools, Shop & Garage 494.205 $ 160,000 5.95 10.00 10.00% 83,072.62 - 8,000.00 91.072.62 [ § 91.072.62 - 16.000.00 | $ 1.784.50 97.288.12
[ 1945 & Testina = 0.009 - - - - - - -
| 1950 |Power Operated - 0.00% - - - - - - -
| 1955 [C i 954,646 $ 60,000 11.93 10.00 10.00% 80.040.86 - 3.000.00 83.040.86 | § 83.040.86 - 6.000.00 86.040.86
| 1955 [C I i (Smart Meters) = 0.00% - - - - - - -
| 1960 i (Smart Meters) -18 12,377 7.50 0.00% - 1,650.19 - 1.650.19 | § 1.650.19 - - -
| 1975 |Load Controls Utility Premises = 0.00% - - - - - - -
| 1980 [System Sup 298.899 $ 380073 14.07 20.00 5.00% 21.239.70 - 9.501.83 30.741.53 [ § 30.741.53 - 19.003.66 40.243.36
| 1985 I Fixed Assets - 0.00% - - - - - - -
| 1995 |C ions & Grants (11.305.674) $  (703.790) 39.39 45.00 2.229 (287.036) - (7.820)] ¢ (294,856)| $ (294.856) - (15.640) (302,67@'
efc. 0.00% - - - - - - -
0.00% - B - - - - -
Total prior to Board ordered removal of CIS related to water billin: $ 66,752,349 $ 12,692,605 3,490,523.74 532,590.89 | $  305530.29 4,328,644.92 | § 4,328,644.92 0.00 | $611,060.59 | § 1,784.50 4,099,799.82
1611__|Computer Software $ 65,458 2.52 0.00% (25,948 - - (25948)[ § (25,948 - - (25,948
Total prior to Board ordered removal of CIS related to water billin: $ 66,686,891 $ 12,692,605 3,464,576 532,591 305,530 4,302,697.18 | § 4,302,697 0 611061 [ § 1,785
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Capital Structure and Cost of Capital

EB-2012-0126

18 March, 2013

This table must be completed for the required years of all historical years, the bridge year and the test year

Line

NP

o

-

SNGIEN

Notes
1)

[RNN

-

[SNGIEN

Notes
1)

[REN

4.0% unless an applicant has proposed or been approved for a different amount.

Particulars Capitalization Ratio Cost Rate Return
2009 Board Approved |
(%) $ (%) $)
Debt
Long-term Debt 52.70% $40,378,747 7.01% $2,831,928
Short-term Debt 4.00% (1) $3.064,801 1.33% $40.762
Total Debt 56.7% $43,443,548 6.61% $2,872,689
Equity
Common Equity 43.00% $32,946,606 8.01% $2,639,023
Preferred Shares 0.00% $- $-
Total Equity 43.0% $32,946,606 8.01% $2,639,023
Total 100.0% $76,620,014 7.19% $5,511,713
4.0% unless an applicant has proposed or been approved for a different amount.
2010 ]
(%) $) (%) $)
Debt
Long-term Debt 56.00% $43,284,420 7.25% $3,138,120
Short-term Debt 4.00% (1) $3.091,744 1.33% $41,120
Total Debt 60.0% $46,376,164 6.86% $3,179,241
Equity
Common Equity 40.00% $30,917,443 8.01% $2,476,487
Preferred Shares 0.00% $- -
Total Equity 40.0% $30,917.443 8.01% $2,476,487
Total 100.0% $77,293,607 7.32% $5,655,728

4.0% unless an applicant has proposed or been approved for a different amount.

2011 ]
(%) $) (%) $)

Debt

Long-term Debt 56.00% $44,708,624 7.25% $3,241,375

Short-term Debt 4.00% (1) $3.193.473 1.33% $42.473
Total Debt 60.0% $47,902,097 6.86% $3,283,848
Equity

Common Equity 40.00% $31,934,732 8.01% $2,557,972

Preferred Shares 0.00% $- $-
Total Equity 40.0% $31,934,732 8.01% $2,557,972
Total 100.0% $79,836,829 7.32% $5,841,820
4.0% unless an applicant has proposed or been approved for a different amount.

2012 ]
(%) $) (%) ($)

Debt

Long-term Debt 56.00% $46,041,978 5.01% $2,306,703

Short-term Debt 4.00% (1) $3,288,713 2.08% $68,405
Total Debt 60.0% $49,330,690 4.81% $2,375,108
Equity

Common Equity 40.00% $32,887,127 9.42% $3,097,967

Preferred Shares 0.00% $- $-
Total Equity 40.0% $32,887.,127 9.42% $3,097,967
Total 100.0% $82,217,817 6.66% $5,473,076

4.0% unless an applicant has proposed or been approved for a different amount.

2013 ]
(%) $) (%) $)

Debt

Long-term Debt 56.00% $49,324,638 4.14% $2,040,560

Short-term Debt 4.00% (1) $3.523,188 2.07% $72.930
Total Debt 4.00% $2,113,490
Equity

Common Equity 40.00% $35,231,884 8.98% $3,163,823

Preferred Shares 0.00% $- $-
Total Equity 40.0% $35,231,884 8.98% $3,163,823
Total 100.0% $88,079,710 5.99% $5.277,313
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File Number. EB-2012-0126

Attachment 3
Exhibit

Tab:
Schedule:
Page:

Date: 18 March, 2013
Appendix 2-OB
Debt Instruments
This table must be completed for the required years of all historical years, the bridge year and the test year
Year 2013
'Row [ Description Lender ‘Affiliated or Third- Fixed or StartDate | Term Principal | Rate (%) ] Interest (3) _ (Note 1)
Partv Debt? Variable-Rate? (vears) %) (Note 2)

Multiple draw term loan (SWAP) Toronto-Dominion Bank _| Third-Party Variable Rate 18-Jan-11 15[ $ 1,764,379 4.69%]| $ 82,753.48
2| Promissory Note Greater Sudbury Utilities | Affiliated Fixed Rate 1-Nov-00 [demand | $ 48,645,458 4.12%| $ 2,004,192.87
3|Term Loan TD bank Third-Party Fixed Rate 1-Oct-13 15[ $ 1,000,000 3.99%| $ 39,900.00
4 S .

5 S
6 S
7 S
8 S
9 S
10 s
11 s
12 $
Total $ 51,409,837 0.0414| § 2,126,846.35
Notes

1 Iffinancina is in place onlv part of the vear. calculate the pro-rated interest and input in the cell.
2 Input actual or deemed lona-term debt rate in accordance with the quidelines in The Report of the Board on the Cost of Capital for Ontario's Reaulated Utilities . issued December 11, 2009

3 Add more lines above row 12 if necessarv.

Year 2012

Row| Description Lender ‘Affiliated or Third- Fixed or StartDate | Term Principal | Rate (%) Interest () (Note 1)
Party Debt? | Variable-Rate? (vears) ($) (Note 2)
1|Multiple draw term loan (SWAP) Toronto-Dominion Bank | Third-Party Variable Rate 18-Jan-11 15[ S 1873195 | 4.69% 87,857.18
2| Promissory Note. Greater Sudbury Utilities | Affliated Fixed Rate $ 48,645,458 | 4.41% 2,145,264.70
3 B
4 B
5 B
6 B
7 B
8 B
9 B
10 -
11 -
12 -
Total $ 50,518,653 | 0.0442] $ 2,233,121.88
Notes

1 Iffinancina is in place only part of the vear. calculate the pro-rated interest and input i the cell.
2 Inut actual or deemed lona-term debt rate in accordance with the auidelines in The Report of the Board on the Cost of Canital for Ontario's Reaulated Utilities . issued December 11. 2009

3 Add more lines above row 12 if necessary.

Year 201
Row|Description Lender ‘Affiliated or Third-|  Fixed or StartDate | Term Principal | Rate (%)] Interest (5) _ (Note 1)
Party Debt? | Variable-Rate? (vears) (5) (Note 2)
1| Multiple draw term loan (SWAP) Toronto-Dominion Bank _| Third-Party Variable Rate 18-Jan-11 15[ 5 1960932 | 430%[$ 84,308.17
2| Promissory Note Greater Sudbury Utilities [Afiliated Fixed Rate $ 48,645,458 | 4.41%] S 2,145,264.70
3 s -
4 s
5 s
6 s
7 s
8 s
9 s
10 $
11 $
12 s
Total $ 50,606,390 | 4.41%] S 2229572.87
Notes

1 Iffinancina is in place onlv part of the vear. calculate the pro-rated interest and input in the cell.
2 Inputactual or deemed lona-term debt rate in accordance with the quidelines in The Report of the Board on the Cost of Capital for Ontario's Reaulated Utilities . issued December 11, 2009

3 Add more lines above row 12 if necessarv.

Year 2010

Row|Description Lender ‘Affiliated or Third-|  Fixed or StartDate | Term Principal | Rate (%)] Interest (5) _ (Note 1)
Party Debt? | Variable-Rate? (vears) (5) (Note 2)
1 s -
2| Promissory Note Greater Sudbury Utilities [Afiliated Fixed Rate $ 48,645,458 | 4.41%] S 2,145,264.70
3 s -
4 s
5 s
6 s
7 s
8 s
9 s
10 $
11 $
12 s
Total $ 48,645,458 | 00441]S 2,145,264.70
Notes

1 Iffinancina is in place onlv part of the vear. calculate the pro-rated interest and input in the cell.
2 Input actual or deemed lona-term debt rate in accordance with the quidelines in The Report of the Board on the Cost of Capital for Ontario's Reaulated Utilities . issued December 11, 2009

3 Add more lines above row 12 if necessarv.

ear

Row| Description Lender ‘Affiliated or Third- Fixed or StartDate | Term Principal | Rate (%) Interest () (Note 1)
Party Debt? | Variable-Rate? (vears) ($) (Note 2)
1 B
2|Promissory Note Greater Sudbury Utilities | Affliated Fixed Rate 1-Nov-00 [demand | $ 48,645,458 | 4.41% 2,145,264.70
3 B
4 B
5 B
6 B
7 B
8 B
9 B
10 -
11 -
12 -
Total $ 48,645,458 | 0.0441] $ 2,145264.70
Notes

1 Iffinancing is in place only part of the vear. calculate the pro-rated interest and input in the cell.
2 Input actual or deemed lona-term debt rate in accordance with the auidelines in The Report of the Board on the Cost of Canital for Ontario’s Reaulated Utilities . issued December 11. 2009

3 Add more lines above row 12 if necessary.



Attachment 4 - 2008 ESA Audit Report

Audit Performed for:

Audit Performed by:

Dates of Audit:

Nonconformances:

None.

Management Response to the 2008
Audit Report on
Ontario Regulation 22/04 Sections 4 to 8
Greater Sudbury Hydro Inc.
500 Regent Street
Sudbury ON P3E 5K3

Les Stok & Associates

January 19 and 20, 2009

Observations and Needs Improvement;

February 11, 2009

“A number of substation preventative maintenance records difficult to access. A more
comprehensive file indexing and retention plan should be considered.”

Management Response

Improvements in station maintenance record keeping will be undertaken.
COMPLETION DATE: May 31, 2009

“Bell Canada has not submitted its certified standard drawings and provides only layouts
along with material specifications, line tensions, etc. The layout drawings show they
have been certified even though no detailed designs or clearances are provided. No
references are made to actual structures of the subject pole line. The LDC’s engineering
department survey’s each line and carries out the design work.”

Management Response
Greater Sudbury Hydro will send a letter to Bell Canada requesting more detailed design
drawings be submitted with all joint use requests.

COMPLETION DATE: March 15, 2009

“Third party attachers (Bell Canada and Vianet) have failed to notify the LDC that
completed work was ready for inspection. Therefore, no certificates of inspection were
available for review.”

Management Response

Greater Sudbury Hydro will send a letter to Bell Canada reminding tenants of their
responsibilities under Ontario Regulation 22/04 and the Joint Use Agreements between
us.

COMPLETION DATE: March 15, 2009



tiija.luttrell
Text Box
Attachment 4 - 2008 ESA Audit Report


Auditor Independence

L. Stoch and Associates declares itself to be independent from the Greater
Sudbury Utilities Inc. and the work to be audited, and free of any potential threats
to the auditor’s independence including self-interest, self-review, advocacy,

familiarity and intimidation.

Executive Overview

An audit of Greater Sudbury Utilities Inc. was performed on January 19 and 20,
20089 to verify the organization’s extent of compliance with Ontario Regulation
22/04, to identify any gaps and to evaluate the effectiveness of procedures in
place in place for compliance purposes.

The audit covered the organization’s existing processes and any new ones
developed in response to the regulation. The distributor has addressed the
issues identified in the previous audit report but further attention is needed for
third party attachments. Except as noted, the distributor's processes are in good
compliance with the regulation. No nonconformances were found. Three
opportunities for improvement are noted in this report.

Greater Sudbury Utilities Inc. is an effective organization, concerned about public
safety, and protecting the public from any harm that might result from its
operations. The professionalism and dedication of its employees was clearly
evident throughout the audit. Except as noted in this report, the organization was
found to be compliant with the requirements of the OR 22/04 regulation.

Nonconformances

No nonconformances were noted.

Observations and Improvement Needs

The audit identified three opportunities for improvement that may assist the
distributor in meeting the requirements of the OR 22/04 legislation:

1. A number of substation preventive maintenance records were difficult to
find. It is recommended that a system of indexing and retention of such
records be considered.

. Applications for third party attachments by Bell Canada provide only a
layout that contains the statement that their plans meet the requirements

of OR 22/04, without any supporting information. No certified standards or
references to certified standards are provided. No references are made or
data provided concerning the subject pole lines. The LDC performs all




Attachment 5 - 2009 ESA Audit Report

Audit Performed for:

Audit Performed by:
Dates of Audit:

Nonconformances:

None.

Needs Improvement;

Management Response to the 2009
Audit Report on
Ontario Regulation 22/04 Sections 4 to 8
Greater Sudbury Hydro Inc.
500 Regent Strest
Sudbury ON P3E 5K3

CodeSafety Associates

January 12 and 13, 2010

March 19, 2010

1. “There is no indication that all defects identified during substation inspections and OEB
checks and listed in the spreadsheet as work to be completed have been corrected within

a reasonable time as required by Section 4(4)(1) and 4(6)(1).”

Management Response

Management will create a process to review and prioritize defects identified during
substation inspections and OEB checks as part of our effort to achieve ISO 9000

certification.

COMPLETION DATE: September 30, 2010

2. “Joint Use Trench Plan and Manhole Detail are reviewed and stamped by a P.Eng. but

there is no Certificate of Approval as required by Section 7(3)(4)."

Management Response

A stamp, conforming with the “Certificate of Approval® requirements of the O.Reg. 22/04,

will be purchased and used on all drawings stamped thereafter.

COMPLETION DATE: May 1, 2010

3. “New hires identified in the CVP as competent and qualified need CVP program training.”

Management Response

New hires will be trained in annual CVP program training.

COMPLETION DATE: May 1, 2010
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Attachment 5 - 2009 ESA Audit Report


Auditor Independence

CodeSafety Associates declares itself to be independent from the Greater
Sudbury Utilities Inc., and the work to be audited, and free of any potential
threats to the auditor’s independence including self-interest, self-review,
advocacy, familiarity and intimidation.

Executive Overview

An audit of Greater Sudbury Utilities Inc. was performed on January 12 and 13,
2010 to verify the organization’s extent of compliance with Ontario Regulation
22/04, to identify any gaps and to evaluate the effectiveness of procedures in
place for compliance purposes.

The audit covered the organization’s existing processes and new ones developed
in response to the regulation. The distributor has addressed the issues identified
in the previous audit report. Except as noted, the distributor's processes are in
full compliance with the regulation. No nonconformances were found.

Four needs improvements and two observations are included in this report.
Greater Sudbury Hydro Inc. is an effective organization that promotes public
safety, and takes steps to protect the public from any harm that might result from

its operations. The dedication and professionalism of its employees was clearly
evident throughout the audit.

Nonconformances

No audit nonconformances were identified in this audit.

Needs Improvement and Observations

The audit has identified the following opportunities for improvement that should
assist Greater Sudbury Utilities Inc. to better meet the requirements of the O.
Reg. 22/04 legislation.

1. There is no indication that all defects identified during substation
inspections and OEB checks and listed in the spreadsheet as work to be
completed have been corrected within a reasonable time as required by
Section 4(4) (1) and 4(6) (1).

2. Joint Use Trench Plan and Manhole Detail are reviewed and stamped by a
P. Eng. but there is no Certificate of Approval as required by Section 7(3)

(4).




Attachment 6 - 2010 ESA Audit Report

Auditor Independence

CodeSafety Associates declares itself to be independent from the Greater
Sudbury Utilities Inc., and the work to be audited, and free of any potential
threats to the auditor’s independence including self-interest, self-review,
advocacy, familiarity and intimidation.

Executive Overview

An audit of Greater Sudbury Utilities Inc. was performed on January 11 and 12,
2011 to verify the organization’s extent of compliance with Ontario Regulation
22/04, to identify any gaps and to evaluate the effectiveness of procedures in
place for compliance purposes.

The audit covered the organization’s existing processes and new ones developed
in response to the regulation. The distributor has addressed the issues identified
in the previous audit report. Except as noted, the distributor’s processes are in
full compliance with the regulation.

One need improvement and one observation are included in this report.
Greater Sudbury Hydro Inc. is an effective organization that promotes public
safety, and takes steps to protect the public from any harm that might result from

its operations. The dedication and professionalism of its employees was clearly
evident throughout the audit.

Areas of Noncompliance

The audit did not identify any areas of noncompliance.

Needs Improvement and Observations

The audit has identified the following opportunities for improvement that should
assist Greater Sudbury Utilities Inc. to better meet the requirements of the O.
Reg. 22/04 legislation.

1. Electrical work on stations such as installation of new 3 phase reclosers at
Richards MS including rework of the support structure and connection of
temporary high voltage cables after a bus duct failure at Gemmel must be
based on approved plans as required by section 7(1)(a) of the Regulation.

The audit has identified the following observation:

1. New spreadsheet implemented to better manage defects identified during
station inspections needs to show the completion of the corrective action.
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EB-2012-0126

Attachment 7 File Number:
Exhibit:
Tab:
Schedule:
Attachment:
Date: 18 March, 2013
Appendix 2-B
Fixed Asset Continuity Schedule-CGAAP Supplemental IR
Year 2012
Cost Accumulated Depreciation
CCA Opening Closing Opening
Class | OEB |Description Balance Additions Disposals Balance Balance Additions Disposals _[Closing Balance| Net Book Value
12 1611 |Computer Software (Formally known as Account 1925) S 2,644,035 | $ 7,888 $ 2,651,923 S (1,895,395)| S (229,434) S (2,124,829)| $ 527,094
CEC | 1612 |Land Rights (Formally known as Account 1906) S - $ - S - S -1$ -
N/A 1805 |Land S 857,298 | $ 1,253 S 858,551 S S $ -8 858,551
47 1808 |Buildings S 9,230,593 S 9,230,593 S (4,281,167)| S (183,562) S (4,464,729)[ $ 4,765,863
47 1808 [Buildings Improvements S 726,880 | $ 171,885 S 898,765 S (105,743) $ (54,188) S (159,931)| $ 738,833
47 1815 |Transformer Station Equipment >50 kV S - S - S - S -18 -
47 1820 |Distribution Station Equipment <50 kV S 16,461,161 | $ 1,086,544 $ 17,547,706 S (10,784,866)| S (441,922) S (11,226,788)[ $ 6,320,918
47 1825 |Storage Battery Equipment S = $ - LS = $ -8 -
47 1830 [Poles, Towers & Fixtures $ 17,990,851 | $ 1,267,129 $ 19,257,980 S (8,443,154)| S (622,818) S (9,065,972)[ $ 10,192,007
47 1835 |Overhead Conductors & Devices S 41,702,868 | $ 322,860 $ 42,025,728 S (27,101,912)| S (1,211,724) S (28,313,636)[ $ 13,712,091
47 1840 [Underground Conduit $ 19,957,117 | $ 895,602 $ 20,852,720 S (11,505,873)| S (670,417) S (12,176,289)[ $ 8,676,431
47 1845 |Underground Conductors & Devices $ 20,666,103 | S 604,449 $ 21,270,552 S (10,875,772)| $  (786,603) S (11,662,374)[ $ 9,608,177
47 1850 |Line Transformers S 27,928,855 | $ 1,464,765 $ 29,393,620 S (17,105,712)| S (851,131) S (17,956,844)[ $ 11,436,776
47 1855 |Services (Overhead & Underground) $ 10,971,051 | $ 1,371,879 $ 12,342,930 S (6,127,309)| $ (373,153) S (6500,462)[ $ 5,842,468
47 1860 [Meters S 8,829,005 | $ 107,254 S 8,936,259 S (6,593,129)| S (224,693) S (6,817,822)| $ 2,118,437
47 1860 |Meters (Smart Meters) S - S - S - $ -1$ -
N/A 1905 [Land S - S - S = S -8 -
47 1908 [Buildings & Fixtures S - S - S - $ -1$ -
13 1910 [Leasehold Improvements S - S - S - S -1$ -
8 1915 |Office Furniture & Equipment (10 years) S 44,315 S 44,315 S (40,775)[ $ (939) S (41,714)| $ 2,601
8 1915 |Office Furniture & Equipment (5 years) S - S - S - S -1$ -
50 1920 |Computer Equipment - Hardware S 153,987 | $ 9,001 S 162,988 S (15,399)[ $ (31,697) S (47,096)| $ 115,892
45 1920 |Computer Equip.-Hardware(Post Mar. 22/04) S - S - S - S -1$ -
45.1 1920 |Computer Equip.-Hardware(Post Mar. 19/07) S - S - S - S -18 -
10 1930 [Transportation Equipment S 5,163,079 | $ 205,905 | $ (110,346)| $ 5,258,638 S (3,531,956)| S (433,381)| $ 100,831 | $ (3,864,505)| $ 1,394,133
8 1935 |Stores Equipment S - S -1 LS = $ -8 -
8 1940 [Tools, Shop & Garage Equipment S 1,819,609 | $ 141,887 S 1,961,496 S (1,378,378)| S (88,913) S (1,467,291)[ $ 494,205
8 1945 [Measurement & Testing Equipment S - S - S - S -18 -
8 1950 |Power Operated Equipment S - S - S - S -1$ -
8 1955 |Communications Equipment S 2,220,587 [ $ 41,872 S 2,262,459 S (1,227,772)| S (80,041) S (1,307,813)[ $ 954,646
8 1955 |Communication Equipment (Smart Meters) S - S - LS - $ -8 -
8 1960 |Miscellaneous Equipment S - S -1 LS - $ -3 -
47 1975 [Load Management Controls Utility Premises S - S - S - S -1$ -
47 1980 [System Supervisory Equipment S 1,572,708 | $ 821 $ 1,573,529 S (1,219,258)| S (55,371) S (1,274,630)[ $ 298,899
47 1985 |Miscellaneous Fixed Assets S 42,117 S 42,117 S (42,117) S (42,117)| $ -
47 1995 |Contributions & Grants S (14,578,301)| S (730,784) $ (15,309,085) S 3,405,664 | $ 597,748 S 4,003,411 [ $ (11,305,674)
1330 |WIP - Capital Inventory S 1,127,820 $  1,127820 | [$ - $ -|$ 1127820
2055 |Work in Process S 430,858 | $ 450,894 | $ (337,127)| $ 544,625 $ - $ -1$ 544,625
$ - 3 .
Total prior to Board ordered removal of CIS related to water billing $ 175,962,596 | $ 7,421,103 | $ (447,474)| $ 182,936,226 $ (108,870,024)[ $ (5,742,239)| $ 100,831 | $ (114,511,432)| $ 68,424,794
12 [ 1611 [Computer Software $ (129,739) s (129,739)] [ 38333 $ 25,948 3 64,281 | $ (65,458)
Total subsequent to Board ordered removal of CIS related to water billing $ 175,832,857 | $ 7,421,103 | $ (447,474)| $ 182,806,487 $ (108,831,691)| $ (5,716,292)[ $ 100,831 | $ (114,447,151)| $ 68,359,336
Less: Fully Allocated Depreciation
10 |Transportation | Transportation S (433,381)
8 |Stores Equipment | Stores Equipment S (88,913)
Net Depreciation $ (5,193,998)




EB-2012-0126

Attachment 8 File Number:
Exhibit:
Tab:
Schedule:
Attachment:
Date: 18, March 2013
Appendix 2-B
Fixed Asset Continuity Schedule-CGAAP Supplemental IR
Year 2013
Cost Accumulated Depreciation
Smart Meter & | Revised 2013 Smart Meter & [ Revised 2013
CCA Opening Stranded Opening Opening Stranded Opening
Class | OEB |Description Balance Meters Balance Additions Disposals | Closing Balance Balance Meters Balance Additions Disposals | Closing Balance | Net Book Value
12 1611 |Computer Software (Formally known as Account 1925) $ 2,651,923 | S 275,347 | $ 2,927,270 [ $ 533,450 $ 3,460,720 S (2,124,829)| S (81,979)| $  (2,206,808)| $  (332,622) $ (2,539,430)[ $ 921,290
CEC | 1612 |Land Rights (Formally known as Account 1906) $ - $ - $ - LS - $ = $ -8 -
N/A 1805 [Land $ 858,551 S 858,551 [ $ 10,699 $ 869,251 $ - $ - $ -8 869,251
47 1808 |Buildings $ 9,230,593 $ 9,230,593 S 9,230,593 $  (4,464,729) S (4,464,729)| $ (235,990) S (4,700,719)[ $ 4,529,873
47 1808 |Buildings Improvements $ 898,765 S 898,765 [ $ 1,177,121 $ 2,075,886 $ (159,931) $ (159,931)| $ (91,367) $ (251,298)| $ 1,824,587
47 1815 | Transformer Station Equipment >50 kV $ - $ - $ - LS - $ = $ -3 -
47 1820 |Distribution Station Equipment <50 kV/ $ 17,547,706 $ 17,547,706 | S 2,812,997 $ 20,360,703 $ (11,226,788) $ (11,226,788)| $ (521,864) $ (11,748,651)[ $ 8,612,051
47 1825 |Storage Battery Equipment $ - S - S - $ - $ - $ -1$ -
47 1830 [Poles, Towers & Fixtures $ 19,257,980 $ 19,257,980 | $ 1,541,511 $ 20,799,491 $  (9,065,972) $  (9,065,972)| $ (376,873) $ (9,442,846)[ $ 11,356,645
47 1835 |Overhead Conductors & Devices $ 42,025,728 $ 42,025,728 | S 1,782,556 S 43,808,284 $ (28,313,636) $ (28,313,636) $ (666,498) $ (28,980,134)| $ 14,828,149
47 1840 |Underground Conduit $ 20,852,720 $ 20,852,720 | $ 512,626 $ 21,365,346 | [ S (12,176,289) $ (12,176,289)| $  (246,451) $  (12,422,741)| $ 8,942,605
47 1845 |Underground Conductors & Devices $ 21,270,552 $ 21,270,552 | $ 532,312 $ 21,802,864 $ (11,662,374) $ (11,662,374)| $ (426,359) $ (12,088,734)| $ 9,714,130
47 1850 |Line Transformers $ 29,393,620 $ 29,393,620 [ $ 1,345,700 $ 30,739,320 | | $ (17,956,844) $ (17,956,844)| $  (485,237) $  (18,442,080)| $ 12,297,240
47 1855 [Services (Overhead & Underground) $ 12,342,930 $ 12,342,930 | S 931,831 $ 13,274,761 $  (6,500,462) $  (6,500,462)| $ (219,332) $ (6,719,794)[ $ 6,554,967
47 1860 |Meters $ 8,936,259 | $ (7,076,701)| $ 1,859,558 $ 1,859,558 S (6,817,822)| S 5,868,347 S (949,475)| $ (44,090) $ (993,565)| $ 865,993
47 1860 |Meters (Smart Meters) $ -|$ 6523624 |S 6523624 [ $ 132,791 S 6,656,415 $ -1 S (1,047,818)| S (1,047,818)| $ (439,335) S (1,487,153)[ $ 5,169,262
N/A_| 1905 [Land s - s - s [ - s - B s -
47 | 1908 [Buildings & Fixtures $ 5 $ o $ - LS o $ o $ -9 -
13 1910 |Leasehold Improvements $ - S - $ - $ - $ - $ -1$ -
8 1915 | Office Furniture & Equipment (10 years) S 44,315 S 44,315 S 44,315 S (41,714) S (41,714) $ (939) $ (42,652)| $ 1,662
8 1915 | Office Furniture & Equipment (5 years) $ - S - $ - $ - $ - $ -1$ -
50 1920 [Computer Equipment - Hardware $ 162,988 | $ 204,815 | $ 367,803 | $ 364,328 S 732,131 $ (47,096)| $ (101,801)| $ (148,897)| $ (109,993) $ (258,891)| $ 473,240
45 1920 |Computer Equip.-Hardware(Post Mar. 22/04) $ - S - $ - $ - $ - $ -1$ -
45.1 | 1920 |Computer Equip.-Hardware(Post Mar. 19/07) $ - $ - $ - LS - $ = $ -3 -
10 1930 |Transportation Equipment $ 5,258,638 S 5,258,638 | $ 1,118,399 | $ (471,970)| $ 5,905,067 $  (3,864,505) $  (3,864,505)| $ (220,046)| $ 471,970 | $ (3,612,581)[ $ 2,292,486
8 1935 |Stores Equipment $ - $ - $ - LS - $ = $ -8 -
8 1940 [Tools, Shop & Garage Equipment $ 1,961,496 S 1,961,496 | S 160,000 $ 2,121,496 $  (1,467,291) S (1,467,291)| $ (91,073) $ (1,558,363)| $ 563,133
8 1945 |Measurement & Testing Equipment $ - S - S - $ - $ - $ -1$ -
8 1950 |Power Operated Equipment $ - S - $ - $ - $ - $ -1$ -
8 1955 |Communications Equipment $ 2,262,459 S 2,262,459 | S 60,000 S 2,322,459 $  (1,307,813) $ (1,307,813) $ (83,041) $ (1,390,854)| $ 931,605
8 1955 |Communication Equipment (Smart Meters) $ - S - $ - $ - $ - $ -1$ -
8 1960 [Miscellaneous Equipment $ -1 16,502 | $ 16,502 S 16,502 $ -1s (4,125)| $ (4,125)| $ (1,650) $ (5,775)| $ 10,727
47 1975 |Load Management Controls Utility Premises $ - S - $ - $ - $ - $ -1$ -
47 1980 [System Supervisory Equipment $ 1,573,529 S 1,573,529 | $ 380,073 S 1,953,602 $  (1,274,630) $  (1,274,630)| $ (30,742) $ (1,305,371)[ $ 648,231
47 1985 [Miscellaneous Fixed Assets $ 42,117 $ 42,117 $ 42,117 S (42,117) $ (42,117)| $ - $ (42,117)| $ -
47 1995 | Contributions & Grants $ (15,309,085) $ (15,309,085)| S (703,790) $  (16,012,875) $ 4,003,411 $ 4,003,411 | $ 294,856 $ 4,298,267 | $ (11,714,608)
1330 |WIP - Capital Inventory $ 1,127,820 $ 1,127,820 $ 1,127,820 | [ $ - $ - $ -|s 1,127,820
2055 |Work in Process $ 544,625 $ 544,625 | $ 128,138 | $  (544,625)| $ 128,138 $ e $ - $ -1$ 128,138
$ = B B
Total prior to Board ordered removal of CIS related to water billing $ 182,936,226 | $ (56.413)| $ 182,879,812 | $ 12,820,743 | $ (1,016,594)| $ 194,683,961 $(114511,432)| $ 4,632,624 | $(109,878,808)| $ (4,328.645)| $ 471,970 | $ (113,735483)| $ 80,948,478
12 1611 [Computer Software $ (129,739) S (129,739) S (129,739) $ 64,281 64,281 | $ 25,948 $ 90,229 [ $ (39,510)
Total subsequent to Board ordered removal of CIS related to water billing $ 182,806,487 | $ (56,413)| $ 182,750,074 | $ 12,820,743 | $ (1,016,594)| $ 194,554,222 $(114,447,151)| $ 4,632,624 | $ (109,814,527)| $ (4,302,697)| $ 471,970 | $ (113,645,254)| $ 80,908,968
Net of WIP 1330 & 2055 $ 181,077,629 $ 193,298,264  Less: Fully Allocated Depreciation - 111,729,890.76  $ 79,653,009
| 10 |Transportation Transportation $  (220,046)
| 8 |S(ores Equipment Stores Equipment $ (91,073)
Net Depreciation $ (3,991,579)




Attachment 9 - Causes of Defective Equipment

Outage/Reclosure Report

1/1/2012 to 1/1/2013

Time Off Time On Minutes Of Equipment Customers Cust Cause Desc
Outage Minutes

01/09/2012 17:57:00 {01/09/2012 18:27:00 30 30F1 - TRANSFORMER 7000 9 270 BURNT CONNECTION REPLACED
01/13/2012 06:52:00 {01/13/2012 09:06:00 134 19F3 - 3195 7 938 DEFECTIVE SWITCH
01/13/2012 10:18:00 {01/13/2012 10:34:00 16 15F3 - T3253 9 144 CHANGING PORCELAIN SWITCH
01/24/2012 16:15:00 {01/24/2012 20:15:00 240 09F1 - T6586 19 4560 |T6586 FAULTED/REPLACED
01/31/2012 13:15:00 [01/31/2012 14:11:00 56 10F1 - TRANSFORMER 3019 5 280 BROKEN PRIMARY TRANSFORMER SWITCH
02/14/2012 19:21:00 {02/14/2012 19:48:00 27 12F3 - TRANSFORMER 5145 19 513 ARCING PORCELIN SWITCH REPLACED
02/20/2012 07:55:00 {02/20/2012 09:15:00 80 16F5 - T1040 9 720 FAULTED TX SW/FUSE
02/27/2012 22:44:00 [02/28/2012 06:10:00 446 TRANS 1480 3 1338 |DEFECTIVE FUSE SWITCH
02/27/2012 22:44:00 [02/28/2012 00:56:00 132 32F3 - TRANS.1480 3 396 REPLACED FUSE CUTOUT SWITCH
03/02/2012 14:53:00 {03/02/2012 16:09:00 76 11F2 - M132 7 532 DEFECTIVE U/G CABLE
03/03/2012 01:00:00 {03/03/2012 05:45:00 285 17F1 - P250/P251 1 285 BLOWN CABLE
03/11/2012 13:30:00 {03/11/2012 14:35:00 65 16F5 - M308 8 520 BLOWN FUSE AT SW 1086
03/11/2012 13:30:00 [03/11/2012 14:41:00 71 16F5 - P442 18 1278 |BLOWN FUSE AT SW 1086
03/11/2012 13:30:00 {03/11/2012 14:50:00 80 16F5 - P442-2 1 80 BLOWN FUSE
03/13/2012 06:40:00 {03/13/2012 09:32:00 172 11F3 - T2099 17 2924 |DAMAGED FUSE LINK
03/13/2012 23:29:00 {03/13/2012 23:30:00 1 11F8 - 11F8 BREAKER 102 102 CLOSED IN SW 216 (BLOWN CUTOUT)
03/14/2012 00:16:00 [03/14/2012 04:54:00 278 11F8 - P471 & P519 2 556 FAULTED CABLE JE25 X P519
03/14/2012 02:39:00 [03/14/2012 04:54:00 135 11F8 - P204 1 135 FAULTED CABLE JE25 X P519
03/14/2012 15:59:00 [03/14/2012 17:30:00 91 13F3 - P466 6 546 BLOWN LA
03/14/2012 15:59:00 {03/14/2012 18:02:00 123 P281 1 123 BLOWN LA
03/16/2012 14:57:00 [03/16/2012 15:53:00 56 05F1 - TRANS.1749 3 168 REPLACED FUSE
03/21/2012 15:21:00 [03/21/2012 18:29:00 188 19F5 - V075 1 188 2 BLOWN ARRESTORS REPLACED
03/23/2012 23:45:00 [03/24/2012 01:50:00 125 03F10 - TRANSFORMER 5364 37 4625 |BURNT PRIMARY LEAD
03/29/2012 14:02:00 [03/29/2012 15:50:00 108 05F1 - M250 8 864 REPLACED TRANSFORMER M250
04/01/2012 13:40:00 [04/01/2012 14:15:00 35 20F1 - T1335 1 35 REPLACED PORC. CUTOUTS T1335
04/16/2012 12:06:00 {04/16/2012 13:05:00 59 05F3 - FEEDEER 730 43070 |POLE TOP FIRE
04/16/2012 12:06:00 {04/16/2012 13:38:00 92 05F3 - SW.404 112 10304 |POLE TOP FIRE
04/17/2012 01:06:00 {04/17/2012 01:12:00 6 02F3 - FEEDER 508 3048 |DAMAGED CONDUCTOR REPAIRED
04/17/2012 01:30:00 [04/17/2012 01:43:00 13 09F1 - TRANSFORMER 6586 19 247 BURNT LEAD REPAIRED
04/18/2012 16:44:00 {04/18/2012 22:43:00 359 19F3 - TRANS 1174 6 2154 |DEFECTIVE BANK
04/22/2012 20:05:00 [04/22/2012 20:30:00 25 17F1 - M187 14 350 REPAIRED SECONDARY
04/23/2012 14:15:00 [04/23/2012 14:44:00 29 03F5 - CROSS STREET 40 1160 |FLYING TAP AT CORNER OF DOUGLAS AND LORNE
04/23/2012 14:37:00 [04/23/2012 14:44:00 7 03F5 - FEEDER 189 1323 |REPAIRED FLYING TAP AT CORNER OF DOUGLAS AND LORNE
04/24/2012 03:02:00 [04/24/2012 17:22:00 860 15F2 - KELLY LK RD 85 73100 [REPLACE BROKEN POLE
04/24/2012 10:14:00 [04/24/2012 10:15:00 1 02F3 - FEEDER 452 452 OPENED LC'S TO DEFECTIVE SW'S
04/24/2012 10:14:00 [04/24/2012 10:34:00 20 02F3 - TRANS.6678 50 1000 |REPLACE SWITCHES
04/26/2012 08:36:00 [04/26/2012 13:05:00 269 20F5 - TRANS 1032 1 269 DEFECTIVE FUSE HOLDER
05/25/2012 18:20:00 [05/25/2012 19:45:00 85 CACHE BAY 44 3740 |OPEN TAP AT CRNR OF CACHE & WATERFRONT STS
05/26/2012 02:35:00 [05/26/2012 05:50:00 195 25F1 - WHITE PHASE CUSTOMERS 50 9750 |DEFECTIVE SW 1063 REPAIRED
05/26/2012 10:40:00 [05/26/2012 12:40:00 120 03F4 - SUDBURY LIFT STNS ON YORK 1 120 DEFECTIVE SWITCH 1824
05/29/2012 04:23:00 [05/29/2012 10:51:00 388 20F5 - SW.1779 20 7760 |BURNT POLE TOP
06/06/2012 12:00:00 [06/06/2012 13:45:00 105 T1550 6 630 BROKEN SW AT T1550
06/16/2012 11:27:00 [06/16/2012 12:04:00 37 17F5 - CUSTOMERS ON CBC HILL 21 777 REPAIRS TO SW 608
06/19/2012 09:10:00 [06/19/2012 09:50:00 40 16F3 - TRANS.1973 4 160 FUSE CUTOUT
06/21/2012 17:15:00 [06/21/2012 19:15:00 120 20F5 - T3642 1 120 DEFECTIVE FUSE HOLDER
06/22/2012 16:57:00 [06/22/2012 18:30:00 93 18F2 - M053 15 1395 |FAULTED CABLE M687 X P013-3
06/22/2012 16:57:00 [06/22/2012 20:40:00 223 18F2 - M008 15 3345 |FAULTED CABLE M687 X P013-3
06/22/2012 16:57:00 [06/22/2012 21:05:00 248 18F2 - P0011 12 2976 |FAULTED CABLE M687 X P013-3
06/22/2012 16:57:00 [06/22/2012 21:35:00 278 18F2 - P013 6 1668 |FAULTED CABLE M687 X P013-3
06/22/2012 16:57:00 [06/22/2012 20:40:00 223 18F2 - S015 20 4460 |FAULTED CABLE M687 X P013-3
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06/22/2012 16:57:00 [06/22/2012 20:13:00 196 18F2 - M574 6 1176 |FAULTED CABLE M687 X P013-3
06/22/2012 16:57:00 [06/22/2012 20:13:00 196 18F2 - M687 17 3332 |FAULTED CABLE M687 X P013-3
06/28/2012 08:45:00 [06/28/2012 11:26:00 161 TRANS 6350/6825 1 161 DEFECTIVE SWITCH
06/30/2012 14:30:00 [06/30/2012 16:20:00 110 05F3 - TRANS.2234 13 1430 |CUTOUT POWER
07/03/2012 14:00:00 {07/03/2012 18:15:00 255 21F3 - T1478 2 510 REPLACED T1478
07/06/2012 13:30:00 {07/06/2012 14:30:00 60 15F2 - TRANSFORMER 2509 13 780 LEAKING TRANSFORMER REPLACED
07/06/2012 15:03:00 {07/06/2012 18:24:00 201 11F1 - TRANSFORMER 1777 10 2010 |TRANSFORMER REPLACED DUE TO FIRE
07/10/2012 16:30:00 {07/10/2012 21:30:00 300 15F2 - 510 GALAXY 1 300 510 GALAXY
07/10/2012 22:15:00 [07/10/2012 23:17:00 62 07F1 - FEEDER 300 18600 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 [07/10/2012 23:17:00 62 07F2 - FEEDER 1130 70060 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 {07/10/2012 23:17:00 62 07F3 - FEEDER 450 27900 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 [07/10/2012 23:22:00 67 05F1 - FEEDER 206 13802 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 [07/10/2012 23:22:00 67 05F3 - FEEDER 1246 83482 [44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 [07/10/2012 23:22:00 67 17F4 - FEEDER 62 4154 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 [07/10/2012 23:22:00 67 17F5 - FEEDER 1649 110483 [44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 [07/10/2012 23:22:00 67 17F6 - FEEDER 936 62712 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 {07/10/2012 23:35:00 80 07F6 - FEEDER 201 16080 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 [07/11/2012 00:07:00 112 07F5 - SECTION MS7 X SG89-L3 300 33600 |44 KV DIP TO 7T2 BROKEN
07/10/2012 22:15:00 {07/11/2012 01:08:00 173 07F5 - SECTION SG3-L3 X SW 1102 600 103800 {44 KV DIP TO 7T2 BROKEN
07/12/2012 07:26:00 [07/12/2012 08:13:00 47 F.S. 747 CACHE BAY F2 - T0158 5 235 T0158
07/14/2012 18:40:00 [07/14/2012 18:46:00 6 16F6 - P110 1 6 LEAKING FUSE HOLDER AT P110
07/15/2012 15:00:00 {07/15/2012 16:50:00 110 36F2 - T0133 20 2200 |REPLACED T0133
07/20/2012 12:07:00 [07/25/2012 11:20:00 7153 T0066 1 7153 |GROUND FAULT ON 3F8
07/22/2012 19:00:00 [07/22/2012 20:30:00 90 24F3 - M482 12 1080 |BLOWN FUSE AT M482
07/23/2012 17:00:00 [07/23/2012 18:57:00 117 21F3 - SW.388 63 7371  |SOUTHLANE AT SW.388
07/24/2012 04:45:00 [07/24/2012 06:06:00 81 07F5 - SW 879 X SG-L2 X P151-SWA 274 22194 |SECTIONALIZING - FAULTED CABLE 7F5 X SW 601
07/24/2012 04:45:00 [07/24/2012 06:21:00 96 07F5 - SG1-L2 X SG3-3 301 28896 [SECTIONALIZING - FAULTED CABLE 7F5 X SW 601
07/24/2012 04:45:00 [07/24/2012 07:25:00 160 07F5 - SG03-L3 X SW 601 435 69600 |SECTIONALIZING - FAULTED CABLE 7F5 X SW 601
07/27/2012 01:40:00 [07/27/2012 04:30:00 170 12F3 - T5323 20 3400 |T5323 SINGLE PHASE FAULT
08/06/2012 14:06:00 [08/06/2012 15:25:00 79 07F5 - 7F5 1011 79869 |DEFECTIVE CABLE AT 7F5 X SW 601
08/07/2012 20:40:00 {08/08/2012 05:02:00 502 TS28 - CLARABELLE - MS 29 1 502 DEFECTIVE TRANSFORMER
08/08/2012 09:57:00 [08/08/2012 11:44:00 107 T3640 1 107 BROKEN SWITCH
08/18/2012 07:22:00 {08/18/2012 10:56:00 214 24F1 - CUSTOMERS BEYOND SW.2094 337 72118 [BLOWN FUSE CUTOUT SWITCH
08/19/2012 21:50:00 {08/20/2012 00:33:00 163 30F2 - FEEDER 10 1630 |ORICA PLANT
08/21/2012 16:06:00 {08/21/2012 18:00:00 114 SW 388 X RADIAL B PHASE 51 5814 |DEFECTIVE FUSE HOLDER T1473
08/24/2012 15:06:00 [08/24/2012 17:22:00 136 16F5 - M145 14 1904 |U/G CABLE FAULT AT M147-1 X M203-1
08/24/2012 15:06:00 [08/24/2012 20:31:00 325 16F5 - M146 11 3575 |U/G CABLE FAULT AT M147-1 X M203-1
08/24/2012 15:06:00 [08/24/2012 20:45:00 339 16F5 - M147 14 4746 |U/G CABLE FAULT AT M147-1 X M203-1
08/24/2012 15:06:00 [08/24/2012 21:10:00 364 16F5 - M203 4 1456 |U/G CABLE FAULT AT M147-1 X M203-1
08/26/2012 15:30:00 [08/26/2012 17:23:00 113 24F1 - T3221 7 791 BLOWN FUSE AT T3221
08/27/2012 12:15:00 [08/27/2012 17:45:00 330 20F5 - 5149 PINE 1 330 DEFECTIVE CUTOUT SWITCH
08/28/2012 18:00:00 [08/28/2012 18:35:00 35 20F3 - T3094 6 210 DEFECTIVE SECONDARY BUSHING T3094
09/14/2012 17:10:00 {09/14/2012 17:21:00 11 19F8 - SG86-L3 59 649 P560 FAULT ON WHITE PHASE
09/14/2012 18:02:00 {09/14/2012 18:04:00 2 19F8 - SG58-L3 X P645-A 23 46 P560 FAULT ON WHITE PHASE
09/17/2012 01:18:00 {09/17/2012 01:31:00 13 25F2 - 25F2 333 4329 |ARCING SW AT T6266 (OPENED 25F2)
09/17/2012 18:00:00 {09/17/2012 18:30:00 30 17F2 - P176 1 30 REPLACE SW 348
09/19/2012 06:26:00 {09/19/2012 09:25:00 179 M404 10 1790 |DEFECTIVE P560
09/20/2012 05:20:00 [09/20/2012 06:55:00 95 10F4 - TRANS 1802 9 855 DEFECTIVE LEAD
09/21/2012 23:30:00 {09/21/2012 23:39:00 9 TRANS 1592 16 144 DEFECTIVE LEAD
09/27/2012 07:24:00 [09/27/2012 10:37:00 193 14F1 - P367 1 193 DEFECTIVE SWITCHES AND ARRESTERS CHANGED
10/11/2012 13:25:00 |10/11/2012 13:45:00 20 83/84/89 MCNAUGHTON 3 60 BAD CONNECTION
10/11/2012 19:58:00 [10/11/2012 21:58:00 120 20F5 - MCFARLANE LK RD 5 600 POLE FIRE
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10/11/2012 19:58:00 |10/12/2012 00:12:00 254 20F5 - SOUTH LANE 50 12700 |POLE FIRE
10/13/2012 14:45:00 [10/13/2012 15:40:00 55 24F1 - TRANS.1116 8 440 REPLACED FUSE CUTOUT.
10/24/2012 15:43:00 |10/24/2012 16:29:00 46 16F5 - TRANS.2112 8 368 LEAKING TRANSFORMER
11/14/2012 22:53:00 {11/15/2012 01:00:00 127 M210/S028/M626 50 6350 |DEFECTIVE SECONDARY M626
11/14/2012 23:30:00 |11/15/2012 01:53:00 143 TRANS 1669 BLANCHARD 5 715 BAD LEAD
11/26/2012 00:57:00 [11/26/2012 01:20:00 23 20F1 - 20F1 790 18170 |20T1 SINGLE PHASING
11/26/2012 00:57:00 |11/26/2012 01:46:00 49 20F5 - 20F5 675 33075 [20T1 SINGLE PHASING
11/26/2012 00:57:00 [11/26/2012 01:46:00 49 20F2 24 1176 |20T1 SINGLE PHASING
11/26/2012 00:57:00 |11/26/2012 02:30:00 93 20F3 - 20F3 439 40827 |20T1 SINGLE PHASING
11/29/2012 18:17:00 [11/29/2012 19:28:00 71 37F4 - T0327 26 1846 |BURN LEAD AT T0327
12/01/2012 11:53:00 |12/01/2012 12:36:00 43 17F2 - TRANS.2184 28 1204 |BURNT CONNECTION LEADS
12/16/2012 07:37:00 [12/16/2012 07:55:00 18 13F3 - P303 8 144 DIP SWITCH
12/16/2012 08:00:00 |12/16/2012 08:45:00 45 07F3 - TRANS 2150 1 45 PRIMARY SWITCH
12/16/2012 08:11:00 [12/16/2012 10:12:00 121 05F1 - TRANS 1859 15 1815 |PRIMARY SWITCH
12/16/2012 09:52:00 |12/16/2012 10:55:00 63 07F4 - TRANS 1823 2 126 PRIMARY SWITCH
12/16/2012 23:42:00 [12/17/2012 02:59:00 197 25F2 - FEEDER LESS T6212 335 65995 |DEFECTIVE 3 PHASE TRANSFORMER
12/16/2012 23:42:00 |12/17/2012 16:30:00 1008 25F2 - SW 1573 23 23184 [POLE BROKE DUE TO BROKEN GUY
12/16/2012 23:42:00 [12/17/2012 11:24:00 702 25F2 - T6212 6 4212 |BROKEN POLE DUE TO BROKEN GUY
12/17/2012 10:28:00 |12/17/2012 11:00:00 32 11F3 - T3868 4 128 DEFECTIVE TRANSFORMER SWITCH
12/22/2012 18:28:00 [12/22/2012 19:26:00 58 25F2 - FEEDER 630 36540 |DAMAGED CONDUCTOR REPAIRED
12/22/2012 19:34:00 |12/22/2012 20:00:00 26 25F2 - FEEDER 630 16380 |25F2 CONDUCTOR SAGGING DUE TO OVERLOAD-SWG SOLVED PROBLEM
12/22/2012 21:15:00 [12/22/2012 22:30:00 75 25F2 - TRANSFORMER 6277 6 450 BLOWN FUSE AND SWITCH REPLACED
12/25/2012 09:15:00 |12/25/2012 11:05:00 110 32F2 - TRANSFORMER 1602 17 1870 |TRANSFORMER & SWITCH REPLACED
12/26/2012 01:30:00 [12/26/2012 01:55:00 25 32F2 - TRANSFORMER 1602 17 425 DAMAGED SPUN BUS REPLACED
1 J - L1 1 1 |
Totals 24266 16718 1341938 1341938 / 60 = 22365.63 customer hours
Events: 126 Customer Events: 16718

Execution Time: 12 second(s)

Customer 22365.63
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Fiscal year
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Group . . .
Group date .

User working on group .
User who created group .
User who updated group .
Job name of update .

Job for group update .
Time/date updated

Press Enter to continue.

F12=Cancel
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Group Information

2009
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F12=Cancel

Greater Sudbury Utilities Inc
Group Information

2009

13

4996 write off g/a 2008 bal
2010/03/10

NANCYW

NANCYW

NANCYW

QPADEVO0099

187644

11:01:32 2010/03/10

13/03/08
16:53:54




Greater Sudbury Hydro Inc. EB-2008-0230

Table 2

Greater Sudbury Deferral and Variance Accounts

Nﬁr(;fi:.er Account Description Total ($)
1 1508 Other Regulatory Assets — Sub-Account — OEB Cost 136,014
Assessments
2 1508 Other Regulatory Assets — Sub-Account — Other 2809
3 1525 Miscellaneous Deferred Debits 12,177
4 1550 LV Variance Account 148,667
5 1570 Qualifying Transition Costs 219,324
6 1571 Pre-Market Opening Energy Variances 63,474
Option (a) Sub-Total (rows 1 - 6)
7 1580 | RSVA — Wholesale Market Service Charge (2,530,339)
8 1584 RSVA - Retail Transmission Network Charge (424,919)
9 1586 RS8VA — Retail Transmission Connection Charges 438,047
10 1588 RSVA - Power (including Global Adjustment) (90,433)
11 1590 Recovery of Regulatory Asset Balances
Sub-Total (rows 7 — 11)
Sub-Total (rows 1-11) | (2,591,261)
12 1588 RSVA — Power Sub-account (Global Adjustment) 506,551
Option (b) Total (rows 1 — 12), excluding Global Adjustment "

SEC submitted that the record may not be adequate to support the balances in
Accounts 1570 and 1571, in particular the components related to the West Nipissing
distributor. In its Reply Submission, Greater Sudbury indicated that the required
supplementary disclosure and audit had been completed, and were provided in
response to Board staff supplemental interrogatory number 70 parts a) and b).

Board staff noted that Greater Sudbury had also provided balances for the two
former distributors separately. Staff submitted that there were three main options
available for disposition of deferral and variance account balances: no disposition in
2009, disposition of balances from the table above such as option (a) or (b), and
disposition of the separate balances by means of rate riders that would differ in the
two former service areas. Staff also submitted that there are alternatives of larger
rate riders over a shorter period such as one year or smaller rate riders over a longer
period. Greater Sudbury submitted that it would be preferable to implement rate
riders that would be uniform across the whole service area, and suggested that a

Decision and Order -41 - December 1, 2009
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Name of LDC: Greater Sudbury Hydro Inc. - West Nipissing

File Number: EB-2010-0085
Effective Date: 2011/05/01
Version : 1.0

2009 Board Approved Transfer of 2007 Deferral/Variance accounts to 1595 COS

OEB Decision EB-2008-0230

Disposition Recovery Sunset Date
April 30, 2010

Account Description

Group 1 Accounts

LV Variance Account

RSVA - Wholesale Market Service Charge
RSVA - Retail Transmission Network Charge
RSVA - Retail Transmission Connection Charge
RSVA - Power (Excluding Global Adjustment)
RSVA - Power (Global Adjustment Sub-account)
Recovery of Regulatory Asset Balances

Sub-Total - Group 1 Accounts

Group 2 Accounts

Other Regulatory Assets - Sub-Account - OEB Cost Assessments
Other Regulatory Assets - Sub-Account - Pension Contributions
Other Regulatory Assets - Sub-Account Deferred IFRS Transition Costs
Other Regulatory Assets - Sub-Account - Other

Other Regulatory Assets - Sub-Account - Other

Retail Cost Variance Account - Retail

Retail Cost Variance Account - STR

Misc. Deferred Debits

Renewable Connection Capital Deferral Account

Renewable Connection OM&A Deferral Account

Smart Grid Capital Deferral Account

Smart Grid OM&A Deferral Account

Smart Meter Capital and Recovery Offset Variance - Sub-Account - Capital
Smart Meter Capital and Recovery Offset Variance - Sub-Account - Recoveries
Smart Meter Capital and Recovery Offset Variance - Sub-Account - Stranded Meter Costs

Smart Meter OM&A Variance

Conservation and Demand Management Expenditures and Recoveries
CDM Contra

Qualifying Transition Costs

Pre-Market Opening Energy Variances Total

Extra-Ordinary Event Costs

Deferred Rate Impact Amounts

RSVA - One-time Wholesale Market Service

Other Deferred Credits

Sub-Total - Group 2 Accounts

Disposition and recovery of Regulatory Balances Account

Rate Rider Recovery
Deferral Variance Recovery May 1, 2009 to December 31, 2009
Deferral Variance Recovery Jan 1, 2010 to December 31, 2010
Deferral Variance Recovery Jan 1, 2011 to December 31, 2011
Deferral Variance Recovery Jan 1, 2012 to December 31, 2012
Deferral Variance Recovery Jan 1, 2013 to December 31, 2013
Deferral Variance Recovery Jan 1, 2014 to December 31, 2014

Balance of Disposition and recovery of Regulatory Balances Account

ﬁi‘;:;:rt Principal Amounts Interest Amount Total Balance
1550/ 140,356.73 [ 8,310.68 148,667.41
1580/ (2,469,303.57 ) ¥ (61,035.66 ) (2,530,339.23)
1584/ (436,955.99) 12,037.49 (424,918.50)
1586y~ 34324863 94,798.22 438,046.85
1588 (795,520.54 ) 198,5635.96 (596,984.58 )
1588 477,860.48 28,691.00 506,551.48
1590 V™ (416,254.36 ) (149,828.06 ) (566,082.42)
(3,156,568.62 ) 131,509.63 (3,025,058.99 )

S 1508 117,185.40 .,/‘ 18,82861 / 136,014.01
1508 0.00 0.00 0.00
1508 0.00 0.00 0.00
1508 2,786.00 \/ 2275 2,808.75
1508 0.00 0.00 0.00
1518 0.00 0.00 0.00
1548 0.00 0.00 0.00
1525 12,078.14 98.64 ~ 12,176.78
15631 0.00 0.00 0.00
15632 0.00 0.00 0.00
1534 0.00 0.00 0.00
1535 0.00 0.00 0.00
1555 0.00 0.00 0.00
1555 0.00 0.00 0.00
1555 0.00 0.00 0.00
1556 0.00 0.00 0.00
1565 0.00 0.00 0.00
1566 0.00 0.00 0.00
A 1570 12428429 95,039.89 K 219,324.18
1571 3647447 26,999.59 63,474.06
1572 0.00 0.00 0.00
1574 0.00 0.00 0.00
1582 0.00 0.00 0.00
2425 0.00 0.00 0.00
292,808.30 140,989.48 433,797.78

1595 2,863,760.32 (272,499.11) 2,591,261.21
1595 0.00 0.00 0.00
1595 0.00 0.00 0.00
1595 0.00 0.00 0.00
1595 0.00 0.00 0.00
1595 0.00 0.00 0.00
1595 0.00 0.00 0.00
1595 2,863,760.32 (272,499.11) 2,591,261.21

F:\2011 Rates\20101005 Submission\2011 IRM Deferral and Variance Account Workform - GSH 20101001C1.2 2009 Transfer to 1595 COS
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Attachment 11 - Updated Bill Impacts at Parity

EB-2012-0126

File Number:
Exhibit: 8
Tab: 4
Schedule: 2
Attachment: 2
Date: 9 November, 2012
Appendix 2-W
Bill Impacts
Customer Class: Residential
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit %) % $) (&) $ Change % Change
Monthly Service Charge Monthly $  16.1400 1% 16.14 $ 17.2900 1s 1729 | $ 115 7.13%
Smart Meter Rate Adder Monthly $ - 1$ - $ - 1$ - $ -
Rate Rider for Late Payment Penal Monthly $ - 1$ - $ - 1$ - $ -
Distribution Volumetric Rate kwWh $ 0.0124 800( $ 9.92 $ 0.0153 800| $ 1224 | $ 232 23.39%
Smart Meter Disposition Rider Monthly $ - 1% - $ 0.3100 1% 031]$ 0.31
Rate Rider for Loss Revenue Adjus kWh $ 0.0002 800( $ 0.16 $ - 800| $ - -$ 0.16 -100.00%
Rate Rider for Tax Change kwWh -$ 0.0005 800(-$ 0.40 $ = 800| $ - $ 0.40 -100.00%
LRAM kWh $ = 800| $ - $ = 800| $ - $ -
Stranded Assets Disposition Monthly $ - 800[ $ - $ 1.0700 118 1.071$ 1.07
[Sub-Total A $ 25.82 $ 3091 1% 5.09 19.71%
Rate Rider for Deferral/Variance ~ kWh -$ 0.0002
Account Disposition 800|-$ 0.16 -$ 0.0014 800(-$ 112 |-$ 0.96 600.00%
Rate Rider for Global kWh $ -
Adjustment Sub Account
(Applicable only to Non-RPP 800| $ - $  0.0020 800| $ 160 | $ 1.60
Customers)
Low Voltage Service Charge kwWh $ 0.0002 800( $ 016 | $ - 0.00%
Smart Meter Entity Charge 800[ $ - $ -
Sub-Total B - Distribution o
(includes Sub-Total A) $ 25.82 $ 3155 | $ 5.73 22.19%
RTSR - Network kWh $ 0.0059 842( $ 4.97 $ 0.0057 843| $ 481 |-$ 0.16 -3.27%
RTSR - Line and Transformation ., $  0.0037 842($  312| |$  0.0036 843(s  3.04 |3 0.08 -2.59%
Connection
Sub-Total C - Delivery o
(including Sub-Total B) $ 33.90 $ 3939 | $ 5.49 16.18%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 842( $ 4.38 $ 0.0052 843| $ 438 | $ 0.01 0.12%
Rural and Remote Rate kWh $ 0.0011 o
Protection (RRRP) 842( $ 0.93 $ 0.0011 843| $ 093 |$% 0.00 0.12%
Standard Supply Service Charge 1% - 1% - $ -
Debt Retirement Charge (DRC) kWh $ 0.0070 800( $ 5.60 $ 0.0070 800| $ 560 |$ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 600| $ 39.00 $ 0.0650 600| $ 39.00 | $ - 0.00%
Energy - RPP - Tier 2 kwWh $ 0.0750 242 $ 18.16 $ 0.0750 243| $ 1824 | $ 0.08 0.42%
TOU - Off Peak kWh $ 0.0650 539( $ 35.03 $ 0.0650 540| $ 35.08 | $ 0.04 0.12%
TOU - Mid Peak kwWh $ 0.1000 152 $ 15.16 $ 0.1000 152| $ 1518 | $ 0.02 0.12%
TOU - On Peak kWh $ 0.1170 152| $ 17.74 $ 0.1170 152| $ 17.76 | $ 0.02 0.12%
Total Bill on RPP (before Taxes) $ 101.97 $ 10754 | $ 557 5.46%
HST 13% $ 13.26 13% $ 1398 | $ 0.72 5.46%
Total Bill (including HST) $ 115.23 $ 12152 | $ 6.29 5.46%
Ontario Clean Energy Benefit 1 -$ 11.52 -$ 12.15 |-$ 0.63 5.47%
Total Bill on RPP (including OCEB! $ 103.71 $ 109.37 | $ 5.66 5.46%
Total Bill on TOU (before Taxes) $ 112.74 $ 11831 | $ 5.58 4.95%
HST 13% $ 14.66 13% $ 1538 | $ 0.72 4.95%
Total Bill (including HST) $ 127.40 $ 133.70 | $ 6.30 4.95%
Ontario Clean Energy Benefit 1 -$ 12.74 -$ 13.37 |-$ 0.63 4.95%
$ $ $

Total Bill on TOU iincludini OCEB 114.66 120.33 5.67 4.95%

Loss Factor (%) 5.27% 5.40%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 201¢

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced
consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kwWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kwh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kwh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kw) - 60, 100, 500, 1000

Large User - range appropriate for utility

Lighting Classes and USL - 150 kwh and 1 kW, range appropriate for utility.
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EB-2012-0126

File Number:
Exhibit: 8
Tab: 4
Schedule: 2
Attachment: 2
Date: 9 November, 2012
Appendix 2-W
Bill Impacts
Customer Class: Residential
Consumption kwh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit %) % $) (&) $ Change % Change
Monthly Service Charge Monthly $  16.1400 1% 16.14 $ 17.2900 1s 1729 | $ 115 7.13%
Smart Meter Rate Adder Monthly $ - 1$ - $ - 1$ - $ -
Rate Rider for Late Payment Penal Monthly $ - 1$ - $ - 1$ - $ -
Distribution Volumetric Rate kwWh $ 0.0124 500( $ 6.20 $ 0.0153 500| $ 765|$% 1.45 23.39%
Smart Meter Disposition Rider Monthly $ - 1% - $ 0.3100 1% 031]$ 0.31
Rate Rider for Loss Revenue Adjus kWh $ 0.0002 500( $ 0.10 $ - 500( $ - -$ 0.10 -100.00%
Rate Rider for Tax Change kwWh -$ 0.0005 500(-$ 0.25 $ = 500| $ - $ 0.25 -100.00%
LRAM kWh $ = 500| $ - $ = 500| $ - $ -
Stranded Assets Disposition Monthly $ - 500[ $ - $ 1.0700 118 1.071$ 1.07
[Sub-Total A $ 22.19 $ 2632 | $ 4.13 18.61%
Rate Rider for Deferral/Variance ~ kWh -$ 0.0002
Account Disposition 500|-$ 0.10 -$ 0.0014 500(-$ 0.70 |-$ 0.60 600.00%
Rate Rider for Global kWh $ -
Adjustment Sub Account
(Applicable only to Non-RPP 500| $ - $  0.0020 500| $ 1.00 | $ 1.00
Customers)
Low Voltage Service Charge kwWh $ 0.0002 500( $ 010 [$ - 0.00%
Smart Meter Entity Charge 500[ $ - $ -
Sub-Total B - Distribution o
(includes Sub-Total A) 22.19 $ 26.72 | $ 4.53 20.41%
RTSR - Network kWh 0.0059 526| $ 3.11 0.0057 527 $ 3.00 |-$ 0.10 -3.27%
RTSR - Line and Transformation ., 0.0037 526($  195| |$  0.0036 527|8 190 |8 0.05 -2.59%
Connection
Sub-Total C - Delivery o
(including Sub-Total B) $ 27.24 $ 3162 | $ 4.38 16.07%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 526| $ 2.74 $ 0.0052 527| $ 274 | $ 0.00 0.12%
Rural and Remote Rate kWh $ 0.0011 o
Protection (RRRP) 526| $ 0.58 $ 0.0011 527| $ 058 | $ 0.00 0.12%
Standard Supply Service Charge 1% - 1% - $ -
Debt Retirement Charge (DRC) kWh $ 0.0070 500( $ 3.50 $ 0.0070 500| $ 350 | $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 600| $ 39.00 $ 0.0650 600| $ 39.00 | $ - 0.00%
Energy - RPP - Tier 2 kwWh $ 0.0750 242 $ 18.16 $ 0.0750 243| $ 1824 | $ 0.08 0.42%
TOU - Off Peak kWh $ 0.0650 539( $ 35.03 $ 0.0650 540| $ 35.08 | $ 0.04 0.12%
TOU - Mid Peak kwWh $ 0.1000 152 $ 15.16 $ 0.1000 152| $ 1518 | $ 0.02 0.12%
TOU - On Peak kWh $ 0.1170 152| $ 17.74 $ 0.1170 152| $ 17.76 | $ 0.02 0.12%
Total Bill on RPP (before Taxes) $ 91.22 $ 95.68 | $ 4.46 4.89%
HST 13% $ 11.86 13% $ 1244 | $ 0.58 4.89%
Total Bill (including HST) $ 103.08 $ 10812 | $ 5.04 4.89%
Ontario Clean Energy Benefit 1 -$ 10.31 -$ 10.81 |-$ 0.50 4.85%
Total Bill on RPP (including OCEB $ 92.77 $ 9731 | $ 4.54 4.89%
Total Bill on TOU (before Taxes) $ 101.99 $ 106.45 | $ 4.46 4.38%
HST 13% $ 13.26 13% $ 1384 | $ 0.58 4.38%
Total Bill (including HST) $ 11525 $ 12029 [$ 5.04 4.38%
Ontario Clean Energy Benefit 1 -$ 11.52 -$ 12.03 |-$ 0.51 4.43%
$ $

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 201¢

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kwWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kwh) - 100, 250, 500, 800, 1000, 1500, 2000
GS<50kW (kwh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kw) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kwh and 1 kW, range appropriate for utility.




EB-2012-0126

File Number:
Exhibit: 8
Tab: 4
Schedule: 2
Attachment: 2
Date: 9 November, 2012
Appendix 2-W
Bill Impacts
Customer Class: General Service < 50 kW
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit %) % $) (&) $ Change % Change
Monthly Service Charge Monthly $  21.5500 1% 21.55 $ 18.2200 1s 18.22 |-$ 3.33 -15.45%
Smart Meter Rate Adder Monthly $ - 1$ - $ - 1$ - $ -
Rate Rider for Late Payment Penal Monthly $ - 1$ - $ - 1$ - $ -
Distribution Volumetric Rate kwWh $ 0.0186 2000| $ 37.20 $ 0.0157 2000| $ 31.40 |-$ 5.80 -15.59%
Smart Meter Disposition Rider Monthly $ - 1% - $ 5.5900 1% 559 % 5.59
Rate Rider for Loss Revenue Adjus kWh $ 0.0001 2000| $ 0.20 $ - 2000| $ - -$ 0.20 -100.00%
Rate Rider for Tax Change kwWh -$ 0.0004 2000|-$ 0.80 $ = 2000| $ - $ 0.80 -100.00%
LV Charges kWh $ = 2000| $ - $ = 2000| $ - $ -
Stranded Assets Disposition Monthly $ - 2000| $ - $ 1.0700 118 1.071$ 1.07
[Sub-Total A $ 58.15 $ 56.28 |-$ 1.87 -3.22%
Rate Rider for Deferral/Variance ~ kWh -$ 0.0002
Account Disposition 2000|-$ 0.40 -$ 0.0008 2000(-$ 1.60 |-$ 1.20 300.00%
Rate Rider for Global kWh $ -
Adjustment Sub Account
(Applicable only to Non-RPP 2000 $ - $  0.0020 2000 $ 400|$ 4.00
Customers)
Low Voltage Service Charge kwWh $ 0.0001 2000| $ 0201]$% - 0.00%
Smart Meter Entity Charge 2000| $ - $ -
Sub-Total B - Distribution O
(includes Sub-Total A) 57.95 $ 58.88 | $ 0.93 1.60%
RTSR - Network kWh 0.0043 2105| $ 9.05 0.0041 2108| $ 8.64 |-$ 0.41 -4.54%
RTSR - Line and Transformation ., 00027 | 2105|$ 568 | [$ 00026 | 21083 5483 0.20 -3.59%
Connection
Sub-Total C - Delivery o
(including Sub-Total B) $ 72.69 $ 73.00 | $ 0.32 0.43%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 2105 $ 10.95 $ 0.0052 2108| $ 10.96 | $ 0.01 0.12%
Rural and Remote Rate kWh $ 0.0011 o
Protection (RRRP) 2105 $ 2.32 $ 0.0011 2108| $ 232|$% 0.00 0.12%
Standard Supply Service Charge 1% - 1% - $ -
Debt Retirement Charge (DRC) kWh $ 0.0070 2000| $ 14.00 $ 0.0070 2000| $ 1400 | $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 750( $ 48.75 $ 0.0650 750| $ 48.75 | $ - 0.00%
Energy - RPP - Tier 2 kwWh $ 0.0750 1355( $ 101.66 $ 0.0750 1358| $ 10185 | $ 0.19 0.19%
TOU - Off Peak kWh $ 0.0650 1347( $ 87.58 $ 0.0650 1349| $ 87.69 | $ 0.11 0.12%
TOU - Mid Peak kwWh $ 0.1000 379 $ 37.90 $ 0.1000 379| $ 3794 | $ 0.05 0.12%
TOU - On Peak kWh $ 0.1170 379] $ 44.34 $ 0.1170 379| $ 44.39 | $ 0.05 0.12%
Total Bill on RPP (before Taxes) $  250.36 $ 25088 [$ 0.52 0.21%
HST 13% $ 3255 13% s 3261[s 0.07 0.21%
Total Bill (including HST) $ 282.90 $ 28349 | $ 0.59 0.21%
Ontario Clean Energy Benefit 1 -$ 28.29 -$ 28.35 |-$ 0.06 0.21%
Total Bill on RPP (including OCEB $  254.61 $ 25514 1% 0.53 0.21%
Total Bill on TOU (before Taxes) $ 269.77 $ 27031 | $ 0.54 0.20%
HST 13% $ 35.07 13% $ 3514 | $ 0.07 0.20%
Total Bill (including HST) $  304.84 $ 30545 |$ 0.61 0.20%
Ontario Clean Energy Benefit 1 -$ 30.48 -$ 30.55 |-$ 0.07 0.23%
$ $

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 201¢

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

5.40%

Applicants must provide bill impacts for residential at 800 kwWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kwh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kwh) - 1000, 2000, 5000,

GS>50kW (kW) - 60, 100, 500, 1000

10000, 15000

Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh

and 1 kW, range appropriate for utility.
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Exhibit: 8
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Attachment: 2
Date: 9 November, 2012
Appendix 2-W
Bill Impacts
Customer Class: General Service < 50 kW
Consumption kwh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit %) % $) (&) $ Change % Change
Monthly Service Charge Monthly $  21.5500 1% 21.55 $ 18.2200 1s 18.22 |-$ 3.33 -15.45%
Smart Meter Rate Adder Monthly $ - 1$ - $ - 1$ - $ -
Rate Rider for Late Payment Penal Monthly $ - 1$ - $ - 1$ - $ -
Distribution Volumetric Rate kwWh $ 0.0186 5000| $ 93.00 $ 0.0157 5000| $ 78.50 |-$ 14.50 -15.59%
Smart Meter Disposition Rider Monthly $ - 1% - $ 5.5900 1% 559 % 5.59
Rate Rider for Loss Revenue Adjus kWh $ 0.0001 5000| $ 0.50 $ - 5000| $ - -$ 0.50 -100.00%
Rate Rider for Tax Change kwWh -$ 0.0004 5000(-$ 2.00 $ = 5000| $ - $ 2.00 -100.00%
LV Charges kWh $ = 5000| $ - $ = 5000| $ - $ -
Stranded Assets Disposition Monthly $ - 5000| $ - $ 1.0700 118 1.071$ 1.07
[Sub-Total A $ 113.05 $ 103.38 |-$ 9.67 -8.55%
Rate Rider for Deferral/Variance ~ kWh -$ 0.0002
Account Disposition 5000|-$ 1.00 -$ 0.0008 5000(-$ 4.00 |-$ 3.00 300.00%
Rate Rider for Global kWh $ -
Adjustment Sub Account
(Applicable only to Non-RPP 5000( $ - $  0.0020 5000( $ 1000 | $ 10.00
Customers)
Low Voltage Service Charge kwWh $ 0.0001 5000| $ 050 [$ - 0.00%
Smart Meter Entity Charge 5000| $ - $ -
Sub-Total B - Distribution o
(includes Sub-Total A) 112.55 $ 109.88 |-$ 2.67 -2.37%
RTSR - Network kwWh 0.0043 5264| $ 22.63 0.0041 5270| $ 21.61 |-$ 1.03 -4.54%
RTSR - Line and Transformation ., 00027 | 52643 1421 | [$ 00026 | 5270|$ 1370 |$ 051 -3.59%
Connection
Sub-Total C - Delivery R ~ o
(including Sub-Total B) $ 149.39 $ 145.19 |-$ 4.21 2.82%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 5264| $ 27.37 $ 0.0052 5270| $ 2740 | $ 0.03 0.12%
Rural and Remote Rate kWh $ 0.0011 o
Protection (RRRP) 5264| $ 5.79 $ 0.0011 5270| $ 580 |$ 0.01 0.12%
Standard Supply Service Charge 1% - 1% - $ -
Debt Retirement Charge (DRC) kwWh $ 0.0070 5000| $ 35.00 $ 0.0070 5000| $ 35.00 | $ - 0.00%
Energy - RPP - Tier 1 kwWh $ 0.0650 750( $ 48.75 $ 0.0650 750| $ 48.75 | $ - 0.00%
Energy - RPP - Tier 2 kwWh $ 0.0750 1355( $ 101.66 $ 0.0750 1358| $ 10185 | $ 0.19 0.19%
TOU - Off Peak kWh $ 0.0650 1347( $ 87.58 $ 0.0650 1349| $ 87.69 | $ 0.11 0.12%
TOU - Mid Peak kwWh $ 0.1000 379 $ 37.90 $ 0.1000 379| $ 3794 | $ 0.05 0.12%
TOU - On Peak kWh $ 0.1170 379] $ 44.34 $ 0.1170 379| $ 44.39 | $ 0.05 0.12%
Total Bill on RPP (before Taxes) $ 36796 $ 363.98 |-$ 3.98 -1.08%
HST 13% $ 47.83 13% $ 47.32 |-$ 0.52 -1.08%
Total Bill (including HST) $ 41579 $ 41130 |-$ 4.49 -1.08%
Ontario Clean Energy Benefit 1 -$ 41.58 -$ 4113 | $ 0.45 -1.08%
Total Bill on RPP (including OCEB! $ 374.21 $ 370.17 |-$ 4.04 -1.08%
Total Bill on TOU (before Taxes) $ 387.38 $ 38341 |-$ 3.96 -1.02%
HST 13% $ 50.36 13% $ 49.84 |-$ 0.51 -1.02%
Total Bill (including HST) $ 43774 $ 43326 |-$ 4.48 -1.02%
Ontario Clean Energy Benefit 1 -$ 43.77 -$ 4333 | $ 0.44 -1.01%
$

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 201¢

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kwWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kwh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kwh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kw) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kwh and 1 kW, range appropriate for utility.
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Appendix 2-W
Bill Impacts
Customer Class: General Service > 50 to 4999 kW
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit %) % $) (&) $ Change % Change
Monthly Service Charge Monthly $ 164.4900 1% 164.49 $ 151.0000 11s 151.00 |-$ 13.49 -8.20%
Smart Meter Rate Adder Monthly $ - 1$ - $ - 1$ - -
Rate Rider for Late Payment Penal Monthly $ - 1$ - $ - 1$ - $ -
Distribution Volumetric Rate kw $ 4.2709 190 $  811.47 $ 3.9317 190| $ 747.02 |-$ 64.45 -7.94%
Smart Meter Disposition Rider Monthly $ - 1% - $ - 1% - -
Rate Rider for Loss Revenue Adjus kW $ 0.0212 190 $ 4.03 $ - 190 $ - -$ 4.03 -100.00%
Rate Rider for Tax Change kw -$ 0.0879 190|-$ 16.70 $ = 190| $ - $ 16.70 -100.00%
LV Charges kw $ - 190| $ - $ - 190| $ - $ -
Stranded Assets Disposition Monthly $ - 190| $ - $ - 190| $ - $ -
[Sub-Total A $  963.29 $  898.02 |-$ 65.27 -6.78%
Rate Rider for Deferral/Variance kW -$ 0.0308
Account Disposition 190|-$ 5.85 -$ 0.2918 190|-$ 55.44 |-$ 49.59 847.40%
Rate Rider for Global kw $ -
Adjustment Sub Account
(Applicable only to Non-RPP 190| $ - $ 08164 190($ 15512 | $ 155.12
Customers)
Low Voltage Service Charge kw $ 0.1027 190 $ 1951 | $ 1.71 9.61%
Smart Meter Entity Charge 68500| $ - $ -
Sub-Total B - Distribution o
(includes Sub-Total A) 975.24 $ 101721 |$ 41.97 4.30%
RTSR - Network kw 3.2979 190 $ 626.60 3.1753 190 $ 603.31 |-$ 23.29 -3.72%
RTSR - Line and Transformation 2.0401 100($ 387.62| |$ 19917 190($ 37842 |$ 9.20 -2.37%
Connection
Sub-Total C - Delivery o
(including Sub-Total B) $ 1,989.46 $ 199894 |$ 9.48 0.48%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 72110| $ 374.97 $ 0.0052 72197| $ 375.42 | $ 0.45 0.12%
Rural and Remote Rate kWh $ 0.0011 o
Protection (RRRP) 72110| $ 79.32 $ 0.0011 72197| $ 7942 | $ 0.10 0.12%
Standard Supply Service Charge 1% - 1% - $ -
Debt Retirement Charge (DRC) kwWh $ 0.0070 68500| $  479.50 $ 0.0070 68500 $  479.50 | $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 750( $ 48.75 $ 0.0650 750| $ 48.75 | $ - 0.00%
Energy - RPP - Tier 2 kwWh $ 0.0750 71360| $ 5,352.00 $ 0.0750 71447|$ 5,358.53 | $ 6.53 0.12%
TOU - Off Peak kwWh $ 0.0650 46150 $ 2,999.77 $ 0.0650 46206 $ 3,003.40 | $ 3.62 0.12%
TOU - Mid Peak kWh $ 0.1000 12980 $ 1,297.98 $ 0.1000 12995| $ 1,299.55 | $ 157 0.12%
TOU - On Peak kWh $ 0.1170 12980 $ 1,518.64 $ 0.1170 12995( $ 1,520.47 | $ 1.83 0.12%
Total Bill on RPP (before Taxes) $ 8,324.00 $ 8,340.56 | $ 16.56 0.20%
HST 13% $ 1,082.12 13% $ 108427 | $ 215 0.20%
Total Bill (including HST) $ 9,406.12 $ 942483 |$ 18.72 0.20%
Ontario Clean Energy Benefit 1 -$ 940.61 -$ 942.48 |-$ 1.87 0.20%
Total Bill on RPP (including OCEB $ 8465.51 $ 848235]$ 16.85 0.20%
Total Bill on TOU (before Taxes) $ 8,739.64 $ 8,756.70 | $ 17.06 0.20%
HST 13% $ 1,136.15 13% $ 1,13837 | $ 222 0.20%
Total Bill (including HST) $ 9,875.79 $ 9,895.07 | $ 19.27 0.20%
Ontario Clean Energy Benefit 1 -$  987.58 -$ 98951 [|-$ 1.93 0.20%
$

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 201¢

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced
consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kwWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kwh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kwh) - 1000, 2000, 5000,

GS>50kW (kW) - 60, 100, 500, 1000

10000, 15000

Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh

and 1 kW, range appropriate for utility.
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Appendix 2-W
Bill Impacts
Customer Class: Unmetered Scattered Load
Consumption kwh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit %) % $) (&) $ Change % Change
Monthly Service Charge Monthly $ 8.0500 1% 8.05 $ 6.2800 1s 6.28 |-$ 177 -21.99%
Smart Meter Rate Adder Monthly $ - 1$ - $ - 1$ - $ -
Rate Rider for Late Payment Penal Monthly $ - 1$ - $ - 1$ - $ -
Distribution Volumetric Rate kwWh $ 0.0123 397( $ 4.88 $ 0.0096 397( $ 3.81 |-$ 1.07 -21.95%
Smart Meter Disposition Rider Monthly $ - 1% - $ - 1$ - $ -
Rate Rider for Loss Revenue Adjus kWh $ - 397( $ - $ - 397( $ - $ -
Rate Rider for Tax Change kwWh -$ 0.0004 397|-$ 0.16 $ = 397| $ - $ 0.16 -100.00%
LV Charges kWh $ - 397| $ - $ - 397| $ - $ -
Stranded Assets Disposition Monthly $ - 397 $ - $ - 397 $ - $ -
[Sub-Total A $ 12.77 $ 10.09 |-$ 2.68 -21.00%
Rate Rider for Deferral/Variance ~ kWh -$ 0.0002
Account Disposition 397|-$ 0.08 -$ 0.0017 397|-$ 0.67 |-$ 0.60 750.00%
Rate Rider for Global kWh $ -
Adjustment Sub Account
(Applicable only to Non-RPP 397| $ - $  0.0020 397| $ 079 |$ 0.79
Customers)
Low Voltage Service Charge kwWh $ 0.0001 397( $ 004 1]$% - 0.00%
Smart Meter Entity Charge 397 $ - -
Sub-Total B - Distribution o
(includes Sub-Total A) $ 12.73 $ 10.25 |-$ 2.48 -19.51%
RTSR - Network kwWh $ 0.0043 418| $ 1.80 $ 0.0041 418( $ 172 |-$ 0.08 -4.54%
RTSR - Line and Transformation ., $  0.0027 218 113| |$ 00026 218|s 100 |3 0.04 -3.59%
Connection
Sub-Total C - Delivery R R o
(including Sub-Total B) $ 15.66 $ 13.05 |-$ 2.61 16.64%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 418| $ 217 $ 0.0052 418( $ 218 |$ 0.00 0.12%
Rural and Remote Rate kWh $ 0.0011 o
Protection (RRRP) 418| $ 0.46 $ 0.0011 418( $ 046 | $ 0.00 0.12%
Standard Supply Service Charge 1% - 1% - $ -
Debt Retirement Charge (DRC) kWh $ 0.0070 397( $ 2.78 $ 0.0070 397| $ 278 | $ - 0.00%
Energy - RPP - Tier 1 kwWh $ 0.0650 418| $ 27.16 $ 0.0650 418| $ 2720 | $ 0.03 0.12%
Energy - RPP - Tier 2 kwWh $ 0.0750 0| $ - $ 0.0750 0| $ - $ -
TOU - Off Peak kwWh $ 0.0650 267 $ 17.39 $ 0.0650 268| $ 1741 | $ 0.02 0.12%
TOU - Mid Peak kWh $ 0.1000 75( % 7.52 $ 0.1000 75| $ 753|$ 0.01 0.12%
TOU - On Peak kWh $ 0.1170 75| $ 8.80 $ 0.1170 75| $ 8811$ 0.01 0.12%
Total Bill on RPP (before Taxes) $ 48.24 $ 45.67 |-$ 257 -5.33%
HST 13% $ 6.27 13% $ 5.94 |-$ 0.33 -5.33%
Total Bill (including HST) $ 54.51 $ 51.60 |-$ 2.90 -5.33%
Ontario Clean Energy Benefit 1 -$ 5.45 -$ 516 | $ 0.29 -5.32%
Total Bill on RPP (including OCEB! $ 49.06 $ 46.44 |-$ 2.61 -5.33%
Total Bill on TOU (before Taxes) $ 54.78 $ 52.22 |-$ 2.56 -4.68%
HST 13% $ 7.12 13% $ 6.79 |-$ 0.33 -4.68%
Total Bill (including HST) $ 61.90 $ 59.01 |-$ 2.90 -4.68%
Ontario Clean Energy Benefit 1 -$ 6.19 -$ 590 | $ 0.29 -4.68%
Total Bill on TOU iincludini OCEB $ 55.71 $ 53.11 |-$ 2.61 -4.68%
Loss Factor (%)

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 201¢

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced
consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kwWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kwh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kwh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kw) - 60, 100, 500, 1000

Large User - range appropriate for utility

Lighting Classes and USL - 150 kwh and 1 kW, range appropriate for utility.
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Appendix 2-W
Bill Impacts
Customer Class: Street Lighting
Consumption kwh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit %) % $) (&) $ Change % Change
Monthly Service Charge Monthly $ 3.7200 1% 3.72 $ 5.2500 1% 525|$ 1.53 41.13%
Smart Meter Rate Adder Monthly $ - 1$ - $ - 1$ - $ -
Rate Rider for Late Payment Penal Monthly $ - 1$ - $ - 1$ - $ -
Distribution Volumetric Rate kw $ 108171 02| $ 2.16 $ 5.6785 02| $ 1.14 |-$ 1.03 -47.50%
Smart Meter Disposition Rider Monthly $ - 1$ - $ - 1$ - $ -
Rate Rider for Loss Revenue Adjus kW $ - 02| $ - $ - 02| $ - $ -
Rate Rider for Tax Change kw -$ 0.4715 0.2|-$ 0.09 $ = 02($ - $ 0.09 -100.00%
LV Charges kw $ - 02| $ - $ - 02| $ - $ -
Stranded Assets Disposition kw $ - 02| $ - $ - 02| $ - $ -
[Sub-Total A $ 5.79 $ 639 ]| $ 0.60 10.31%
Rate Rider for Deferral/Variance kW -$ 0.1939
Account Disposition 0.2|-$ 0.04 -$ 2.7239 0.2|-$ 0.54 |-$ 0.51 1304.80%
Low Voltage Service Charge kw $ 0.0475 02| $ 0.01 $ 0.0521 02| $ 001|$ 0.00 9.68%
Smart Meter Entity Charge 72 $ - -
Sub-Total B - Distribution o
(includes Sub-Total A) 5.76 $ 585|$ 0.09 1.59%
RTSR - Network kw 1.6742 0 0.33 1.6120 o$ 0.32 |-$ 0.01 -3.72%
RTSR - Line and Transformation ) 1.0355 0 021 1.0109 ofs  o020]s 0.00 -2.38%
Connection
Sub-Total C - Delivery o
(including Sub-Total B) $ 6.30 $ 6.38 | $ 0.07 1.18%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 76| $ 0.39 $ 0.0052 76| $ 039 |$% 0.00 0.12%
Rural and Remote Rate kWh $ 0.0011 o
Protection (RRRP) 76| $ 0.08 $ 0.0011 76| $ 0.08 | $ 0.00 0.12%
Standard Supply Service Charge 1% - 1% - $ -
Debt Retirement Charge (DRC) kwWh $ 0.0070 72($ 0.50 $ 0.0070 72| $ 050 |$ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 76( $ 4.93 $ 0.0650 76( $ 493|$ 0.01 0.12%
Energy - RPP - Tier 2 kwWh $ 0.0750 0| $ - $ 0.0750 0| $ - $ -
TOU - Off Peak kWh $ 0.0650 49| $ 3.15 $ 0.0650 49| $ 316 | $ 0.00 0.12%
TOU - Mid Peak kWh $ 0.1000 14| $ 1.36 $ 0.1000 14| $ 137]$ 0.00 0.12%
TOU - On Peak kWh $ 0.1170 14 $ 1.60 $ 0.1170 14| $ 160 |$ 0.00 0.12%
Total Bill on RPP (before Taxes) $ 12.21 $ 1229 | $ 0.08 0.66%
HST 13% $ 1.59 13% $ 160 | $ 0.01 0.66%
Total Bill (including HST) $ 13.80 $ 1389 | $ 0.09 0.66%
Ontario Clean Energy Benefit 1 -$ 1.38 -$ 1.39 |-$ 0.01 0.72%
Total Bill on RPP (including OCEB $ 12.42 $ 12.50 | $ 0.08 0.65%
Total Bill on TOU (before Taxes) $ 13.40 $ 1348 | $ 0.08 0.61%
HST 13% $ 1.74 13% $ 175 | $ 0.01 0.61%
Total Bill (including HST) $ 15.14 $ 1523 | $ 0.09 0.61%
Ontario Clean Energy Benefit 1 -$ 1.51 -$ 1.52 |-$ 0.01 0.66%
$ $

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 201¢

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kwWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kwh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kwh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kw) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kwh and 1 kW, range appropriate for utility.
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18 March, 2013

USoA # USoA Description 2009 Actual 2010 Actual 2011 Actual? Bridge Year3 Bridge Year3 Test Year
2012 2012 2013
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
4235 Specific Service Charges™? $ (901,163)[ $ (985,662)( $ (817,949)[ $ (731,825)[ $ (724,755)[ $ (846,238)
4225 Late Payment Charges’ (128,535) (132,947) (270,017) (200,000) (173,626) (200,000)
4080 Standard Supply Service - Administrative Charge (120,492) (109,993) (130,703) (129,711) (131,940) (130,503)
4082 Retail Services Revenues (76,578) (68,194) (62,658) (49,100) (48,128) (39,520)
4084 Service Transactions Requests (1,424) (3,073) (1,757) (1,550) (1,453) (1,228)
4210 Rent from Electric Property (65,121) (90,627) (90,627)
4355 Gain on Disposition of Utility and Other Property” $ (2,370) $ (41,107) $ (19,432)[ $ (43,658)
4360 Loss on Disposition of Utility and Other Proper‘(y3 1,337,333 230,197 232,146 483
4375 Revenues from Non-Utility Operations (819,779) (1,185,318) (470,741) (906,895)
4380 Expenses of Non-Utility Operations 797,370 699,808 483,425 906,895
4390 Miscellaneous Non-Operating Income® $ (195,902) $ (133,256)| $ (67,000)
4405 Interest and Dividend Income? $ (132,423)[ $ (125,934)[ $ (447,286)[ $ (318,200)( $ (253,440)( $ (245,000)
Specific Service Charges (901,163) (985,662) (817,949) (731,825) (724,755) (846,238)
Late Payment Charges (128,535) (132,947) (270,017) (200,000) (173,626) (200,000)
Other Operating Revenues (198,494) (181,260) (195,118) (245,482) (272,147) (261,878)
Other Income or Deductions 1,180,131 (381,247) (439,465) (318,200) (405,645) (355,659
Total (48,060) (1,681,116) (1,722,549) (1,495,507) (1,576,174) (1,663,775)

"1n 2009 Late Payment Charges were reported under USoA account 4235, however have been shown separately here for comparison

2In 2009, an amount was incorrectly reported under USoA account 4405, it should have been 4235, the accounts have been corrected here

%1n 2010 Loss of Disposition of Utility and Other Property were incorrectly filed under USoA account 4355, however has been corrected here to account 4360

41n 201 1, an amount was incorrectly reported under USoA account 4360, it should have been 4355, the accounts have been corrected here

® The amount reported for sale of scrap materials will be reported under USoA account 4390 in 2012, for comparative purposes, the amount for 2011 has been shown
in account 4390, and removed from account 4235 where it was previously reported

Description

Specific Service Charges:
Late Payment Charges:
Other Distribution Revenues:
Other Income and Expenses:

Account Breakdown Details

Account(s)
4235

4225

4080, 4082, 4084, 4090, 4205, 4210, 4215, 4220, 4240, 4245
4305, 4310, 4315, 4320, 4325, 4330, 4335, 4340, 4345, 4350, 4355, 4360, 4365, 4370, 4375, 4380, 4385,
4390, 4395, 4398, 4405, 4415
Note: Add all applicable accounts listed above to the table and include all relevant information.
The above table assumes adoption of MIFRS as of January 1, 2013. If the adoption year differs, please adjust the table accordingly.

For each "Other Operating Revenue" and "Other Income or Deductions" Account, a detailed breakdown of the account components is required. See the example below for

Account 4405, Interest and Dividend Income.

Account 4080 - Distribution Services Revenues

2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Residential (107,506) (98,304) (116,678) (116,340) (118,117) (115,581)
GS<50kW (10,688) (9,598) (11,378) (10,911) (11,191) (12,183)
GS 50kW to 4999kW (1,208) (1,133) (1,392) (1,314) (1,369) (1,593)
Unmetered Scattered Load (579) (537) (599) (597) (610) (597)
Sentinel Lighting (505) (416) (648) (543) (647) (543)
Street Lighting (6) (6) (7) (6) (6) (6)
Total (120,492) (109,993) (130,703) (129,711) (131,940) (130,503)
Account 4082 - Retail Services Revenues

2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Retailer Service Agreement -- standard charge (300) (100) (300) - -
Retailer Service Agreement -- monthly fixed charge (3,440) (3,080) (3,740) (4,000) (4,100) (4,000)
Retailer Service Agreement -- monthly variable charge (45,873) (41,977) (36,807) (28,000) (27,479) (22,200)
Distributor-Consolidated Billing -- monthly charge (26,965) (23,037) (22,111) (16,800) (16,549) (13,320)
Total (76,578) (68,194) (62,658) (49,100) (48,128) (39,520)
Account 4084 - Service Transaction Requests (STR) Revenues

2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Service Transaction Request -- request fee $ (513)| $ (1,132)| $ (689)| $ (635)| $ (595)| $ (1,228)
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Other Operating Revenue
Service Transaction Request -- processing fee (911) (1,941) (1,068) (915) (858) (800)
Total (1,424) (3,073) (1,757) (1,550) (1,453) (2,028)
Account 4210 - Rent from Electric Property
2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Commercial Rent charged to Affiliates (65,121) (90,627) (90,627)]
Total $ -8 -8 - (65,121) (90,627) (90,627)
Account 4355 - Gain on Disposition of Utility and Other Property
2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Gain on sale of vehicles (2,370) (29,117) $ (19,432)[ $ (43,658)
Sale of Materials/Service - (11,991)
Total (2,370)| $ - (41,107)| $ -8 (19,432)[ $ (43,658)
Account 4360 - Loss on Disposition of Utility and Other Property
2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Write off of SAP Customer Information System $ 1,337,333
Write off of meters from Smart Meter Pilot - no longer used $ 221,986
Loss on sale of land $ 8,211
Small write-offs $ 483
Write off of reorganization costs (2000 amalgamation of 3 LDC's) 232,146
Total $ 1,337,333 | $ 230,197 232,146 | § -8 483 [ § -
Account 4375 - Revenues from Non-Utility Operations
2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
CDM Program Revenues $ (22,409) 297
OPA Program Revenues $ (797,370)[ $ (1,185,318) (457,219) $ (906,895)
Sentinel Rentals (13,819)
Total $ (819,779)| § (1,185,318) (470,741)| $ (906,895)| $ (906,895)| $ -
Account 4380 - Expenses of Non-Utility Operations
2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
OPA Program Expenditures 797,370 699,808 483,425 906,895
Total 797,370 699,808 483,425 | $ - 906,895 | $ -
Account 4390 - Miscellaneous Non-Operating Income
2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Sale of Scrap Material (195,902) (133,256) (67,000)
Total $ -8 - (195,902) $ - (133,256) (67,000)
Account 4405 - Interest and Dividend Income
2009 Actual 2010 Actual 2011 Actual? Bridge Year Bridge Year Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Recovery of Carrying Charges - Regulatory Assets $ (28,362)( $ (54,922) (210,500)
Interest on Related Party Balances (161,783) (233,200) (152,977) (167,568)
Bank Deposit Interest (104,060) (71,012) (75,003) (85,000) (100,463) (77,432)
Total (132,423) (125,934) (447,286) (318,200) (253,440) (245,000)
Notes:

1 List and specify any other interest revenue
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2 Energy Probe 38

Table 1 - Updated Weighted Average Commodity Cost

Customer Class

Residential

GS<50 kw

GS> 50 kW

Unmetered Scattered Load
Street Lighting

Sentinel Lighting

HOEP (S/MWh)

Global Adjustment (S/MWh)
RPP (S/MWh)

cost per kWh

Total cost

Weighted average price

Total

$

397,644,877.00
143,218,155.00
383,349,587.44
2,310,407.00
8,647,174.00
467,079.00

935,637,279.44

0.07961

Pricing from the October 17, 2012 OEB RPP Report

2011 Actual kWhs

non-RPP
46,628,268.54
19,245,620.86
323,219,928.23
2,277.25
8,647,174.00
11,494.60
397,754,763.47
42.51%

20.65
59.36

80.01

0.08001

0.0340

S
s

$

$

RPP
351,016,608.47
123,972,534.14

60,129,659.21
2,308,129.75

455,584.40
537,882,515.97

57.49%

79.32
79.32

0.07932

0.0456




Attachment 14 - Revised Cost of Power Calculation
C8 Pas S -t h rou g h Ch arg es Volumes from sheet C1, Account #s from sheet Y4
Electricity (Commodity) Customer Revenue Expense 2012 rate ($/kwh):  $0.07298 2013 rate ($/kwh):  $0.07961
Class Name USA # USA # Volume Amount Volume Amount
kWh [Residential 4006 4705 430,664,488 31,429,894 423,035,895 33,679,296
kWh [General Service < 50 kW 4035 4705 153,184,006 11,179,369 149,513,151 11,903,240
kWh [General Service > 50 to 4999 kW 4035 4705 414,297,915 30,235,462 406,284,307 32,345,647
kWh [Unmetered Scattered Load 4035 4705 1,619,689 118,205 1,515,242 120,633
kWh |Street Lighting 4025 4705 9,070,445 661,961 8,416,200 670,042
kWh [Sentinel Lighting 4030 4705 492,288 35,927 485,505 38,653
TOTAL 1,009,328,832 73,660,818 989,250,300 78,757,511
Transmission - Network Customer Revenue Expense 2012 2013
Class Name USA # USA # Volume Rate Amount Volume Rate Amount
kWh [Residential 4066 4714 430,664,488 0.0059 2,540,920 423,035,895 0.0059 2,495,912
kWh [General Service < 50 kW 4066 4714 153,184,006 0.0043 658,691 149,513,151 0.0043 642,907
kW |General Service > 50 to 4999 kW 4066 4714 972,216 3.2979 3,206,271 967,531 3.2788 3,172,341
kWh [Unmetered Scattered Load 4066 4714 1,619,689 0.0043 6,965 1,515,242 0.0043 6,516
kW |Street Lighting 4066 4714 24,040 1.7724 42,608 22,545 1.6645 37,526
kW |Sentinel Lighting 4066 4714 1,287 $1.6742 2,155 1,283 1.7621 2,261
TOTAL 586,465,726 6,457,611 575,055,647 6,357,461
Transmission - Connection Customer Revenue Expense 2012 2013
Class Name USA # USA # Volume Rate Amount Volume Rate Amount
kWh [Residential 4068 4716 430,664,488 0.0037 1,593,459 423,035,895 0.0036 1,528,089
kWh [General Service < 50 kW 4068 4716 153,184,006 0.0027 413,597 149,513,151 0.0026 394,106
kW |General Service > 50 to 4999 kW 4068 4716 972,216 2.0401 1,983,418 967,531 1.9738 1,909,713
kWh [Unmetered Scattered Load 4068 4716 1,619,689 0.0027 4,373 1,515,242 0.0026 3,994
kW |Street Lighting 4068 4716 24,040 1.0962 26,353 22,545 1.0018 22,586
kW |Sentinel Lighting 4068 4716 1,287 1,283 1.0606 1,361
TOTAL 586,465,726 4,021,199 575,055,647 3,859,848
Wholesale Market Service Customer Revenue Expense 2012 rate ($/kwh):  $0.00520 2013 rate ($/kwh):  $0.00520
Class Name USA # USA # Volume Amount Volume Amount
kWh [Residential 4062 4708 430,664,488 2,239,455 423,035,895 2,199,787
kWh [General Service < 50 kW 4062 4708 153,184,006 796,557 149,513,151 777,468
kWh [General Service > 50 to 4999 kW 4062 4708 414,297,915 2,154,349 406,284,307 2,112,678
kWh 4062 4708 1,619,689 8,422 1,515,242 7,879
kWh |Street Lighting 4062 4708 9,070,445 47,166 8,416,200 43,764
kWh [Sentinel Lighting 4062 4708 492,288 2,560 485,505 2,525
TOTAL 1,009,328,832 5,248,510 989,250,300 5,144,102
Rural Rate Protection Customer Revenue Expense 2012 rate ($/kwh):  $0.00110 2013 rate ($/kwh):  $0.00110
Class Name USA # USA # Volume Amount Volume Amount
kWh [Residential 4062 4730 430,664,488 473,731 423,035,895 465,339
kWh [General Service < 50 kW 4062 4730 153,184,006 168,502 149,513,151 164,464
kWh [General Service > 50 to 4999 kW 4062 4730 414,297,915 455,728 406,284,307 446,913
kWh [Unmetered Scattered Load 4062 4730 1,619,689 1,782 1,515,242 1,667
kWh |Street Lighting 4062 4730 9,070,445 9,977 8,416,200 9,258
kWh [Sentinel Lighting 4062 4730 492,288 542 485,505 534
TOTAL 1,009,328,832 1,110,262 989,250,300 1,088,175
Debt Retirement Charge Customer Revenue Expense 2012 rate ($/kwh):  $0.00700 2013 rate ($/kwh):  $0.00700
Class Name USA # USA # Volume | [ Amount Volume Amount
TOTAL | |
Low Voltage Charges Customer Revenue Expense 2012 2013
Class Name USA # USA # Volume Rate Amount Volume Rate Amount
kWh [Residential 4075 4750 408,611,069 $0.0002 81,722 401,373,120 $0.0002 78,764
kWh [General Service < 50 kW 4075 4750 145,339,777 $0.0001 14,534 141,856,898 $0.0001 20,314
kW |General Service > 50 to 4999 kW 4075 4750 972,216 $0.0937 91,097 967,531 $0.1028 99,484
kWh [Unmetered Scattered Load 4075 4750 1,536,748 $0.0001 154 1,437,650 $0.0001 206
kW |Street Lighting 4075 4750 24,040 $0.0475 1,142 22,545 $0.0516 1,162
kW |Sentinel Lighting 4075 4750 1,287 $0.0503 65 1,283 $0.0546 70
TOTAL 556,485,137 188,713 545,659,027 200,000
GRAND TOTAL 90,687,113 95,407,097

Printed: 16/03/2013 2:20 PM
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Abstract

This guide describes a high-level, technology-neutral framework for assessing potential benefits
from and economic market potential for energy storage used for electric-utility-related
applications. The overarching theme addressed is the concept of combining applications/benefits
into attractive value propositions that include use of energy storage, possibly including
distributed and/or modular systems. Other topics addressed include: high-level estimates of
application-specific lifecycle benefit (10 years) in $/kW and maximum market potential

(10 years) in MW. Combined, these criteria indicate the economic potential (in $Millions) for a
given energy storage application/benefit.

The benefits and value propositions characterized provide an important indication of storage
system cost targets for system and subsystem developers, vendors, and prospective users.
Maximum market potential estimates provide developers, vendors, and energy policymakers
with an indication of the upper bound of the potential demand for storage. The combination of
the value of an individual benefit (in $/kW) and the corresponding maximum market potential
estimate (in MW) indicates the possible impact that storage could have on the U.S. economy.

The intended audience for this document includes persons or organizations needing a framework
for making first-cut or high-level estimates of benefits for a specific storage project and/or those
seeking a high-level estimate of viable price points and/or maximum market potential for their
products. Thus, the intended audience includes: electric utility planners, electricity end users,
non-utility electric energy and electric services providers, electric utility regulators and
policymakers, intermittent renewables advocates and developers, Smart Grid advocates and
developers, storage technology and project developers, and energy storage advocates.
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Executive Summary

Introduction

Electric energy storage is poised to become an important element of the electricity infrastructure
of the future. The storage opportunity is multifaceted — involving numerous stakeholders and
interests — and could involve potentially rich value propositions. Those rich value propositions
are possible because, as described in this report, there are numerous potentially complementary
and significant benefits associated with storage use that could be aggregated into attractive value
propositions. In addition, proven storage technologies are in use today, while emerging storage
technologies are expected to have improved performance and/or lower cost. In fact, recent
improvements in energy storage and power electronics technologies, coupled with changes in the
electricity marketplace, indicate an era of expanding opportunity for electricity storage as a cost-
effective electric energy resource.

Scope and Purpose

This guide provides readers with a high-level understanding of important bases for electric-
utility-related business opportunities involving electric energy storage. More specifically, this
guide is intended to give readers a basic understanding of the benefits for electric-utility-related
uses of energy storage.

The guide includes characterization of 26 benefits associated with the use of electricity storage
for electric-utility-related applications. The 26 storage benefits characterized are categorized as
follows: 1) Electric Supply, 2) Ancillary Services, 3) Grid System, 4) End User/Utility
Customer, 5) Renewables Integration, and 6) Incidental. For most of these benefits, the financial
value and maximum market potential are estimated. An estimate of the potential economic
impact associated with each benefit is also provided.

As a complement to characterizations of individual benefits, another key topic addressed is the
concept of aggregating benefits to comprise financially attractive value propositions. Value
propositions examples are provided.

Also addressed are storage opportunity drivers, challenges, and notable developments affecting
storage. Finally, observations and recommendations are provided regarding the needs and
opportunities for electric-energy-storage-related research and development.

Intended Audience

The intended audience for this guide includes persons or organizations needing a framework for
making first-cut or high-level estimates of benefits for a specific storage project and/or those
seeking a high-level estimate of viable price points and/or maximum market potential for their
products. Thus, the intended audience includes, in no particular order: electric utility planners
and researchers, non-utility electricity service providers and load aggregators, electricity end
users, electric utility regulators and policymakers, and storage project and technology developers
and vendors.
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Value Propositions

As a complement to coverage of individual benefits, a key topic addressed in this guide is the
aggregation of benefits into financially attractive value propositions. That is important because,
in many cases, the value of a single benefit may not exceed storage cost whereas the value of
combined benefits may be greater than the cost.

Characterizing the full spectrum of possible value propositions is beyond the scope of this guide;
however, eight potentially attractive value propositions are characterized as examples:

1. Electric Energy Time-shift Plus Transmission and Distribution Upgrade Deferral
2. Time-of-use Energy Cost Management Plus Demand Charge Management

3. Renewables Energy Time-shift Plus Electric Energy Time-shift
4

Renewables Energy Time-shift plus Electric Energy Time-shift plus Electric Supply
Reserve Capacity

5. Transportable Storage for Transmission and Distribution Upgrade Deferral and Electric
Service Power Quality/Reliability at Multiple Locations

6. Storage to Serve Small Air Conditioning Loads
7. Distributed Storage in lieu of New Transmission Capacity

8. Distributed Storage for Bilateral Contracts with Wind Generators

Notable Challenges for Storage

Clearly, there are important challenges to be addressed before the full potential for storage is
realized. At the highest level, in most cases storage cost exceeds internalizable benefits for a
variety of reasons, primarily the following:

e High storage cost (relative to internalizable benefits) for modular storage.

e To a large extent, pricing of electric energy and services does not enable storage owners
to internalize most benefits.

e Limited regulatory ‘permission’ to use storage and/or to share benefits among
stakeholders — especially benefits from distributed/modular storage.

e Key stakeholders have limited or no familiarity with storage technology and/or benefits.

¢ Infrastructure needed to control and coordinate storage, especially smaller distributed
systems, is limited or does not exist.

" The concept of an internalizable benefit is an important theme for this report. An internalizable benefit is one that
can be ‘captured’, ‘realized’, or received by a given stakeholder. An internalizable financial benefit takes the form
of revenue and/or a cost reduction or avoided cost.
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Notable Storage Opportunity Drivers

Some notable recent and emerging developments driving the opportunities for storage include
the following (in no particular order):

e Modular storage technology development in response to the growing market for hybrid
vehicles and for portable electronic devices.

¢ Increasing interest in managing peak demand and reliance on ‘demand response’
programs — due to peaking generation and transmission constraints.

e Expected increased penetration of distributed energy resources.

e Adoption of the Renewables Portfolio Standard, which will drive increased use of
renewables generation with intermittent output.

¢ Financial risk that limits investment in new transmission capacity, coupled with
increasing congestion on some transmission lines and the need for new transmission
capacity in many regions.

e Increasing emphasis on richer electric energy and services pricing, such as time-of-use
energy prices, locational marginal pricing, and increasing exposure of market-based
prices for ancillary services.

e The increasing use of distributed energy resources and the emergence of Smart Grid and
distributed energy resource and load aggregation.

e Accelerating storage cost reduction and performance improvement.

¢ Increasing recognition by lawmakers, regulators, and policymakers of the important role
that storage should play in the electricity marketplace of the future.

Research and Development Needs and Opportunities

The following R&D needs and opportunities have been identified as ways to address some of the
important challenges that limit increased use of storage:

1. Establish consensus about priorities and actions.

Identify and characterize attractive value propositions.

Identify and characterize important challenges and possible solutions.
Identify and develop standards, models, and tools.

Ensure robust integration of distributed/modular storage and Smart Grid.
Develop more refined market potential estimates.

Develop model risk and reward sharing mechanisms.

Develop model rules for utility ownership of distributed/modular storage.

A A T R e B

Characterize, understand, and communicate the societal value proposition for storage.
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Key Assumptions and Primary Results

Key assumptions and primary results from the guide are provided in Table ES-1. That table
contains five criteria for the 17 primary benefits characterized in this report. Discharge duration
indicates the amount of time that the storage must discharge at its rated output before charging.
Capacity indicates the range of storage system power ratings that apply for a given benefit. The
benefit indicates the present worth of the respective benefit type for 10 years (2.5% inflation,
10% discount rate). Potential indicates the maximum market potential for the respective benefit
over 10 years. Economy reflects the total value of the benefit given the maximum market

potential.
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Table ES-1. Summary of Key Assumptions and Results

Discharge Capacity Benefit Potential Economy
Duration* [(Power: kW, MW)| ($/kw)** (MW, 10 Years) ($Mi||ion)Jr
# Benefit Type Low High Low High Low [ High CA u.S. CA u.S.
1 |Electric Energy Time-shift 2 8 1 MW | 500 MW| 400 700 | 1,445 | 18,417| 795 |10,129
2 |Electric Supply Capacity 4 6 1 Mw |500 MW | 359 710 1,445 [ 18,417] 772 | 9,838
3 |Load Following 2 4 1 MW |500 MW| 600 | 1,000| 2,889 |36,834| 2,312 |29,467
4 |Area Regulation 15 min.|30 min.| 1 MW | 40 MW [ 785 | 2,010 80 1,012 112 | 1,415
5 |Electric Supply Reserve Capacity 1 2 1 MW | 500 MW| 57 225 636 5,986 90 844
6 |Voltage Support 15 min. 1 1 MW | 10 MW 400 722 9,209 | 433 | 5,525
7 |Transmission Support 2 sec. | 5sec. | 10 MW | 100 MW 192 1,084 | 13,813| 208 | 2,646
8 |Transmission Congestion Relief 3 6 1 MW 100 MW| 31 141 2,889 | 36,834| 248 | 3,168
g.1 |18D Upgrade Deferral 50th 3 6 |250kw| smw | 481 | 687 | 386 | 4,986 | 226 | 2,912
percentilett
o5 (A0 UpUREE DEERE] Sl 3 6 |250kw| 2Mw | 759 | 1,079| 77 997 | 71 | 916
percentilett
10 |Substation On-site Power 8 16 1.5kw | 5kw | 1,800 3,000 20 250 47 600
11 |Time-of-use Energy Cost Management 4 6 1 kW 1 MW 1,226 5,038 | 64,228 6,177 | 78,743
12 |Demand Charge Management 5 11 50 kW | 10 MW 582 2,519 | 32,111| 1,466 | 18,695
13 |Electric Service Reliability 5 min. 1 0.2kw | 10 MW | 359 978 722 9,209 | 483 | 6,154
14 |Electric Service Power Quality 10 sec.| 1 min. | 0.2 kW | 10 MW 359 978 722 9,209 483 | 6,154
15 |Renewables Energy Time-shift 3 5 1 kw |500 MW| 233 389 | 2,889 | 36,834| 899 |11,455
16 |Renewables Capacity Firming 2 4 1 kw |500 MW| 709 915 2,889 | 36,834 | 2,346 | 29,909
1771 | ORI ET R 10 sec. | 15 min.| 0.2 kw | 500 Mw| 500 | 1,000| 181 | 2,302 | 135 | 1,727
Short Duration
17.2 |Wind Generation Grid Integration, 1 6 |o0.2kw|s00Mw| 100 | 782 | 1,445 |18,417| 637 | 8,122
Long Duration

*Hours unless indicated otherwise. min. = minutes. sec. = seconds.
**Lifecycle, 10 years, 2.5% escalation, 10.0% discount rate.
TBased on potential (MW, 10 years) times average of low and high benefit ($/kW).
T Benefit for one year. However, storage could be used at more than one location at different times for similar benefits.
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Financial benefits and maximum market potential estimates for the U.S. are provided in Figure
ES-1. The same values for California are provided in Figure ES-2.
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Figure ES-1. Application-specific 10-year benefit and
maximum market potential estimates for the U.S.
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Figure ES-2. Application-specific 10-year benefit and
maximum market potential estimates for California.

Care must be used when aggregating specific benefits and market potential values because there
may be technical and/or operational conflicts, and/or institutional barriers may hinder or even
preclude aggregation, as described in Section 4.4.2.
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Acronyms and Abbreviations

AC alternating current

A/C air conditioning

ACE area control error

AGC automated generation control

AMI Advanced Metering Infrastructure

CAES compressed air energy storage

CAISO California Independent System Operator

CEC California Energy Commission

C&l commercial and industrial (energy users)

DC direct current

DER distributed energy resource(s)

DOB dynamic operating benefit

DOE U.S. Department of Energy

ELCC effective load carrying capacity

EPRI Electric Power Research Institute

EV electric vehicle

FACTS flexible AC transmission systems

FERC Federal Energy Regulatory Commission

kW kilowatt

kWh kilowatt-hour

kV kilovolt

kVA kilovolt-Ampere (or kilovolt-Amp)

kVAR kilovolt-Ampere reactive (or kilovolt-Amp reactive)
IEEE Institute of Electronics and Electrical Engineers
10U investor-owned utility

ISO independent system operator

I’R pronounced “I squared R” meaning current squared times electric resistance
LDC load duration curve

Li-ion lithium-ion

MES modular energy storage
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MW
MWh
MVA
Na/S
NERC
NiCad
Ni-MH
O0&M
ORNL
PCU
PEAC
PEV
PG&E
PHEV
PV
PW
R&D
RPS
SCADA
SMES
SNL
StatCom
T&D
THD
TOU
UPS
VAR
VOC
VOS
Zn/Br

megawatt

megawatt-hour

megavolt-Ampere (or megavolt-Amp)
sodium/sulfur

North American Electric Reliability Council
nickel-cadmium

nickel-metal hydride

operation and maintenance

Oak Ridge National Laboratory

power conditioning unit

Power Electronics Applications Center
plug-in electric vehicle

Pacific Gas and Electric Company
plug-in hybrid electric vehicle
photovoltaic

present worth (factor)

research and development

Renewables Portfolio Standard
supervisory control and data acquisition
superconducting magnetic energy storage
Sandia National Laboratories

static synchronous compensator
transmission and distribution

total harmonic distortion

time-of-use (energy pricing)
uninterruptible power supply
volt-Amperes reactive (or volt-Amps reactive)
variable operating cost

value-of-service

zinc/bromine
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Glossary

Area Control Error (ACE) — The momentary difference between electric supply and electric
demand within a given part of the electric grid (area).

Automated Generation Control (AGC) — A protocol for dispatching electric supply resources
(possibly including demand management) in response to changing demand. AGC resources often
respond by changing output at a rate of a few percentage points per minute over a predetermined
output range. The AGC signal can vary as frequently as every six seconds though generation is
rarely called upon to respond that frequently. Typically, generation responds to an average of
that more frequent signal, such that a response (change of output) is required once per minute or
perhaps as infrequently as every five minutes.

Application — A specific way or ways that energy storage is used to satisfy a specific need;
how/for what energy storage is used.

Arbitrage — Simultaneous purchase and sale of identical or equivalent commodities or other
instruments across two or more markets in order to benefit from a discrepancy in their price
relationship.

Benefit — See Financial Benefit.
Beneficiaries — Entities to whom financial benefits accrue due to use of a storage system.

Carrying Charges — The annual financial requirements needed to service debt and/or equity
capital used to purchase and to install capital equipment (i.e., a storage plant), including tax
effects. For utilities, this is the revenue requirement. See also Fixed Charge Rate.

Combined Applications — Energy storage used for two or more compatible applications.

Combined Benefits — The sum of all benefits that accrue due to use of an energy storage system,
regardless of the purpose for installing the system.

Demand Response — Controlled reduction of power draw by electricity end users accomplished
via automated communication and control protocols done to balance demand and supply,
possibly in lieu of adding generation and/or transmission and distribution (T&D) capacity.

Discharge Duration — Total amount of time that the storage plant can discharge, at its nameplate
rating, without recharging. Nameplate rating is the nominal full-load rating, not the emergency,
short-duration, or contingency rating.

Discount Rate — The interest rate used to discount future cash flows to account for the time
value of money. For this document, the assumed value is 10%.

Dispatchable — Electric power resource whose output can be controlled — increased and/or
decreased — as needed. Applies to generation, storage, and load-control resources.

Diurnal — Having a daily cycle or occurring every day.

Diversity — The amount of variability and/or difference there is among members of a group. To
the extent that electric resources are diverse — with regard to geography and/or fuel — their
reliability is enhanced because diversity limits the chance that failure of one or a few individual
resources will cause significant problems.
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Economic Benefit — The sum of all financial benefits that accrue to all beneficiaries using
storage. For example, if the average financial benefit is $100 for 1 million storage users then the
economic benefit is $100 x 1 million = $100 Million. See Financial Benefit.

Efficiency (Storage Efficiency) — See Round-trip Efficiency.

Effective Load Carrying Capacity (ELCC) — A characterization of a generator’s contribution

to planning reserves for a given level of electric supply system reliability. ELCC is a robust and

mathematically consistent measure of capacity value. ELCC can be used to establish appropriate
payments for resources used to provide capacity needed to meet system reliability goals.

Financial Benefit (Benefit) — Monies received and/or cost avoided by a specific beneficiary, due
to use of energy storage.

Financial Life —The plant life assumed when estimating lifecycle costs and benefits. A plant life
of 10 years is assumed for lifecycle financial evaluations in this document (i.e., 10 years is the
standard assumption value).

Fixed Charge Rate — The rate used to convert capital plant installed cost into an annuity
equivalent (payment) representing annual carrying charges for capital equipment. It includes
consideration of interest and equity return rates, annual interest payments and return of debt
principal, dividends and return of equity principal, income taxes, and property taxes. The
standard assumption value is 0.13 for utilities.

Flexible AC Transmission Systems (FACTS) — “A power electronic-based system and other
static equipment that provide control of one or more alternating current (AC) transmission
system parameters to enhance controllability and increase power transfer capability.”

I’R Energy Losses — Energy losses incurred during transmission and distribution of electric
energy, due to heating in an electrical system, caused by electrical currents in the conductors of
transformer windings or other electrical equipment. I’R (pronounced I squared R) indicates that
those energy losses are a function of the square of the current (I?) times the resistance (R) per
Joule’s Law (which characterizes the amount of heat generated when current flows through a
conductor). So, for example, reducing current by 50% reduces I’R energy losses to one quarter of
the original value.

Inflation Rate (Inflation) — The annual average rate at which the price of goods and services
increases during a specific time period. For this document, inflation is assumed to be 2.5% per
year.

Internalizable Benefit — A benefit (revenue and/or reduced cost) that accrues, in part or in
whole, to a specific stakeholder or stakeholders. A benefit is most readily internalizable if there
is a price associated with it.

Lifecycle — See Financial Life.

Lifecycle Benefit — Present worth (value) of financial benefits that are expected to accrue over
the life of a storage plant.

" Definition provided by the Institute of Electrical and Electronics Engineers (IEEE).
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Load Duration Curve (LDC) — Hourly demand values (usually for one year) arranged in order
of magnitude, regardless of which hour during the year that the demand occurs. Values to the left
represent the highest levels of demand during the year and values to the right represent the
lowest demand values during the year.

Loss of Load Expectation — Measure of the electric supply system’s reliability that indicates the
adequacy of the system to satisfy demand.

Loss of Load Probability — measure of the electric supply system’s reliability indicating the
likelihood that the system cannot satisfy demand.

Market Estimate — The estimated amount of energy storage capacity (MW) that will be
installed. For this document, market estimates are made for a 10-year period. Market estimates
reflect consideration of prospects for lower cost alternatives to compete for the same applications
and benefits. (The Market Estimate is a portion of the Maximum Market Potential.)

Maximum Market Potential — The maximum potential for actual sale and installation of
energy storage, estimated based on reasonable assumptions about technology and market
readiness and trends, and about the persistence of existing institutional challenges. In the context
of this document, it is the plausible market potential for a given application. (The Maximum
Market Potential is a portion of the Market Technical Potential.)

Market Technical Potential — The estimated maximum possible amount of energy storage (MW
and MWh) that could be installed over 10 years, given purely technical constraints.

Plant Rating (Rating) — Storage plant ratings include two primary criteria: 1) power — nominal
power output and 2) energy — the maximum amount of energy that the system can deliver to the
load without being recharged.

Present Worth Factor (PW Factor) — A value used to estimate the present worth of a stream of
annual expenses or revenues. It is a function of a specific combination of investment duration
(equipment life), financial escalation rate (e.g., inflation), and an annual discount rate. The PW
factor of 7.17 used in this guide is based on the following standard assumption values: a 10-year
equipment life, 2.5% annual price/cost inflation rate, 10% annual discount rate, and a mid-year
convention.

Price Inflation Rate (Inflation) — See Inflation.

Revenue Requirement — For a utility, the amount of annual revenue required to pay carrying
charges for capital equipment and to cover expenses including fuel and maintenance. See also
Carrying Charges and Fixed Charge Rate.

Round-trip Efficiency — The amount of electric energy output from a given storage
plant/system per unit of electric energy input.

Smart Grid — A concept involving an electricity grid that delivers electric energy using
communications, control, and computer technology for lower cost and with superior reliability.
As characterized by the U.S. Department of Energy, the following are characteristics or
performance features of a Smart Grid: 1) self-healing from power disturbance events; 2) enabling
active participation by consumers in demand response; 3) operating resiliently against physical
and cyber attack; 4) providing power quality for 21% century needs; 5) accommodating all
generation and storage options; 6) enabling new products, services, and markets; and

7) optimizing assets and operating efficiently.
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Societal Benefit — A benefit that accrues, in part or in whole, to utility customers as a group
and/or to society at large.

Standard Assumption Values (Standard Values) — Standardized/generic values used for
example calculations. For example, financial benefits are calculated based on the following
standard assumption values: a 10-year lifecycle, 10% discount rate, and 2.5% annual inflation.
See also Standard Calculations.

Standard Calculations — Methodologies for calculating benefits and market potential — used in
conjunction with Standard Assumption Values.

Storage Discharge Duration — See Discharge Duration.

Storage System Life (System Life) — The period during which the storage system is expected to
be operated. For this document, the Storage System Life is equal to the Financial Life.

Supervisory Control and Data Acquisition (SCADA) — A generic term describing various
approaches used to automate monitoring and control of T&D equipment and to gather and store
data about equipment operation.
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1. Introduction

1.1. About This Document

This document provides high-level characterizations of electric energy storage applications,
including key characteristics needed for storage used in electric-grid-related applications.
Financial benefits and maximum market potential estimates, in California and the U.S., are
provided for those applications.

Financial benefit estimates provide an indication of the financial attractiveness of storage for
specific applications. Individual benefits provide bases for value propositions that comprise two
or more individual benefits, especially value propositions involving benefits that exceed cost.

Application-specific maximum market potential estimates provide an indication of the potential
demand for storage. Values for application-specific benefits are multiplied by the maximum
market potential to estimate the potential economic effect ($Millions) for storage used for
specific applications.

The goal is to provide 1) bases for first-cut or screening-level evaluation of the benefits and
market potential for specific, possibly attractive, storage value propositions and 2) a possible
framework for making region-specific or circumstance-specific estimates.

The presentation in this document is storage-technology-neutral, though there is some coverage
of storage technology system characteristics as context for coverage of applications, benefits, and
value propositions. In fact, value propositions characterized using values and insights in this
report may provide a helpful indication of storage system cost and performance targets. Many
other existing resources can be used to determine the cost for, and technical viability of, specific
storage types.[1][2][3]

1.2. Background and Genesis

The original work underlying this report, supported and funded by the U.S. Department of
Energy (DOE), was developed in support of the California Energy Commission (CEC) Public
Interest Energy Research (PIER) Program. The purpose of that work — documented in the report
Energy Storage Benefits and Market Analysis Handbook (Sandia National Laboratories report
#SAND2004-6177) — was to provide guidance for organizations seeking CEC co-funding for
storage demonstrations. The approach used for selecting co-funding proposals emphasized
demonstration of storage to be used for a specific value proposition. Furthermore, the CEC gave
some preference to value propositions with more potential to have a positive impact.

1.3. Intended Audience

The intended audience for this document includes persons or organizations needing a framework
for making first-cut or high-level estimates of benefits for a specific storage project and/or those
seeking a high-level estimate of viable price points and/or maximum market potential for their
products. Thus, the intended audience includes, in no particular order: electric utility planners
and researchers, non-utility electricity service providers and load aggregators, electricity end



users, electric utility regulators and policymakers, and storage project and technology
developers, and vendors.

1.4. Analysis Philosophy

The methodologies used to estimate application-specific values for benefits and market potential
are intended to balance a general preference for precision with the cost to perform rigorous
financial assessments and to make rigorous market assessments. Much of the data needed for a
more rigorous approach is proprietary or otherwise unavailable; is too expensive, does not exist
in a usable form, or does not exist at all. It is also challenging to establish extremely credible
generic values for benefits when those values are somewhat-to-very specific to region and
circumstances. Similarly, making national estimates of maximum market potential using limited
data requires many assumptions that are established using a combination of informal surveys of
experts, subjectivity, and authors’ familiarity with the subject. Nonetheless, despite those
challenges, this report includes just such estimates of generic, application-specific values for
benefits and maximum market potential.

Given the diversity of California’s generation mix, load types and sizes, regions, weather
conditions, efc., it was assumed to be a reasonable basis for estimating national values. The
application-specific benefit estimates are especially California-centric. Also, maximum market
potential estimates developed for California are extrapolated to estimate values for the entire
country. (See Section 4 for details.)

Although the methodology used to estimate benefits and maximum market potential involves
some less than rigorous analysis, it was the authors’ intention to make reasonable attempts to
document assumptions and methodologies used so that the evaluation is as transparent and
auditable as is practical. This gives the necessary information to readers and analysts so that they
may consider the merits and appropriateness of data and methodologies used in this report. To
the extent that superior data or estimates are available, and/or a superior or preferred estimation
methodology exists, those should be used in lieu of the assumptions and approaches in this
report.

Similarly, given the generic nature of the benefit estimates, for specific situations or projects it is
prudent to undertake a more circumstance-specific and possibly more detailed evaluation than is
possible using the assumptions and estimates in this guide.

1.4.1. Application versus Benefit

It is important to note the distinction made in this document between applications and benefits.
In general terms, an application is a use whereas a benefit connotes a value. In many cases, a
benefit is quantified in terms of the monetary or financial value. Of course, some qualitative
benefits — such as the ‘goodness’ of reduced noise and improved aesthetics — may not be readily
quantifiable and/or expressed in financial terms.

1.4.2. Internalizable Benefits

The concept of an internalizable benefit is an important theme for this report. An internalizable
benefit is one that can be ‘captured’, ‘realized’, or received by a given stakeholder or
stakeholders. An internalizable financial benefit takes the form of revenue or reduced cost. A
benefit is most readily internalizable if there is a price associated with it. (Some refer to a benefit



for which there is an established financial value — especially in the form of a price — as a benefit
that is ‘monetized’.)

An example of a readily internalized benefit is electricity bill reduction that accrues to a utility
customer who uses storage to reduce on-peak a) energy cost and b) demand charges. In that
example, the benefit is a function of a) the amount of energy and the level of demand involved
and b) the on-peak and the off-peak prices for energy and the on-peak demand charge.

Continuing with the example; consider that the same customer-owned and -operated storage
could also reduce or delay the need (and cost) for additional utility-owned transmission and
distribution (T&D) capacity. The resulting ‘T&D upgrade deferral’ benefit (i.e., reduced,
deferred or avoided cost) though real, cannot be directly internalized by the utility customer who
installs the storage. That is because there is no established ‘price’ associated with reducing the
need for a specific T&D capacity upgrade (i.e., the utility’s avoided cost cannot be shared with
end users who take actions that defer/reduce the need and cost for a T&D upgrade). Rather, the
resulting T&D upgrade deferral benefit is internalized by the utility and/or the utility’s ratepayers
as a group (in the form of reduced, deferred, or avoided price increase).

1.4.3. Societal Benefits

Although not addressed in detail in this report, it is important to consider some important
storage-related benefits that accrue, in part or in whole, to electric utility customers as a group
and/or to society at large. Three examples of possible storage-related societal benefits are the
integration of more renewables, more effectively; reduced air emissions from generation; and
improved utilization of grid assets (i.e., generation and T&D equipment).

In most cases, societal benefits are accompanied by an internalizable or partially internalizable
benefit. Consider an example: A utility customer uses storage to reduce on-peak energy use. An
internalizable benefit accrues to that customer in the form of reduced cost; however, other
societal benefits may accrue to utility customers as a group and/or to society as a whole. For
example, reduced peak demand could lead to reduced need for generation and transmission
capacity, reduced air emissions, and a general improvement of businesses’ cost competitiveness.

This topic is especially important for lawmakers, electric utility regulators, energy and electricity
policymakers and policy analysts, and storage advocates as laws, regulations, and policies that
could affect prospects for increased storage use are developed.

1.5.  Grid and Utility-related General Considerations

Applications described in this report affect the electric supply system and the T&D system —
known collectively as ‘the grid’. This subsection characterizes several important considerations
and topics related to the electric grid. Those topics are presented here as context for results
presented throughout the rest of this report.

1.5.1. Real Power versus Apparent Power

For the purposes of this document, units of kW and MW (real or true power) are used universally
when kVA and MV A (apparent power) may be the more technically correct units. Given the



degree of precision possible for market potential and financial benefit estimation, the distinction
between these units has relatively little impact on most results.

1.5.2. Ancillary Services

Some possible uses of storage are typically classified as ancillary services. The electric utility
industry has a specific definition of ancillary services. (See Appendix A for brief overview of
ancillary services.)

Three specific ancillary services are explicitly addressed in this report: 1) area regulation,

2) electric supply reserve capacity, and 3) voltage support. Although not always categorized as
an ancillary service, in this guide load following is also included in the ancillary services
category.

1.5.3. Electricity Transmission and Distribution

The electric utility transmission and distribution (T&D) system comprises three primary
subsystems: 1) transmission, 2) subtransmission, and 3) distribution, as described below. Several
storage applications involve benefits associated with one or more of these subsystems.

Electricity Transmission — Electricity transmission is the backbone of the electric grid.
Transmission wires, transformers, and control systems transfer electricity from supply sources
(generation or electricity storage) to utility distribution systems. Often, the transmission system
is used to send large amounts of electricity over relatively long distances. In the U.S.,
transmission system operating voltages generally range from 200 kV (200,000 V) to 500 kV
(500,000 V). Transmission systems typically transfer the equivalent of 200 MW to 500 MW.
Most transmission systems use alternating current (AC), though some larger, longer transmission
corridors employ high-voltage direct current (DC).

Electricity Subtransmission — Relative to transmission, subtransmission transfers smaller
amounts of electricity, at lower operating voltages, over shorter distances. Normally,
subtransmission voltages fall within the range of 50 kV (50,000 V) to 100 kV (100,000 V) with
69 kV (69,000 V) being somewhat common.

Electricity Distribution — Electricity distribution is the part of the electric grid that delivers
electricity to end users. It is connected to the subtransmission system which, in turn, is connected
to the transmission system and the electric supply system (generation). Relative to electricity
transmission, the distribution system is used to send relatively small amounts of electricity over
relatively short distances. In the U.S., distribution system operating voltages generally range
from a few thousand volts to 50 kV. Typical power transfer capacities range from a few tens of
MW for substation transformers to as few as tens of kW for very small circuits.

Two applications addressed in this report apply only to the transmission system: 1) transmission
support and 2) transmission congestion relief.

" In practice, there are important technical and cost differences between true power (kW or MW) and apparent
power (kVA or MV A). Various load types reduce the effectiveness of the grid by, for example, injecting harmonic
currents or by increasing reactive power flows. As a general indication of the magnitude of the difference, consider
this example: a power system serves 10 MW of peak load (true power). During times when load is at its peak, the
‘power factor’ may drop to 0.85. Given that power factor, the T&D equipment should have an apparent power rating
of at least 10 MW/0.85 =11.76 MVA.



1.5.4.

Some of the benefits characterized in this report may not apply in any particular circumstance
because provisions of applicable rules or regulations may not provide the means for a given
stakeholder to internalize the benefit. For example, one application characterized is demand
charge reduction for utility customers; but, if the customer is not eligible for demand charges,
then that application does not apply. Consider another example: A utility customer with 100 kW
may not be allowed to participate in the market for ancillary services (without some type of ‘load
aggregation’) because the minimum capacity required is 1 MW.

Utility Regulations and Rules

1.5.5.

Some important applications involve storage used to reduce
the need to own other utility equipment — generation,
transmission, and/or distribution. The cost reduction is often
referred to as an avoided cost.

Utility Financials: Fixed Charge Rate

For investor-owned utilities (IOUs), the avoided cost of
equipment ownership is primarily consists of six elements:
1) interest payments for bond holders, 2) equity returns
(dividends) for stock owners, 3) annual return of principal or
depreciation, 4) income taxes, 5) property taxes, and

6) insurance.

Though circumstances can vary, the avoided cost for
municipal utilities (munis) and co-operative utilities (co-
ops) includes annual interest payments and ‘return of
capital’ (i.e., amortization). Cooperatives’ cost may also be
subject to property taxes and insurance.

When estimating benefits related to deferred or avoided cost
for utility equipment ownership, it is usually necessary to
first estimate the annual cost. Utilities often refer to this
annual avoided cost as the annual revenue requirement

because it is equal to the annual revenue needed (from utility customers) to cover the full cost of

owning the equipment.

Although the topic is beyond the
scope of this guide, readers should
note the important distinction
between—

1) avoided cost for ownership of a
capital investment (in this case,
utility equipment)

and

2) avoided cost for an expense
incurred due to equipment
operation, such as the cost for fuel
or variable maintenance.

The distinction is important because
investor-owned utilities’ profit is
based on investments made in
equipment, whereas expenses are
pass throughs to end users as-is
(i.e., without profit).

In this guide, a fixed charge rate is used to estimate annual avoided cost of equipment
ownership. The fixed charge rate reflects the six elements of utility equipment cost listed above
(annual interest and equity payments, efc.) as applicable for a given utility.

Annual avoided cost is calculated by multiplying the equipment’s total installed cost by a utility-

specific fixed charge rate. (Installed cost includes all costs incurred until equipment enters
service, including equipment purchase price, design, installation, commissioning, etc.)

Note that the annual avoided cost calculated using the fixed charge rate is equivalent to an
annuity payment involving a series of equal annual payments over the equipment’s life, similar
to a mortgage. Given that the annual avoided cost is expressed as equal annual payments, it is

often referred to as a ‘levelized’ cost.

Consider an example: A new storage system costing $500,000 is installed. Given the utility
financial structure and the expected life of the storage system, the utility financial group




calculates the fixed charge rate for the equipment to be 0.11. So, the full ‘capital carrying
charges’ incurred to own the storage plant (without regard to energy charging cost and other
variable expenses) is $500,000 x 0.11 = $55,000 per year for each year during the expected life
of the storage plant. (A fixed charge rate of 0.11 is the standard value used in this guide.)

1.6. Standard Assumption Values

Standard assumption values established for this guide are used to make high-level, generic
estimates of financial benefits and maximum market potential for storage. Key standard
assumption values are those provided for financial criteria and for storage discharge duration,
power rating, and maximum market potential.

Certainly, to one extent or another, establishing such generic values requires subjectivity,
speculation, simplifying assumptions, and/or generalizations. So, for any particular circumstance
or situation, analysts are encouraged to use circumstance-specific assumptions and/or additional
or superior information to establish superior values instead of the generic assumptions, as
appropriate. To the extent possible, the rationale and underlying assumptions used to establish
standard assumption values are presented and described in this report.

1.6.1. Standard Assumption Values for Financial Calculations

The following standard assumption values are used in this report to generalize and to simplify
the calculations used as examples.

1.6.1.1. Storage Project Life

A storage project life of 10 years is assumed for lifecycle financial evaluations. That is an
especially important standard assumption value for a variety of reasons. Clearly, using any one
value is suboptimal because, if nothing else, each storage type and system may have a different
life and each circumstance is different. Important factors affecting storage life also include the
way(s) and amount that storage is used and the frequency and quality of storage system
maintenance.

Given such considerations, without selecting one standard assumption for storage project life, it
is conceivable that many estimates would have to be made for each benefit. Estimating benefits
for various timeframes would add complexity to the evaluations and would yield results that are
unwieldy and challenging to report. Furthermore, making numerous estimates for each benefit
would require more resources than were allocated for this report.

Although the selection of 10 years is may seem somewhat arbitrary, there was a rationale for
doing so. First, though a 10-year life is too short for compressed-air energy storage (CAES) and
pumped hydro, it may be generous for the other storage types, given their somewhat-to-very
limited record. Additionally, estimates of benefits accruing over periods of 10 to 20 years may
not be credible and/or precise, given expected changes to and increasing uncertainty in the
electricity marketplace. In fact, given that uncertainty, there is even a chance that some of the
benefits may not even exist 10 or 20 years from now. Finally, when accounting for the time
value of money, a significant majority of benefits accrue in the first 10 years.

Consider also that, for most benefits, there may be fairly straightforward ways to adjust benefit
estimates to accommodate timeframes that are longer than the 10 years assumed. Section 1.6.1.4
provides an indication of a simplified way to accommodate a lifecycle other than 10 years.



1.6.1.2. Price Escalation

A general price escalation of 2.5% per year is assumed for the analysis in this guide. Electric
energy and capacity costs and prices are assumed to escalate at that rate during the storage
plant’s financial life.

1.6.1.3. Discount Rate for Present Worth Calculations

An annual discount rate of 10.0% is used for making present worth (PW) calculations to estimate
lifecycle benefits.

1.6.1.4. Present Worth Factor

The simplified approach described below for estimating the present worth (PW) of a stream of
annual expenses or revenues is used throughout this guide. It is intended to provide a simple,
auditable, and flexible way to estimate PW. Detailed treatment of more sophisticated financial
calculations is beyond the scope of this guide.

Present worth calculations are made using these standard assumptions:
e 2.5% per year annual price/cost escalation
e 10.0% per year discount rate
e 10-year storage equipment life
e Mid-year convention

The PW factor is calculated based on these assumptions. That value is used to estimate present
worth based on the value in the first year of operation. Given the standard assumption values of
2.5% cost/price escalation rate, 10% discount rate, and 10-year storage system life, the standard
assumption value for the PW factor is 7.17.

Consider an example of how the PW factor is used: For an annual/first year benefit of $100,000,
the estimated lifecycle benefit is $100,000 x 7.17 = $717,000 (present worth) for 10 years.

The equation for the PW factor for a 10-year service life is as follows:

10
PW Factor = z M
(1+d)l -5
i=1
e = annual price escalation rate (%/year)
d = discount rate (%/year)
i = year
Figure 1 shows PW factors for three discount rates, assuming a cost escalation of 2.5% per year.
(Note that the value of ‘I’ is calculated at mid-year.) For a given life/discount rate combination,
the PW factor represents the present worth for a sum of a stream of annual values. Table 1
includes PW factors for Years 5 to 20 for a discount rate of 10% (shown with the solid line). The
figure allows for quick comparisons of annually recurring costs and benefits for various storage
project lifecycles and discount rates.
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Figure 1. Present worth factors.

Table 1. Present Worth Factors, 2.5% Escalation, 10% Discount Rate

Year| 5 6 7 8 9 10 11 12 13 14 15 16 17 18 | 19 | 20
PW Factor| 4.21|4.89]5.52| 6.11]6.66| 7.17| 7.65] 8.09] 85 [8.89]9.25]|9.58| 9.9 | 10.2| 10.5] 10.7

Consider another example: Assume that a storage plant will operate for 20 years and that it has a
first-year operating cost of $100,000 which is expected to escalate at a rate of 2.5% per year. If
the owner uses a 13% discount rate, then the PW factor is about 8.80 (as shown in Figure 1). So,
the 20-year present worth of all operating costs (before taxes) is

$100,000 x 8.80 = $880,000.

Implicit in this approach is the assumption that annual benefits for all years considered (10 in this
case) are the same as the first year, except that the cost or price escalates at 2.5%. If that
approach is not appropriate, then an actual cash flow evaluation may be required to estimate the
lifecycle benefits.

1.6.1.5. Fixed Charge Rate

The standard assumption value for fixed charge rate — which applies to utilities only —is 0.11.
The fixed charge rate is used as follows: Consider utility equipment whose installed cost is
$500,000. The utility’s annual revenue requirement (and avoided cost) is

$500,000 x 0.11 = $55,000/year.



1.7. Results Summary

Key study results are summarized in Table 2. The table contains three criteria for the 17 primary
benefits characterized in this guide, for California and for the U.S.: 1) benefit, 2) potential, and
3) economy. The ‘benefit’ value indicates the present worth of the respective benefit type for

10 years (assuming 2.5% inflation and 10% discount rate). ‘Potential’ indicates the maximum
market potential for the respective benefit over 10 years. ‘Economy’ reflects the total value of
the benefit given the maximum market potential.



Table 2. Primary Results Summary — Benefits,
Maximum Market Potential, and Maximum Economic Value

Benefit Potential Economy
($/kW)** | (MW, 10 Years) [ ($Million)"
# Benefit Type Low | High CA u.s. CA | U.S.
1 |Electric Energy Time-shift 400 700 1,445 | 18,417 795 10,129
2 |Electric Supply Capacity 359 710 1,445 | 18,417 772 | 9,838
3 |Load Following 600 | 1,000 | 2,889 | 36,834 2,312 | 29,467
4 |Area Regulation 785 | 2,010 80 1,012 112 1,415
5 |Electric Supply Reserve Capacity 57 225 636 5,986 90 844
6 |Voltage Support 400 722 9,209 433 | 5,525
7 |Transmission Support 192 1,084 | 13,813| 208 | 2,646
8 |Transmission Congestion Relief 31 141 2,889 | 36,834 248 | 3,168
9.1 |1&D Upgrade Deferral 50th 481 | 687 | 386 | 4,986 | 226 | 2,912
percentilet T
9.2 T&D Upgrade Deferral 90th 759 | 1,079 77 997 71 916
percentilett
10 |Substation On-site Power 1,800 | 3,000 20 250 47 600
11 |Time-of-use Energy Cost Management 1,226 5,038 | 64,228 6,177 | 78,743
12 |Demand Charge Management 582 2,519 | 32,111 1,466 | 18,695
13 |Electric Service Reliability 359 978 722 9,209 483 | 6,154
14 |Electric Service Power Quality 359 978 722 9,209 483 | 6,154
15 |Renewables Energy Time-shift 233 389 2,889 | 36,834 899 |11,455
16 |Renewables Capacity Firming 709 915 | 2,889 | 36,834 | 2,346 | 29,909
17.1 Wind Gener_at|on Grid Integration, 500 | 1,000 181 2,302 135 1,727
Short Duration
17.2 Wind Generatlon Grid Integration, 100 782 1,445 | 18,417| 637 | 8,122
Long Duration

*Hours unless indicated otherwise. min. = minutes. sec. = seconds.

**Lifecycle, 10 years, 2.5% escalation, 10.0% discount rate.

"Based on potential (MW, 10 years) times average of low and high benefit ($/kW).

™" Benefit for one year. However, storage could be used at more than one location at different times for similar |
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2. Electric Energy Storage Technology Overview

A general introduction to energy storage technology is provided as context for the applications
and benefits addressed in this guide. Storage technology and subsystems are subjects covered in
detail by other studies and reports. Section 2.1 provides a brief description of storage types.
Sections 2.2 through 2.20 briefly describe important storage characteristics. Note that the order
in which these characteristics are presented is not meant to imply order of importance.

2.1. Overview of Storage Types

21.1. Electrochemical Batteries

Electrochemical batteries consist of two or more electrochemical cells. The cells use chemical
reaction(s) to create a flow of electrons — electric current. Primary elements of a cell include the
container, two electrodes (anode and cathode), and electrolyte material. The electrolyte is in
contact with the electrodes. Current is created by the oxidation-reduction process involving
chemical reactions between the cell’s electrolyte and electrodes.

When a battery discharges through a connected load, electrically charged ions in the electrolyte
that are near one of the cell’s electrodes supply electrons (oxidation) while ions near the cell’s
other electrode accept electrons (reduction), to complete the process. The process is reversed to
charge the battery, which involves ionizing of the electrolyte.

An increasing number of chemistries are used for this process. More familiar ones include lead-
acid, nickel-cadmium (NiCad), lithium-ion (Li-ion), sodium/sulfur (Na/S), zinc/bromine (Zn/Br),
vanadium-redox, nickel-metal hydride (Ni-MH), and others.

2.1.1.1. Flow Batteries

Some electrochemical batteries (e.g., automobile batteries) contain electrolyte in the same
container as the cells (where the electrochemical reactions occur). Other battery types — called
flow batteries — use electrolyte that is stored in a separate container (e.g., a tank) outside of the
battery cell container. Flow battery cells are said to be configured as a ‘stack’.

When flow batteries are charging or discharging, the electrolyte is transported (i.e., pumped)
between the electrolyte container and the cell stack. Vanadium redox and Zn/Br are two of the
more familiar types of flow batteries. A key advantage to flow batteries is that the storage
system’s discharge duration can be increased by adding more electrolyte (and, if needed to hold
the added electrolyte, additional electrolyte containers). It is also relatively easy to replace a flow
battery’s electrolyte when it degrades.

2.1.2. Capacitors

Capacitors store electric energy as an electrostatic charge. An increasing array of larger capacity
capacitors have characteristics that make them well-suited for use as energy storage. They store
significantly more electric energy than conventional capacitors. They are especially well-suited

" Trade names for such devices include Supercapacitor and Ultracapacitor.
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to being discharged quite rapidly, to deliver a significant amount of energy over a short period of
time (i.e., they are attractive for high-power applications that require short or very short
discharge durations).

2.1.3. Compressed Air Energy Storage

Compressed air energy storage (CAES) involves compressing air using inexpensive energy so

that the compressed air may be used to generate electricity when the energy is worth more. To

convert the stored energy into electric energy, the compressed air is released into a combustion
turbine generator system. Typically, as the air is released, it is heated and then sent through the
system’s turbine. As the turbine spins, it turns the generator to generate electricity.

For larger CAES plants, compressed air is stored in underground geologic formations, such as
salt formations, aquifers, and depleted natural gas fields. For smaller CAES plants, compressed
air is stored in tanks or large on-site pipes such as those designed for high-pressure natural gas
transmission (in most cases, tanks or pipes are above ground).

2.1.4. Flywheel Energy Storage

Flywheel electric energy storage systems (flywheel storage or flywheels) include a cylinder with
a shaft that can spin rapidly within a robust enclosure. A magnet levitates the cylinder, thus
limiting friction-related losses and wear. The shaft is connected to a motor/generator. Electric
energy is converted by the motor/generator to kinetic energy. That kinetic energy is stored by
increasing the flywheel’s rotational speed. The stored (kinetic) energy is converted back to
electric energy via the motor/generator, slowing the flywheel’s rotational speed.

2.1.5. Pumped Hydroelectric

Key elements of a pumped hydroelectric (pumped hydro) system include turbine/generator
equipment, a waterway, an upper reservoir, and a lower reservoir. The turbine/generator is
similar to equipment used for normal hydroelectric power plants that do not incorporate storage.

Pumped hydro systems store energy by operating the turbine/generator in reserve to pump water
uphill or into an elevated vessel when inexpensive energy is available. The water is later released
when energy is more valuable. When the water is released, it goes through the turbine which
turns the generator to produce electric power.

2.1.6. Superconducting Magnetic Energy Storage

The storage medium in a superconducting magnetic energy storage (SMES) system consists of a
coil made of superconducting material. Additional SMES system components include power
conditioning equipment and a cryogenically cooled refrigeration system.

The coil is cooled to a temperature below the temperature needed for superconductivity (the
material’s ‘critical’ temperature). Energy is stored in the magnetic field created by the flow of
direct current in the coil. Once energy is stored, the current will not degrade, so energy can be
stored indefinitely (as long as the refrigeration is operational).
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21.7. Thermal Energy Storage

There are various ways to store thermal energy. One somewhat common way that thermal energy
storage is used involves making ice when energy prices are low so the cold that is stored can be
used to reduce cooling needs — especially compressor-based cooling — when energy is expensive.

2.2. Storage System Power and Discharge Duration

When characterizing the rating of a storage system, the two key criteria to address are power and
energy. Power indicates the rate at which the system can supply energy. Energy relates to the
amount of energy that can be delivered to loads. In practical terms, the amount of energy stored
determines the amount of time that the system can discharge at its rated power (output), hence
the term discharge duration.

Storage power and energy are described in more detail below. For detailed coverage of the topic,
readers should refer to a report developed by the Electric Power Research Institute (EPRI) and
the DOE entitled Estimating Electricity Storage Power Rating and Discharge Duration for
Utility Transmission and Distribution Deferral, a Study for the DOE Energy Storage
Program.[4]

2.21. Storage Power

A storage system’s power rating is assumed to be the system’s nameplate power rating under
normal operating conditions. Furthermore, that rating is assumed to represent the storage
system’s maximum power output under normal operating conditions. In this guide, the normal
discharge rate used is commonly referred to as the system’s ‘design’ or ‘nominal’ (power) rating.
Generic application-specific power requirements are summarized in Table 4 (in Section 3).

2.2.1.1. Storage ‘Emergency’ Power Capability

Some types of storage systems can discharge at a relatively high rate (e.g., 1.5 to 2 times their
nominal rating) for relatively short periods of time (e.g., several minutes to as much as

30 minutes). One example is storage systems involving an Na/S battery, which is capable of
producing two times its rated (normal) output for relatively short durations.[5]

That feature — often referred to as the equipment’s ‘emergency’ rating — is valuable if there are
circumstances that occur infrequently that involve an urgent need for relatively high power
output, for relatively short durations.

Importantly, while discharging at the higher rate, storage efficiency is reduced (relative to
efficiency during discharge at the nominal discharge rate), and storage equipment damage
increases (compared to damage incurred at the normal discharge rate).

So, in simple terms, storage with emergency power capability could be used to provide the
nominal amount of power required to serve a regularly occurring need (e.g., peak demand
reduction) while the same storage could provide additional power for urgent needs that occur
infrequently and that last for a few to several minutes at a time.
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2.2.2. Storage Discharge Duration

Discharge duration is the amount of time that storage can discharge at its rated output (power)
without recharging. Discharge duration is an important criterion affecting the technical viability
of a given storage system for a given application and storage plant cost.

To the extent possible, this document includes generalized guidance about the necessary
discharge duration for specific applications. Application-specific guidance and standard
assumption values are provided in their respective subsections, below. Application-specific
discharge durations and the assumptions used to establish them are summarized in Table 5 (in
Section 3).

2.3. Energy and Power Density

Power density is the amount of power that can be delivered from a storage system with a given
volume or mass. Similarly, energy density is the amount of energy that can be stored in a storage
device that has a given volume or mass. These criteria are important in situations for which space
is valuable or limited and/or if weight is important.

2.4. Storage System Footprint and Space Requirements

Closely related to energy and power density are footprint and space requirements for energy
storage. Depending on the storage technology, floor area and/or space constraints may indeed be
a challenge, especially in heavily urbanized areas.

2.5. Storage System Round-trip Efficiency

All energy transfer and conversion processes have losses. Energy storage is no different. Storage
system round-trip efficiency (efficiency) reflects the amount of energy that comes out of storage
relative to the amount put into the storage.

Typical values for efficiency include the following: 60% to 75% for conventional
electrochemical batteries; 75% to 85% for advanced electrochemical batteries; 73% to 80% for
CAES; 75% to 78% for pumped hydro; 80% to 90% for flywheel storage; and 95% for
capacitors and SMES.[6][7]

2.6. Storage Operating Cost

Storage total operating cost (as distinct from plant capital cost or plant financial carrying
charges) consists of two key components: 1) energy-related costs and 2) operating costs not
related to energy. Non-energy operating costs include at least four elements: 1) labor associated
with plant operation, 2) plant maintenance, 3) equipment wear leading to loss-of-life, and

4) decommissioning and disposal cost (addressed in Section 2.20).

2.6.1. Charging Energy-Related Costs

The energy cost for storage consists of all costs incurred to purchase energy used to charge the
storage, including the cost to purchase energy needed to make up for (round trip) energy losses.
An example: For a storage system with 75% efficiency, if the unit price for energy used for
charging is 4¢/kWh, then the plant energy cost is

4¢/kWh + 0.75 = 5.33¢/kWh.
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2.6.2. Labor for Plant Operation

In some cases, labor may be required for storage plant operation. Fixed labor costs are the same
magnitude irrespective of how much the storage is used. Variable labor costs are proportional to
the frequency and duration of storage use. In many cases, labor is required to operate larger
storage facilities and/or ‘blocks’ of aggregated storage capacity whereas little or no labor may be
needed for smaller/distributed systems that tend to be designed for autonomous operation. No
explicit value is ascribed to this criterion, due in part to the wide range of labor costs that are
possible given the spectrum of storage types and storage system sizes.

2.6.3. Plant Maintenance

Plant maintenance costs are incurred to undertake normal, scheduled, and unplanned repairs and
replacements for equipment, buildings, grounds, and infrastructure. Fixed maintenance costs are
the same magnitude irrespective of how much the storage is used. Variable maintenance costs
are proportional to the frequency and duration of storage use. Plant maintenance costs are highly
circumstance-specific and are not addressed explicitly in this report.

2.6.4. Replacement Cost

If specific equipment or subsystems within a storage system are expected to wear out during the
expected life of the system, then a ‘replacement cost’ will be incurred. In such circumstances, a
‘sinking fund’ is needed to accumulate funds to pay for replacements when needed. That
replacement cost is treated as a variable cost (i.e., the total cost is spread out over each unit of
energy output from the storage plant). Replacement cost is highly technology- and circumstance-
specific and is not addressed explicitly in this report. (See Appendix B for an example
calculation of equipment replacement cost.)

2.6.5. Variable Operating Cost

A storage system’s total variable operating cost consists of applicable non-energy-related
variable operating costs plus plant energy cost, possibly including charging energy, labor for
plant operation, variable maintenance, and replacement costs. Variable operating cost is a key
factor affecting the cost-effectiveness of storage. It is especially important for ‘high-use’ value
propositions involving many charge-discharge cycles.

Ideally, storage for high-use applications should have relatively high or very high efficiency and
relatively low variable operating cost. Otherwise, the total cost to charge then discharge the
storage is somewhat-to-very likely to be higher than the benefit. That can be a significant
challenge for some storage types and value propositions.

Consider the example illustrated in Figure 2, which involves a 75% efficient storage system with
a non-energy-related variable operating cost of 4¢/kWh,,. If that storage system is charged with
energy costing 4¢/kWhjy,, then the total variable operating cost — for energy output — is about
9.33¢/kWhgyt.
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Figure 2. Storage total variable operation cost for 75% storage efficiency.

2.7. Lifetime Discharges

To one extent or another, most energy storage media degrade with use (i.e., during each charge-
discharge cycle). The rate of degradation depends on the type of storage technology, operating
conditions, and other variables. This is especially important for electrochemical batteries.

For some storage technologies — especially batteries — the extent to which the system is emptied
(discharged) also affects the storage media’s useful life. Discharging a small portion of stored
energy is a ‘shallow’ discharge and discharging most or all of the stored energy is a ‘deep’
discharge. For these technologies, a shallow discharge is less damaging to the storage medium
than a deep discharge.

Note that many battery vendors can produce storage media with extra service life (relative to the
baseline product) to accommodate additional charge-discharge cycles and/or deeper discharges.
Of course, there is usually a corresponding incremental cost for the superior performance. To the
extent that the storage medium degrades and must be replaced during the expected useful life of
the storage system, the cost for that replacement must be added to the variable operating cost of
the storage system.

2.8. Reliability

Like power rating and discharge duration, storage system reliability requirements are
circumstance-specific. Little guidance is possible. The project design engineer is responsible for
designing a plant that provides enough power and that is as reliable as necessary to serve the
specific application.
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2.9. Response Time

Storage response time is the amount of time required to go from no discharge to full discharge.
At one extreme, under almost all conditions, storage has to respond quite rapidly if used to
provide capacity on the margin in lieu of T&D capacity. That is because the output from T&D
equipment (i.e., wires and transformers) changes nearly instantaneously in response to demand.

In contrast, consider storage used in lieu of generation capacity. That storage does not need to
respond as quickly because generation tends to respond relatively slowly to demand changes.
Specifically, some types of generation — such as engines and combustion turbines — take several
seconds to many minutes before generating at full output. For other generation types, such as
those fueled by coal and nuclear energy, the response time may be hours.

Most types of storage have a response time of several seconds or less. CAES and pumped
hydroelectric storage tend to have a slower response, though they still respond quickly enough to
serve several important applications.

2.10. Ramp Rate

An important storage system characteristic for some applications is the ramp rate — the rate at
which power output can change. Generally, storage ramp rates are rapid (i.e., output can change
quite rapidly); pumped hydro is the exception. Power devices with a slow response time tend
also to have a slow ramp rate.

2.11. Charge Rate

Charge rate — the rate at which storage can be charged — is an important criterion because, often,
modular energy storage (MES) must be recharged so it can serve load during the next day. If
storage cannot recharge quickly enough, then it will not have enough energy to provide the
necessary service. In most cases, storage charges at a rate that is similar to the rate at which it
discharges. In some cases, storage may charge more rapidly or more slowly, depending on the
capacity of the power conditioning equipment and the condition and/or chemistry and/or physics
of the energy storage medium.

2.12. Energy Retention and Standby Losses

Energy retention time is the amount of time that storage retains its charge. The concept of energy
retention is important because of the tendency for some types of storage to self-discharge or to
otherwise dissipate energy while the storage is not in use. In general terms, energy losses could
be referred to as standby losses.

Storage that depends on chemical media is prone to self-discharge. This self-discharge is due to
chemical reactions that occur while the energy is stored. Each type of chemistry is different, both
in terms of the chemical reactions involved and the rate of self-discharge. Storage that uses
mechanical means to store energy tends to be prone to energy dissipation. For example, energy
stored using pumped hydroelectric storage may be lost to evaporation. CAES may lose energy
due to air escaping from the reservoir.

To the extent that storage is prone to self-discharge or energy dissipation, retention time is
reduced. This characteristic tends to be less important for storage that is used frequently. For
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storage that is used infrequently (i.e., is in standby mode for a significant amount of time
between uses), this criterion may be very important.

2.13. Transportability

Transportability can be an especially valuable feature of storage systems for at least two reasons.
First, transportable storage can be (re)located where it is needed most and/or where benefits are
most significant. Second, some locational benefits only last for one or two years. Perhaps the
most compelling example of the latter is T&D deferral, as discussed in detail in Section 3. Given
those considerations, transportability may significantly enhance the prospects that lifecycle
benefits will exceed lifecycle cost.

2.14. Modularity

One attractive feature of modular energy storage is the flexibility that system ‘building blocks’
provide. Modularity allows for more optimal levels and types of capacity and/or discharge
duration because modular resources allow utilities to increase or decrease storage capacity, when
and where needed, in response to changing conditions. Among other attractive effects, modular
capacity provides attractive means for utilities to address uncertainty and to manage risk
associated with large, ‘lumpy’ utility T&D investments.

2.15. Power Conditioning

To one extent or another, most storage types require some type of power conditioning (i.e.,
conversion) subsystem. Equipment used for power conditioning — the power conditioning unit
(PCU) — modifies electricity so that the electricity has the necessary voltage and the necessary
form; either alternating current (AC) or direct current (DC). The PCU, in concert with an
included control system, must also synchronize storage output with the oscillations of AC power
from the grid.

Output from storage with relatively low-voltage DC output must be converted to AC with higher
voltage before being discharged into the grid and/or before being used by most load types. In
most cases, conversion from DC to AC is accomplished using a device known as an inverter.

For storage requiring DC input, the electricity used for charging must be converted from the
form available from the grid (i.e., AC at relatively high voltage) to the form needed by the
storage system (e.g., DC at lower voltage). That is often accomplished via a PCU that can
function as a DC ‘power supply’.

2.16. Power Quality

Although requirements for applications vary, the following storage characteristics may or may
not be important. To one extent or another, they are affected by the PCU used and/or they drive
the specifications for the PCU. In general, higher quality power (output) costs more.

2.16.1. Power Factor

Although detailed coverage of the concept of power factor is beyond the scope of this report, it is
important to be aware of the importance of this criterion. At a minimum, the power output from
storage should have an acceptable power factor, where acceptable is somewhat circumstance-
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specific. For some applications, the storage system may be called upon to provide power with a
variable power factor. (See Appendix C for more details about this consideration.)

2.16.2. Voltage Stability

In most cases, it is important for storage output voltage to remain somewhat-to-very constant.
Depending on the circumstances, voltage can vary; though, it should probably remain within
about 5% to 8% of the rated value.

2.16.3. Waveform

Assuming that storage output is AC, in most cases, the waveform should be as close as possible
to that of a sine wave. In general, higher quality PCUs tend to have waveforms that are quite
close to that of a sine wave whereas output from lower quality PCUs tends to have a waveform
that is somewhat square.

2.16.4. Harmonics

Harmonic currents in distribution equipment can pose a significant challenge. Harmonic currents
are components of a periodic wave whose frequency is an integral multiple of the fundamental
frequency. In this case, the fundamental frequency is the utility power line frequency of 60 Hz.
So, for example, harmonic currents might exist with frequencies of 3 x 60 Hz (180 Hz) or 7 x

60 Hz (420 Hz). Total harmonic distortion (THD) is the contribution of all the individual
harmonic currents to the fundamental.

2.17. Storage System Reactive Power Capability

One application (Voltage Support) and one incidental benefit (Power Factor Correction)
described in this guide involve storage whose capabilities include absorbing and injecting
reactive power (expressed in units of volt-Amperes reactive or VARSs). This feature is commonly
referred as VAR support. In most cases, storage systems by themselves do not have reactive
power capability. For a relatively modest incremental cost, however, reactive power capability
can be added to most storage system types. (See Appendix C for more details.)

2.18. Communications and Control

Storage used for most applications addressed in this report must receive and respond to
appropriate control signals. In some cases, storage may have to respond to a dispatch control
signal. In other cases, the signal may be driven by a price or prices. Storage response to a control
signal may be a simple ramp up or ramp down of power output in proportion to the control
signal. A more sophisticated response, requiring one or more control algorithms, may be needed.
An example of that is storage used to respond to price signals or to accommodate more than one
application.

2.19. Interconnection

If storage will be charged with energy from the grid or will inject energy into the grid, it must
meet applicable interconnection requirements. At the distribution level, an important point of
reference is the Institute of Electronics and Electrical Engineers (IEEE) Standard 1547.[8] Some
states and utilities have more specific interconnection rules and requirements.
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2.20. Decommissioning and Disposal Needs and Cost

Although not addressed explicitly in this report, in most cases there will be non-trivial
decommissioning costs associated with almost any storage system. For example, eventually
batteries must be dismantled and the chemicals must be removed. Ideally, dismantled batteries
and their chemicals can be recycled, as is the case for the materials in lead-acid batteries.
Ultimately, decommissioning-related costs should be included in the total cost to own and to
operate storage.
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3. Electric Energy Storage Applications

3.1. Introduction

This section characterizes 17 electric grid-related energy storage applications. Included in each
characterization are a description of the application, an overview of application-specific technical
considerations, and a summary of possible synergies with other applications. (Section 2 includes
a brief characterization of several important storage system characteristics.) The 17 applications
are grouped into five categories as shown in Table 3.

Table 3. Five Categories of Energy Storage Applications

Category 1 — Electric Supply

1. Electric Energy Time-shift
2. Electric Supply Capacity
3. Load Following

4. Area Regulation

5. Electric Supply Reserve Capacity
6. Voltage Support

7. Transmission Support

8. Transmission Congestion Relief

9. Transmission & Distribution (T&D) Upgrade Deferral
10. Substation On-site Power

11. Time-of-use (TOU) Energy Cost Management
12. Demand Charge Management

13. Electric Service Reliability

14. Electric Service Power Quality

15. Renewables Energy Time-shift
16. Renewables Capacity Firming
17. Wind Generation Grid Integration

3.1.1. Power Applications versus Energy Applications

Although this report does not focus on specific storage technologies, it is helpful to be aware of
the distinction between storage technologies classified as those that are best suited for power
applications and those best suited to energy applications.

Power applications require high power output, usually for relatively short periods of time (a few
seconds to a few minutes). Storage used for power applications usually has capacity to store
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fairly modest amounts of energy per kW of rated power output. Notable storage technologies that
are especially well-suited to power applications include capacitors, SMES, and flywheels.

Energy applications are uses of storage requiring relatively large amounts of energy, often for
discharge durations of many minutes to hours. So, storage used for energy applications must
have a much larger energy storage reservoir than storage used for power applications. Storage
technologies that are best suited to energy applications include CAES, pumped hydro, thermal
energy storage, and most battery types.

3.1.2. Capacity Applications versus Energy Applications

Similar to the distinction between power applications and energy applications is the distinction
between capacity applications and energy applications. In simple terms, capacity applications are
those involving storage used to defer or to reduce the need for other equipment. For example,
storage can be used to reduce the need for generation or T&D equipment. Depending on
circumstances, capacity applications tend to require relatively limited amounts of energy
discharge throughout the year.

As described above, energy applications involve storing a significant amount of electric energy
to offset the need to purchase or to generate the energy when needed. Typically, energy-related
applications require a relatively significant amount of energy to be stored and discharged
throughout the year. An important consideration is that storage used for energy applications
should be relatively efficient, or the cost incurred due to energy losses will offset a significant
amount of the benefit. The same applies to non-energy-related variable operation cost.

Importantly, for investor-owned utilities (IOUs) capacity is generally treated like an investment
whereas purchases of or generation of energy are typically thought of as an expenses involving
variable operating cost and fuel-related costs. This distinction is especially important for
investor-owned utilities given what is sometimes referred to as the revenue requirement method
for establishing cost-of-service. Under that regulatory scheme utilities earn a rate of return

(i.e., profit) on investments in capital equipment whereas expenses are treated as a ‘pass-through’
to end users without any mark-up (i.e., IOUs do not earn profit for energy provided).

3.1.3. Application-specific Power and Discharge Duration

Table 4 and Table 5 list application-specific standard assumption values for two key storage
design criteria: 1) power rating and 2) discharge duration. Also shown are key underlying
assumptions used when establishing those values. Table 4 lists application-specific, standard
assumption values for storage power ratings and notes explaining the rationale used to make the
estimates. Table 5 lists application-specific standard assumption values for discharge durations
along with notes explaining the rationale used to make the estimates.

The standard assumption values used herein are intended to be generic. They were developed
based on varying levels of engineering judgment and simplifying assumptions. Readers are
encouraged to use case-specific assumptions and additional information, as needed and available,
for more precise estimates of power ratings and discharge durations.
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Table 4. Standard Assumption Values for Storage Power

Storage Power

# Type Low | High Note
1 |Electric Energy Time-shift 1 MW 500 MW Low pgr ISO- transactlorT min. (Can aggregate smaller
capacity.) High = combined cycle gen.
2 |Electric Supply Capacity 1 MW |500 MW|Same as above.
3 |Load Following 1 MW |500 MW |Same as above.
- Low per ISO transaction min. Max is 50% of
e el P el estimated CA technical potential of 80 MW.
5 |Electric Supply Reserve Capacity 1 MW |500 MW Low p_er ISO. transact|ory min. (Can aggregate smaller
capacity.) High = combined cycle gen.
6 |Voltage Support 1 MW | 10 MW Assume distributed deployment, to serve Voltage
support needs locally.
7 |Transmission Support 10 MW [100 MW |Low value is for substransmission.
. ; : Low per ISO transaction min. (Can aggregate smaller
b ean=mislenieaetionibellcl b o0 capacity.) High = 20% of high capacity transmission.
9.1 |T&D Upgrade Deferral 50th percentile 250 kwW| 5 MW Low = smaIIe.st.hker, High = high end for distribution
& subtransmission.
9.2 |T&D Upgrade Deferral 90th percentile 250 kW| 2 MW |Same as above.
10 |Substation On-site Power 1.5kW | 5 kW |Per EPRI/DOE Substation Battery Survey.
11 |Time-of-use Energy Cost Management 1 kW 1 MW Esees:’cientlal to medium sized commercial/industrial
12 |Demand Charge Management 50 kW | 10 MW ﬁsn:él commercial to large commercial/industrial
) . R Low = Under desk UPS.
19 |Btie meies el el e High = facility-wide for commercial/industrial users.
14 |Electric Service Power Quality 0.2 kW | 10 MW |Same as above.
- : Low = small residential PV.
19 |lRGase s e = elhe foa High = "bulk" renewable energy fueled generation.
16 |Renewables Capacity Firming 1 kW |500 MW |Same as above.
Wind Generation Grid Integration, Low = small residential turbine.
1 Short Duration U on High = larged wind farm boundary.
172 Wind Generation Grid Integration, 0.2 kW | 500 MW|Same as above.

Long Duration
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Table 5. Standard Assumption Values for Discharge Duration

Discharge Duration*

# Type Low | High Note
1 |Electric Energy Time-shift 2 8 De_p(_ends on energy price d_lfferentlal, s_torage
efficiency, and storage variable operating cost.
2 |Electric Supply Capacity 4 6 Peak demand hours
3 |Load Following 2 4 Assumg: 1 hour of discharge duratlo_n provides
approximately 2 hours of load following.
4 |Area Regulation 15 min.|30 min.|Based on demonstration of Beacon Flywheel.
5 |Electric Supply Reserve Capacity 1 2 Allow tlmg for generation-based reserves to
come on-line.
. Time needed for a) system stabilization or b)
6 |Voltage Support 15 min. 1 orderly load shedding.
Per EPRI-DOE Handbook of Energy Storage for
7 |Transmission Support 2 sec. | 5 sec. |Transmission and Distribution
Applications.[17]
- . . Peak demand hours. Low value is for "peaky"
Y |VemsaEte dengs e Relisr . e loads, high value is for "flatter" load profiles.
9.1 |T&D Upgrade Deferral 50th percentile 3 6 Same as Above
9.2 |T&D Upgrade Deferral 90th percentile 3 6 Same as Above
10 |Substation On-site Power 8 16 |Per EPRI/DOE Substation Battery Survey.
11 |Time-of-use Energy Cost Management 4 6 Peak demand hours.
12 |Demand Charge Management 5 11 Ma_n.(lmum. daily demand charge hours, per
utility tariff.
13 |Electric Service Reliability ca 1 Time needed for a) shorter duration outages
or b) orderly load shutdown.
. . . . |Time needed for events ridethrough depends
14 . .
Electric Service Power Quality 10 sec.| 1 min on the type of PQ challenges addressed.
15 |Renewables Energy Time-shift 3 5 Depends on energy cost/prlce dlfferen_tlal and
storage efficiency and variable operating cost.
. L Low & high values for Renewable Gen./Peak
16
Renewables Capacity Firming 2 4 Load correlation (>6 hours) of 85% & 50%.
Wind Generation Grid Integration, . G e e o bypeial
17.1 . 10 sec. |15 min.|challenge addressed) and b) Wind
Short Duration .
Intermittency.
17.2 Wind Generatlon Grid Integration, 1 6 Backup, Time Shift, Congestion Relief.
Long Duration

*Hours unless indicated otherwise. Min. = minutes. Sec. = Seconds.
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3.2. Electric Supply Applications
3.2.1.
3.2.1.1.

Electric energy time-shift (time-shift) involves purchasing
inexpensive electric energy, available during periods when
price is low, to charge the storage plant so that the stored
energy can be used or sold at a later time when the price is
high.

Entities that time-shift may be regulated utilities or non-
utility merchants. Importantly, this application tends to
involve purchase of inexpensive energy from the wholesale
electric energy market for storage charging. When the
energy is discharged, it could be resold via the wholesale
market, or it may offset the need to purchase wholesale
energy and/or to generate energy to serve end users’ needs.

3.2.1.2.

For the time-shift application, the plant storage discharge
duration is determined based on the incremental benefit
associated with being able to make additional buy-low/sell-
high transactions during the year versus the incremental cost
for additional energy storage (discharge duration).

Application Overview

Technical Considerations

The standard assumption value for storage minimum
discharge duration for this application is two hours. The
upper boundary for discharge duration is defined by
potential CAES or pumped hydroelectric facilities. For
storage types that have a high incremental cost to increase
the amount of energy that can be stored (i.e., to increase
discharge duration), the upper boundary is probably five or

Application #1 — Electric Energy Time-shift

It is common for those involved with
storage to refer to energy time-shift
transactions (using storage) as
arbitrage. It is important to note,
however, what arbitrage means to
people involved in finance.

A finance-centric definition of
arbitrage is the simultaneous
purchase and sale of identical or
equivalent commodities or other
instruments across two or more
markets in order to benefit from a
discrepancy in their price
relationship.

So, strictly speaking, from a finance
perspective the term ‘arbitrage’ may
be regarded as a misnomer when it
is applied to most energy storage
‘buy-low/sell-high’ (time-shift)
transactions. That is because the
purchase and storage of electric
energy occurs at a different time
than sale or use of the energy. In
fact, most often charging and
discharging are separated by
several hours.

six hours — the typical duration of a utility’s daily peak demand period.

Both storage (non-energy-related) variable operating cost and storage efficiency are especially
important for this application because electric energy time-shift involves many possible
transactions whose economic merit is based on the difference between the cost to purchase, store,
and discharge energy (discharge cost) and the benefit derived when the energy is discharged.
Any increase in variable operating cost or reduction of efficiency reduces the number of
transactions for which the benefit exceeds the cost. That number of transactions is quite sensitive
to the discharge cost, so a modest increase may reduce the number of viable transactions

considerably.

Two performance characteristics that have a significant impact on storage variable operating cost
are efficiency and the rate at which storage performance declines as it is used.
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3.2.1.3. Application Synergies

Although each case is unique, if a plant used for electric energy time-shift is in the right location
and if it is discharged at the right times, it could also serve the following applications: electric
supply capacity, T&D upgrade deferral, transmission congestion relief, electric service
reliability, electric service power quality, and ancillary services.

3.2.2. Application #2 — Electric Supply Capacity
3.2.2.1. Application Overview

Depending on the circumstances in a given electric supply system, energy storage could be used
to defer and/or to reduce the need to buy new central station generation capacity and/or to ‘rent’
generation capacity in the wholesale electricity marketplace.

In many areas of the U.S., the most likely type of new generation plant ‘on the margin’ is a
natural gas-fired combined cycle power plant. For utilities needing additional peaking capacity,
the conventional proxy or default alternative is usually a relatively clean, simple cycle
combustion turbine. Depending on circumstances, however, other peaking resources may be
preferred (e.g., other types of central/bulk generation, distributed generation, demand response,
and energy efficiency).

The marketplace for electric supply capacity is evolving. In some cases, to one extent or another,
generation capacity cost is included in wholesale energy prices (as an allocated cost per unit of
energy). In other cases, market mechanisms may allow for capacity-related payments. In fact, the
price paid for capacity not used — under terms of utility demand response programs — may reflect
some or all of the marginal cost for generation capacity.

3.2.2.2. Technical Considerations

The operating profile for storage used as supply capacity (characterized by annual hours of
operation, frequency of operation, and duration of operation for each use) is circumstance-
specific. Consequently, it is challenging to make generalizations about storage discharge
duration for this application. Another key criterion affecting discharge duration for this
application is the way that generation capacity is priced. For example, if capacity is priced per
hour, then storage plant duration is flexible. If prices require that the capacity resource be
available for a specified duration for each occurrence (e.g., five hours), or require operation
during an entire time period (e.g., 12:00 p.m. to 5:00 p.m.), then the storage plant discharge
duration must accommodate those requirements.

3.2.2.3. Application Synergies

Depending on location and other circumstances, storage used for this application may be
compatible with the following applications: electric energy time-shift, electric supply reserve
capacity, area regulation, voltage support, T&D upgrade deferral, transmission support and
congestion relief, electric service power quality, and electric service reliability.
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3.3.  Ancillary Services Applications
3.3.1. Application #3 — Load Following
3.3.1.1. Application Overview

Load following is one of the ancillary services required to operate the electricity grid. (See
Appendix A for more detail about ancillary services.) Load following capacity is characterized
by power output that changes as frequently as every several minutes. The output changes in
response to the changing balance between electric supply (primarily generation) and end user
demand (load) within a specific region or area. Output variation is a *“...response to changes in
system frequency, timeline loading, or the relation of these to each other...” that occurs as
needed to “...maintain the scheduled system frequency and/or established interchange with other
areas within predetermined limits.”[9]

Conventional generation-based load following resources’ output increases to follow demand up
as system load increases. Conversely, load following resources’ output decreases to follow
demand down as system load decreases. Typically, the amount of load following needed in the
up direction (load following up) increases each day as load increases during the morning. In the
evening, the amount of load following needed in the down direction (load following down)
increases as aggregate load on the grid drops. A simple depiction of load following is shown in
Figure 3.

Peak

Generation
System /\z\
Loa%’ Load \
up Following down
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__/ Energy Purchases

MW

Baseload Generation
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Figure 3. Electric supply resource stack.

Normally, generation is used for load following. For load following up, generation is operated
such that its output is less than its design or rated output (also referred to as “part load
operation’). That allows operators to increase the generator’s output, as needed, to provide load
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following up to accommodate increasing load. For load following down, generation starts at a
high output level, perhaps even at design output, and the output is decreased as load decreases.

These operating scenarios are notable because operating generation at part load requires more
fuel and results in increased air emissions relative to generation operated at its design output
level. Also, varying the output of generators (rather than operating at constant output) may
increase fuel use and air emissions, and it increases the need for generator variable maintenance.

Storage is well-suited to load following for several reasons. First, most types of storage can
operate at partial output levels with relatively modest performance penalties. Second, most types
of storage can respond very quickly (compared to most types of generation) when more or less
output is needed for load following. Consider also that storage can be used effectively for both
load following up (as load increases) and for load following down (as load decreases), either by
discharging or by charging. (See Appendix D for details.)

When charging storage for load following, the energy stored must be purchased at the prevailing
wholesale price. This is an important consideration — especially for storage with lower efficiency
and/or if the energy used for charging is relatively expensive — because the cost of energy used to
charge storage (to provide load following) may exceed the value of the load following service.

Conversely, the value of energy discharged from storage to provide load following is determined
by the prevailing price for wholesale energy. Depending on circumstances (i.e., if the price for
the load following service does not include the value of the wholesale energy involved), when
discharging for load following, two benefits accrue — one for the load following service and
another for the energy.

Storage competes with central and aggregated distributed generation and with aggregated
demand response/load management resources including curtailable/interruptible loads and direct
load control.

3.3.1.2. Technical Considerations

Storage used for load following should be somewhat-to-very reliable or it cannot be used to meet
contractual obligations associated with bidding in the load following market. Storage used for
load following will probably need access to automated generation control (AGC) from the
respective independent system operator (ISO). Typically, an ISO requires output from an AGC
resource to change every minute.

For this application, storage could provide up to two service hours per hour of discharge
duration. (See Appendix D for details.)

3.3.1.3. Application Synergies

Large/central storage used for load following may be especially complementary to other
applications if charging and discharging for the other applications can be coordinated with
charging and discharging to provide load following. For example, storage used to provide
generation capacity mid-day could be charged in the evening thus following diminished system
demand down during evening hours.

Load following could have good synergies with renewables capacity firming, electric energy
time-shift, and possibly electric supply reserve capacity applications. If storage is distributed,
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then that same storage could also be used for most of the distributed applications and for voltage
support.

3.3.2. Application #4 — Area Regulation
3.3.2.1. Application Overview

Area regulation (regulation) is one of the ancillary services for which storage may be especially
well-suited. Regulation involves managing “interchange flows with other control areas to match
closely the scheduled interchange flows” and moment to moment variations in demand within
the control area.[10]

The primary reasons for including regulation in the power system are to maintain the grid
frequency and to comply with the North American Electric Reliability Council’s (NERC’s)
Control Performance Standards 1 and 2 (NERC 1999a). Regulation also assists in recovery from
disturbances, as measured by compliance with NERC’s Disturbance Control Standard.[11]

In more basic terms, regulation is used to reconcile momentary differences between supply and
demand. That is, at any given moment, the amount of electric supply capacity that is operating
may exceed or may be less than load. Regulation is used for damping of that difference. Consider
the example shown in Figure 4. In that figure, the thin (red) plot with numerous fluctuations
depicts total system demand without regulation. The thicker (black) plot shows system load after
damping of the short-duration fluctuations with regulation.
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Figure 4. System load without and with area regulation.

Regulation is typically provided by generating units that are online and ready to increase or
decrease power as needed. When there is a momentary shortfall of electric supply capacity,
output from regulation resources is increased to provide up regulation. Conversely, regulation
resources’ output is reduced to provide down regulation when there is a momentary excess of
electric supply capacity.
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An important consideration for this application is that most thermal/baseload generation used for
regulation service is not especially well-suited or designed to provide regulation. This is because
most types of thermal/baseload generation are not designed for operation at part load or to
provide variable output. Notably, thermal power plant fuel conversion is usually most efficient
when power plants operate at a specific and constant (power) output level. Similarly, air
emissions and plant wear and tear are usually lowest (per kWh of output) when thermal
generation operates at full load and with constant output.

So, storage may be an attractive alternative to most generation-based load following for at least
three reasons: 1) in general, storage has superior part-load efficiency, 2) efficient storage can be
used to provide up to two times its rated capacity (for regulation), and 3) storage output can be
varied rapidly (e.g., output can change from none to full or from full to none within seconds
rather than minutes).

Two possible operational modes for 1 MW of storage used for regulation and three possible
operational modes for generation used for regulation are shown in Figure 5. The leftmost plot
shows how less-efficient storage could be used for regulation. In that case, increased storage
discharge is used to provide up regulation and reduced discharge is used to provide down
regulation. In essence, one half of the storage’s capacity is used for up regulation and the other
half of the storage capacity is used for down regulation (similar to the rightmost plot which
shows how 1 MW of generation is often used for regulation service). Next, consider the second
plot which shows how 1 MW of efficient storage can be used to provide 2 MW of regulation —
1 MW up and 1 MW down — using discharging and charging, respectively.

1MW 1MW
Storage Generation
0.5 0.5
MW MW
up 1 1 up
MW MW
0.5 up down : 0.5
MW MW
down down
1
MW
down

Figure 5. Storage and generation operation for area regulation.

When storage provides down regulation by charging, it absorbs energy from the grid, and the
storage operator must pay for that energy. That is notable — especially for storage with lower
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efficiency — because the cost for that energy may exceed the value of the load following service.
(Energy stored during load following, however, could be used later for other benefits which, if
combined with the load following benefit, may still be attractive.)

3.3.2.2. Technical Considerations

The rapid-response characteristic (i.e., fast ramp rate) of some types of storage makes that
storage especially valuable as a regulation resource. In fact, the benefit of regulation from
storage with a fast ramp rate (e.g., flywheels, capacitors, and some battery types) is on the order
of two times that of regulation provided by generation. (See Appendix E for details.)

Storage used for regulation should have access to and be able to respond to the area control error
(ACE) signal which may require a response time of less than five seconds. Resources used to
provide regulation should be quite reliable, and they must have high quality, stable (power)
output characteristics.

3.3.2.3. Application Synergies

In most cases, storage used to provide area regulation cannot be used simultaneously for another
application. However, at any given time, storage could be used for another more beneficial
application instead of using it for regulation (e.g., electric energy time-shift, electric supply
capacity, electric supply reserve capacity, or T&D upgrade deferral).

3.3.3. Application #5 — Electric Supply Reserve Capacity
3.3.3.1. Application Overview

Prudent operation of an electric grid includes use of electric supply reserve capacity (reserve
capacity) that can be called upon when some portion of the normal electric supply resources
become unavailable unexpectedly. In the electric utility realm, this reserve capacity is classified
as an ancillary service. (See Appendix A and [12] for details about ancillary services.)

At minimum, reserves should be at least as large as the single largest resource (e.g., the single
largest generation unit) serving the system. Generally, reserve capacity is equivalent to 15% to
20% of the normal electric supply capacity, although specific reserve margins are designated in
rules and/or regulations. In the U.S., the National Electric Reliability Council (NERC) is a key
agency involved in establishing reserve capacity requirements.[13]

The three generic types of reserve capacity are:

e Spinning Reserve — Generation capacity that is online but unloaded and that can respond
within 10 minutes to compensate for generation or transmission outages. ‘Frequency-
responsive’ spinning reserve responds within 10 seconds to maintain system frequency.
Spinning reserves are the first type used when a shortfall occurs.

e Supplemental Reserve — Generation capacity that may be offline, or that comprises a
block of curtailable and/or interruptible loads, and that can be available within
10 minutes. Unlike spinning reserve capacity, supplemental reserve capacity is not
synchronized with the grid (frequency). Supplemental reserves are used after all spinning
reserves are online.
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e Backup Supply — Generation that can pick up load within one hour. Its role is,
essentially, a backup for spinning and supplemental reserves. Backup supply may also be
used as backup for commercial energy sales.

Importantly for storage, generation resources used as reserve capacity must be online and
operational (i.e., at part load). Unlike generation, in almost all circumstances, storage used for
reserve capacity does not discharge at all — it just has to be ready and available to discharge if
needed.

Note that storage can provide two times its capacity as reserve capacity when the storage is
charging, because the storage can simultaneously stop charging and start discharging.

3.3.3.2. Technical Considerations

Of course, storage used for reserve capacity must have enough stored energy to discharge for the
required amount of time (usually at least one hour).

Storage used for this application must be somewhat reliable, though penalties for not providing
the service after a bid are not onerous for individual events. Reserve capacity resources must
receive and respond to appropriate control signals. Typical discharge durations for this
application are between one and two hours. Reserve capacity may have to respond to the ISO’s
AGC signal.

3.3.3.3. Application Synergies

Electric supply reserve capacity is especially compatible with other applications and application
combinations primarily for the following reasons:

e Most times when storage is used for reserves, it does not discharge.
e While charging, storage can provide two times its capacity as reserve capacity.

e If'there is an hour-ahead market for reserve capacity, then decisions can be made almost
real-time regarding the merits of discharging — if needed — compared to saving the energy
to use later, for more benefit.[14]

In most cases, storage cannot serve any other applications while it is providing electric supply
reserve capacity. Nevertheless, when storage is not used as electric supply reserve capacity, it
could be used for electric energy time-shift, electric supply capacity, other ancillary services,
renewables energy time-shift, renewables capacity firming, and wind generation grid integration.
Depending on location, it could also be used for transmission congestion relief and T&D upgrade
deferral.

3.3.4. Application #6 — Voltage Support
3.3.4.1. Application Overview

An important technical challenge for electric grid system operators is to maintain necessary
voltage levels with the required stability. In most cases, meeting that challenge requires
management of a phenomenon called ‘reactance’. Reactance occurs because equipment that
generates, transmits, or uses electricity often has or exhibits characteristics like those of
inductors and capacitors in an electric circuit. (See Appendix C for more details.)
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To manage reactance at the grid system level, grid system operators rely on an ancillary service
called ‘voltage support’. The purpose of voltage support is to offset reactive effects so that grid
system voltage can be restored or maintained.

Historically, voltage support has been provided by generation resources. Those resources are
used to generate reactive power (VAR) that offsets reactance in the grid. New technologies
(e.g., modular energy storage, modular generation, power electronics, and communications and
control systems) make new alternatives for voltage support increasingly viable.[15][16]

(Conventional ‘power factor correction’ capacitors are good for managing localized reactance
that occurs during normal operating conditions. Capacitors do not perform well as a voltage
support resource, however, because they draw an increasing amount of current as voltage drops —
to maintain power — which adds to voltage-related problems affecting the greater grid system.
See Section 5.3.6 and Appendix C for more details about power factor correction.)

This is an application for which distributed storage may be especially attractive because reactive
power cannot be transmitted efficaciously over long distances. Notably, many major power
outages are at least partially attributable to problems related to transmitting reactive power to
load centers. So, distributed storage — located within load centers where most reactance occurs —
provides especially helpful voltage support.[17][18]

One especially notable load type for this application is smaller air conditioning (A/C) equipment
like that used for residences and for small businesses. The reactance from motors used for A/C
compressors poses a significant voltage-related challenge because, as grid voltage drops — during
localized or region-wide grid emergencies — the motors draw an increasing amount of current to
maintain power. That exacerbates the voltage problem, in part because air conditioners are most
likely to be turned on when the grid is most heavily loaded and possibly when the grid is
especially prone to voltage-related problems.

3.3.4.2. Technical Considerations

Storage systems used for voltage support must have VAR support capability if they will be used
to inject reactive power. Also, storage used for voltage support must receive and respond quickly
to appropriate control signals.

The standard value for discharge duration is assumed to be 30 minutes — time for the grid
system to stabilize and, if necessary, to begin orderly load shedding.

3.3.4.3. Application Synergies

In general, storage used for voltage support must be available within a few seconds to serve load
for a few minutes to perhaps as much as an hour. Thus, storage serving another application could
also provide voltage support if the storage can be available within a few seconds to provide
voltage support and if the storage has enough stored energy to discharge for durations ranging
from a few minutes to an hour.

Central/bulk storage used for voltage support could also be used for electric energy time-shift,
electric supply capacity, other ancillary services, renewables energy time-shift, renewables
capacity firming, and wind generation integration.

Distributed storage used for voltage support probably cannot be used for area regulation or
transmission support though it probably could be used for most or all of the other applications
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covered in this report with little or no fechnical conflict, though circumstance-specific dispatch
needs may cause operational conflicts.

If the same storage is used for voltage support and for another ‘must-run’ application (e.g., T&D
upgrade deferral), then the worst case is that the storage is completely dedicated to serving local
demand during the few dozen to few hundred hours per year when the T&D equipment is most
heavily loaded, leaving storage available during 95%+ of the year to serve other applications.

3.4. Grid System Applications
3.41. Application #7 — Transmission Support
3.4.1.1. Application Overview

Energy storage used for transmission support improves T&D system performance by
compensating for electrical anomalies and disturbances such as voltage sag, unstable voltage,
and sub-synchronous resonance. The result is a more stable system with improved performance
(throughput). It is similar to the ancillary service (not addressed in this guide) referred to as
Network Stability. Benefits from transmission support are highly situation-specific and site-
specific. Table 6 briefly describes ways that energy storage can provide transmission support.

Table 6. Types of Transmission Support
Type Description ‘

Transmission Stability Damping Increase load carrying capacity by improving dynamic
stability.

Sub-synchronous Resonance Damping | Increase line capacity by allowing higher levels of
series compensation by providing active real and/or
reactive power modulation at sub-synchronous
resonance modal frequencies.

Voltage Control and Stability 1. Transient Voltage Dip Improvement

Increase load carrying capacity by reducing the
voltage dip that follows a system disturbance.

2. Dynamic Voltage Stability

Improve transfer capability by improving voltage

stability.
Under-frequency Load Shedding Reduce load shedding needed to manage under-
Reduction frequency conditions which occur during large system

disturbances.

Source: adapted from information provided by EPRI.[19][20][21]

3.4.1.2. Technical Considerations

To be used for transmission support, energy storage must be capable of sub-second response,
partial state-of-charge operation, and many charge-discharge cycles. Communication and control
systems are important for this application. Also, storage used for transmission support must be
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very reliable. For storage to be most beneficial as a transmission support resource, it should
provide both real and reactive power.[22]

Typical discharge durations for transmission support are between one and twenty seconds. The
standard discharge duration assumed for this application is five seconds.

3.4.1.3. Application Synergies

Storage that is used for transmission support probably cannot be used concurrently for other
applications. Nevertheless, storage used for transmission support during peak demand or peak
congestion times could be used at other times for several other applications, if the storage has the
necessary discharge duration (e.g., one hour or more for ancillary services).

3.4.2. Application #8 — Transmission Congestion Relief

3.4.2.1. Application Overview

In many areas, transmission capacity additions are not keeping pace with the growth in peak
electric demand. Consequently, transmission systems are becoming congested during periods of
peak demand, driving the need and cost for more transmission capacity and increased
transmission access charges. Additionally, transmission congestion may lead to increased use of
congestion charges or locational marginal pricing (LMP) for electric energy.

Storage could be used to avoid congestion-related costs and charges, especially if the charges
become onerous due to significant transmission system congestion. In this application, storage
systems would be installed at locations that are electrically downstream from the congested
portion of the transmission system. Energy would be stored when there is no transmission
congestion, and it would be discharged (during peak demand periods) to reduce transmission
capacity requirements.

3.4.2.2. Technical Considerations

The discharge duration needed for transmission congestion relief cannot be generalized easily,
given all the possible manifestations. As with the T&D upgrade deferral application, it may be
that there are just a few individual hours throughout the year when congestion charges apply. Or,
there may be a few occurrences during a year when there are several consecutive hours of
transmission congestion. Also, congestion charges may be applied like demand charges with
payments made for maximum demand during specific times during specific months of the year.
Congestion charges may vary from year to year because supply and demand are always
changing.

The standard discharge duration assumed for this application is four hours.

3.4.2.3. Application Synergies

Depending on location, the owner, the discharge duration, and other circumstances, storage used
for transmission congestion relief may be compatible with most if not all applications described
in this report, especially electric energy time-shift, electric supply capacity (peaking), ancillary
services, and possibly renewable energy time-shift.
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3.4.3. Application #9 — Transmission and Distribution Upgrade Deferral

3.4.3.1. Application Overview

Transmission and distribution (T&D) upgrade deferral involves delaying — and in some cases
avoiding entirely — utility investments in transmission and/or distribution system upgrades, using
relatively small amounts of storage. Consider a T&D system whose peak electric loading is
approaching the system’s load carrying capacity (design rating). In some cases, installing a small
amount of energy storage downstream from the nearly overloaded T&D node will defer the need
for a T&D upgrade.

Consider a more specific example: A 15-MW substation is operating at 3% below its rating and
load growth is about 2% per year. In response, engineers plan to upgrade the substation next year
by adding 5 MV A of additional capacity. As an alternative, engineers could consider installing
enough storage to meet the expected load growth for next year, plus any appropriate engineering
contingencies (i.e., it may not be prudent to install ‘just enough’ storage, especially if there is
uncertainty about load growth). For the 15-MW substation in this example: At a 2% load growth
rate, the load growth during the next year will be 300 kW (2% x 15 MW). Adding a 25%
engineering contingency, the storage plant needed to defer T&D upgrade would be about

375 kW.

The key theme is that a small amount of storage can be used provide enough incremental
capacity to defer the need for a large ‘lump’ investment in T&D equipment. Doing so reduces
overall cost to ratepayers; improves utility asset utilization; allows use of the capital for other
projects; and reduces the financial risk associated with lump investments.

Notably, for most nodes within a T&D system, the highest loads occur on just a few days per
year, for just a few hours per year. Often, the highest annual load occurs on one specific day
whose peak is somewhat higher than any other day. One important implication is that storage
used for this application can provide a lot of benefit with limited or no need to discharge. Given
that most modular storage types have a high variable operating cost, this application may be
especially attractive for some storage types.

Alhough the emphasis for this application is on T&D upgrade deferral, a similar rationale
applies to T&D equipment /ife extension. That is, if storage use reduces loading on existing
equipment that is nearing its expected life, the result could be to extend the life of the existing
equipment. This may be especially compelling for T&D equipment that includes aging
transformers and underground power cables.

Readers are encouraged to see the Sandia National Laboratories report entitled Electric Utility
Transmission and Distribution Upgrade Deferral Benefits from Modular Electricity Storage for
more details.[23]

3.4.3.2. Technical Considerations

Energy storage must serve sufficient load, for as long as needed, to keep loading on the T&D
equipment below a specified maximum. Discharge duration is a critical design criterion that
cannot be generalized well. It may require interaction with utility engineers or engineers that
design and/or operate distribution systems. The standard discharge duration is assumed to range
from three to six hours.
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3.4.3.3. Application Synergies

Utility-owned storage used for T&D deferral is also likely to be well-suited for several other
applications, especially electric energy time-shift, electric supply capacity (peaking), and electric
supply reserve capacity. Depending on location and circumstances, the same utility-owned
storage could also be used for voltage support, transmission congestion relief, electric service
reliability, electric service power quality, and renewables energy time-shift.

If the storage is customer-owned, it may be especially compatible with TOU energy cost and
demand charge management as well as electric service reliability and electric service power
quality and for renewables (co-located distributed PV) capacity firming.

3.4.4. Application #10 — Substation On-site Power

3.4.4.1. Application Overview

There are at least 100,000 battery storage systems at utility substations in the U.S. They provide
power to switching components and to substation communication and control equipment when
the grid is not energized. The vast majority of these systems use lead-acid batteries, mostly
vented and to a lesser extent valve-regulated, with 5% of systems being powered by NiCad
batteries.[24]

Apparently, users are generally satisfied, though reduced need for routine maintenance,
improved reliability, and longer battery life would make alternatives attractive, especially if the
cost is comparable to that of the incumbent technologies.

3.4.4.2. Technical Considerations

One important feature that competitive substation on-site power options must have is equal or
better reliability than the standard option. Ideally, new options have lower maintenance
requirements than the existing systems. Also, competitive options should have a straightforward
way to determine the storage system’s remaining useful life and ideally its ‘state-of-health’.

One feature needed to address an emerging opportunity is the ability to serve the growing
number of on-site DC loads (e.g., from DC motors and actuators replacing electro-mechanical
systems). Especially important are the capacity to provide inrush currents (e.g., for motor
startup) and a faster ramp rate to serve momentary loads including switchgear operation, motor-
driven valves, isolating switches, and the field flashing of generators.[25]

IEEE Standard 485, which addresses sizing of battery systems for substation DC loads, groups
substation DC loads into three categories: 1) continuous loads, 2) non-continuous loads, and

3) momentary loads. Based on results from a survey of systems, locations serving voltages of
about 69 kV are rated at 1.6 kVA; locations serving the grid at 69 kV to 169 kV have storage
rated at about 2.9 kVA; and substations serving the grid at voltages exceeding 169 kV have
storage systems rated at 8.5 kVA. The standard value assumed is 2.5 kW. The standard discharge
duration is assumed to range from 8 to 16 hours.

3.4.4.3. Application Synergies

Conceptually, the same storage used for substation on-site power could be used for other
applications. Key considerations include a) use of the storage for other applications cannot
degrade reliability and b) the storage must have sufficient discharge duration to serve the
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substation on-site power application p/us other applications (i.e., enough energy must be stored
to serve the substation on-site power application and the other applications). For example, if

8 hours of discharge duration is required for substation on-site power and 5 hours are required
for another application then the total discharge duration must be 8 + 5 = 13 hours. Given the high
incremental cost for most types of storage that would be used for substation on-site power, use of
the same storage system for other applications may be impractical in most circumstances.

3.5. End User/Utility Customer Applications
3.5.1. Application #11 — Time-of-use Energy Cost Management
3.5.1.1. Application Overview

Time-of-use (TOU) energy cost management involves storage used by energy end users (utility
customers) to reduce their overall costs for electricity. Customers charge the storage during off-
peak time periods when the electric energy price is low, then discharge the energy during times
when on-peak TOU energy prices apply. This application is similar to electric energy time-shift,
although electric energy prices are based on the customer’s retail tariff, whereas at any given
time the price for electric energy time-shift is the prevailing wholesale price.

Pacific Gas and Electric Company’s (PG&E’s) Small Commercial TOU A-6 tariff was used for

the working example. It applies from May to October, Monday through Friday. Commercial and
industrial electricity end users whose peak power requirements are less than or equal to 500 kW

are eligible for the A-6 tariff.
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Figure 6. Summer energy prices for PG&E’s Small Commercial A-6 TOU rate.
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As shown in Figure 6, energy prices are about 32 ¢/kWh on-peak (12:00 p.m. to 6:00 p.m.).
Prices during partial-peak (8:30 a.m. to 12:00 p.m. and 6:00 p.m. to 9:30 p.m.) are about
15 ¢/kWh, and during off-peak (9:30 p.m. to 8:30 a.m.) prices are about 10 ¢/kWh.

Although electricity end users receive the benefit for reducing energy cost, it is likely that that
storage design, procurement, transaction costs, etc. would be too challenging for many potential
users, especially those with relatively small energy use. If so, one option is to establish a
partnership with an aggregator, as discussed in Section 6.5.4.

3.5.1.2. Technical Considerations

The maximum discharge duration for this application is determined based on the relevant tariff.
For example, for the A-6 tariff there are six on-peak hours (12:00 p.m. to 6:00 p.m.). The
standard value assumed for this application is five hours of discharge duration.

3.5.1.3. Application Synergies

Depending on overlaps between on-peak energy prices and times when peak demand charges
apply, the same storage system use for time-of-use energy cost management might also be
compatible with the demand charge management application. It could also provide benefits
associated with improved electric service power quality and improved electric service reliability.
Similarly, depending on a plant’s discharge duration and when discharge occurs, it may be
compatible with the T&D upgrade deferral application.

3.5.2. Application #12 — Demand Charge Management
3.5.2.1. Application Overview

Energy storage could be used by electricity end users (i.e., utility customers) to reduce the
overall costs for electric service by reducing demand charges, by reducing power draw during
specified periods, normally the utility’s peak demand periods.

To avoid a demand charge, load” must be reduced during all hours of the demand charge period,
usually a specified period of time (e.g., 11:00 a.m. to 5:00 p.m.) and on specified days (most
often weekdays). In many cases, the demand charge is assessed if load is present during just one
15-minute period, during times of the day and during months when demand charges apply.

The most significant demand charges assessed are those based on the maximum load during the
peak demand period (e.g., 12:00 p.m. to 5:00 p.m.) in the respective month. It is somewhat
common to also assess additional demand charges for 1) part peak or (partial peak) demand that
occurs during times such as ‘shoulder hours’ in the mornings and evenings and during winter
weekdays and 2) ‘baseload’ or ‘facility” demand charges that are based on the peak demand no
matter what time (day and month) it occurs. The latter is important for storage because facility
demand charges apply at any time, including at night when most storage charging occurs.

Because there is a facility demand charge assessed during charging, the amount paid for facility
demand charges offsets some of the benefit for reducing demand during times when the higher

" In the utility realm, ‘demand’ often refers to the maximum power draw during a specified period of time (e.g., a
month or year). To avoid confusion relative to the more general economics definition, especially regarding demand
for energy, in this report ‘load’ is often used instead of the term demand when referring to power draw.
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peak demand charges apply. Consider a simple example: The peak demand charge (which
applies during summer afternoons, from 12:00 p.m. to 5:00 p.m.) is $10/kW-month, and the
annual facility demand charge is $2/kW-month. During the night, when charging occurs, the
$2/kW facility demand charge is incurred; when storage discharges mid-day (when peak demand
charges apply), the $10/kW-month demand charge is avoided. The net demand charge reduction
in the example is

$10/kW-month — $2/kW-month = $8/kW-month.

Note that the price for electric energy is expressed in $/kWh used, whereas demand charges are
denominated in $/kW of maximum power draw. Tariffs with demand charges have separate
prices for energy and for power (demand charges). Furthermore, demand charges are typically

assessed for a given month, thus demand charges are often expressed using $/kW per month
($/kW-month).

To reduce load when demand charges are high, storage is charged when there are no or low
demand charges. (Presumably, the price for charging energy is low too.) The stored energy is
discharged to serve load during times when demand charges apply. Typically, energy storage
must discharge for five to six hours for this application, depending on the provisions of the
applicable tariff.

Consider the example illustrated in Figure 7. The figure shows a manufacturer’s load that is
nearly constant at 1 MW for three shifts. During mornings and evenings, the end user’s direct
load and the facilities’ net demand are 1 MW. At night, when the price for energy is low, the
facility’s net demand doubles as low-priced energy is stored at a rate of | MW while the normal
load from the end user’s operations requires another MW of power. During peak demand times
(12:00 p.m. to 5:00 pm in the example), storage discharges (at the rate of 1 MW) to serve the end
user’s direct load of 1 MW, thus eliminating the real-time demand on the grid.
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Figure 7. On-peak demand reduction using energy storage.

In the above example, storage is 80% efficient. To discharge for 5 hours, it must be charged for
5 hours + 0.8 = 6.25 hours.

The ‘additional’ 1.25 hours of charging is needed to offset energy losses. If a facility demand
charge applies, it would be assessed on the entire 2 MW (of net demand) used to serve both load
and storage charging.

Although it is the electricity customer that internalizes the benefit, for this application, the author
presumes that the design, procurement, transaction cost, etc. could be challenging for many
prospective users, especially those with relatively small peak loads. One possible way for storage
to be viable for those prospective users is to partner with an aggregator.

3.5.2.2. Technical Considerations

Given that demand charges apply for an entire month (and perhaps even for an entire year), for
maximum load that occurs for even a few minutes, storage must be reliable. It must have
acceptable or better power quality for loads served.

For this application, the storage plant discharge duration is based on the applicable tariff. For
example, PG&E’s E-19 Medium General Demand-Metered TOU tariff defines six on-peak hours
(12:00 p.m. to 6:00 p.m.). The standard assumption for this application is five hours of discharge
duration.

41



3.5.2.3. Application Synergies

Although each circumstance is different, storage used for demand charge management may be
compatible with the electric energy time-shift application, and it could provide some ancillary
services if end users are allowed to participate in the wholesale energy marketplace.

This application may be compatible with the transmission congestion relief and T&D upgrade
deferral applications if storage use reduces load on T&D equipment when and where needed.
(Note that T&D owners must be motivated and allowed to share related benefits, either by
contract or prices.) Storage used for demand charge management is also likely to be compatible
with the TOU energy cost management application if storage is discharging during times when
energy price is high. Storage used for this application may also be compatible with the electric
service power quality, electric service reliability, renewables capacity firming, and electric
energy time-shift applications.

3.5.3.  Application #13 — Electric Service Reliability
3.5.3.1. Application Overview

The electric service reliability application entails using energy storage to provide highly reliable
electric service. In the event of a complete power outage lasting more than a few seconds, the
storage system provides enough energy to ride through outages of extended duration; to
complete an orderly shutdown of processes; and/or to transfer to on-site generation resources.

3.5.3.2. Technical Considerations

The discharge duration required is based on situation-specific criteria. If an orderly shutdown is
the objective, then discharge duration may be an hour or more. If an orderly transfer to a
generation device is the objective, then no more than a few minutes of discharge duration are
needed. The standard value for discharge duration is 15 minutes.

Storage used for this application must reliably yield power with sufficient quality.

3.5.3.3. Application Synergies

The electric service reliability application may be compatible with most applications described in
this report except area regulation and transmission support. It is especially compatible with the
electric service power quality application.

If a storage system has sufficient discharge duration to serve the electric service reliability
application plus other applications, it could be especially well-suited to serving the TOU energy
cost and demand charge management applications as well as renewables (co-located distributed
PV) capacity firming.

Depending on circumstances, the same storage system could also be used for electric energy
time-shift, electric supply capacity (peaking), ancillary services, voltage support, transmission
congestion relief, T&D upgrade deferral, electric service reliability, electric service power
quality, and renewables energy time-shift applications.
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3.5.4. Application #14 — Electric Service Power Quality
3.5.4.1. Application Overview

The electric service power quality application involves using energy storage to protect on-site
loads downstream (from storage) against short-duration events that affect the quality of power
delivered to the load. Some manifestations of poor power quality include the following:

e Variations in voltage magnitude (e.g., short-term spikes or dips, longer term surges,
or sags).

e Variations in the primary 60-Hz frequency at which power is delivered.
e Low power factor (voltage and current excessively out of phase with each other).

e Harmonics (i.e., the presence of currents or voltages at frequencies other than the
primary frequency).

e Interruptions in service, of any duration, ranging from a fraction of a second to
several or even many minutes.

3.5.4.2. Technical Considerations

Needless to say, storage used for power quality should produce high-quality power output and
should not adversely affect the grid. Typically, the discharge duration required for the power
quality application ranges from a few seconds to about one minute.

3.5.4.3. Application Synergies

Given the short discharge duration and distributed deployment of storage for electric service
power quality, few if any applications are compatible with storage designed specifically for that
application. Nevertheless, the electric service power quality application may be compatible with
several other applications if storage is designed for those other applications (i.e., with longer
discharge duration), especially time-of-use energy cost management, demand charge
management, and electric service reliability.

3.6. Renewables Integration Applications
3.6.1. Application #15 — Renewables Energy Time-shift
3.6.1.1. Application Overview

Many renewable energy generation resources produce a significant portion of electric energy
when that energy has a low financial value (e.g., at night, on weekends and during holidays) —
generally referred to as off-peak times. Energy storage used in conjunction with renewable
energy generation could be charged using low-value energy from the renewable energy
generation so that energy may be used to offset other purchases or sold when it is more valuable.

The low-value energy is generated off-peak at night and during early mornings when demand is
low and supply is adequate. The energy is more valuable on-peak when demand is high and
supply is tight. The energy value is especially high during hot summer afternoons when A/C use
is most prevalent. The energy that is discharged from the storage could be used by the owner,
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sold via the wholesale or ‘spot’ market, or sold under terms of an energy purchase contract
(commonly referred to as a ‘power purchase agreement’ or PPA).

Storage used for renewables energy time-shift could be located at or near the renewable energy
generation site or in other parts of the grid, including at or near loads. Energy discharged from
storage located at or near the renewable energy generation would have to be transported via the
transmission system during on-peak times whereas storage located at or near loads is charged
using low-value energy that is transmitted during off-peak times.

Typically, the storage discharge duration needed for energy time-shift ranges from four to six
hours, depending mostly on the duration of the region’s off-peak and on-peak periods and the on-
peak versus off-peak energy value or price differential.

Two variations of the renewables energy time-shift application are evaluated in this guide. They
are 1) time-shift of energy from intermittent renewable energy generation resources and 2) time-
shift of energy from baseload renewable energy generation resources. Intermittent renewables
include solar, wind, ocean wave, tidal and, in some cases, hydroelectric. Baseload renewables —
those whose output is somewhat-to-very constant, for several thousand hours per year — include
geothermal, biomass, and, in some cases, hydroelectric. The intermittent renewable energy
generation type evaluated here is wind-fueled generation. The baseload renewable energy
generation evaluated is generic: It operates 24 hours per day and at a minimum it operates during
every weekday during the year.

Storing electric energy from solar generation is not addressed in this report for two reasons.
First, for situations involving grid-connected solar generation, a lot or even most electricity is
produced when energy is already valuable, making energy time-shift relatively unattractive.
Second, most of the value for storage used with solar generation is for capacity firming. (See
Section 3.6.2.) Also not addressed is seasonal renewables energy time-shift. That is because
storing enough energy for seasonal renewables energy time-shift is either impractical or
prohibitively expensive with the possible exception of CAES.

3.6.1.2. Energy Time-shift from Wind Generation

For the case involving wind generation, low-value electric energy from wind generation is stored
at night and during early mornings. The stored energy is discharged when it is most valuable —
during weekday afternoons when demand for electricity is highest.

Not only does energy from wind generation produced off-peak have a low value, depending on
regional circumstances wind generation occurring during off-peak hours can cause operational
challenges. Two such operational challenges are minimum load violations and accommodating
rapid changes to output from intermittent renewable energy generation. (See Section 3.6.3.)
When minimum load violations occur, the combined output from wind generation capacity plus
other ‘must-run’ generation exceeds demand (must-run generation tends to include that which is
fueled by coal, nuclear, baseload renewable energy, and some types of natural-gas-fueled
generation). Rapid output changes from intermittent renewable energy generation can lead to
‘ramping’ of other dispatchable generation, which increases wear, fuel use, and emissions (all
per kWh).

An example of the daily operation profile for wind generation plus storage on a summer day is
shown in Figure 8. For the scenario depicted, wind generation output occurring at night, when
the energy’s value is low, is used to charge storage. In the example, about one-half of the energy
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used on-peak is from wind generation that occurs off-peak. The result is constant power for five
hours.

For the wind generation case, storage discharge duration required ranges from two and one-half

hours to as much as four hours, depending on the amount of energy from wind generation that
occurs during on-peak times.
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Figure 8. Wind generation energy time-shift.

3.6.1.3. Energy Time-shift from Baseload Renewable Energy Generation

Baseload renewables energy time-shift is accomplished by storing energy at night, during oft-
peak periods, so the energy can be used when it is most valuable, especially when hot
temperatures drive significant air conditioning use.

An example of the concept is illustrated in Figure 9. The example involves storage whose power
is equal to that of the generator’s (1 MW) and whose discharge duration is five hours. The
storage is charged during off-peak times using most or all of the generator’s output and the
storage discharges during five on-peak hours. Note that time-shift energy from baseload
renewable energy generation has the effect of doubling the renewable energy generation’s
capacity during times when both demand and the value of electric supply capacity are highest.
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Figure 9. Baseload renewables energy time-shift.

3.6.1.4. Technical Considerations

The discharge duration for this application is circumstance-specific. It depends mostly on
expectations about electric energy prices and/or the terms of the energy purchase agreement,
especially the price and timing of purchases. The standard value assumed in this guide for
discharge duration is five hours.

For intermittent renewable energy generation, another important criterion is the degree to which

the renewable energy generation output coincides with times when the price for electric energy is
high.

PCUs used in conjunction with many, or even most, renewable energy systems do not have what
is needed to facilitate use of storage. Consequently, PCUs used for renewables energy time-shift
must have additional hardware and software to accomplish and to manage charging and
discharging of the storage.

3.6.1.5. Application Synergies

Depending on the location, the timing of the discharge, storage discharge duration, storage ramp
rate, and the owner’s flexibility to optimize storage dispatch, storage used to time-shift electric
energy from renewables generation could also serve several other applications described in this
report.

Renewables energy time-shift is especially compatible with the renewables capacity firming and
electric supply capacity applications. Centrally located storage used for this application could
also be used for electric supply reserve capacity and area regulation. If the storage is deployed in
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distributed mode, then the storage could serve most applications (other than area regulation),

especially voltage support, transmission congestion relief, T&D upgrade deferral, electric service

power quality, electric service reliability, TOU energy cost management, and demand charge

management.
3.6.2.

3.6.2.1. Application Overview

Application #16 — Renewables Capacity Firming

Renewables capacity firming applies to circumstances involving renewable energy-fueled
generation whose output is intermittent. The objective is to use storage to “fill in’ so that the
combined output from renewable energy generation plus storage is somewhat-to-very constant.

The resulting firmed capacity offsets the need to purchase
or ‘rent’ additional dispatchable (capacity) electric supply
resources. Depending on location, firmed renewable energy
output may also offset the need for transmission and/or
distribution equipment. Renewables capacity firming is
especially valuable when peak demand occurs.

For the purpose of renewables capacity firming, renewable
energy generation’s output intermittency can be classified
as ‘short-duration’ (i.e., occurring somewhat-to-very
randomly over timescales ranging from seconds to minutes)
and/or ‘diurnal’ (i.e., occurring in a regular and/or
predictable way during a 24-hour period).

One important challenge associated with intermittent
renewable energy generation is that the generation’s power
output can change rapidly over short periods of time.
Photovoltaic (PV) output can drop quite quickly as clouds
pass. Wind generation output can change rapidly during
gusty conditions.

These rapid changes (also known as ramping) can lead to
the need for dispatchable power sources whose output can
also change rapidly. Most new, non-renewable energy
generation facilities are best operated at constant output. In
some regions, however, there may not be enough
dispatchable generation capacity to offset renewable energy
generation’s ramping. Storage can have an important effect
on the amount of dispatchable generation needed to meet
the renewable energy generation ramping challenge.

Note the important distinction
between renewables capacity
firming, and renewables energy
time-shift.

Capacity firming allows use of
an intermittent electric supply
resource as a nearly constant
power source. Such use may
reduce power-related charges
(e.g., capacity payments or
demand charges), or it may offset
the need for equipment

(e.g., wires, transformers, and
generation) which is an
investment with a fixed cost.

By contrast, energy time-shift
involves enhancing the value of
energy to increase profits and/or
reduce fuel, operation, variable
operation, and maintenance costs
which are expenses.

In most circumstances,
renewables capacity firming is
likely to result in a combined
benefit comprised of a benefit for
renewables energy time-shift and
one for the firm capacity.

In broad terms, good opportunities for renewables capacity firming tend to involve renewable
energy resources whose output is somewhat-to-very coincident with the peak demand and
somewhat-to-very constant. Storage used to firm resources with these characteristics needs

relatively modest discharge duration. Solar generation’s output tends to occur when demand for
electricity is highest and varies somewhat modestly, albeit predictably. In some locations, wind-
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fueled generation output sometimes coincides with peak load and is somewhat stable during peak
load periods.

Although, in most cases, wind generation output is not as coincident with peak demand as that
from solar generation, non-trivial amounts of wind generation do occur during peak demand
periods. Also, wind generation tends to be ramping down as load is increasing, making firming
valuable as a way to reduce load following resources. Additionally, wind generation is somewhat
to quite predictable.

Given those premises, leading candidates for renewables capacity firming include those fueled
with solar energy (especially PV) or with wind energy. Depending on local circumstances, ocean
wave generation output could also be firmed with storage, though it is not considered in this
report.

3.6.2.2. PV Capacity Firming

Although capacity firming applies somewhat equally to large ‘bulk’ solar generation facilities
and to small systems, distributed PV systems are featured here as the solar-fueled generation
because, in many circumstances, it is possible for storage to serve other valuable applications if
the storage is distributed. And, distributed PV systems are more likely to have suboptimal
orientation leading to output that is only somewhat coincident with peak demand periods.

The PV systems are assumed to consist of flat-panel PV modules with a fixed orientation. Fixed-
orientation PV remains stationary as the sun’s position in the sky changes throughout the day.
Output from fixed-orientation PV systems increases as the sun rises during the morning hours;
stays somewhat constant (at the daily maximum) for one to two hours during mid-day; and
declines as the sun moves across the sky in the afternoon. Consequently, output from PV with a
fixed orientation is at a maximum during a portion of the peak load period in many locations. If
fixed PV orientation is not optimal, it will produce a modest to significant portion of output
before or after the utility’s peak demand period.

3.6.2.3. Wind Generation Firming

Large-scale ‘bulk’ wind generation is featured in this report because a significant portion of wind
generation development will involve large wind farms, whereas it seems unlikely that a
significant amount of distributed wind generation will be added, at least for the foreseeable
future. Nonetheless, the capacity firming benefit could apply to distributed wind generation as
well as to central/bulk wind farms.

3.6.2.4. Short-duration Intermittency

Solar Generation Short-duration Intermittency — Shading caused by terrestrial obstructions
such as trees and buildings can cause relatively short-duration, location-specific intermittency.
The most compelling cause of short-duration intermittency from solar generation, however, is
clouds. As a cloud passes over solar collectors, power output from the affected solar generation
system drops. When the cloud moves away from the collector, the output returns to previous
levels. Importantly, when that happens, the rate of change (of output from the solar generation
plant) can be quite rapid. The resulting ramping increases the need for highly dispatchable and
fast-responding generation such as a simple cycle combustion turbine to fill in when clouds pass
over the solar collector.
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Wind Generation Intermittency — Short-duration intermittency from wind generation is caused
by variations of wind speed that occur throughout the day. Although such variations may not be
significant during much of the year, it can be a ramping-related challenge if peak demand for
electricity coincides with gusty wind conditions. Figure 10 shows a basic example of short-
duration intermittency and the implications for storage needed for firming. In the figure, the one-
minute average renewable energy output (for a 1-kW renewable energy plant) is plotted. Note
the variation from one minute to the next.

As shown in the figure, the power needed from storage to offset the short-duration intermittency
is determined based on the maximum difference between the renewable energy plant rating and
the reduced plant output due to short-duration intermittency. In the example, the largest
(magnitude) short-duration drop-off of power from the renewable energy generation is about
34% of the renewable energy’s plant rating. Consequently, the storage plant would need to have
a power rating of at least 0.34 kW per kW of renewable energy generation.
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Figure 10. Renewable-fueled generation, short-duration intermittency (example).

3.6.2.5. Diurnal Intermittency

Solar Generation Diurnal Intermittency — Diurnal intermittency of solar generation is mostly
related to the change of insolation throughout the day as the sun rises in the morning and then
descends in the evening. Shading (not related to clouds) can also add to solar-energy-fueled
generation’s diurnal intermittency. Also, the solar energy-to-electricity conversion efficiency for
some types of solar generation (especially flat-panel PV) drops as the equipment’s temperature
increases. Thus, if ambient temperatures are high, then efficiency may drop, reducing output
commensurately.
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The key source of diurnal intermittency from solar-energy-fueled generation is shown in Figure
11. In that example, storage is discharged when solar generation production is less than the solar
plant’s rated output. The figure also shows that the lowest output from the solar generation
during peak demand hours (about 75% of rated capacity) occurs in the early afternoon as the sun
continues to rise. The effects of short-duration intermittency, if any, are not shown. Based on the
example (without regard to short-duration intermittency), firming of the PV’s output requires
storage whose capacity (power) is equivalent to at least 0.25 kW per kW of the solar generation’s
power rating. The storage must have enough energy to deliver 0.52 kWh per day, for each kW of
the solar generation’s power rating.
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Figure 11. PV generation output variability during peak demand hours (example).

Wind Generation Diurnal Intermittency — In most regions, wind tends to be stronger during
certain parts of the day than during others. For example, in some regions wind speed is relatively
high in the late afternoon and evening and relatively low in the morning and early afternoon.
Such a scenario is shown in Figure 12. As shown in Figure 12, storage fills in when wind
generation output is less than the wind turbine’s rated output. In the figure, the lowest level of
output from the wind generation (about 35% of rated capacity) occurs at about 1:45 p.m. (13:45).
The effects of short-duration intermittency are not shown. So, for the example described in
Figure 12, the storage must provide capacity (power) equal to about 65% of the wind turbine’s
rating. The storage must be able to deliver 2.36 kWh per kW of wind capacity for firming.
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Figure 12. Wind generation diurnal intermittency during peak demand hours.

3.6.2.6. Technical Considerations

Storage power and discharge duration (for renewables capacity firming) are quite circumstance-
specific and resource-specific. At the lower end, it is assumed that one-half to as much as two
hours of discharge duration is needed to firm solar generation, assuming that much of PV output
coincides with peak demand. For the example: To firm wind generation, a somewhat longer
discharge duration (two to three hours) is needed.

Storage used for capacity firming should be quite reliable because the primary reason for
capacity firming is to provide constant power. Also, the price paid for constant power

(i.e., demand charges for retail electricity end users or market price for capacity for the wholesale
part of the market) is usually accompanied by a significant financial penalty if power is not firm.

Power conditioning equipment used for many renewable energy systems does not include the
functionality needed for charging and discharging storage, which requires additional hardware
and software. Nevertheless, the ability to accommodate storage can be added to the power

conditioning equipment used for the renewable energy generation at a relatively low incremental
cost.[26]

3.6.2.7. Application Synergies

Although possibilities are circumstance-specific, storage used for renewables capacity firming
could also provide benefits related to several other applications. Renewables capacity firming is
especially compatible with the renewables energy time-shift and electric supply reserve capacity
applications.
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For distributed renewable energy generation, depending on the location, capacity firming may
also be compatible with several other applications including voltage support, transmission
congestion relief, T&D upgrade deferral, TOU energy cost management, demand charge
management, electric service reliability, and electric service power quality. Incidental benefits
that could accrue are those for reduced T&D energy losses and reduced transmission access
charges.

One especially attractive synergy for distributed PV plus storage is improved electric service
reliability and/or improved electric service power quality. The discharge duration required for
reliability-related and quality-related needs varies considerably; it depends on the robustness of
the electric grid, T&D quality, and the loads and end uses served. The discharge duration needed
for reliability and power quality can range from seconds to hours. For this report, it is assumed
that one-quarter to one-half hour of storage (discharge duration) would be added to the PV plus
storage system to provide reliability and/or power quality-related benefits.

3.6.3. Application #17 — Wind Generation Grid Integration
3.6.3.1. Application Overview

For all but modest wind generation penetration levels, wind generation is likely to have at least
some undesirable impact on the grid. And wind generation does seem poised to be a key element
of the global move toward increased use of renewable energy. In the U.S., growth of wind
generation capacity will be driven, in part, by targets established under the auspices of the
Renewables Portfolio Standard (RPS). (See Section 4.3.1.1 for details about RPS.)

To the extent that emphasis on renewable energy does increase, wind generation is well-
positioned to provide a significant portion of electricity. Wind generation is especially attractive
given the relatively low and dropping electricity production cost from wind generation and good
or better wind resources in many geographic regions.

As wind generation penetration increases, the electricity grid effects that are unique to wind
generation will also increase. Storage could assist with orderly integration of wind generation
(wind integration) by managing or mitigating the more challenging and less desirable effects
from high wind generation penetration.

The wind generation grid integration application includes six subtypes which are grouped into
two categories: 1) short-duration (i.e., lasting for a few seconds to a few minutes) and 2) long-
duration (i.e., lasting for many minutes to a few hours). The six subtypes are shown in Table 7.
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Table 7. Wind Generation Grid Integration Categories and Subtypes

Short-duration Applications
Reduce Output Volatility

Improve Power Quality

Long-duration Applications

Reduce Output Variability

Transmission Congestion Relief

Backup for Unexpected Wind Generation Shortfall

Reduce Minimum Load Violations

3.6.3.2. Reduce Output Volatility

The reduce output volatility application subtype is related to the need to offset wind power
output fluctuations caused by short-duration variation of wind generation output, lasting seconds
to a few minutes.

It is important to note that, in most cases, wind turbines’ geographical diversity smoothes the
aggregate effect of output volatility considerably. If the wind generation is interconnected with a
large, well-diversified, electric supply and grid system, then that system can accommodate
significant wind generation output fluctuations.[27] Nevertheless, for large wind generation
resources, even somewhat modest volatility in the aggregate output may drive a need for a non-
trivial supplemental resources to supply capacity and energy. Smaller and/or less diverse wind
generation resources may require even more storage capacity (per MW of wind generation
capacity).

Although requirements will be different for each location and area, for this report it is assumed
that a well-diversified wind generation resource using storage rated at 2% to 3% of the wind
generation capacity would reduce aggregate volatility and reduce the need for area regulation
significantly.[28][29] That range (2% to 3% of wind generation capacity) applies to wind
penetration levels of about 10% (of total generation capacity). Presumably, the capacity needed
(per kW of wind generation capacity) will change as wind generation penetration increases.

The benefit for this application is estimated based on avoided need for additional area regulation
resources and service. Depending on the amount of output volatility, an alternate approach could
involve that described for renewables capacity firming for short-duration intermittency as
described in Section 3.6.2.4.

3.6.3.3. Improve Power Quality

The power quality application reflects a category of wind-generation-related challenges that are
related to performance standards, interconnection requirements, effects from phenomena such as
wind gusts, and changing electrical conditions in parts of the grid affected by and/or with an
effect on wind generation operations.[30]
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Seven specifically power quality-related challenges are as follows:
e Reactive power
e Harmonics
e Voltage flicker
e Transmission line protection
e Transient stability
¢ Dynamic stability
e System voltage stability

In most cases, conventional non-storage options are available to address these power quality
challenges. For example, capacitors may be used for some reactive-power-related needs. Also,
newer wind turbines will, by design, have reduced power quality impacts.[31]

3.6.3.4. Reduce Output Variability

This application is related to the need to offset generation output variability caused by natural
wind speed variability over durations of several minutes to a few hours. Increasing wind
generation penetration seems likely to increase the need for load following resources beyond
what would otherwise be needed for a more dispatchable electric supply mix. It is important to
note, however, that large, well-diversified electric supply and transmission systems can
accommodate a lot of wind generation variability, especially if the wind generation is
geographically diverse and/or comprises a relatively small portion of the electric supply
capacity.[32]

This application is somewhat analogous to the ‘load following’ ancillary service application
because of the time scales and operational profiles involved. In fact, at the grid level, system load
following resources are used to compensate for such variations. Presumably, reducing aggregate
wind generation variability will also reduce the need for central load following.

In more than a few regions, normal wind speed patterns mean that wind generation output drops
off just as load picks up (i.e., it decreases as people begin activities in the morning). Similarly,
wind generation often increases as load drops off (i.e., generation output rises as people’s
activity, and the associated electric load, decreases at night). In such a scenario, adding wind
generation capacity may also increase the need for load following capacity. In the evening, the
grid may need extra load following in the down direction to accommodate increasing wind
generation output that occurs during times when load is decreasing. Because wind generation
output drops in the morning just as load picks up, more load following in the up direction may be
needed as new wind generation capacity is added.

Wind generation variability (and the corresponding need for load following resources) may be an
especially compelling challenge during times when load is light. This is because, in many
regions, a relatively small amount of dispatchable generation is available at those times to
accommodate wind generation fluctuations (i.e., the output of most generation online at those
times tends to be coal-fired, nuclear, natural gas/steam, ‘must-take’ energy purchase contracts
and some hydroelectric generation that cannot be reduced).[33]
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Although requirements will be different for each location and area, for this report, it is assumed
that storage capacity whose power rating is 4% to 6% of wind generation capacity could offset
the need for a similar amount of system load following resources (i.e., those load following
resources would be needed to accommodate wind generation’s natural variability, without
storage).[34]

That range (4% to 6% of wind generation capacity for reducing output variability) applies to a
geographically diverse wind resource with wind generation penetration levels of about 10% of
total generation capacity. Presumably, the optimal amount of storage would change with wind
generation penetrations above 10%.

3.6.3.5. Transmission Congestion Relief

This application reflects an important challenge posed by the installation of significant amounts
of wind power capacity. At any given point in time, the transmission system may not have
enough capacity to transfer the energy generated by all the wind turbines, causing ‘congestion’
on the grid (i.e., too much energy to be transferred through the available transmission capacity).
Storage could be used in lieu of upgrading transmission to accommodate wind generation during
times when congestion occurs:

e Storage located upstream from the point of congestion could be charged when congestion
occurs, so energy can be transmitted when there is no congestion.

e Storage located downstream from the point of congestion would allow for transmission of
energy for charging when there is no congestion. That energy can be used later when
congestion occurs.

3.6.3.6. Backup for Unexpected Wind Generation Shortfall

The need for storage backup for unexpected wind generation shortfall materializes when regional
wind velocity is considerably lower than predicted and wind generation is supplying a relatively
large portion of total grid power. Although such events are rare, the effect on the grid may be
significant. As wind generation penetration increases, the impact from such events may also
increase.

Consider one real-world example. On February 27, 2008, the state of Texas experienced an
unexpected “drop in wind generation...coupled with colder than expected weather.” During the
event, wind generation output reportedly dropped from about 1,700 MW to about 300 MW. Grid
operators responded by asking grid customers with interruptible electric tariffs to reduce power
use by about 1 GW for about 90 minutes.[35] Two key options when this occurs are 1) to call on
end users with interruptible or curtailable electric service or 2) to dispatch reserve capacity.

3.6.3.7. Reduce Minimum Load Violations

In some cases, wind generation output occurs when must-run and/or non-dispatchable generation
capacity online exceeds demand. In this report, that situation is referred to as a minimum load
violation. Possible alternatives for addressing minimum load violations may include ‘dumping’
or ‘spilling’ unusable energy or curtailing wind generation output. Storage may be especially
helpful to manage those situations, especially if the minimum load violation results in ‘negative
prices’, meaning that energy users get paid to take the energy.
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3.6.3.8. Technical Considerations

Storage for wind-generation-related transmission congestion relief and for backup does not have
any unique technical requirements. Ramp rate is not especially important, and reliability is not
especially important if there are a large number of storage units in service.

Storage used to address wind output intermittency and power quality must have a rapid ramp
rate. Storage used to address wind output intermittency will likely need to have a very high
efficiency and low operation cost because that application involves many charge/discharge
cycles per hour.

If reactive power capability is needed for power quality, then the storage system’s PCU must
have VAR support capability or must be able to produce reactive power.

3.6.3.9. Application Synergies

Generalizing application synergies for wind generation grid integration may not be especially
helpful, as technical and operational needs for the six application subtypes vary so much.
Nevertheless, there are many possible combinations, some of which may be attractive now or in
the future. Especially notable are synergies with the renewables energy time-shift and
renewables capacity firming applications; storage used with wind generation for those
applications may also reduce grid effects from wind output variability incidentally.

Reducing output volatility is probably not compatible with any other application subtype or with
any of the other primary applications described in this report because storage used to manage
output volatility is almost always in service. Storage designed for the improved power quality
application subtype probably has a short duration and thus may not be compatible with use for
other applications.

Depending on the timing of storage output and the storage’s location, storage used for the
transmission congestion relief, reduce output variability, reduce minimum load violations, and
backup for unexpected wind generation shortfall application subtypes may be compatible with
each other or with several other primary applications.

If the storage is located at distributed locations (i.e., for small commercial or even residential
wind turbines), then storage could also be used for T&D upgrade deferral, electric service
reliability, electric service power quality, TOU energy cost management, and demand charge
management.

3.7. Distributed Energy Storage Applications

Locating storage near loads opens up opportunities to use the same storage for many more
applications than a larger ‘central’ or ‘bulk’ resource could address. Depending on the location,
storage deployed as a distributed energy resource (DER) may be compatible with all applications
listed in this report except for area regulation, transmission support, and some wind integration-
related uses.

3.7.1. Locational Distributed Storage Applications

The applications in this subsection are those that are best served by distributed storage or cannot
be served unless the storage is deployed in distributed mode (i.e., the storage is located where
needed, near to loads). These applications include voltage support, transmission congestion
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relief, T&D upgrade deferral, TOU energy cost management, demand charge management,
electric service reliability, electric service power quality, renewables capacity firming, and wind
generation grid integration

For example, storage used to defer a T&D capacity upgrade must be located near loads served by
the T&D equipment in question. More specifically, the storage must be located downstream
(electrically) from the T&D node in question. Another example is storage used to improve
localized power quality. That storage must be located where it actually provides the necessary
effect(s) on power quality.

3.7.1.1. Voltage Support

For this report, distributed storage (i.e., storage located near loads that most heavily affect
voltage) is a viable option for the voltage support application, whereas voltage support provided
centrally is assumed to be from large generation facilities. Unless the grid is weak or poor,
storage will be used very little, if at all, for this application. Given that consideration, almost any
storage located at or near loads that contribute to cascading outages could provide voltage
support if it has VAR support capabilities and a discharge duration of 30 minutes or more.

3.7.1.2. Transmission Congestion Relief

If distributed storage is located downstream from congested transmission, then it could be used
to store energy when there is no congestion and/or to reduce demand downstream from
congestion when the congestion occurs. For distributed storage, this application/benefit may be
especially compatible with the following applications/benefits: demand charge management,
TOU energy cost management, electric supply reserve capacity, voltage support, electric service
reliability, and electric service power quality.

3.7.1.3. T&D Upgrade Deferral

T&D upgrade deferral is one of the richest possibilities for distributed storage because the
benefit can be so high. Also, this application/benefit may be compatible with several other
applications/benefits, especially the following: electric supply reserve capacity, voltage support,
electric service reliability, electric service power quality, TOU energy cost management, demand
charge management, and possibly even electric supply reserve capacity and load following.

3.7.1.4. Time-of-use Energy Cost Management and Demand Charge
Management

Bill management includes two closely related applications: TOU energy cost management and
demand charge management. These applications are notable because storage used for them could
also be used for electric service reliability, electric service power quality, electric supply reserve
capacity (when charging and when charged but not discharging) and load following (when
charging). Storage installed in advantageous locations could also provide voltage support, T&D
upgrade deferral, and transmission congestion relief.

3.7.1.5. Electric Service Reliability and Electric Service Power Quality

Electric service reliability and electric service power quality are especially notable applications
because significant demand for storage already exists in the form of uninterruptible power
supplies (UPSs). They are also notable because, in most cases, storage can provide significant
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benefit with limited charging/discharging and relatively short discharge durations. In many
cases, storage used for several distributed storage applications could also provide backup energy
for electric service reliability and could be used to condition power as needed to address power
quality problems.

3.7.1.6. Renewables Capacity Firming — Photovoltaics

There are strong synergies when modest storage capacity is coupled with on-site PV. Although
PV production may not coincide with capacity needs, most PV production occurs during times
when most energy is used, and PV alone cannot provide emergency or backup power without
sunlight. Distributed storage used to firm PV capacity may also be compatible with other
applications, including demand charge management, TOU energy cost management, electric
supply reserve capacity, voltage support, electric service reliability, and electric service power
quality.

3.7.1.7. Wind Generation Grid Integration

New wind turbine concepts may lead to increasing use of distributed wind generation capacity.
As noted in the discussion of the wind generation integration application (Section 3.6), storage
may be important if there will be even modest penetration of wind generation capacity at the
distribution level. Depending on the circumstances, wind generation’s energy could be sold to
the grid at a profit or used to reduce TOU energy charges. Also depending on the circumstances,
firming wind generation capacity with storage may provide capacity value if the utility has a
need for the firm capacity and/or if the end user can use it to reduce demand charges.

3.7.2. Non-locational Distributed Storage Applications

For the following applications, distributed storage may be located anywhere that its operation
does not cause operational or technical problems for the grid: electric energy time-shift, electric
supply capacity, load following, area regulation, electric supply reserve capacity, and renewables
energy time-shift.

3.7.2.1. Electric Energy Time-shift

Assuming that distributed storage is not subject to transmission congestion during charging,
distributed storage could be used to store inexpensive off-peak electric energy from the grid so
that the energy may be used or sold when value/price is high.

3.7.2.2. Electric Supply Capacity

As with electric energy time-shift, if distributed storage is not subject to transmission congestion
when charging occurs, it can be used to store inexpensive off-peak electric energy from the grid
so that the energy may be used for electric supply capacity firming when doing so is valuable.

3.7.2.3. Load Following

To the extent that distributed storage can respond to control signals from the ISO, it can be used
for load following. Perhaps most interesting is the possibility of providing load following,
incidentally, while charging. (See Section 3.3.1 for details.)
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3.7.2.4. Area Regulation

Conceptually, area regulation could be provided anywhere within an area if the location does not
have any transmission constraints. If the area regulation capacity is located downstream
(electrically) from subtransmission or distribution equipment, there may be some back-feed
constraints if the equipment cannot accommodate a significant amount of energy flow into the
transmission system. If so, then perhaps the area regulation capacity could be matched to local
area regulation needs.

3.7.2.5. Electric Supply Reserve Capacity

Distributed storage that is charging or that is in standby mode can provide reserve capacity.
Notably, unless the electric supply system served is weak or poorly managed, storage will be
used very little for reserve capacity.

3.7.2.6. Renewables Energy Time-shift

As the electricity marketplace evolves, there may be opportunities for using distributed energy
storage to store energy generated by large renewable-fueled generation located upstream from
transmission and/or distribution system bottlenecks. Key objectives include increasing
renewables’ energy and capacity value and relieving grid system congestion. This seems
especially valuable if distributed storage can be charged when minimum load conditions exist (or
even when less severe mismatches between supply and load exist); and/or when charging can be
used for load following; and when transmission congestion is not a challenge.

3.7.3. Incidental Applications from Distributed Storage

Distributed storage can serve some applications, incidentally, while charging — most notably load
following and electric supply reserve capacity. If the distributed storage (which is charging) has
enough stored energy then it can also discharge to provide additional electric supply reserve
capacity for other applications including voltage support, electric service reliability, and electric
service power quality. Note that reduced storage charging has the same effect as adding reserve
capacity. If, after charging is stopped, that same storage then discharges into the grid or picks up
load, then the storage essentially provides two times its capacity as reserve capacity.

Similarly, distributed storage that is charged can serve several applications, incidentally, while in
standby mode (i.e., while not being used for a primary application) including electric supply
capacity, voltage support, electric service reliability, and electric service power quality.

3.8. Applications Not Addressed in this Guide

It is important to note that the approach used for this report — involving applications that are
defined based on the corresponding electric utility-related benefit — may seem to exclude many
possible uses of storage. Certainly, that was not the authors’ intention. Indeed, the framework
developed for this report can be used to estimate the financial benefits associated with many uses
of storage, including many not addressed explicitly, because the benefits described are intended
to address the various revenues and avoided costs that accrue when storage is used.

Consider three examples of storage use: 1) as a backup power source for telecommunications
facilities, 2) as part of a rail system to address voltage sags and to recuperate energy using

59



regenerative braking, and 3) for localized reactive power compensation (VAR support) by
utilities.

For the first example (backup for telecom facilities), the benefit is related to avoided outages.
The magnitude of the benefit can be estimated using an approach similar to that described in this
report for the electric service reliability benefit. Specifically, the benefit is either the cost avoided
because a more expensive alternative (e.g., diesel engine generators) is not needed if storage is
used, or the application-specific value of avoided unserved energy.

The benefit for use of storage in the second example (rail system trackside storage) is some
combination of reduced cost for other equipment needed to address the voltage sag challenge;
reduced cost to purchase energy; and reduced peak demand charges. In many cases, the
equipment purchases that are deferred or avoided are for additional circuits and/or transformers
and/or power electronics.

In the third example (utility use of storage for VAR support), the benefit is the avoided cost for
equipment that would have to be installed without storage, normally capacitors.
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4. Maximum Market Potential Estimation

This section describes a framework for making a high-level, ‘first-cut’ estimate of the market
potential for storage for each of the applications characterized herein (see Figure 13). It entails a
generic, three-step process. Estimates for steps one and two are provided in this guide. Taking
the estimate to the final step is beyond the scope of this report, as making it requires detailed
analysis involving, among other criteria and considerations, 1) a broad array of national and
regional market conditions, drivers, and trends; 2) utility regulations and rules; 3) technology
cost and performance, existing and trends; 4) the spectrum of benefits (values) for individual
applications and for viable application combinations (value propositions); and 5) stakeholder
biases and preferences.

4.1. Market Potential Estimation Framework

As indicated by the outer square in Figure 13, the first step required when estimating economic
market potential is to ascertain the fechnical market potential. It is the maximum amount (MW)
possible given technical constraints. As an upper bound, the technical potential is the peak
electric demand.

Next, the maximum market potential is established. As shown in Figure 13, maximum market
potential is a portion of the technical potential. It is an estimate of the maximum possible
demand given constraints that are practical or institutional in nature (e.g., utility regulations and
practices). Maximum market potential is also established without regard to storage cost.

Finally, an estimate would be made of the expected market potential (market estimate). As
shown in Figure 13, the market estimate is some portion of the maximum market potential. The
market estimate reflects the amount of storage that an analyst expects to be deployed, over a
given period of time (10 years in this document), for the specified application or combination of
applications.

1

Technical Market Potential
|

Maximum Market Potential
I I

Market Estimate

Figure 13. Market potential and estimate.
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Market estimates may be as detailed and precise as appropriate. At the very least, various levels
of market potential can be tested for reasonableness using a combination of judgment,
knowledge, and preliminary product cost estimates. Alternative bases for estimates could
include, for example, sales trends and projections, surveys, analysis of utility capital budget
plans, detailed product cost estimates, and/or market research or intelligence.

41.1. Role of Aggregators

For some applications, and for electricity end users that do not use a lot of energy, the hassle,
learning curve, and transaction costs may make using storage and other modular or distributed
options too expensive, despite attractive benefits. In a growing number of areas, there may be
load and distributed resources aggregators that combine several or many smaller end users in a
given area into what could be called power blocks. (See Section 6.5.4 for details.)

4.2. Technical Potential: Peak Electric Load

A key parameter that underlies the maximum possible market size is the total electric load (kW
or MW) served by the grid. Market potential is some portion of that peak load. The values in
Table 8 include projected peak load in the U.S. and California. The values for the U.S. are based
on information from NERC.[36] Visit the NERC website (nerc.com) for details. Values for
California are published by the CEC. Visit the CEC website (energy.ca.gov) for details. (Note
that the CEC website refers to peak demand rather than peak load.) The 2008 peak load in
California was approximately 62,946 MW, comprising 8% of the total U.S. peak load.[37][38]

Table 8. U.S. and California Peak Load and Peak Load Growth

California’ u.S. "

Peak Load, 2008 (MW) 62,946  796,479|
Generation Capacity, 2008 (MW) 76,794  925,916|

Reserve Margin (%) 22.0% 16.3%)||

Expected Peak Load Growth Rate (%/year) 1.37% 1.80%"

Load Forecast, 2017 (MW) 72,235| 920,850

Load Growth Estimate, 2008 to 2017 (MW) 9,289 124,371"

'Source: California Energy Comission (CEC)
2Source: North American Electric Reliability Council (NERC).

4.3. Maximum Market Potential

The maximum market potential for all applications in this guide is the upper bound to the market
estimate. It is established by considering constraints (on market potential) that are practical and
institutional. Maximum market potential is established without regard to storage cost. For
example, given the premise that it is unlikely that storage will displace existing utility equipment,
a simplifying assumption (for utility applications) is that the market for new storage to serve
electric load is limited to some portion of the annual load growth. For specific applications, other
practical or institutional limits on the maximum market potential apply. For example, if the
application is for a commercial or industrial customer, then residential customers are not part of
the maximum market potential.
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4.31. Maximum Market Potential Estimates

Maximum market potential estimates for 17 electric-grid-related energy storage applications are
shown in Table 9. Estimates for California and U.S. markets are provided, as are the key
assumptions and the rationale used to establish those estimates.

Table 9. Maximum Market Potential Estimates

Maximum Market Potential (Mw, 10 Years)
# Type CA | U.S. Note

10% of peak load is assumed to be in-play,
20% of that, maximum, served by storage.

1 |Electric Energy Time-shift 1,445 |18,417

2 |Electric Supply Capacity 1,445 | 18,417 |Same as above.

Total load following = 20% of peak load,

3 |Load Following 2,889 136,834 20% of that, maximum, served by storage.

Per CEC/PIER study involving Beacon Power

i r=aineadliation 0 e flywheel storage for regulation.

20% of peak load is assumed to be in-play,

5 |Electric Supply Reserve Capacity 636 | 5,986 20% of that, maximum, served by storage.

5% of peak load is assumed to be in-play,

9 |l S e ety 20% of that, maximum, served by storage.

7 |Transmission Support 1,084 113,813|1.5% of peak demand, per EPRI/DOE report.

20% of peak load is assumed to be in-play,

8 |Transmission Congestion Relief 2,889 | 36,834 20% of that, maximum, served by storage.

T&D upgrade needed for 7.7% of peak load.
Of that, a maximum of 50% of qualifying peak
load is served by storage. Storage = 3.0% of
peak load, on average.

10 [Substation On-site Power 20 250 |2.5 kW per system

9.1 |T&D Upgrade Deferral 50th percentile 386 | 4,986

9.2 |T&D Upgrade Deferral 90th percentile 77 997

67% of peak load is assumed to be in-play.

11 |Time-of-use Energy Cost Management 5,038 | 64,228 1%/yr storage adoption rate.

33% of peak load is assumed to be in-play.

12 |Demand Charge Management 2,519 (32,111 1%/yr storage adoption rate.
- : T 10% of peak load is assumed to be in-play,
13 |Electric Service Reliability 722 | 9,209 10% of that, maximum, served by storage.
14 |Electric Service Power Quality 722 | 9,209 |Same as above.
o 20% of peak load is assumed to be in-play,
15 |Renewables Energy Time-shift 2,889 (36,834 20% of that, maximum, served by storage.
16 |Renewables Capacity Firming 2,889 | 36,834 |Same as above.

10.0% of peak load is in play. Add storage
181 | 2,302 |equal to as much as 2.5% of that amount
for intermittency.

Wind Generation Grid Integration,
Short Duration

Wind Generation Grid Integration,
Long Duration

10% of peak load from wind gen.,

172 Add storage to a maximum of 20% of that.

1,445 (18,417

The term "in-play" indicates the maximum portion of peak demand that is assumed to be addressable with storage
w/o regard to market or technical constraints. Maximum market potential is some portion of that amount.
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4.3.1.1. Caveats about Maximum Market Potential Estimates

The rationale used to establish the above maximum market potential estimates was designed to
be transparent (all assumptions used are presented). The values were developed based on a
combination of the authors’ and supporting analysts’ experience and familiarity with the
following: energy storage technology; utility loads and supply including costs and prices; utility
biases, rules and regulations; electricity market-related business opportunities for energy storage
and for modular and distributed resources; and market acceptance of new technologies in the
electricity marketplace. Some estimates are based on a relatively high degree of speculation, due
to both the dearth of information about the topic and the nascent nature of demand for storage for
the applications covered herein. To the extent that analysts have superior and/or newer
information, they are encouraged to update or modify these estimates as appropriate.

4.3.2. Renewables Portfolio Standard

Renewable energy seems poised to become a significant fuel source for electric generation. In
the U.S., the Renewables Portfolio Standard (RPS) is expected to be a key driver of the trend
toward renewables for electricity. Figure 14 indicates RPS-related targets, by state, as of
2008.[39] In this guide, it is assumed that by 2017 15% of electric energy (MWh) in the U.S. will
be generated using renewables, and two-thirds of that will be from wind generation.

VT: equal ME: 30% by 2000

MMz 25% by MH: 25%0
2025: Xcel T]“H:':',;'i. by 2025
W 15% 0% by 2020 Wi 10% MA: 4% MNew by 2009

RI: 16% by 20020
CT: 27%e by 2020

M 22.5% by 2021 {at
least 2% from solar)
= Pd: 18.5% hy 2020
{at least 0.5% from
solar)

| DE: 20% by 2019 (at
least 2% from solar)

O 9.5% by 2022 [ at
least 2240 from solar)

DC: 11%a by 2022

Wh: 12% of 2007

- sales by 2022
%} M 12,.5% by 2021
i

,E’,x

HI: 20% by 2020

# RPS implemented through
Mandatory RPS i woluntary wtility commitments

Source: Pew Center Website about Climate Change (as of 2008). http://www.pewclimate.org/

Figure 14. U.S. Renewables Portfolio Standard targets by state.
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4.4. Market Estimate

The final step in the market estimation process is to consider the portion of the maximum market
potential that will be realized during the target period. The market estimate should be as detailed
and precise as appropriate. At the very least, various levels of market potential can be tested for
reasonableness using plausible combinations of judgment, knowledge, or preliminary product
cost estimates. Alternative bases for estimates could include, for example, sales trends and
projections, surveys, analysis of utility capital budget plans, detailed product cost estimates, or
market research or intelligence. Note that a market estimate is product-specific and organization-
specific, making generic market estimates unhelpful, so none are provided in this report.

44.1. Important Considerations

Important criteria affecting market estimates for storage systems include system cost (capital,
installation, operation and maintenance, efc.), efficiency, marketing costs, market adoption rates,
and other considerations discussed in more detail below.

4.4.1.1. Price Signals or Risk and Reward Sharing Mechanisms Must Exist

To include potential demand in the estimate, the region where the demand exists must have price
signals or risk and reward sharing mechanisms in order for a given stakeholder to internalize the
benefit(s) associated with the targeted value proposition. For example, if utility rules and
regulations do not provide adequate incentive for a utility to defer a T&D upgrade, then the T&D
deferral application does not apply in that region. Or, if a wind farm developer cannot get a
credit for reducing electric service power quality impacts, then that application does not apply in
the region.

4.4.1.2. Utility Rules and Regulations Should Give Explicit Permission

It is important to account for utility rules and regulations that forbid use of storage for a given
application when making estimates.

4.4.1.3. Storage Must Be Cost Effective

One obvious driver of the market potential for storage systems (used for a given application or
applications) is the value proposition to be demonstrated. Specifically, if the cost for storage is
higher than the lifecycle benefits, then no storage systems will be sold. If benefits exceed cost by
a large margin, then the amount of storage used could be significant.

4.4.1.4. Storage Must Be Cost Competitive

As described in Section 5, benefits associated with the use of energy storage are estimated
irrespective of the specific solution being considered. It is important to note that the
competitiveness of a given solution (storage or other acceptable substitutes) depends on whether
there is a lower cost and/or another viable option.

When establishing the maximum market potential estimate, it is important to account for the fact
that solutions whose costs are not competitive are not attractive candidates. Specifically, storage
systems whose cost exceeds the cost of another technically viable option are not financially
competitive solutions.
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4.4.1.5. Changing Electricity Supply and Demand: Effect on On-peak
versus Off-peak Electric Energy Price Differential

Two important premises affect the prospects for utility-related use of storage:

1. There are times when electric energy prices are low — because energy use is low and
because efficient power plants are on the margin, usually at night.

2. There are times when energy prices are high — because energy use is high and because
inefficient generation is on the margin, usually during the day, especially midday, on
weekdays.

Consequently, there is a significant price difference (price delta) between the off-peak price and
the on-peak price for electric energy. Nevertheless, there are electric energy supply and demand
considerations that could lead to a modest to significant reduction in that price delta. Perhaps
most important is the expected increase in the use of plug-in electric vehicles (PEVs) and plug-in
hybrid electric vehicles (PHEVSs). If a significant number of these vehicles are used, then
presumably there would be downward pressure on the price delta because more electric energy
will be needed during off-peak periods. Similarly, if a lot of energy storage is installed for the
applications described in this guide, then additional upward pressure will be exerted on the oft-
peak price for electric energy. Other possibilities include the increased use of electric energy
during off-peak periods to serve loads if, for example, increased economic activity leads to more
business and manufacturing activities at night and upward pressure on price for generation fuel
used off-peak.

4.4.2. Market Estimates for Combined Applications and Benefits

In many cases, storage may be used for more than one application. When making market
estimates for these circumstances, it is important that estimates account for the fact that
combining applications may increase storage system benefit ($/kW) while reducing the overall
market potential.

Four possible reasons that it may be inappropriate to add the entire market potential for one
benefit to the entire market potential for another benefit are as follows:

1. Some benefits accrue to separate stakeholders.
2. Some applications/benefits are region- or location-specific.

3. For most applications the value (magnitude of the benefit) varies among possible
beneficiaries.

4. Not all beneficiaries for one benefit ascribe value to the other benefit.

Consider an example: A storage plant is used for the T&D upgrade deferral application. If
storage benefits also accrue for electric service reliability, then the estimated market potential is
based on the intersection between the market estimate for T&D upgrade deferral alone and the
market estimate for electric service reliability alone. The resulting estimate indicates the market
potential for customer load that is served by T&D equipment that is due to be upgraded and
that requires high electric service reliability. This concept of application/benefit intersection is
illustrated in Figure 15.
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Figure 15. Market intersection.

Consider another example: Utility customers will use energy storage for demand charge
management, electric service reliability, and electric service power quality. Market estimates
would account for the following:

e Technical market potential encompasses all commercial and industrial electricity end
users.

e Only a portion of those end users pay demand charges.

e For many commercial and industrial electricity end users that pay demand charges, the
benefit associated with increased electric service reliability may be relatively low
(depending on the value of the products and/or services involved).

e Only a portion of customers that pay demand charges and that are concerned with electric
service reliability will derive a financial benefit from improved power quality.

Similarly, if storage is used for TOU energy cost management and for electric service reliability,
then some electricity end users who need improved reliability may not pay based on TOU energy
prices, and conversely, all end users who pay TOU energy prices may not need improved
reliability.
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5. Storage Benefits

5.1. Introduction

This section discusses the calculation of application-specific financial benefits (benefits)
associated with using storage for the 17 applications described in Section 3. Also characterized
are nine incidental benefits that may accrue if storage is used for one or more of the

17 applications. The 26 application-specific and incidental benefits are listed in Table 10.

Table 10. Application-specific and Incidental Benefits of Using Energy Storage

Application-specific Benefits

Electric Energy Time-shift

Electric Supply Capacity

Load Following

Area Regulation

Electric Supply Reserve Capacity

Voltage Support

Transmission Support

O IN|@ O~ wIN) =

Transmission Congestion Relief

©

Transmission and Distribution (T&D) Upgrade Deferral

—
©

Substation On-site Power

| a
N | =

Time-of-use (TOU) Energy Cost Management

Demand Charge Management

—
@

Electric Service Reliability

—
B

Electric Service Power Quality

—
o

Renewables Energy Time-shift

—
o

Renewables Capacity Firming

17.  Wind Generation Grid Integration

Incidental Benefits

18. Increased Asset Utilization

19. Avoided Transmission and Distribution Energy Losses

20. Avoided Transmission Access Charges

21. Reduced Transmission and Distribution Investment Risk

22. Dynamic Operating Benefits

23. Power Factor Correction

24. Reduced Generation Fossil Fuel Use

25. Reduced Air Emissions from Generation
26. Flexibility
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Readers should note that the emphasis in this document and this section is on the financial
benefit of storage, with very limited regard to the cost associated with owning and operating
storage systems. Nevertheless, the benefit estimate is intended as a general indication of the cost
at which storage is competitive.

5.1.1. Benefit Definition
5.1.1.1. Benefit Basis

In broad terms, benefits from storage can take two forms: 1) additional revenue received by the
storage owner/operator or 2) cost that is avoided by the storage owner/operator (avoided cost).
Examples of additional revenue include payments received for a) energy sales, b) capacity, and
c) ancillary services. Examples of avoided cost associated with storage use include a) a utility’s
reduced or avoided need (and cost) for generation or T&D capacity and b) a utility customer’s
reduced cost for energy and demand charges.

Avoided cost can have at least three forms. First, if storage is the only viable alternative, then
avoided cost involves the negative outcomes associated with doing nothing. Second, if storage is
used in lieu of a conventional/standard solution, then avoided cost is the total cost that would
have been incurred for the conventional/standard solution is used (where total cost includes
purchase, installation, operation, and removal and disposal). Third, if there are several viable
alternatives, then the avoided cost is alternative with the lowest total cost (where total cost
includes cost to purchase, install, operate, and remove for disposal).

Avoided Cost for the Do Nothing Alternative

In some cases, the leading alternative is to ‘do nothing.” Do nothing is a common option for
needs that are relatively unlikely to materialize and/or that are expensive. Consider the example
of a distribution circuit that is heavily loaded. If there is only a one-in-ten chance that
overloading will occur, then the do nothing alternative may be preferable to installing an
upgrade, especially if the upgrade is expensive.

Avoided Cost for the Conventional/Standard Solution

In most cases, especially those involving utilities, the benefit for storage is established based on
the cost for a conventional/standard alternative. That is, if storage is to be used in lieu of a
standard/conventional alternative then the benefit (associated with storage use) is the (avoided)
cost for the standard/conventional alternative. This concept is especially important for utilities
for which the conventional/standard alternative is mandated by legislation and/or regulation.

Consider the possibility that a utility would use storage to improve localized electric service
reliability. The conventional/standard alternative competing with storage is whatever the utility
would normally do to improve reliability. Those alternatives may range from adding equipment
to manage the causes of outages to a full T&D upgrade, involving alternate circuits and
transformers. Consider another example: Due to load growth, a utility needs to upgrade its T&D
equipment; however, use of storage could defer or to avoid the need to make the upgrade. In that
case, the storage-related benefit is the avoided cost associated with deferring or avoiding the
need for the conventional/ standard alternative which is the T&D upgrade.
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Avoided Cost for the Lowest Cost Viable Alternative

In some cases, the storage benefit could be based on the cost of the lowest cost alternative that is
otherwise viable. Consider the possibility that a utility customer could add facility-scale storage
for time-of use energy cost management and demand charge management plus electric service
reliability. In that case, the lowest cost viable alternative could be energy efficiency measures
plus under-desk UPSs and/or on-site backup generation.

5.1.1.2. Gross versus Net Benefit

For most benefit types, the gross benefit value is calculated. That is, benefits are estimated
without regard to the cost. The benefit estimate is intended to provide a general indication of the
price point required for storage to be financially viable. So, if storage can be owned and operated
for an amount less than the estimated benefit, then the value proposition may be financially
viable.

The one notable exception is electric energy time-shift. For that application, the financial merits
of each possible hourly ‘buy-low/sell-high’ transaction must be calculated before the transaction
is made, based on the difference between the benefit for the energy that is discharged versus the
marginal cost to get that energy. Storage marginal cost includes variable operating cost, charging
energy cost, and the cost for energy losses. So, the estimated benefit for electric energy time-shift
is net of storage marginal cost.

5.1.1.3. Benefit Financials

For this guide, the financial benefit is defined as the total lifecycle financial benefit associated
with use of storage. Although, arguably, some benefits cannot be quantified, only benefits that
can be expressed in financial terms are included. For this document, storage is assumed to be in
use for 10 years, the assumed price escalation is 2.5%, and the discount rate is 10%. (See
Section 1.6.1 for more details about the approach used to address storage financials.)

5.1.2. Benefits Summary

Table 11 summarizes the benefit values characterized later in this section.
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Table 11. Application-specific Benefit Estimates

Benefit ($/kw)*

# Type Low | High Note
. ’ . Low: 80% efficiency, 2¢/kWh VOC, 4 hours.
1 - ’ ’
Electric Energy Time-shift 400 700 High: 80% efficiency, 1¢/kWh VOC, 5.5 hours.
Low: mid/peak duty cycle combustion turbine,
. . cost $50/kW-year.
2
il LI Sl o i High: combined cycle combustion turbine,
cost $99/kW-year.
Low: simple cycle combustion turbine,
. price $20/MW per service hour.
3
Load Following 600 1,000 High: combined cycle combustion turbine,
price $50/MW per service hour.
Low: $25/MW per hour, 50% capacity factor.
4 |Area Regulation 785 | 2,010 |High $40/MW per hour, 80% capacity factor.
For up regulation and down regulation.
. . Low: $3/MW per hour, 30% capacity factor.
5 |Electric Supply Reserve Capacity 57 225 High $6/MW per hour, 60% capacity factor.
Low: prevent 1 outage lasting 1 hour over 10 years.
6 |Voltage Support 400 800 |[High: prevent 2 outages lasting 1 hour over 10 years.
Storage = 5% of load.
7 |Transmission Support 192 Based on DOE/EPRI storage report[14].
8 |Transmission Congestion Relief 31 141 |Based on CAISO congestion prices in 2007.
. Low: upgrade factor = 0.25.
A1
9.1 |T&D Upgrade Deferral 50th percentile 481 687 High: upgrade factor = 0.33.
9.2 |T&D Upgrade Deferral 90th percentile 759 1,079 |Same as above.
10 |Substation On-site Power 1,800 | 3,000 [Based on cost for standard storage solution.
: Based on PG&E's A6 time-of-use tariff.
1 -of- 1,22
imeon uas B oy Kot lanadeent e Six hours of storage discharge duration.
Based on PG&E's A6 time-of-use tariff.
12 |Demand Charge Management >82 Six hours of storage discharge duration.
Low: $20/kWh * 2.5 hours/year of avoided outages
13 |Electric Service Reliability 359 978 |[for 10 years.
High: 10 Years of UPS Cost-of-ownership (present value).
. ) . Low: avoided power quality related cost, 10 years.
14
Electric Service Power Quality 359 78 High: UPS cost-of-ownership, 10 years (present value).
: . Low: bulk wind generation.
15 -
Renewables Energy Time-shift 233 389 High: baseload RE generation.
’ B Low: fixed orientation distributed PV.
1
6 |Renewables Capacity Firming 709 915 High: bulk wind generation.
: : . : Though the estimated benefit is relatively high,
171 wine Gener.atlon GHiel itediations 500 1,000 [a modest amount of storage (<0.1 kW) is needed
Short Duration ; ;
per kW of wind generation.
Low: avoid 1 outage in 10 years from wind
172 Wind Generation Grid Integration, 100 782 generation shortfall.
" |Long Duration High: high estimate of benefit for reduced
transmisison congestion.

*Based on potential (kW, 10 years) times the average of low and high benefit estimates ($/kW, 10 years).
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5.1.3. Economic Impact Summary

Table 12 summarizes the estimated economic impact from storage used for specific applications,
given the estimated application-specific benefit and maximum market potential.

Table 12. Application-specific Potential Economic Impact Estimates

Economic Potential ($Million)*
# Type CA U.S.
1 |Electric Energy Time-shift 795 10,129
2 |Electric Supply Capacity 772 9,838
3 |Load Following 2,312 29,467
4 |Area Regulation 112 1,415
5 |Electric Supply Reserve Capacity 90 844
6 |Voltage Support 433 5,525
7 |Transmission Support 208 2,646
8 |Transmission Congestion Relief 248 3,168
9.1 |T&D Upgrade Deferral 50th percentile 226 2,912
9.2 |T&D Upgrade Deferral 90th percentile 71 916
10 |Substation On-site Power 47 600
11 |Time-of-use Energy Cost Management 6,177 78,743
12 |Demand Charge Management 1,466 18,695
13 |Electric Service Reliability 483 6,154
14 |Electric Service Power Quality 483 6,154
15 |Renewables Energy Time-shift 899 11,455
16 |Renewables Capacity Firming 2,346 29,909
171 Wind Genen:ation Grid Integration, 135 L
Short Duration
172 Wind Generation Grid Integration, 637 8,122
Long Duration

*Based on potential (kW, 10 years) times the average of low and high benefit
estimates ($/kW, 10 years).
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5.2. Application-specific Benefits
5.21. Benefit #1 — Electric Energy Time-shift
5.2.1.1. Description

The annual financial benefit for electric energy time-shift (time-shift) is derived by using storage
to make many electric energy buy-low/sell-high transactions. For a utility, the benefit may take
the form of either lower energy cost or profit (if the energy is sold in the energy marketplace).
For other stakeholders, the benefit is internalized as profit.[40]

To estimate the time-shift benefit, a simple storage dispatch algorithm is used. The algorithm
contains the logic needed to determine when to charge and when to discharge storage in order to
optimize the financial benefit. Specifically, it determines when to buy and when to sell electric
energy, based on price. In simplest terms, the dispatch algorithm evaluates a time series of prices
to find all possible transactions in a given year that yield a net benefit (i.e., benefit exceeds cost).
The algorithm keeps track of net benefits from all such transactions for the entire year to estimate
an annual time-shift benefit. One key point regarding the approach used for this guide is worth
noting: the results reflect ‘perfect knowledge’. That is, a predetermined series of projected prices
was used. In effect, at any given hour in the year, the algorithm ‘knows’ what prices will be at
any other hour of the year.

Three data items are used in conjunction with the dispatch algorithm:
e Chronological hourly price data for one year (8,760 hours)
e Energy storage round-trip efficiency
e Storage system discharge duration

The chronological hourly price data used are the projected hourly electric energy prices in
California for 2009.[41] Figure 16 shows prices for the entire year. Based on this data, there are
about 900 hours per year when the price is above $100/MWh (10¢/kWh). During off-peak
periods (when storage plants are charged), the price is frequently at about $50/MWh to
$60/MWh (5¢/kWh to 6¢/kWh). (See Appendix F for more details about energy prices used.)
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Figure 16. Chronological electricity price data for California, 2009 (projected).

Unlike the other benefits estimated in this report, the benefit for electric energy time-shift is
expressed in terms of benefit net of variable cost. That is, before a decision is made to make any
specific buy-low/sell-high transaction, the financial merits of that transaction are determined
based on the cost (to purchase, store, and discharge the energy) versus the expected benefit
(revenue or cost reduction).

If the cost for wear on the storage system, plus the cost for charging energy, plus the cost to
make up for storage losses exceeds the expected benefit, then the transaction is not made. For
example, 3 ¢/kWh energy could be used to charge an 80% efficient storage plant whose variable
operating cost is also about 3¢ for each kWh of storage output. After accounting for storage
energy losses, the total cost to charge and then to discharge is about 6.6 ¢/kWh. So, if the energy
is worth more than 6.6 ¢/kWh, then the transaction is a good one.

One other consideration regarding the electric energy time-shift benefit is worth noting. The
benefit for electric energy time-shift is based, in large part, on the differential between on-peak
and off-peak energy prices. Even somewhat modest deployment of storage for PEVs or PHEVs
and/or for utility applications could lead to a non-trivial decrease in that all-important difference
between on-peak and off-peak energy prices. That would affect the potential benefit for energy
time-shift.

5.2.1.2. Estimate

The storage dispatch algorithm is used to estimate the electric energy time-shift benefit for a
given year. Figure 17 shows the estimated net electric energy time-shift benefit for storage
systems. The three plots in that figure are for storage with the following (non-energy) variable
operating costs (maintenance and replacement cost per kWhyy): 1) nothing, 2) 1¢/kWhg,, and
3) 2¢/kWhg,. Note that if that non-energy variable operating cost (VOC) exceeds 2¢/kWh, then
the number of cost-effective transactions in a given year drops precipitously.

The spread shown for each plot in Figure 17 reflects the net benefit for storage efficiencies
ranging from 70% to 90% and for storage whose discharge duration ranges from one to eight
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hours. As the hours of storage discharge duration increase, initially the incremental benefit
increases too, but the increase eventually levels off. That reflects the diminishing benefit per
buy-low/sell-high transaction. The benefit decreases because storage with longer discharge
duration requires charging during more hours per year. It also decreases because the additional
energy used for charging is probably more expensive and the selling price is probably lower,
yielding a diminishing benefit per kWh discharged.

160

70% to 90%, 0.0¢/kWh non-energy VOC 1 1,100

140 | g 70% to 90%, 2.0¢/kWh non-energy VOC + 1,000
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Figure 17. Annual and 10-year present worth time-shift benefit.

To estimate the lifecycle benefit for storage that provides electric energy time-shift service for
10 years, multiply the respective annual value by the 7.17 PW factor. The present worth of
benefits is shown in Figure 17 on the second Y axis. The generic benefit estimate for electric
energy time-shift ranges from $60/kW-year to $100/kW-year for lifecycle benefits ranging from
approximately $400/kW to $700/kW.

5.2.2. Benefit #2 — Electric Supply Capacity
5.2.2.1. Description

In areas where electric generation capacity is limited, energy storage could be used to offset the
need to purchase and install new generation and/or to offset the need to ‘rent’ generation
capacity in the wholesale electricity marketplace. The resulting cost reduction (or avoided cost)
is the benefit associated with storage used for the electric supply capacity application. Another
possibility for ascribing a financial value to this benefit is price-based, where price is set by the
electricity marketplace or by a designated agency, probably at the wholesale level. If applicable,
electric supply capacity prices could be used to estimate this benefit.

5.2.2.2. Estimate

It is important to note that, in many wholesale electricity markets, generation capacity cost is not
separated from energy costs. In those regions, the generation capacity cost is embedded in the
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price per unit of energy purchased. In such cases, there is no explicit capacity cost or charge that
can be avoided, nor is there a way to sell generation capacity. Nonetheless, there is a capacity
cost which is borne by electricity end users, irrespective of how the cost is recouped.

For many regions, the most likely type of new generation plant ‘on the margin’ is a clean,
efficient natural-gas-fired combustion turbine-based power plant (state-of-the-art combined cycle
or advanced simple cycle configuration) that operates for 2,000 to 6,000 hours per year.

The generic installed cost assumed for this guide is $1,000/kW. A typical annual fixed operation
and maintenance (O&M) cost for such as plant is assumed to be $10/kW-year ($2007).[42]
Applying the standard value of 0.11 for the utility fixed charge rate yields an annual cost of
ownership of

$1,000/kW x 0.11 = $110/kW-year.

After adding the $10/kW-year fixed O&M cost, the total annual cost for the generation capacity
is $120/kW-year. Applying the PW factor of 7.17, the lifecycle benefit (for a storage plant used
for 10 years) is

$120/kW-year x 7.17 = $860/kW.

Arguably, $120/kW-year represents the maximum value for cases involving combustion-turbine-
based generation, on the margin. A more conservative value would probably reflect either the
cost to contract for or to own older, less efficient, higher maintenance generation — either steam-
based or simple cycle combustion-based. As a lower bound, it is assumed that low-cost electric
supply capacity has an equipment cost of $50/kW-year plus $10/kW-year for fixed O&M,
yielding a total cost of $60/kW-year.

5.2.3. Benefit #3 — Load Following
5.2.3.1. Description

Ideally market based pricing exists for this service. For this guide, however, generic generation
costs are used as proxies for market-based prices. Generation cost has two possible elements:
1) marginal cost and 2) capacity cost, described below.

Generation marginal cost consists mostly of cost for fuel and for variable maintenance. The
marginal cost can be avoided if generation does not have to operate to provide load-following
service (because storage is used instead). Generation marginal cost may be reduced if part load
operation (of generation for load following) is reduced. (Avoiding part load operation is
important because doing so reduces generation wear, fuel use and air emissions per kWh
delivered.)

Generation capacity-related cost involves cost incurred to add generation capacity The need for
additional generation capacity for load following is quite region-specific and year-specific,
ranging from no extra load following capacity needed to a need for relatively large increments.
Similarly, the type of generation preferred for new load following capacity is region-specific.
That preference depends on, among other factors, the mix of existing generation, load
characteristics, and regional generation fuel preferences. The type of load following capacity
added ranges from hydroelectric generation capacity to simple cycle and combined cycle
generation capacity.

77



5.2.3.2. Estimate

At the low end, the unit price for load following service may be based on the marginal cost for
low-cost hydroelectric generation. So, the assumed low value is $20/MW per service hour. At
the high end, the unit price for load following service reflects the marginal cost for combined
cycle generation. Therefore, the assumed high value is $50/MW per hour of service.

The capacity-related benefit is estimated based on the generation capacity cost assumed for the
electric supply capacity benefit (See Section 5.2.2). At the low end is a relatively clean, simple
cycle combustion turbine costing $60/kW year to own or rent. At the high end of the spectrum is
a new, combined cycle plant whose annual cost of $120/kW-year.

Values in Table 13 show annual and 10-year lifecycle cost calculations for generation-based load
following. The table includes service-related costs and capacity-related costs. Service costs
reflect a low price of $20/MW per hour, a midrange price of $35/MW per hour of service, and a
high price of $50/MW per hour. Annual capacity costs include a low value of $60/kW-year and a
high value of $120/kW-year. Three scenarios shown include 500, 1,000, and 2,000 hours per
year of load following service.

Table 13. Load Following Benefit Calculations

500 Hrs./Year 1,000 Hrs./Year | 2,000 Hrs./Year
Ten Ten Ten

Annual | Year | Annual | Year | Annual Year
(S/KW-yr) | ($/kW) | (S/kW-yr) | (/W) | (B/kKW-yr) | ($/kW)

$20.0/MW per hour|] 10.0 71.7 20.0 143.4 40.0 286.8
Service| $35.0/MW per hour] 17.5 125.5 35.0 251.0 70.0 501.9
$50.0/MW per hour|] 25.0 179.3 50.0 358.5 | 100.0 | 717.0

Ten
Annual | Year
$RW-yr) | ($/kW)

$60/kW-year| 60 430.2
$120/kW-year] 120 860.4

Capacity

Assuming 2,000 service hours per year and an average unit price of $30/MW per hour of service,
the marginal cost is about $430/kW. Assuming that at least some capacity cost will also be
incurred over 10 years, a generic load following benefit value of $800/kW is used in this guide.

5.24. Benefit #4 — Area Regulation
5.2.4.1. Description

At minimum, and until regulation requirements change, the internalizable benefit from storage
used for area regulation will be the same amount (per kW per hour of service) as conventional
generation-based regulation, with the value reflecting the prevailing price paid for the service.
That price is denominated in $/MW per hour of service. Nonetheless, as described in Section
3.3.2 and in Appendix E, two important features may make storage the superior area regulation
resource.
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First, most types of storage can respond somewhat-to-very rapidly (i.e., the rate of discharging
and charging can change rapidly). Flywheels, capacitors, SMES, and many types of batteries
have such a fast response. Even generation-like pumped hydroelectric storage and CAES can
respond more quickly than many generation-based regulation resources. Because of this

characteristic, regulation from such rapid-response storage may provide up to twice the benefit as

regulation from generation.[43][44][45]

Second, unlike generation used for area regulation, efficient
storage can provide 2 kW of service for each 1 kW of rated
output. Storage can do that because it can provide regulation
while discharging and while charging, in a fashion similar to
storage used for load following.

Notably, if providing area regulation while charging, energy
that is lost (as a function of storage efficiency) must be
purchased at the prevailing price. Consider an example:

10 MW of 90% efficient storage used for area regulation;
during a specific hour when storage provides regulation, it
absorbs 4 MWh to provide down regulation, and it injects 4
MWh to provide up regulation. In that example, the energy
losses for the hour are calculated as

(1-0.9) x 4 MWh = 0.40 MWh.
5.2.4.2.

Revenue for providing up and down regulation services
(regulation) for one year was estimated based on the
California Independent System Operator’s (CAISO’s)
published hourly prices for 2006. Those prices (in $/MW

Estimate

The price for area regulation —
denominated in $/MW per hour of
service — is not the same as the
price for energy which is
denominated in $/MWh. Rather,
the price for area regulation
reflects payment for one hour of
service for each MW, without
regard to the amount of energy
involved.

Although unlikely, area regulation
resources could be made
available during a given hour to
provide regulation service without
actually being used to provide the
service. In that case, area
regulation providers would
receive a payment for one hour of
service, with no energy-related
implications.

per hour of service) for up and for down regulation, are presented in Appendix E.

In 2006, in California the combined price (for up and down regulation) averaged about

$36.70/MW per service hour (based on an annual average of $21.48/MW per service hour for up
regulation and $15.33/MW per service hour for down regulation). After escalating the value for
two years (at 2.5%), the price assumed is an hourly average of $38.55/MW per service hour.

Further, two storage operating scenarios for area regulation are evaluated: 1) operation 50% of
the year and 2) operation 80% of the year. The single-year and 10-year lifecycle benefits for
those prices and operating scenarios are shown in Table 14. The standard value for the area
regulation benefit is $785/kW to $2,010/kW, for an average of $1,397/kW.

As noted above, it is possible that storage with rapid response may provide area regulation
service whose benefit is twice that of the slower, generation-based regulation. If so, the benefit
would be roughly double the values in Table 14.
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Table 14. Area Regulation Annual and Lifecycle Benefit Summary

Lo=w High
Capacity Factor| 0.50 0.80
Annual Service Hours| 4,380 7,008

Regulation Price*

($/MW per service hour) 25.0 | 40.0 | 25.0 | 40.0

Annual Benefit ($/kW)|] 110 175 175 280

Lifecycle Value** ($/kW)] 785 1,256 | 1,256 | 2,010

* For up regulation plus down regulation.
** For ten years, assuming PW factor = 7.17

5.2.5. Benefit #5 — Electric Supply Reserve Capacity
5.2.5.1. Description

Storage serving as electric supply reserve capacity (reserves) reduces the need and cost for those
reserves that are normally supplied by generation. In many cases, the price for reserves is
market-based — typically prices are a result of ‘day-ahead’ and ‘hour-ahead’ bidding.

The electric supply reserve capacity benefit is somewhat small — because generation-based
reserves are inexpensive; nonetheless, it could be an important element of an attractive value
proposition because providing reserves has low incremental cost. While charging, storage can
provide two times its capacity as reserves (it can simultaneously cease charging and begin
discharging). When charged storage can, in most cases, provide reserves merely by being ready
to discharge (reserves are only used infrequently).

5.2.5.2. Estimate

The electric supply reserve capacity benefit estimate is based on the price paid for reserves and
the number of hours per year during which storage provides reserves. Benefits are estimated
assuming a low price of $3/MW per service hour and a high of $6/MW per service hour. Storage
is assumed to provide 2,628 service hours per year at the low end and 5,256 service hours per
year at the high end. The resulting annual benefit for those two scenarios is shown in Table 15.
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Table 15. Electric Supply Reserve Capacity Annual Benefit

Low High
Capacity Factor] 0.30 0.60

Annual Service Hours] 2,628 5,256

Charge
($/MW per service hour) 3.0 6.0
Annual Value ($/kW-year) 7.9 31.5
Lifecycle Value* ($/kW) 57 226

*10 years, PW factor = 7.17

5.2.6. Benefit #6 — Voltage Support
5.2.6.1. Description

Voltage support provided by storage offsets the need to use large/central generation to provide
reactive power to the grid when region-wide voltage emergencies occur. Competing alternatives
(to storage) may include a) do nothing and endure the cost of additional outages or the risk
associated with possible outages; b) buy insurance to cover possible liabilities; c¢) perform load
management (primarily via curtailable/interruptible loads and possibly direct load control);

d) incur a forced outage; and ¢) add central generation capacity to provide voltage support.

5.2.6.2. Estimate

Establishing a generic benefit estimate for the voltage support application requires use of
generalizations and simplifying assumptions. In general, benefit estimates should account for the
limited likelihood of such an outage that may occur in any given area and the degree to which
storage contributes to avoiding such an event. Furthermore, unless the utility is financially
responsible for outage-related costs, it has no significant direct incentive to pay for or even to
coordinate distributed resources for voltage support.

The approach used to estimate the voltage support benefit is similar to that used to estimate the
benefit of storage for electric service reliability. The general concept involves segmenting the
utility customer base into three groups: 1) those ascribing little or no value to avoiding outages,
2) end users for whom outages are somewhat costly, and 3) end users for whom avoiding outages
has a high value. That yields a composite value for avoiding an outage of 1 kW for one hour.

The next step is to establish an assumption about how long outages may last. Finally, an
assumption is needed about how many outages will be avoided over the 10-year life of the
storage. These two criteria are not easy to generalize.

For the benefit estimate in this report, it is assumed that at the low end the distributed voltage
support resources (including storage) would prevent one outage lasting one hour over 10 years.
At the high end, distributed voltage support resources (including storage) are assumed to prevent
one outage lasting two hours during its 10-year life.
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The unit value assumed for this estimate is $20 per hour of unserved load. For an outage lasting
one hour, that’s $20/kW lifecycle (without regard to time value of money) for each kW of system
peak load. For an outage lasting two hours, that’s two hours at $20/kW or $40/kW, lifecycle
(without regard to the time value of money).

The standard assumption value for market potential is based on the premise that combined
voltage support resources are distributed, are located where they can provide good support, and
have an aggregate rating equal to 5% of peak load. Thus, by using distributed storage whose
power is rated at 5% of peak load to avoid a 1-hour outage, the benefit is

$20/kWoaq = 0.05 = $400/kW of distributed storage.
Avoiding a single 2-hour outage over 10 years is worth
$40/kWoaq = 0.05 = $800/kW of distributed storage.

5.2.7. Benefit #7 — Transmission Support
5.2.7.1. Description

To the extent that storage increases the load carrying capacity of the transmission system, a non-
trivial benefit may accrue if transmission outages are avoided. Such a benefit may also accrue if
additional load carrying capacity defers the need to add more transmission capacity and/or
additional T&D equipment, and/or if it is rented to participants in the wholesale electric
marketplace (to transmit energy) for revenue.

5.2.7.2. Estimate

When evaluating the merits of using storage for transmission support, the upper bound of the
benefit value is the cost for the standard utility solution. For example, if capacitors are the
proposed standard solution, then energy storage would offset the need (and cost) for those
capacitors. The avoided cost (of the capacitors) is the resulting storage benefit for the
transmission support application.[46]

The financial benefit values listed in Table 16 are estimated based on related research by EPRI.
That research addressed SMES used for T&D support needs in Southern California during hot
summer conditions when the need is greatest and when the benefits are highest. The estimates
are based on conservative assumptions.[47][48] Based on those values, the standard lifecycle
benefit value assumed for transmission support is $192/kW.[49][50][51]
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Table 16. Transmission Support Annual Financial Benefit

Annual Benefit | Lifecycle Benefit

Benefit Type ($/kW-year) ($PV/KW)*
Transmission Enhancement 15.1 108
Voltage Control ($ capital*) n/a 29
Subsynchronous Resonance (SSR)
. e n/a 16
Damping ($ capital*)
Underfrequency load-shedding 128 3%+
(per occurrence)
Total 192

Notes:
1. All value are for Southern California, assuming hot summer
conditions, circumstances for which benefits are highest.

2. Based on values established in 2003 and escalated at
2.5% for six years.

*The benefit is the cost of the most likely alternative (e.g., capacitors), that
would have been incurred if storage was not deployed.

**$12.8/kW, per occurrence. Assume three occurrences over the (ten
year) life of the unit. This value has not been adjusted to account for time
value of money.

#Based on a PV Factor of 7.17 and a ten year life.

5.2.8. Benefit #8 — Transmission Congestion Relief

5.2.8.1. Description

Alternatives that may compete with storage for transmission congestion relief include

a) dumping energy upstream from congestion, b) providing load management and energy
efficiency downstream from congestion, ¢) paying congestion charges, and d) adding
transmission capacity. Note that for this application, if the generation (upstream from
congestion) is already installed, then the do nothing option is the same as the dump energy
option.

Given the possible shortfall of transmission capacity within and into many regions, congestion
charges are possible if not likely. Currently, however, these charges cannot be generalized well —
primarily because the marketplace within which transmission congestion charges will apply is in
the formative stages and because congestion charges will be location-specific.

Much, if not most, of the new congestion will probably occur as more renewables (deployed in
response to Renewables Portfolio Standard [RPS] targets) compete for the existing transmission
capacity. Furthermore, it is assumed that the do nothing and the dump energy options are not
likely. So, for this application, the benefit is based on transmission congestion charges at the low
end and the cost of a transmission upgrade at the high end.
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5.2.8.2. Estimate

Transmission congestion charges are becoming more common. In the parts of California’s
transmission system where it occurs, congestion is present for 10% to 17% of all hours during
the year. Congestion charges in those areas range from about $5/MW per service hour to about
$15/MW per service hour.[52] As shown in Table 17, that yields an annual benefit whose
average value is on the order of $12/kW-year and a lifecycle benefit averaging about $86/kW.
Although that is a small amount compared to the cost for storage, it could be an element of a
value proposition that includes several benefits.

Table 17. Congestion Charges in California, $2007

Low High
Portion of Year] 10% 15%
Hours Per Year 876 1,314
Transmission Access Chargel 5 15
($/MW per hour of service)
Annual Cost ($/kW-year)] 4.38 19.71
Lifecycle Value* ($/kW) 31 141

*10 years, PW factor =7.17
Source: derived based on data from CAISO.

More compelling are transmission corridors requiring an upgrade due to congestion. In those
cases, the benefit is the cost that can be avoided by deferring or avoiding the upgrade. The cost
of a transmission upgrade varies significantly depending on distance, permitting and siting
challenges, and the equipment’s rating.

5.2.9. Benefit #9 — Transmission and Distribution Upgrade Deferral

5.2.9.1. Description

The single-year T&D upgrade deferral benefit (deferral benefit) is the financial value associated
with deferring a utility T&D upgrade for one year. That value reflects the utility’s financial
carrying charge for the new equipment involved in the upgrade. Carrying charges include the
costs for financing, taxes, and insurance incurred for one year of ownership of the equipment
used for the upgrade. For a utility, that amount is also known as the ‘revenue requirement.’

The carrying charge (revenue requirement) for one year is estimated by multiplying the utility
fixed charge rate times the total installed cost for the upgrade. Consider, for example, a
distribution upgrade costing $1 million to purchase and install. If the utility fixed charge rate is
0.11, then the annual revenue requirement — and thus the single year deferral benefit — is

$1 million x 0.11 = $110,000.

Note that, for this guide, T&D operating cost avoided, if any, is assumed to be negligible. Also
note that, by definition, reducing the utility revenue requirement reduces the utility’s total cost-
of-service paid by all customers as a group.
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Storage power indicates the amount of storage needed for one year of deferral. It is expressed as
a percentage of the existing T&D equipment nameplate rating (the equipment to be upgraded).
An example: If T&D equipment to be upgraded is rated at 12 MVA, then 3% storage power is

3% x 12 MVA =0.36 MVA or 360 kVA.

The assumed 3% storage power is intended to be representative. In practice, that value can fall
within a range of as little as 1% to as much as 10%, depending on the actual peak load in the
previous year plus load shape; expected load growth; load growth uncertainty; storage module
sizes available; engineering philosophy and preferences, especially regarding storage oversizing
to account for uncertainty; and possibly other criteria.

For more details about storage sizing for T&D upgrade deferral, readers are encouraged to refer
to a report published by Sandia National Laboratories entitled Estimating Electricity Storage
Power Rating and Discharge Duration for Utility Transmission and Distribution Deferral, a
Study for the DOE Energy Storage Program.[53] Also, refer to the discussion addressing use of
modular storage for reducing T&D investment risk in Section 5.3.

5.2.9.2. Estimate

The starting point for estimating the T&D upgrade deferral benefit is to establish the cost of the
T&D upgrade to be deferred. The data used as the basis for establishing that cost is expressed in
dollars per kW added — the T&D marginal cost. In California, for 50% of all locations requiring
an upgrade in any given year, the marginal cost is $420/kW or more (i.e., $420/kW added). For
the most expensive locations requiring upgrades (90th percentile and above), the upgrade cost
exceeds about $662 per kW of capacity added.[54][55]

As an aside, a familiar criterion for T&D planners is $/kV A installed. To estimate that value
based on the marginal cost, an upgrade factor is used. The upgrade factor is the ratio of the
capacity added to the existing capacity. Consider an example: If 4 MVA of capacity is added to a
12 MVA system, the upgrade factor is 0.34. Typical values for upgrade factor range from 0.25 to
0.50. An upgrade factor of 0.33 is assumed for this guide.

The T&D cost estimates used to estimate the T&D upgrade deferral benefit are summarized in
the two tables below. Values in Table 18 indicate the single-year deferral benefit for locations
whose cost is among the highest 50% of all costs for all upgrades needed. The value used,
$684/kV A of storage for one year, reflects the 0.33 T&D upgrade factor, 0.11 fixed charge rate,
and 3% storage power as described above.
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Table 18. T&D Upgrade Cost and Benefit Summary, 50" Percentile

Upgrade
Scenario Upgrade Upgrade | Storage
Final | Capacity Installed Annual | 1Year
Rating | Added | Upgrade Cost* Cost** | Benefit"
(MVA) (MVA) Factor | $/kVA** $ $) ($/KVA-year)
15 3 0.25 105.0 1,575,000 173,250 481
16 4 0.33 140.0 | 2,240,000 | 246,400 684
18 6 0.50 210.0 3,780,000 | 415,800 1,155
*If marginal cost per kVA of T&D capacity $/kVA added is $420/kVA.
**Per kVA installed .

*** $Upgrade Installed Cost * 0.110 Fixed Charge Rate
# $Upgrade Annual Cost + 360 kVA. (Based on 3.0% storage power)

The annual upgrade deferral value is $1,079/kVA of storage for one year for upgrades whose
cost is among the highest 10% of upgrades needed, based on values shown in Table 19.

Table 19. T&D Upgrade Cost and Benefit Summary, 90" Percentile

Upgrade
Scenario Upgrade Upgrade | Storage
Final | Capacity Installed Annual | 1 Year
Rating Added | Upgrade Cost* Cost*** | Benefit"
(MVA) (MVA) Factor | $/kVA** $ ) ($/kVA-year)
15 3 0.25 165.5 2,482,500 | 273,075 759
16 4 0.33 220.7 | 3,530,667 | 388,373 1,079
18 6 0.50 331.0 5,958,000 | 655,380 1,821
*If marginal cost per kVA of T&D capacity $/kVA added is $662/kVA.
**Per kVA installed .

*** $Upgrade Installed Cost * 0.110 Fixed Charge Rate
# $Upgrade Annual Cost + 360 kVA. (Based on 3.0% storage power)

Consider this important note: The assessment described above must occur each year for a given
deferral because, normally, the amount of load served by a given T&D node grows. So, in each
year after a deferral, power engineers must reassess the merits of using storage for another year
of deferral. Usually, load grows such that for each subsequent year the amount of storage needed
to keep pace with load growth, and thus the amount needed to defer an upgrade for the next year,
nearly doubles. In some cases, the discharge duration requirements increase too.

5.2.10. Benefit #10 — Substation On-site Power

5.2.10.1. Description

Battery storage systems (mostly lead-acid batteries) provide power at electric utility substations
for switching components and for substation communication and control equipment when the
grid is not energized.[56]
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5.2.10.2. Estimate

Establishing a benefit value for substation on-site power is challenging. Certainly, battery
systems provide critical service because the grid would be much more vulnerable to outages, and
perhaps even equipment damage without an on-site, non-grid power source for times when the
grid is not operational. The benefit for this application is estimated based on the price for high
quality UPS systems (like those shown in Table 24 of Section 5.2.13.4).

The cost of such a state-of-the-art lead-acid battery-based system, with eight hours of discharge
duration, is based on a price of $225/kW for power and $200/kWh of discharge.[57] Therefore,
the presumed system (equipment) price is

$225/kW + (8 hours x $200/kWh)
= $225/kW + $1,600/kW
=$1,825/kW.
Similarly, the presumed price for a system with 16 hours of discharge duration is
$225/kW + (16 hours x $200/kWh)
= $225/kW + $3,200/kW
= $3,425/kW.

Given the limited discharge of these systems, variable operating costs are ignored.
5.2.11. Benefit #11 — Time-of-use Energy Cost Management
5.2.11.1. Description

To reduce electricity end users’ time-of-use (TOU) energy cost, storage is charged with low-
priced energy so that the stored energy can be used later when energy prices are high. The
resulting overall electric energy cost reduction is the benefit associated with use of storage for
TOU energy cost management.

TOU energy prices are specified by the applicable rate structure (tariff). Typically, those prices
vary by time of day, day of the week, and season of the year. There may be two or more price
points for specific days. The standard assumption value for this benefit is calculated based on
PG&E’s A-6 Small General TOU Service tariff. Commercial and industrial (C&I) electricity end
users whose power requirements are greater than 199 kW and less than or equal to 500 kW are
eligible for the A-6 tariff. TOU electricity prices for the A-6 tariff are shown in Table 20.

The summer billing period extends from May through October, and the winter billing period is
November through April. Summer on-peak hours are 12:00 p.m. to 6:00 p.m. (Monday-Friday,
except holidays); partial-peak hours are 8:30 a.m. to 12:00 p.m. and 6:00 p.m. to 9:30 p.m.
(Monday-Friday, except holidays); and off-peak hours are 9:30 p.m. to 8:30 a.m. (Monday-
Friday; all day Saturday, Sunday, and holidays). There is no winter on-peak period. Partial peak
hours are 8:30 a.m. to 9:30 p.m. (Monday-Friday, except holidays); and off-peak hours are

9:30 p.m. to 8:30 a.m. (Monday-Friday; all day Saturday, Sunday, and holidays). PG&E tariffs
are available at http://www.pge.com/tariffs.
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Table 20. PG&E A-6 Time-of-use Energy Price Tariff

Period Total Generation % Distribution %
Peak Summer] $0.37 $0.21 57.0% $0.13 34.9%
Part-Peak Summer] $0.17 $0.09 53.0% $0.05 29.8%

Off-Peak Summer] $0.11 $0.06 49.9% $0.03 23.3%
Part-Peak Winter] $0.13 $0.06 46.0% $0.04 31.8%
Off-Peak Winter] $0.11 $0.05 47.4% $0.03 25.7%

Transmisison: $0.00913 for all hours.

5.2.11.2. Estimate

The A-6 tariff’s on-peak energy price applies to 720 hours per year. Storage with a 6-hour
discharge duration would allow the end user to avoid annual on-peak energy charges of

37¢/kWh x 720 hours/year
= $0.37/kWh x 720 hours/year
= $266/kW-year.

To charge an 80% efficient energy storage system, it is necessary to use 1.25 kWh of energy in
to get one kWh out. Consider a 1-MW storage plant: To discharge for 720 hours (720MWh), the
storage would have to be charged with

720 x 1.25 = 900MWh.

So, the charging energy cost using low-priced, off-peak energy priced at 11¢/kWh is
$0.11/kWh x 900 hours/year = $99/kW-year.

The cost reduction realized is
$266/kW-year — $99/kW-year = $167/kW-year.

To express that annual (cost reduction) benefit in units of $/kW lifecycle, the annual cost is
multiplied by the PW factor of 7.17

$167/kW-year x 7.17 = $1,198/kW.

The storage plant could have a discharge duration that is less than the duration of the 6- hour, on-
peak price period specified in the tariff. If, for example, two hours of backup are needed from a
storage system with four hours of discharge, then the remaining two hours of discharge could be
used for reducing energy cost. The lifecycle benefit is

(2 hours + 6 hours) x $1,198/kW-year
=0.33 x $1,198/kW-year
= $395/kW.

Note that the benefit estimate illustrated above does not account for variable maintenance costs
incurred as the storage plant is used (e.g., overhauls and subsystem replacement, as applicable).
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5.2.12. Benefit #12 — Demand Charge Management
5.2.12.1. Description

Demand charge management involves storage used to reduce an electricity end user’s power
draw on the electric grid during times when electricity use is high (i.e., during peak electric
demand periods). To reduce or avoid demand charges, storage is charged when low or no
demand charges apply, presumably using low-priced energy. The storage is later discharged
when demand charges apply. The benefit value is the overall reduction in cost due to reduced or
avoided demand charges.

To one extent or another, demand charges reflect the cost for utility equipment needed to
generate, transmit, and distribute electric energy. So, demand charges are denominated in $/kW
of power draw because that criterion defines the capacity that the electricity infrastructure must
have to deliver service to the customer. In most cases, the demand charge is assessed each month
based on the maximum power draw within the respective month. It is important to note that
tariffs with demand charges also have separate prices for energy, denominated in ¢/kWh.

Demand charges and, in most cases, energy prices are specified by the end user’s electricity rate
structure (tariff). Typically, demand charges vary by day of the week and by season. Demand
charges may also vary by time of day.

Demand charges are assessed each month based on the maximum load that occurs during times
when peak demand charges apply, normally 1) peak, 2) partial-peak, and 3) off-peak. Some
tariffs with demand charges also include what could be called an ‘anytime’ demand charge.
Known generically as a ‘facility’ demand charge, these charges are levied based on the peak
demand no matter when it occurs (time or season). That is important for storage because most
storage charging occurs at night when demand from utility customers’ non-storage loads tends to
be low. In those circumstances, charging storage at night will increase the anytime or facility
demand charges incurred. Note that off-peak demand charges have a similar effect though the
charges are based on maximum off-peak demand during the respective month.

The standard assumption value for this benefit is calculated based on PG&E’s E-19 Medium
General Demand-Metered TOU Service tariff. That tariff applies to commercial and industrial
(C&l) end users with peak demand that exceeds 500 kW. PG&E tariffs are available at
http://www.pge.com/tariffs.

The E-19 tariff has three monthly demand charges during six ‘summer’ months (May through
October). Summer on-peak hours are 12:00 p.m. to 6:00 p.m. (Monday-Friday, except holidays);
partial-peak hours are 8:30 a.m. to 12:00 p.m. and 6:00 p.m. to 9:30 p.m. (Monday-Friday,
except holidays); and off-peak hours are 9:30 p.m. to 8:30 a.m. (Monday-Friday; all day
Saturday, Sunday, and holidays). (Notably, the off-peak demand charges will apply during
charging.)

During the six ‘winter’ months (November through April), there are only two monthly demand
periods: partial-peak and off-peak. Partial peak hours are 8:30 a.m. to 9:30 p.m. (Monday-Friday,
except holidays); and off-peak hours are 9:30 p.m. to 8:30 a.m. (Monday-Friday; all day
Saturday, Sunday, and holidays). (As with storage use during summer months, the off-peak
demand charges will apply during charging.)
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Importantly, like most other tariffs with demand charges, the E-19 energy price (¢/kWh) paid by
utility customers also depends on those time periods.

5.2.12.2. Estimate

The assumed electricity bill for a typical commercial end user using the E-19 tariff is shown in
Table 21. The same end user’s electric bill, after considering 80% efficient storage with 6 hours
of discharge duration to eliminate peak load, is shown in Table 22. The changes due to use of
storage are summarized in Table 23.

Table 21. Electricity Bill, E-19 Tariff, without Storage

Hours | Demand Peak Demand | Average | Energy | Energy | Energy Total
Per Charge Load | Charges | Load Use Price | Charges | Charges
Summer Year* | ($/kW-month) | Factor | ($/kW-year) | Factor |(kWhiyear)| ($/kWh) | ($/kW-year) | ($/kW-year)
Peak 765 11.59 0.90 62.59 0.80 612 13.458 82.36 144.95
Partial-peak 893 2.65 0.80 12.72 0.60 536 9.257 49.57 62.29
Off-peak 2,723 6.89 0.60 24.80 0.55 1,497 7.541 112.92 137.72
|'Winter
Partial-Peak | 1,658 1.00 0.80 4.80 0.70 1,160 8.256 95.79 100.59
Off-Peak 2,723 6.89 0.55 22.74 0.50 1,361 7.286 99.18 121.92
*Approximate values. Total 127.65 0.590 5,166 8.513 439.82 567.47
**Average peak load during all months of the season.
Table 22. Electricity Bill, E-19 Tariff, with Storage
Hours | Demand Peak | Demand | Average | Energy | Energy | Energy Total
Per Charge Load | Charges| Load Use Price | Charges | Charges
Summer Year* | ($/kW-month) | Factor** | ($/kw-year) | Factor | (kWh/year)| (¢/kWh) | ($/kW-year) | ($/kW-year)
Peak 765 11.59 13.458
Partial-peak 893 2.65 0.80 12.72 0.60 536 9.257 49.57 62.29
Off-peak 2,723 6.89 0.80 33.07 0.82 2,232 7.541 168.35 201.42
|'Winter
Partial-Peak 1,658 1.00 0.80 4.80 0.70 1,160 8.256 95.79 100.59
Off-Peak 2,723 6.89 0.55 22.74 0.50 1,361 7.286 99.18 121.92
*Approximate values. Total 73.33 0.604 5,289 7.806 412.89 486.22

**Average peak load during all months of the season.
1. Storage Efficiency: 80.0%.
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Table 23. Electricity Bill Comparison, E-19 Tariff, with and without Storage

Demand | Average [ Energy | Energy | Energy Total
Charges | Load Use Price | Charges | Charges
($/kW-year) | Factor |(kWhiyear)| (¢/kWh) | ($/kW-year) | ($/kW-year)
With Storage ($)[ 73.3 0.60 5,289 7.81 412.9 | 4862
w/o Storage ($)] 127.6 0.590 5,166 8.51 439.8 567.5
Change, w/Storage ($)] -54.3 +0.014 +123* -0.71 -26.9 -81.2
(%) -42.6% 2.4% 2.4% -8.3% -6.1% -14.3%

*Increase due to storage losses.

As shown in Table 23, demand charges are reduced by nearly 43% ($54.30), energy charges are
reduced by a more modest 6.1% ($26.90), and the total annual bill is reduced by $81.20 for a
total reduction of 14.3%.

5.2.13. Benefit #13 — Electric Service Reliability

5.2.13.1. Description

In simplest terms, the benefits associated with improved electric service reliability accrue if
storage reduces financial losses associated with power outages. This benefit is highly end user-
specific, and it applies to C&I customers, primarily those for whom power outages cause
moderate to significant losses. If the utility has followed standard practices, it is usually the end
user that is responsible for covering financial damages. In some cases, utilities are required to
reimburse end users for financial losses due to outages.

5.2.13.2. Estimating End-user Reliability Benefit — Value-of-service
Approach

For the value-of-service (VOS) approach, the benefit associated with increased electric service
reliability is estimated using two criteria: 1) annual outage hours (i.e., the number of hours per
year during which outages occur) and 2) the value of ‘unserved energy’ or VOS. VOS is
measured in $/kWh. The standard assumption value for annual outage hours is 2.5 hours per
year. A VOS of $20/kWh is recommended as a placeholder.[58] To calculate the annual
reliability benefit, the standard assumption value for annual outage hours is multiplied by the
VOS:

$20/kWh x 2.5 hours per year = $50/kW-year.

To calculate lifecycle benefits over 10 years, the annual reliability benefit of $50/kW-year is
multiplied by the PW factor (7.17):

$50/kW-year x 7.17 = $359/kW.
5.2.13.3. Estimating End-user Reliability Benefit — Per Event Approach

Reliability benefits may be estimated by ascribing a monetary cost to losses associated with
power system events lasting one minute or more and that cause electric loads to go offline.[59]
Reliability events considered are those whose effects can be avoided if storage is used.

Based on a survey of existing research and known data related to electric service reliability, a
generic value of $10 per event for each kW of end user peak load is used.[60][61][62] The
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generic assumption for the annual number of events is 5.[63] The result is that storage used in
such a way that the end user can avoid 5 electric reliability events, each worth $10 for each kW
of end user peak load, yields an annual value of $50/kW-year.[64] Finally, multiplying by the
PW factor of 7.17 yields a lifecycle benefit of $359/kW.

For additional information about financial considerations related to utility service reliability,
please refer to a report produced by Lawrence Berkeley National Laboratory, Evaluating the
Cost of Power Interruptions and Power Quality to U.S. Electricity Consumers.[65]

5.2.13.4. Estimating End-user Reliability Benefit — UPS Price Approach

One other possibly helpful proxy to use when estimating this benefit is the price paid for UPSs.
Prices for a selection of commercially available UPSs are shown in Table 24.
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Table 24. Commercially Available UPS Ratings and Prices

Specifications Price
True | Apparent Discharge
Power Power Power | Duration* | Retail
Item (Watts) | (Volt-Amps)| Factor | (Minutes) | Price* | $/kW | $/kW-hour
APC Back-UPS ES 8 200 350 0.57 23 44 | 220 | 5,739
Outlet
Tripp Lite
SMART550USB 300 550 0.55 5.3 225 748 8,472
Tripp Lite
SMART1200XLHG 750 1,000 0.75 6.0 562 749 7,493
APC Back-UPS RS
1500VA 865 1,500 0.58 5.3 250 289 3,272
MGE Pulsar EX RT
3200VA 2,080 3,200 0.65 6.0 1,164 | 560 5,596
Tripp Lite SmartOnLine
SU7500RT3U 6,000 7,500 0.80 9.0 3,493 | 582 3,881
Tripp Lite SmartOnLine
SU10KRT3UHV 8,000 10,000 0.80 4.0 4,017 | 502 7,531
MGE Galaxy 30kVA 24,000 30,000 0.80 11.0 17,010 | 709 3,866
APC - Smart-UPS VT
30KVA 5 Batteries 24,000 30,000 0.80 13.7 19,410 | 809 3,542
Average Power Factor 0.699 Average 574.2 5,487.9

*At full rated output.
**Based on an informal survey of retail prices.
Note: Assuming 5 year life, a rough approximation of annual cost ($/kW-year) is total cost + 5.

Additional Notes:
1. Content in Table 24 does not constitute an endorsement or recommendation of the listed
products or brands.

2. Power ratings are in units of volt-Amps (VA).
3. Typically 1.2 to 1.3 volt-Amps are required for each Watt of load.

As shown in Table 25, a rough estimate of the 10-year lifecycle benefit is $978/kW. This
estimate assumes a 5-year UPS life and one replacement of the UPS over 10 years. It is based on
a 2.5%/year price escalation and 10% discount rate.

Table 25. UPS Lifecycle Cost

Year| 1 2 3 4 5 6 7 8 9 10 | Total

Escalator] 1.00 | 1.03 | 105 | 108 | 110 | 113 | 116 | 119 | 122 | 1.25

Cost ($Year 1)]574.2] O 0 0 0 |574.2] O 0 0 0 |1,148
Escalated Cost ($Current)] 574.2] 0 0 0 0 |649.7] O 0 0 0
Discount Factor] 1.00 | 091 | 0.83 | 0.75 | 0.68 | 062 | 0.56 | 0.51 | 0.47 | 0.42
Present Value ($)]574.2 O 0 0 0 ]4034| O 0 0 0 978
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5.2.14. Benefit #14 — Electric Service Power Quality
5.2.14.1. Description

The electric service power quality benefit is highly end-user-specific and, as such, is difficult to
generalize. It applies primarily to those C&I customers for whom power outages may cause
moderate to significant losses.

Though power quality-related technical details are not covered in depth here, they are
summarized in Section 3.5.4. Specific types of poor power quality are well characterized in
many other reports and documents.[66]

In the most general terms, power-quality-related financial benefits accrue if energy storage
reduces financial losses associated with power quality anomalies. Power quality anomalies of
interest are those that cause loads to go offline and/or that damage electricity-using equipment
and whose negative effects can be avoided if storage is used.

As an upper bound, the power quality benefit cannot exceed the cost to add the conventional
solution. An example: If the annual power quality benefit (avoided financial loss) associated with
an energy storage system is $100/kW-year, and basic power conditioning equipment costing
$30/kW-year would solve the same problem if installed, then the maximum benefit that could be
ascribed to the energy storage plant for improved power quality is $30/kW-year.

5.2.14.2. Estimate

Power quality-related benefits may be estimated by assigning a monetary value to losses
associated with power quality events that last less than one minute and cause electric loads to go
offline.[67] Power quality events considered are those whose effects can be avoided if storage is
used.

Based on a survey of existing research and known data related to power quality, a generic value
of $5 per event for each kW of end user peak load is the standard assumption value used in this
guide. Based on that same information, the generic assumption for the annual number of events
is 10.[68][69][70] The result is that storage used in such a way that the C&I electricity end user
can avoid 10 power quality events per year, each worth $5 per kW of end user peak load,
provides an annual benefit of $50/kW-year. After multiplying by the PW factor (7.17), the
lifecycle electric service power quality benefit is $359/kW. Implicit in this approach is the
assumption that the power quality benefit is the same for each of 10 years.

For additional coverage of this topic, please refer to a report published by Lawrence Berkeley
National Laboratory entitled Evaluating the Cost of Power Interruptions and Power Quality to
U.S. Electricity Consumers.[71]
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5.2.15.
5.2.15.1. Description

For the renewables energy time-shift application, storage is
charged with low-value electric energy generated using
renewable energy. That energy is stored so that it may be
used or sold at a later time when it is more valuable.

Two cases considered in this guide are time-shift of energy
from wind generation and generic baseload renewable
energy generation. (See Section 3.6.1 for details.)

5.2.15.2. End -user Time-of-use Energy Cost
Reduction using Distributed
Renewable Energy Generation

The renewables energy time-shift benefit is related to
wholesale or ‘spot market’ electric energy for electricity
supply. That is, the energy time-shift benefit described
above is related to the avoided cost of purchasing electric
energy from the wholesale or spot market.

An analogous opportunity exists for electricity end users to
derive a renewables energy time-shift benefit. Specifically,
if an end user’s electric service tariff includes TOU energy
prices, then the end user could use storage to time-shift
energy to reduce cost for electric energy. (See Section 3.5.1
and Section 5.2.11 for more details.)

5.2.15.3. Incremental Benefit and Cost for
Adding Storage for Renewables
Energy Time-shift

Readers should note that the renewables energy time-shift
benefit estimated in this guide accrues because it is added to
renewable energy generation. That means that the benefit is

Benefit #15 — Renewables Energy Time-shift

To one extent or another, the fuel-
related cost for renewable energy
is more predictable than fuel cost
for conventional generation. In
effect, renewable energy provides
a ‘hedge’ against the possibility
that fuel prices will be higher than
expected.

One simple way to quantify at
least part of this effect is based on
evaluations by the Lawrence
Berkeley National Laboratory
Electricity Market and Policy
program. Based on recent work
by that group, the ‘forward prices’
for fuel that reflect the terms of
actual electricity purchase
contracts are on the order of 10%
or more higher than prices that
are forecast.

Indeed, a significant portion of
electric energy from renewables is
procured using firm prices,
contracts, or power purchase
agreements, rather than spot
market prices. Consequently, the
benefit estimated for renewables
energy time-shift based on a
forecast is likely to understate the
energy-related benefit.[72]

incremental. Consequently, when evaluating the financial merits of adding storage to renewable
energy generation, the incremental benefit is compared to incremental cost (to add storage);
which means that the entire evaluation addresses the incremental benefit/cost relationship for

storage.

5.2.15.4. Estimate

Although each region is different, forecast energy prices for California are used to estimate the
renewables energy time-shift benefit. A summary of those prices are shown in Table 26. (See

Appendix F for details about the electricity prices used.)
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Table 26. Wholesale Spot Energy Price Differentials, On-peak and Off-peak,
Weekdays, California Forecast for 2009 (in $/MWh)

Monthly Price "Bins"”
Month=>

Hour 1 2 3 4 5 6 7 8 9 10 11 12
12:.00 P.M.-5:00P.M. 851 745 776 946 1003 118.0 148.2 163.1 1425 99.1 104.5 105.9
1:.00AM.-6:00A.M. -51.8 -444 -46.2 -61.2 -42.7 -352 -55.1 -69.7 -77.0 -61.3 -61.5 -72.9
Storage Losses* -104 -89 9.2 -122 -85 -70 -11.0 -139 -154 -12.3 -123 -146
Net Time-shift Benefit 23.0 211 221 211 491 757 821 794 501 255 307 184

Seasonal Price "Bins" Annual
May - October November - April Hours Value**
12:00 P.M. - 5:00 P.M. 128.5 90.4 May - October 651.8 39,323
1:00 A.M. - 6:00 A.M. -56.8 -56.4 November - April 651.8 14,830
Storage Losses* -11.4 -11.3 Total 1,304 54,152
Net Time-shift Benefit 60.3 22.8 **Net time-shift benefit * hours/year.

*Storage Efficiency = 80.0%.
Note: Values expressed in units of $/MWh.

Although not used directly for the estimate in this guide, the range of typical variable costs for
electric energy from fossil-fueled generation are shown in Figure 18. The figure is provided as
context for the prices shown in Table 26. Values reflect a) fuel efficiencies ranging from 35% to
55%, b) fuel prices ranging from $3/MMBtu to $9/MMBtu, and c) a generic value of 1 ¢/kWh
for non fuel variable operation cost.

10
P -~
9 — — Fuel Efficiency 35.0% _ -~
- = = = Fuel Efficiency 45.0% _ -~
8 | Fuel Efficiency 55.0% - ~

Generation Variable Cost (¢/kWh)
()]

3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
Fuel Price ($/MMBtu)

Variable Operation Cost: 1.0¢/kWh

Figure 18. Generation variable cost, for various fuel prices and fuel efficiencies.
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Based on the range of variable costs shown in Figure 18, variable cost for generation ranges from
about 4.8 ¢/kWh for a 45% efficient combined cycle plant assuming fuel price of about
$5/MMBtu to about 7 ¢/kWh for a 35% efficient simple cycle combustion turbine plant using
higher priced ‘on peak’ fuel costing $6/MMBtu. The primary driver of those generic variable
cost values is fuel price, shown on the graph’s X-axis. The variable cost values in Figure 18 also
reflect a generic, non-fuel-related variable operation and maintenance (O&M) cost of 1¢ /kWh.
Note that the O&M cost for simple cycle combustion turbine generation is about 2.5 ¢/kWh and

for combined cycle generation (a common type of new generation) is on the order of

0.43 ¢/kWh.[73]
5.2.15.5. Wind Energy Time-shift

For the wind generation case, the energy time-shift benefit
is estimated based on the assumed difference between the
annual average wholesale/spot value for on-peak energy and
off-peak energy, net of energy storage losses. Instead of
selling off-peak energy in real-time (when generated), that
energy is stored and used at a later time when energy prices
are high.

The off-peak versus on-peak price differential is estimated
based on the price differential between weekday energy
prices occurring during the periods of a) 12:00 p.m. to

5:00 p.m. and b) 1:00 a.m. to 6:00 a.m., as shown in Table
26. Also shown in Table 26: Time-shifting for 5 full hours
per day (5 kWh per day per kW of wind generation), for all
weekdays during the year, is worth about $54,152/MW-year
or about $54.2/kW-year. Nevertheless, Figure 8 (in Section
3.6.1.2) shows that at least some of the wind generation’s
output occurs during the on-peak period when the energy is
already most valuable. Consequently, the amount of energy
from wind generation that is actually time-shifted is less
than would be needed for 5 full hours of storage discharge
(i.e., is less than 5 kWh per kW of wind generation).

Depending on the applicable wind generation production
profile(s), storage could be used to time-shift 2 to 4 kWh per
day, per kW of wind generation. Assuming that storage can
be used to time-shift 3 kWh per kW of wind generation

Importantly, to the extent that
adding energy storage for energy
time-shift increases output during
times when peak demand occurs,
a capacity credit may also apply.

Based on the benefit estimate
used for the electric supply
capacity application, the 10-year
capacity credit could range from
nothing (if generation capacity is
not needed) up to $864/kW
($120/kW-year), if the need for a
natural-gas-fueled combined
cycle generation plant is avoided.

Based on those values, the
benefit for energy time-shift plus
supply capacity from baseload
renewable energy generation
ranges from $389/kW over

10 years (in areas not needing
additional generation capacity)
up to $1,288/kW if the time-shift
defers the need for combined
cycle power plant capacity.

during a 5-hour on-peak period, the energy time-shift benefit (based on the above values) is:

(3 kWh = 5 hrs) x $54.2/kW-year = $32.5/kW-year.

When multiplied by the PW factor, the benefit over 10 years is

$32.5/kW-year x 7.17 = $233.2/kW.

Depending on the local and regional circumstances, there may be an electric supply capacity-
related benefit if the time-shift involves storage discharging as shown in Figure 8. (Also see the
renewables capacity firming benefit characterization in Section 5.2.16.)
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5.2.15.6. Baseload Renewables Energy Time-shift

The energy time-shift benefit for baseload renewable energy generation is based on the value
achieved by storing low-value energy during off-peak periods and discharging the storage on-
peak. As shown in Figure 9 (Section 3.6.1.3), the effect is to avoid using or selling the
generator’s energy when that energy has a low value and to increase the amount of electric
energy available during times when that energy is more valuable. Based on the differential
between the price for off-peak energy and the price for on-peak energy (shown in Table 26), the
value related to energy time-shift for baseload renewable energy generation is approximately
$54.2/kW-year or about $389/kW over 10 years (7.17 x $54.2/kW-year).

5.2.16. Benefit #16 — Renewables Capacity Firming
5.2.16.1. Description

The benefit for firming output from renewable energy generation is related to the cost that can be
avoided for other electric supply capacity. If renewable energy generation output is constant
during times when demand is high, then less conventional generation capacity is needed. In this
guide, benefits are estimated for two cases: 1) distributed PV generation and 2) bulk wind
generation. (See the benefit characterization in Section 3.6.2 for details.)

5.2.16.2. Capacity Credit

The value of a generator’s capacity (capacity credit) is based on the degree to which the
generator’s capacity contributes to the reliability of the electric supply system, primarily during
peak demand periods. It is also based on the cost for electric supply resources which may include
local or regional generation plants, power purchases, or demand response. Capacity credit is an
important criterion of merit used by power engineers to estimate the contribution that renewable
energy-fueled generation makes toward the total amount of power required to serve load.

Perhaps the most robust way to estimate an intermittent generator’s capacity credit is to calculate
the effective load carrying capacity (ELCC). ELCC is a measure of a power plant’s contribution
to the greater electric supply system’s capacity during times when the amount and reliability of
capacity is important. ELCC is established using reliability and/or production cost models to
estimate common reliability indices, such as loss of load probability, loss of load expectation, or
expected unserved energy.

All power plants, except for the benchmark (a fully dispatchable, very reliable combustion
turbine-based generator), have an ELCC that is less than the generator’s rated capacity. For
example, 100 MW of wind generation may have a capacity credit of 0.25; which means that the
wind generation provides 0.25 x 100 MW = 25 MW of capacity to the electric supply system
when demand is high.

5.2.16.3. Generation Capacity Cost

The cost assumed for generation capacity (which forms the basis for the capacity firming benefit)
is the same as the generation cost for the electric supply capacity benefit, as described in

Section 5.2.2. It is for a combustion-turbine-based generation plant whose annual cost is assumed
to be $120/kW-year.
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5.2.16.4. On-peak Period and Storage Operation

Renewables capacity firming is assumed to be most valuable during the hours of 12:00 p.m. to
5:00 p.m., weekdays during the summer peak demand season (May through October). Because
there is also some benefit associated with energy time-shift during the winter demand season
(November through April), it is also assumed that the storage is used for energy time-shift during
those months, for the same five hours per day on weekdays.

5.2.16.5. Energy for Renewables Capacity Firming

Readers should note that the renewables capacity firming benefit estimated does not include
benefits related to the energy that is discharged when storage is being discharged to firm
renewable energy generation output. If storage (used for renewables capacity firming) is
discharged for a small portion of the year, then the energy-related benefit may be modest.
Conversely, the energy-related benefit could be more significant if storage is discharged for a
larger portion of the year.

Although each circumstance is different, the total benefit for renewables capacity firming is often
maximized by using low-priced, off-peak wholesale energy from the grid to charge storage.
Furthermore, all energy output from the renewable energy generation is delivered directly to the
grid without storage losses. Among other effects, storing low-priced energy from the grid and
directly from renewable energy generation means that there is more energy output from the
renewable energy plus storage system than could be delivered if only energy from renewable
energy generation is stored.

For this report, the wholesale energy prices used to estimate energy benefits associated with
renewables capacity firming are the same ones used for the electric energy time-shift benefit (See
Section 5.2.1). Monthly and seasonal average price differentials for the prices used are
summarized in Table 26 in the description of the renewables energy time-shift benefit (See
Section 5.2.15). The price differential is the difference between on-peak energy and off-peak
energy during weekdays.

5.2.16.6. Distributed PV Capacity Firming

In many parts of California, well-designed and well-operated solar generation provides a
capacity credit of 0.80 or more, in part because of the good correlation between insolation and
demand.[74]

For the purpose of this guide, however, the solar generation that is firmed (i.e., distributed, flat-
panel PV modules with a fixed orientation) is assumed to have a capacity credit of 0.40. That
value is lower than the 0.80 capacity credit for a well-optimized, solar generation facility for
several reasons.

First, PV systems evaluated herein have a fixed orientation; however, generation with a high
capacity credit uses ‘tracking’ to follow the sun, so the solar collector is pointed directly at the
sun for a large portion of the day. The result is more power production during peak demand
periods and more energy generation during the year than a similar plant that does not employ
tracking, though tracking adds complexity and cost.

Other reasons that distributed PV systems’ capacity credit may be relatively low include the
following: the PV modules’ (fixed) orientation is suboptimal; regular dust accumulation on
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modules; shading of PV modules by trees, buildings, etc. during a portion of the peak demand
period; high ambient temperatures that reduce PV’s efficiency and power during the peak
demand period; and the level of cloudiness over the PV’s location.

Storage is used to firm PV during the five peak demand price hours in the summer months. For
this report, the generic peak demand period assumed is 12:00 p.m. to 5:00 p.m., weekdays,
during the summer peak demand season (May through October).

The generic storage discharge duration for storage plus PV systems ranges from 2 to 3 hours,
though the discharge duration could be less in regions with good insolation and/or for well
designed and maintained PV systems.

The storage plus PV system is assumed to operate as follows for PV capacity firming: low-value
(and low-priced) energy from the grid is stored, and that energy is discharged during utility peak
demand hours. Because most or all energy generated by PV has high or relatively high real-time
value, all PV energy is assumed to be used or sold to the grid as it is generated.

For this analysis, adding storage to distributed fixed-orientation PV is assumed to increase the
capacity credit from 0.40 to 1.0. Although a given storage plus PV system may not be reliable
enough to warrant a capacity credit of 1.0, it is assumed that that unit diversity among many
small storage plus PV systems leads to an effective aggregated electric supply capacity credit
approaching 1.0.

5.2.16.7. Bulk Wind Generation Firming

Capacity firming could be applied to smaller distributed wind generation capacity; however, in
this guide the wind generation that is firmed is assumed to be deployed in central/large-scale
wind farms. The generic capacity credit assumed for wind generation is 0.25.[75]

Note that most energy production from wind generation is assumed to occur when the energy has
relatively low value (i.e., most energy produced is generated during evening, night, and early
morning hours).

Depending on the duration of the peak demand period and the degree to which wind coincides
with peak load, storage used to firm wind generation capacity is assumed to have a discharge
duration of 3 to 4 hours (3.5 hours is the generic value used.)

After being firmed with storage, the wind generation is assumed to have a capacity credit
approaching 1.0 (0.75 of which is attributable to the addition of storage).

5.2.16.8. Distributed Renewables Capacity Firming for Demand Charge
Reduction

Note that the renewables capacity firming benefit is related to electric supply capacity. That is,
the benefit described above is related to the avoided cost of owning a generation plant. In the
previous example, the generation is a generic dispatchable resource.

An important analog for electricity end users allows them to derive a benefit for capacity firming
based on the applicable tariff for electric service. If the end user’s electric service tariff includes
demand charges, then the end user could use storage to reduce those charges. Demand charges
reflect the price charged by the utility for each kW of power draw (demand) by the end user.
(See Section 3.5.2 and Section 5.2.12 for more details about demand charge reduction using
storage.)
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5.2.16.9. Incremental Benefit and Cost for Adding Storage for Renewables
Capacity Firming

One point worth noting is that the renewables capacity firming benefit estimated in this report is
for adding storage to renewable energy generation, so the benefit is incremental. Consequently,
when evaluating the financial merits of adding storage to renewables generation, the incremental
benefit is compared to incremental cost (to add storage).

5.2.16.10. Estimate

The renewables capacity firming benefit is based on the avoided cost for generation capacity of
$120/kW-year and on the degree to which the renewable energy generation output is firmed. As
an example: For PV, the assumed capacity credit before firming is 0.4, whereas the assumed
capacity credit after firming is 1.0, for an increase of

1.0-0.4 = 0.6 kW per kW of rated capacity.
The resulting capacity firming benefit is
0.6 x $120/kW-year = $72/kW-year.

The energy-related benefit (for the energy discharged from storage) is summarized in Table 27.
The total annual benefit, including the capacity-related benefit plus the energy-related benefit, is
summarized in Table 28.

Table 27. Energy Time-shift Benefit from Renewable Energy Generation
During Operation for Capacity Firming

Photovoltaics Wind Generation
Summer | Winter | Summer | Winter

Net Unit Benefit ($MWh)']  60.3 222 60.3 222
(¢/kwh)] 6.03 2.22 6.03 2.22

Energy Time-shift (Hours/Day)? 2.5 2.5 3.5 3.5
Days/Year® 130 130 130 130

Hours/Year 326 326 456 456

Net Seasonal Benefit ($/kW-yr) 19.7 7.2 27.5 10.1

Net Annual Benefit ($/kW-yr) 26.9 37.6

1. On-peak energy price minus off-peak energy price minus cost for storage
losses. Does not include consideration of storage VOC.

2. This criterion is based on the storage discharge duration.

3. This criterion is based on the definition of peak demand period.
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Table 28. Total Annual Renewables Capacity Firming Benefit

Storage Renewables Storage Incremental
Energy | Effective Capacity1 Value ($/kW-yr)
Discharge w/o
Duration Firimg Firmed | Capacity’| Energy Total
PV 25 0.40 1.00 72.0 26.9 98.9
Wind 3.5 0.25 1.00 90.0 37.6 127.6

1. During peak demand periods.
2. Assuming $120 per kW-year for combustion turbine based generation.

The annual values are converted to 10-year lifecycle benefit by multiplying by the PW factor of
7.17. The estimated 10-year net benefit associated with firming of PV output is

$98.9/kW-year x 7.17 = $709/kW.
The estimated 10-year net benefit from firming of wind generation is

$127.6/kW-year x 7.17 = $§915/kW.

5.2.17. Benefit #17 — Wind Generation Grid Integration
5.2.17.1. Description

The wind generation grid integration (wind integration) application includes two categories and a
total of six subtypes. The two categories are 1) short-duration (lasting for a few seconds to a few

minutes) and 2) long-duration (lasting for many minutes to a few hours). The six subtypes are
summarized in Table 29.

Table 29. Wind Generation Grid Integration Application Subtypes

Short-duration Applications

1. Reduce Output Volatility (due to momentary wind fluctuations)
2. Improve Power Quality

3. Reduce Output Variability (lasting minutes to hours)
4. Transmission Congestion Relief

5. Backup for Unexpected Wind Generation Shortfall
6. Reduce Minimum Load Violations

The benefit associated with storage used for each subtype varies significantly. Even among the

subtypes, the benefit varies from moment-to-moment, throughout the day, throughout the year
and from year-to-year.

Benefit values for wind generation grid integration in this guide provide a starting point for
related analyses, rather than being definitive. The rationale used to establish each benefit value is
described below. Readers are left to judge the merits of that rationale for a specific region,
electric supply system, or wind generation resource.
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5.2.17.2. Estimate

The methodology for estimating each of the six wind generation grid integration application
subtypes varies. A brief discussion of each is provided below.

Reduce Output Volatility

The leading response to grid effects from wind output volatility (characterized by variations
lasting a few seconds to a few minutes) is increased use of conventional area regulation
resources. For this report, the benefit for reducing aggregate wind output volatility is the avoided
cost for that additional area regulation service needed to accommodate the volatility. The area
regulation service is described in Section 3.3.2 and the benefit is described in Section 5.2.4.

(An alternate approach that could be used to estimate the benefit for short-duration intermittency
is that used for the renewables capacity firming application in Section 5.2.16.)

Area regulation capacity needed to accommodate wind generation additions is assumed to be
required during the six most productive months for wind generation (which varies depending on
region). Consequently, the benefit estimate is about half that for annual operation. If storage can
provide rapid-response regulation, and if the benefit from that capability can be internalized by
the storage owner, then the benefit can be as high as $1,000/kW for 10 years. If the rapid-
response capability does not have a specified value, then the 10-year benefit may be closer to
$500/kW. In this guide, the estimated generic benefit is $750/kW for 10 years.

Improve Power Quality

The benefit for improved power quality is specific to the location, wind resource, and wind
turbine type(s), and it varies from moment-to-moment, throughout a day, throughout the year,
and among years. Also, newer wind turbines pose fewer and less significant power quality-
related challenges than older turbines.[76]

The first option for establishing the benefit for this application is to determine the cost of the
most likely existing option for addressing the specific power quality challenge and, in some
cases, the ‘do nothing’ option. Conventional options may include replacing components of older
wind turbines; upgrading circuits and/or transformers; using capacitors, static VAR
compensators, or power electronics; curtailing production from wind generation; and/or using
on-site/local dispatchable (e.g., diesel-fueled) generation. Given the challenge of generalizing the
circumstances and options for this application, estimating a generic benefit is probably not
helpful, so no estimate is provided in this report.

Reduce Output Variability

Wind generation output variability involves changes that occur over periods lasting from minutes
to hours. Wind variability (from minute-to-minute and throughout the day) adds to the need for
load following resources that must make up the difference between load and generation that is
already online. For this guide, the benefit of reducing aggregate wind output variability is the
avoided cost for that additional load following service.

It is also assumed that most additional load following capacity will probably be provided by
combined cycle generation plants. Furthermore, the additional load following is assumed to be
needed for six hours per day (three hours during the morning when load is increasing, and three
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hours as load decreases at night) which is assumed to occur during the six most productive wind
generation months each year.

Given that the service is provided by a combined cycle power plant, the assumed (marginal) cost
for the additional service is $50/MW per service hour. As a result, the estimated annual benefit
(in Year 1) for using storage with wind generation to reduce the need for additional load
following resources is

6 hours/day x 7 days/week x 26 weeks/year) x $50/MW per hour of service
= 1,092 hours/year x $50/MW per hour of service
= $54,600/MW per year of service ($54.6/kW-year).

The generic lifecycle benefit is

$54.6/kW-year x 7.17 = $391.5/kW.

Transmission Congestion Relief

The transmission congestion relief application subtype cannot be easily generalized. In some
areas, there may be enough unused transmission capacity to accommodate all, or at least most,
expected wind generation capacity additions. In other areas, any significant additions may
overwhelm existing transmission capacity. In some cases, congestion is reflected in pricing for
energy or for energy transfers.

The cost to upgrade transmission to accommodate renewables in California probably reflects
relatively high costs (for new transmission capacity); however, it may still be instructive to
consider the circumstances. In California, cumulative wind generation capacity additions are
assumed to be 5,200 MW by 2010 and 10,600 MW by 2020. The total installed cost for new
transmission capacity needed to accommodate all renewables in California is an estimated
$2.3 billion by 2010 and $6.3 billion by 2020.[77] For this report, it is assumed that about two-
thirds of the transmission cost for all renewables is attributable to wind generation additions
(given that most new renewable generation capacity expected is wind generation).

Based on those assumptions, the estimated lifecycle cost for transmission capacity needed to
accommodate wind generation capacity additions is shown in Table 30. The approach used to
make that estimate is described below.
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Table 30. Estimated Total Transmission Cost for Wind Capacity
Additions in California

Year| 2010 2020

1 Wind Capacity Additions (MW cum.)| 5,200 10,600
2 Transmission Total Installed Cost ($Million)] 2,300 6,300
3 (Assumed) Portion of Transmission Attributable to Wind Gen. added| 0.667 0.667
4 Transmission Cost Attributable to Wind Gen. added ($Million)] 1,534 4,202
5 Transmission Annual Cost for Wind Gen. Added ($Million)*] 168.8 462.2
6 Transmission Cost for Wind Gen. / Wind Gen. kW ($/kW of Wind gen.)** 295 396
7| Transmission Annual Cost for Wind Gen. / Wind Gen. kW ($/kW-year of Wind gen.)] 32.5 43.6
Transmission Lifecycle Cost for Wind Gen.
8 ($/kW of W)i,nd gen. for 10 years)*** 2327 3127
9 (Assumed) kW storage per kW of Wind gen. 0.50 0.50
10 Lifecycle Benefit ($/kW storage, 10 years)] 465.4 625.3

* Attributable to wind generation. Based on Fixed Charge Rate = 0.11

** Transmission Annual Cost / Wind Capacity Additions
***10.0%l/yr. discount rate, 2.5%/yr. escalation rate: PW factor = 7.17

The approach used to estimate the transmission congestion relief benefit involves assumptions
about or estimates of 1) wind generation capacity to be added; 2) transmission capacity needs
and the related total and annual cost attributable to increased wind generation capacity to be
added (key premise: wind generation-related transmission congestion will occur if that
transmission capacity is not added); 3) the value of a 10-year deferral of the upgrades needed;
and 4) the lifecycle (10 year) benefit if storage is used in lieu of upgrades.

The following ten-step process was used to develop the generic benefit estimate shown in Table

30:

Determine the total amount of wind generation to be added (Line 1 in Table 30).

Use a current estimate of transmission fotal cost that will be incurred because all types of
renewables generation will be added (Line 2 in Table 30). Total cost is defined as the
installed cost, including land, site preparation, permits, equipment purchases, and
installation.

Estimate the portion of transmission total cost that is attributable to wind generation
additions (line 3 in Table 30). For the example, wind generation is assumed to account
for two-thirds of the transmission needed to accommodate all renewables.

Calculate the value of transmission total cost that is attributable to wind generation
additions. In the example, multiply the transmission total installed cost for renewables
(Line 4 in Table 30) by two-thirds. For the example, an estimated $1.53 billion would be
spent in 2010 and $4.2 billion would be spent in 2020.

Calculate the annual (financial carrying) cost for the transmission attributable to wind
generation additions by multiplying the transmission total cost that is attributable to wind
generation additions (Line 4 in Table 30) by the fixed charge rate of 0.11. The result
(Line 5 in Table 30) is approximately $169 million in 2010 and $462 million in 2020.
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6. Allocate transmission fotal cost attributable to wind generation additions to wind
generation on a $/kW of wind generation basis. That is done by dividing the transmission
cost attributable to wind generation added (Line 4 in Table 30) by the kW of wind
generation to be added (Line 1 in Table 30). The result is $295/kW of transmission
installed cost per kW of wind generation capacity added by 2010 and $396/kW of wind
generation added by 2020 (Line 6 in Table 30).

7. Allocate the annual cost for transmission needed to serve new wind generation, on a
$/kW of wind generation basis. That is done by dividing the annual transmission cost
attributable to wind generation additions (Line 5 in Table 30) by the kW of wind
generation to be added (Line 1 in Table 30). In 2010, the resulting single-year
transmission cost is about $186 Million + 5,200 MW = $32.5 per kW-year of wind
capacity. In 2020, the annual cost for transmission added (per kW of wind generation
added) is $462 Million + 10,600 MW = $43.6 per kW-year (Line 7 in Table 30).

8. Estimate the /ifecycle transmission cost attributable to wind generation additions by
multiplying the annual transmission-related cost per kW of wind generation (Line 7 in
Table 30) by the present worth factor of 7.17. That yields an estimated lifecycle cost for
wind generation capacity added of $232.7/kW by 2010 and $312.7/kW by 2020 (Line 8
in Table 30).

9. Estimate the amount of storage needed (per kW of wind generation) to avoid the need for
additional wind generation-related transmission. In the example, the assumption is that
0.5 kW of storage (whose useful life is 10 years) is needed per kW of wind generation to
offset transmission-related cost (Line 9 in Table 30). That is based on the simplifying
assumption that in almost all cases wind generation output will not be more than 50% of
its rated capacity during times when the transmission system is heavily loaded,
overloaded, or congested.

10. Calculate the 10-year lifecycle benefit associated with each kW of storage used to
provide transmission congestion relief (based on deferring transmission upgrades for
10 years). That value is derived by dividing lifecycle transmission cost attributable to
wind generation additions (Line 8 in Table 30) by 0.5 (kW storage / kW wind
generation). For the generic estimate, the benefit is $465.4/kW in 2010 and $625.3/kW in
2020 (Line 10 in Table 30).

This benefit estimate reflects the average cost for transmission. Presumably, there are some
locations for which the cost to upgrade the transmission is higher. Furthermore, it is those
locations for which storage may be the best alternative (given the relatively high cost).

Consider another scenario: For the situation described above, 50% of all wind-related
transmission upgrade costs are incurred to accommodate 20% of the wind capacity additions.
Furthermore, those locations require 1 kW of storage per kW of wind generation to avoid the
need to upgrade transmission equipment. The results of this scenario are shown in Table 31.
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Table 31. Transmission Cost for Wind Capacity
Additions in California, High-value Locations

Year] 2010 2020
1 Wind Capacity Additions (MW cum.) 5-,200 10,600
2 Applicable Portion* 0.2 0.2
3 Wind Capacity Affected (MW cum.)] 1,040 2,120
4 Transmission Total (Installed) Cost ($Million)] 2,300 6,300
5 (Assumed) Portion of Transmission Total Cost Attributable to Wind Gen. Added] 0.667 0.667
6 Transmission Total Cost Attributable to Wind Gen. Added ($Million)] 1,534 4,202
7 Portion (of cost for all transmission additions) In Play* 0.5 0.5
8 Transmission Cost Attributable to Wind gen. added ($Million) 767 2,101
9 Transmission Annual Cost for Wind Gen. Added ($Million)**] 84.4 2311
10| Transmission Total Cost for Wind Gen. / Wind Gen. Added kW ($/kW of Wind Gen.)** 738 991
11hsmission Annual Cost for Wind Gen. / Wind Gen. Added kW ($/kW-year of Wind Gen.)| 81.1 109.0
2 T et o o soveme] 2| 702
13 (Assumed) kW storage per kW of Wind Gen. Added 1.00 1.00
14 Lifecycle Benefit ($/kW storage, 10 years) 582 782

* 50% of all costs attributible to Wind gen. are incurred for 20% of Wind gen. additions.
** Attributable to wind generation. Based on Fixed Charge Rate = 0.11
***10% discount rate, 2.5% escalation rate: PW factor = 7.17

Based on the results shown in Table 31, the lifecycle benefit for storage used to offset need for
the most expensive transmission upgrades (those needed to accommodate wind generation)
would be $582/kW over 10 years in 2010 and $782/kW over 10 years in 2020 (Line 1 in Table
31).

Based on the results for the two scenarios shown in Table 30 and Table 31, the generic value
assumed for the lifecycle benefit is $625/kW for 10 years.

Backup for Unexpected Wind Generation Shortfall

The value for this application is related to avoiding electric service outages that are caused by a
sudden, unexpected drop in wind generation output. To the extent that storage allows grid
operators to avoid such outages, the storage provides benefit. It is important to note that, in most
cases, the ISO addresses a sudden reduction of wind generation output with one of several non-
storage options, especially out-of-area energy purchases; reserve capacity; interrupting or
curtailing load to reduce demand; and increasingly automated load control. Storage provides
another option.

The values in Table 32 reflect a simple benefit estimate based on the value-of-service (VOS)
metric described in Section 5.2.13. The assumed composite VOS for all customer classes is
$10/kWh. That value reflects the cost incurred by end users per kWh of energy not delivered due
to the outage. Furthermore, it reflects a composite of the value for all electricity end-user classes,
ranging from residential end users at the low end, for whom the cost is close to nothing, to high-
value-added manufacturing customers whose VOS may exceed $100/kWh. As shown in the
table, at the lower bound, one outage is avoided over 10 years for an estimated 10-year lifecycle
benefit of $100/kW or an annual benefit of about $14/kW-year. At the high end, two outages are
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avoided over 10 years, yielding an estimated lifecycle benefit of $200/kW and an annual benefit
of $28/kW-year.

Table 32. Benefit for Avoided Service Outages Due
to Sudden Drop of Wind Generation Output

Low High
Wind-to-Peak Load Ratio] 10.0% 10.0%
Outages Avoided 1 5
(10 years),
Outage Duration (hours) 1 1
Value of Unserved Energyj 10 10
($/kWh)
Lifecycle Benefit]
($Year1 / kW-load ) 10 20
Lifecycle Benefit*
($ Year 1/ kW wind gen.) 100 200
Annual Benefit**
($/kW-year) 14 28

*Lifecycle Benefit per kW of Load / Wind/Peak Load Ratio.
**Assuming PW factor = 7.17

For the estimate above, it is assumed that there is 1 kW of storage per kW of wind generation. To
the extent that wind resources are geographically diverse, less than 1 kW of storage per kW of
wind generation is conceivable. If, for example, storage of 0.5 kW per kW of wind generation
capacity would suffice for a geographically diversified wind generation resource, then the benefit
values in Table 32 would double.

Reduce Minimum Load Violations

Minimum load violations occur when generation capacity exceeds demand. When that occurs,
some of the energy generated may not be usable. The benefit for reducing minimum load
violations is assumed to be related to the value of energy that cannot be used. The generic value
is estimated based on forecasted energy prices in California in 2009. A summary of those values
is shown in Table 33.

Table 33. Low and High Values for Minimum Load Violations

Iltem Name Low High
Portion of the Year| 1.0%| 4.0%
Hours Per Year 87.6| 350.4
Energy Price ($/MWh)| 56.5| 56.5
Benefit ($/MW-year)] 4,949( 19,798
($/kW-year) 4.9 19.8

108




Based on the values shown in Table 33, the generic value for reduced minimum load violations
ranges from about $5/kW-year on the low end to about $20/kW-year on the high end. The low
value reflects minimum load violations that occur during 1% of the year, or about 57 hours per
year. The high value reflects minimum load violations occurring during 4% of the year, or

350 hours per year. Both values reflect an average energy price of $56.5/MWh during minimum
load violations.

5.2.17.3. Wind Integration Benefits Summary

Table 34 summarizes the benefits estimated (and described above) for the wind integration
application subtypes.

Table 34. Wind Integration Benefits Summary

Benefit Estimate ($/kW)*
Application Subtype Low High
Short Duration
. Reduce Outpl_Jt Volatility .(due to 500 1,000
momentary wind fluctuations)
2. Improve Power Quality not estimated
Long Duration
Reduce Output Variability (lasting
3. 391
minutes to hours)
4. Transmission Congestion Relief 465 782
Backup for Unexpected Wind
S Generation Shortfall 100 200
6. Reduce Minimum Load Violations 5 20

* 10 years, 2.5% escalation rate, 10% discount rate: Present Worth factor = 7.17.

5.3. Incidental Benefits

Some benefits are not specific to any one application, as they may accrue incidentally when
storage is used for one or more applications. For example, dynamic operating benefits occur
because the operation of the greater electric supply system is more optimal because storage is
used. And, although avoiding transmission access charges is not an application, it may be that
using storage allows stakeholders to reduce or avoid charges associated with transmitting energy
through the transmission system. A discussion of nine meaningful incidental benefits which are
explored in this guide is provided below.

5.3.1. Benefit #18 — Increased Asset Utilization
5.3.1.1. Description

In many situations, use of energy storage will increase the amount of electricity that is generated,
and/or transmitted, and/or distributed using existing utility assets. The effect is commonly
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referred to as increased asset utilization. Two important financial implications of increased asset
utilization are 1) the cost to own the equipment is amortized across more (units of) energy which
reduces the unit cost/price for that energy, and 2) the payback from the investment occurs
sooner, which reduces investment risk.

Consider an example: A utility installs distributed energy storage to address local electric service
reliability needs and to defer an expensive T&D upgrade. Storage use increases generation asset
utilization if the storage is charged using existing generation assets (presumably during times
when demand is low). Similarly, transmission asset utilization increases assuming that existing
transmission capacity is used to transmit the storage charging energy (presumably the
transmission occurs during times when transmission asset utilization is normally low).
Depending on use patterns and location, distributed energy storage may also increase distribution
asset utilization.

The benefit of increased asset utilization is highly circumstance-specific. It is not estimated in
this guide.

5.3.2. Benefit #19 — Avoided Transmission and Distribution Energy
Losses

5.3.2.1. Description

As with any process involving conversion or transfer of energy, energy losses occur during
electric energy transmission and distribution. These T&D energy losses (sometimes referred to
as IR or ‘I squared R’ energy losses) tend to be lower at night and when loading is light and
higher during the day and when loading is heavy. T&D energy losses increase as the amount of
current flow in T&D equipment increases and as the ambient temperature increases. Thus, losses
are greatest on days when T&D equipment is heavily loaded and the temperature is high.

If storage is charged with grid energy, then the benefit is based on the difference between the
cost for losses incurred to deliver energy for charging (off-peak) and the cost that would have
been incurred if the energy was delivered in real-time (on-peak). If storage is charged with
energy generated locally, then the losses avoided (and benefit) may be even higher because
no/limited losses are incurred to get the energy to the storage for charging.

5.3.2.2. Estimate

The generic benefit values shown in Figure 19 reflect two energy price scenarios and two
scenarios for on-peak versus off-peak losses. The first price scenario involves an average price
difference (labeled as Price A in the figure) of 6 ¢/kWh between on-peak and off-peak energy
prices. For the second scenario, the average difference between on-peak and off-peak energy
prices is 8 ¢/kWh. The values in Figure 19 also reflect a T&D energy loss difference (labeled as
Loss A in the figure) between on-peak and off-peak of 3% at the low end and 5% at the higher
end. An example: If on-peak T&D losses are 8% and T&D losses off-peak are 5%, then the
difference is 3%. The estimated generic benefit for avoided T&D I°R energy losses is
$8/kW-year (net) or about $57/kW over 10 years.
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Figure 19. Benefit for T&D I°R energy losses avoided.

5.3.3. Benefit #20 — Avoided Transmission Access Charges

5.3.3.1. Description

Typically, utilities that transmit electricity across transmission facilities that are owned by
another entity must pay the owners for transmission ‘service’. Similarly, utility customers must
pay the cost incurred by the utility to own and to operate transmission needed to deliver the
electricity. Related charges are often called transmission access charges.

Consider municipal electric utilities (munis) and electric cooperatives (co-ops). Munis and co-
ops may own some or all of the generation capacity needed. Almost all munis and co-ops own
and operate their electricity distribution system. Many, however, do not own transmission
capacity. Also, most utilities transmit some power through other utilities’ transmission lines.
Utilities must pay transmission access charges to transmit power from their own generation
plant(s) and/or from the wholesale electricity marketplace.

The benefit for avoided transmission access charges depends on, among other factors, tariff
terms and pricing, location, and increasingly, time of year and time of day. In some cases,
transmission access is priced based on energy used ($/kWh delivered). In other cases, the
transmission charge is assessed based on capacity used, like demand charges ($/kW).

In many parts of the country, the marketplace for transmission capacity is just emerging. As the
marketplace for electricity opens up, transmission access charges will be available from the
various regional transmission organizations. The trend toward locational marginal pricing of
energy will allow for increasingly precise, location-specific allocation of transmission costs.
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5.3.3.2. Estimate

At the lower end of the spectrum, transmission access charges are estimated based on annual
average transmission charges for firm point-to-point transmission service in the Midwest ISO
control area. Based on an informal survey of those transmission access charges, the annual
amount is approximately $25/kW-year to $30/kW-year.[78] Furthermore, the Midwest ISO’s
charges for off-peak transmission service are on the order of 30% less than the charge for service
on-peak.

At the high end of the spectrum, consider a California-specific indication of the retail charge for
transmission: A transmission access charge of 0.913 ¢/kWh of energy delivered is assessed for
transmission under terms of PG&E’s A-6 commercial TOU energy price electricity service tariff.
If assuming annual energy use of 4,300 kWh per kW of peak load, the total transmission charges
are about $40/kW-year.[79]

Note that the value of $40/kW-year is assumed to indicate the utility ‘revenue requirement’ for
transmission which is the amount that the utility must collect as revenue from customers to cover
cost. Furthermore, if transmission is priced based on energy delivered, rather than being based on
peak demand, then storage could actually increase transmission charges for end users because for
each kWh discharged from storage, transmission charges are incurred for storage charging
energy and for storage energy losses. Finally note that, in some cases, transmission charges are
lower at night than during the day.

The estimated generic benefit for avoided transmission access charges is $20/kW-year. After
applying the 7.17 PW factor, the lifecycle benefit is $143.40/kW.

5.34. Benefit #21 — Reduced Transmission and Distribution Investment
Risk

5.3.4.1. Description

Although there is no specific accounting for or price ascribed to it, there is an undetermined
amount of risk associated with investments in T&D upgrades or expansion, as there is with any
investment. While there is no formal way to account for that risk, it is an actual cost borne by
electricity users.”

Consider a simple example: Utility power engineers decide that it is prudent to upgrade some
T&D equipment. When the upgrade project is half finished, the utility receives news that a large
customer load will be removed such that the in-process upgrade will not be needed for several
years. Whether the project is completed or not, for several years no revenue is received to cover
the cost incurred for the upgrade. As a result, utility customers at large must pay more to cover
that unmet revenue requirement. The effect is the same if aggregate load growth is lower than
expected.

Uncertainty can lead to T&D project delays, the result of which may be service outages and
damage to existing equipment. Some sources of uncertainty that can cause costly project delays
include a) utility staff or funding shortages, b) institutional delays such as those for permits,

c¢) unforeseen challenges encountered during construction, and d) weather.

" Although not addressed in this report, storage could also be used to reduce generation fuel price risk.

112



For most T&D upgrades, the investment risk is low to very low. A low-risk T&D investment
tends to involve an upgrade that is routine, low cost, and whose cost is likely or very likely to be
offset by revenues.

Storage — or any other modular resource that can be located downstream (electrically) from the
T&D upgrade — can be used to manage risk. For example, if there is uncertainty about whether
an expected block load addition will occur or staffing shortages or permitting delays will affect
the upgrade, modular storage could be used to defer the upgrade for one year — enabling the
utility to delay a possibly risky T&D upgrade investment until there is less uncertainty.

It is not possible to generalize this benefit given the wide range of possible circumstances that
could be involved; therefore, an estimate is not provided in this guide.

5.3.5. Benefit #22 — Dynamic Operating Benefits

A dynamic operating benefit (DOB) is a generation operating cost that is reduced or avoided
because storage is part of the electric supply system. Generation operating cost is reduced if
generation equipment a) is used less frequently (i.e., has fewer startups), b) operates at a more
constant output when it is used (avoided part load operation), and ¢) operates at its rated output
level most/all of the time when in use.[80]

DOBs include those for reduced generation equipment wear, reduced fuel use, and reduced
emissions. Reducing equipment wear may reduce maintenance costs and/or extend equipment
service life. Fuel use and emissions are reduced if a) generation output is more constant,

b) generation output operates at its rated output, and c) generation is started less frequently.

Some of the DOBs reflect expenses that would otherwise be incurred by utilities and that would
be reflected in utility service prices. Other DOBs reduce societal costs. DOBs that reduce actual
expenses include reduced fuel cost, reduced maintenance cost, and increased equipment life. The
key societal benefits include lower cost-of-service, reduced resource (fuel) use, and reduced air
emissions.

This benefit is specific to the generation mix in a given region. It is not estimated in this guide.

5.3.6. Benefit #23 — Power Factor Correction

As described in Appendix C, utilities often need to compensate for reactance that causes
unacceptably low power factor. The typical utility response — to improve a circuit’s power factor
and effectiveness — is twofold: 1) include a (low) power factor charge for commercial electricity
end users’ whose loads have an especially low power factor (e.g., below 0.85) and 2) use
capacitors to offset the effects from inductive loads (i.e., to reduce the degree to which voltage
and current are out of phase).

Depending on circumstances, the utility solution may involve other more expensive alternatives
such as static synchronous compensators (StatComs) and static VAR compensators.

Depending on the type and characteristics of storage deployed, distributed storage could provide
effective power factor correction. Battery or other storage systems whose storage media has
direct current (DC) output and which include power conditioning to convert between AC and DC
power are especially well-suited to power factor correction. Conventional motor-generator
systems can also provide reactive power (VAR) needed for local power factor correction.
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Notably, power factor correcting capacitors (the most common approach used by utilities for
power factor correction) are inexpensive relative to generation capacity. Typical installed costs
range from $10 to $15 per kVAR, so the avoided cost (benefit) if storage is used would be low
(relative to storage system cost). Nonetheless, that benefit may still be attractive if the
incremental cost to add power factor correction capability to storage is low enough.

5.3.7. Benefit #24 — Reduced Generation Fossil Fuel Use

One incidental benefit that may accrue if storage is used is a reduction in the use of fossil fuels
used for generation. Storage use can lead to reduced fossil fuel use in at least three ways. First
stored energy from more efficient fossil fueled generation and/or renewables can offset use of
less efficient intermediate duty or peaking generation (energy time-shift). Second, fuel use may
be reduced due to dynamic operating benefits associated with storage use (Benefit #22). Third,
fossil-fueled generation tends to be more efficient when ambient temperatures are low.
Coincidentally, most storage charging occurs at night, when temperatures are lower. Finally, if
energy is transmitted at night when ambient temperatures and T&D loading are relatively low,
then T&D energy losses are reduced (Benefit #21).

Importantly, the degree to which fuel use is reduced or increased (due to use of storage) depends
on three key criteria: 1) the age and type of generation equipment and fuel used to generate
electricity for charging storage, 2) the age and type of generation equipment and fuel that would
have been used if storage is not deployed, and 3) storage efficiency (i.e., losses).

Consider a simple example: Combined cycle combustion turbine generation (CC) whose fuel
efficiency is 49% (requiring 6,965 Btu/kWh of fuel, often referred to as the generator’s ‘heat
rate’) and simple cycle combustion turbine generation (CT) whose fuel efficiency is 33% (for a
heat rate of 10,342 Btu/kWh of fuel). The fuel use difference between those two generators is

10,342 Btuw/kWh on-peak — 6,965 Btu/kWh off-peak = 3,377 Btu/kWh
3,377 Btu/kWh difference + 10,342 Btu/kWh on-peak = 32.7%.

Then, if storage efficiency is 75%, then the net amount of fuel used to generate charging energy
for storage is

6,965 Btu/kWh off-peak + 75% efficiency = 9,292 Btu/kWh.

The result is a fuel use reduction of
10,342 Btu/kWh on-peak — 9,292 Btu/kWh charging = 1,055 Btu/kWh
1,055 Btu/kWh difference + 10,342 Btu/kWh on-peak = 10.2%.

The above example and another involving charging with electric energy from coal generation are
summarized in Table 35.
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Table 35. Generation Fuel Use Implications of Energy Storage Use

Off-peak/Charging | On-peak/Avoided Difference
Fuel' Fuel' Net
Effi- Heat Effi- Heat Fuel | Change of
ciency Rate' ciency Rate’ Use*® | Fuel Use*
Scenario (%) (Btu/kWh) (%) (BtukWh) | (Btu/kwWh) |  (Btu/kWh)
Charge: Combined Cycle -1,055

49.0% 6,965 33.0% 10,342 9,287

Avoid: Simple Cycle C.T. (-10.2%)
Charge: Advanced Coal N o +241
Avoid: Simple Cycle C.T. 43.0% 7,937 33.0% 10,342 | 10,583 (+2.3%)

1. In this context "fuel" only includes fossil fuels.

2. Off-peak generation fuel used, including additional fuel needed to make up for storage losses.
3. Storage efficiency = 75.0%.

4. Fuel use by on-peak resource (avoided) minus net fuel use for electrc energy used for charging.
C.T. = Combustion Turbine.

Notably, although the total amount of fossil fuel used for generation may be reduced if storage is
used, the financial benefit associated with that reduction depends on the type and price of fuel(s)
involved. Generally, the price for coal is lower than that for natural gas and petroleum-based
fuels.

Given that this benefit is so circumstance-specific — being affected by on-peak and off-peak
generation age and type, as well as on-peak and off-peak fuel type and price — it is not helpful to
provide a generic value for fossil-fuel use reduction using storage, so no estimate is given.

5.3.8. Benefit #25 — Reduced Air Emissions from Generation

Reduction of air emissions from electricity generation is a potentially important incidental
benefit of storage use. As with reduced fuel use (described above), there are at least four distinct
ways that storage can reduce generation-related air emissions. The first involves using stored
electric energy generated using relatively efficient and/or clean power plants (baseload and/or

renewables) to offset the use of less efficient and/or dirtier on-peak generation (energy time-
shift).

The remaining three ways that storage use can lead to reduced air emissions involve reduced fue/
use (which presumably leads to reduced air emissions): 1) dynamic operating benefits

(Benefit #22); 2) increased generation operation at night, for storage charging, when fuel
efficiency is higher; and 3) reduced T&D energy losses that accrue if more energy is transmitted

at night when T&D equipment is not heavily loaded and when ambient temperatures are lower
(Benefit #21).

Importantly, storage-use-related air emission reductions are circumstance-specific. Specifically,
the degree to which air emissions are reduced or increased (due to use of storage) depends on
three key criteria: 1) the age and type of generation equipment and fuel used to generate
electricity for charging storage, 2) the age and type of generation equipment and fuel that would
have been used if storage is not deployed, and 3) storage efficiency (i.e., losses).
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Depending on the circumstances, storage could lead to reduced electricity generation-related
emissions of carbon monoxide (CO,), oxides of nitrogen (NOy), oxides of sulfur (SOy),
soot/particulate, carbon monoxide (CO) and volatile organic compounds.

Consider generic emission levels shown in Table 36 for NOy and for CO,. Values in that table
are meant to indicate two common scenarios: 1) charge storage using off-peak electricity from a
natural-gas-fueled combined cycle combustion turbine to offset use of a natural-gas-fueled
simple cycle combustion turbine on-peak and 2) charge storage using off-peak electricity from
modern coal-fueled generation to offset use of a natural-gas-fueled simple cycle combustion
turbine on-peak. (Not shown is use of renewable energy to charge storage, which would lead to a
dramatic reduction or even total elimination of air emissions per kWh from storage.) Based on
the values in the table, storage would lead to dramatically different results depending on the type
of generation involved.

Table 36. Generation CO; and NO, Emissions Implications of Energy Storage Use

Off-peak/Charging | On-peak/Avoided Difference’
co, NOx Cco, NOx CO, NOx
Scenario (Ibs/MWh) | (Ibs/Mwh) | (Ibs/MWh) | (Ibs/MWh) | (Ibs/MWh) | (Ibs/MWh)
Charge: Combined Cycle +98.3 +0.027
Avoid: Simple Cycle C.T. 922 0.260 1,131 0.320 (+8.7%) | (+8.3%)
Charge: Advanced Coal +1,832 +4.51
Avoid: Simple Cycle C.T. 2222 | 3620 | 131 | 0320 | 1600 (+1,408%)

Source: Hadley, S.W. VanDyke, J.W. Emissions Benefits of Distributed Generation in the Texas
Market. Oak Ridge National Laboratory Report ORNL/TM-2003/100. April 2003.

1. These values reflect additional fuel used for generation required to make up for energy
losses for storage whose efficiency = 75.0%
C.T. = Combustion Turbine.

Of course, it is necessary to ascribe a ‘price’ to (reduction of) a given type of air emission before
the internalizable financial benefit can be estimated. That topic is beyond the scope of this study,
so the financial benefit for emission reductions is not estimated.

5.3.9. Benefit #26 — Flexibility

In broad terms, flexibility can be defined as the degree to which and the rate at which adjustment
to changing circumstances is possible. More specifically, flexibility may provide the means to
respond adeptly to uncertainty. Flexibility allows decision makers to manage risk and even to
take advantage of business opportunities involving risk (i.e., to use ‘real options’[81]).

Although it is almost impossible to generalize, in some circumstances there may be a significant
financial benefit associated with flexibility, especially in a changing business environment with
significant uncertainty. The benefit accrues if the flexibility allows selection and use of more
optimal solutions or response to business-related needs, challenges, and opportunities. For
example, modular electric resources (including storage) can be used to provide electric supply
and/or T&D capacity ‘on the margin,” when and where needed. In some cases that alternative
could comprise a more optimal (financially) response than is possible using conventional
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‘lumpy’ capacity additions. Indeed, depending on the circumstances, a more financially optimal
solution can involve higher revenue, more profit, and/or lower cost per kW of load served.

This benefit is highly circumstance-specific and it is not estimated.

5.3.10. Incidental Energy Benefit

In some energy storage applications, energy is discharged incidentally during operation. That
energy almost certainly has some value (benefit). For example, it may offset the need for a utility
and/or a utility customer to purchase energy.

5.4. Benefits Not Addressed in This Report

As characterized in Section 3.8, the approach used in this guide does not address many storage
applications explicitly. Similarly, this report does not address some benefits explicitly, especially
those that are not ‘utility-related’.

Consider an example provided in Section 3.8 for an application involving storage for trackside
support of electrified rail transportation systems. Two possible benefits for that application are

a) increased revenue related to increased ridership and b) reduced equipment wear. Clearly, those
benefits are not addressed explicitly in this guide, although they may actually exist and they may
be important elements of an attractive value proposition. Also not addressed are possible tax-
related incentives, especially income tax credits, and to a lesser extent, income tax deductions.

5.4.1. Utility Incentives, Special Tariffs and Pricing Approaches Not
Addressed

5.4.1.1. Utility Incentives Not Addressed in This Report

Although not common practice, utilities may eventually provide incentives to customers to
install storage. Those incentives could be similar to those used to encourage customers to install
rooftop photovoltaics, to increase energy efficiency (of loads), and to participate in demand
response, smart metering, and Smart Grid programs. Those incentives are an important element
of storage value propositions.

5.4.1.2. Special Electric Service Tariffs and Pricing

In addition to the reduced time-of-use energy cost and reduced demand charges described in this
report, there are at least three other possible ways that utility customers can use storage to reduce
their overall electricity-related cost: 1) interruptible/ curtailable tariffs, 2) critical peak pricing,
and 3) load management programs.

Interruptible/curtailable tariffs provide a discount to participants who agree to allow the grid
operator to ‘curtail’ or ‘interrupt’ electric service when there is a shortage of energy and/or
capacity. Normally, the agreement specifies that maximum frequency and duration of
curtailments/interruptions. Historically, curtailment and interruption are used during electric
supply shortages, though in the future, they could also be used when there is transmission
congestion and/or when localized T&D overloading occurs.

Critical peak pricing involves energy prices that are significantly higher than normal and that
apply when there is a shortage of energy and/or capacity. Normally, critical peak prices are
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invoked during electric supply shortages. In the future, they could also be used when
transmission congestion exists and/or when localized T&D overloading occurs.

Load management programs incorporate pricing and/or direct load control to ‘manage’ peak
demand during electric supply energy and/or capacity shortfalls. The objective is to create
‘dispatchable’ demand reduction (i.e., utility customer loads that can be remotely controlled by
the ISO, when needed, to address energy or capacity shortfalls.) When needed, the power draw
of the demand response ‘resource’ is reduced, thereby reducing the need for generation.

5.4.1.3. Electric Service Pricing Approaches Not Addressed

In addition to time-of-use energy prices that reflect predetermined price for energy used within a
predetermined time period, there is a steady movement toward ‘dynamic’ pricing involving
energy prices that reflect current conditions and that may change as frequently as several times
per hour. Similarly, there is movement to location-specific electricity prices, commonly referred
to as locational marginal pricing (LMP). No attempt was made to address those pricing
approaches in this report.
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6. Storage Value Propositions

6.1. Introduction

This section provides an overview of the concept of storage value propositions, including
coverage of important elements and considerations.

A value proposition is characterized by 1) one or more (combined) applications plus 2) attractive
financial returns (i.e., benefits that exceed costs by the ‘hurdle rate’ of return). In some cases,
storage used for just one application may provide attractive returns. In other circumstances, it
may be necessary to combine benefits from two or more applications so that total benefits exceed
total cost. Hence, this report emphasizes the important concept of combining applications for
benefits aggregation.

Of course, applications must be compatible if they are to be combined. A combination of
applications is technically compatible if the same storage system can be used for all of the
applications. A combination of applications has operational compatibility if there are no
operational conflicts among the applications. As a general indication, the synergies matrix shown
in Table 37 provides an overview of the possible compatibility among the various applications
characterized in this document.

119



120



Table 37. Applications Synergies Matrix
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Notes

a. For Area Regulation: Assume that storage cannot be connected at the distribution level.

b. For Voltage support: Assume that a) storage is distributed and b) the storage system includes reactive power capability.

c. For Reserve Capacity: Must have stored energy for at least one hour of discharge (i.e., so can offer useof the storage as reserve capacity on "hour-ahead"
d. For T&D Load Following: For load following up (mornings) or down (evenings) involving charging; must pay prevailing energy price.

e. For T&D Deferral: Annual hours of discharge range from somewhat limited to none. So storage is available for other applications during most of the year.
f. For Time-of-use Energy Cost Management and Demand Charge Management: Assume discharge for 5 hrs./day (noon to 5:00 pm), weekdays, May to Octc
g. Transmission Support (not shown) is assumed to be mostly or entirely incompatible with other applications.

Annotations

'Requires distributed storage that is located where needed.

x Somewhat to very circumstance-specific, especially regarding timing of operation and/or location.

* Most storage cannot provide power for both applications simultaneously.

T Presumably discharge is somewhat to very coincident for the two applications.

# For distributed storage: charging energy a) from onsite renewable generation and/or or b) purchased from offsite renewable generation via the grid.
I Requires utility dispatch of onsite storage.
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6.2. Benefits Aggregation Challenges

There are some notable challenges associated with benefits aggregation. One important theme in
that regard is that much of the knowledge, perspective and experience needed for savvy and
effective benefit aggregation are yet to be acquired because benefit aggregation is just becoming
common practice. Given that premise, significant education and research are needed to provide
important evidence to key stakeholders, especially utility regulators and utility engineers and
financial decision-makers, about the merits and importance of benefits aggregation.

The following (listed in no particular order) are some of the reasons that benefit aggregation is
challenging and not common practice:

e The potential for technical and/or operational conflicts.
e Regulatory ‘permission’ does not exist.
¢ Engineering standards and tools do not exist.

e Weak or non-existent price signals make it difficult for some stakeholders to internalize
some/many benefits. In other words, inefficient markets.

e Prevailing utility technological and financial biases against any untested or unfamiliar
solution, and consequently, the slow pace of change in the utility industry.

e Some storage benefits have been demonstrated insufficiently or not at all.

e The benefits that do exist tend to be difficult to aggregate in practice because, for
example, different benefits accruing to several stakeholders must be coordinated for a
given value proposition to be financially attractive and operationally viable.

6.2.1. Technical Conflicts

In some cases, storage systems do not have the features or performance characteristics needed to
serve multiple applications. One example is storage that cannot tolerate many deep discharges.
Such storage systems could be well-suited for T&D deferral because storage might be used
infrequently for that application, but the same storage system is not suitable for energy time-
shift, which requires a lot of charging and discharging.

Another example is storage that cannot respond rapidly to changing conditions. Such systems
may be suitable for energy time-shift or to reduce demand charges, but they may not be able to
provide transmission support or end-user power quality benefits.

Another important criterion affecting technical compatibility is the storage’s discharge duration.
Storage whose discharge duration is optimized for some applications may not have enough
discharge duration to serve other applications. Additionally, less reliable (though lower cost)
storage systems may be suitable for energy time-shift or TOU energy cost reduction benefits;
however, such systems could not be used for demand reduction, T&D support, or T&D deferral
benefits because those applications require high reliability for the benefits to accrue.

6.2.2. Operational Conflicts

When estimating combined benefits for a value proposition, it is important to consider all
potential operational conflicts between the applications being combined. Operational conflicts
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involve competing needs for a storage plant’s power output and/or stored energy. For example,
when storage is providing power for distribution upgrade deferral it cannot be called upon to
provide backup power for electric service reliability. Another example is storage that is being
used for most types of ancillary services: That same storage cannot be used for most other
applications (e.g., electric energy time-shift or transmission congestion relief) at the same time.

6.2.3. Aggregating Benefits among Stakeholders

One of the biggest challenges for many otherwise financially attractive value propositions is
aggregating benefits that accrue to different stakeholders. Specifically, many of the benefits
described in this report accrue to specific electricity end users, some to the ratepayers as a group,
and others to utilities. Furthermore, various benefits accrue to different utility subsidiaries

(e.g., electric supply, transmission, distribution, customer service and unregulated business
activities) that do not necessarily have the same incentives or biases.

Five ‘beneficiary stakeholders’ are worth noting because most benefits accrue to them:

1) specific electricity end users (e.g., those who use storage to reduce electricity cost); 2) utility
ratepayers at large; 3) the utility, especially T&D and electric supply business units;

4) ‘merchant’ storage project owners (i.e., entities that use storage for profit only); and 5) society
at large (e.g., for improved environmental quality). In addition to the beneficiary stakeholders,
there may other stakeholders with which aggregators must coordinate including regulators, ISOs,
permitting agencies, and affected localities/communities.

Consider storage for T&D deferral. Utility ratepayers would be better off if the cost incurred per
kWh of energy delivered is reduced, as would be the case with cost-effective T&D deferral.
Nevertheless, in some circumstances ratepayers’ interest may be at odds with investor-owned
utilities’ need to invest in equipment to generate dividends. (Recall that IOUs do not make any
profit from mark-up on energy or fuel purchases, rather energy and fuel purchases are treated as
‘pass-throughs’ meaning that the utility passes the cost for energy on to end users without any
mark-up or profit.)

Similarly, in some circumstances, specific electricity end users that install storage to reduce TOU
energy cost and/or to reduce demand charges may actually reduce revenues needed to cover the
utility’s carrying cost for investments in generation and/or T&D equipment.

Consequently, when aggregating benefits into a value proposition, it is important to acknowledge
and address the ‘cross-cutting’ nature of storage value propositions and the diversity of topics,
stakeholders, motivators, and incentives that must be considered when developing or pursuing an
actual project involving an electric utility-related energy storage value proposition.

Section 7.1 provides some additional details about important stakeholders and Section 7.2
provides an introduction to important challenges that may affect prospects for benefits
aggregation.

6.2.4. Effect on Market Potential

As described in Section 4, it is important to consider the effect on market potential when
combining applications. The market potential for specific combinations is almost certainly not
the sum of the market potential for individual applications.
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6.3. Notable Application Synergies

Each application characterization in Section 3 included a summary of notable synergies with
other applications. A few application synergies in particular stand out within the context of
developing attractive value propositions.

6.3.1. Electric Energy Time-shift and Electric Supply Capacity

Although it is important to maintain a crisp distinction between capacity-related and energy-
related applications (and benefits), there are important synergies between the two. Those
synergies exist if use of energy and need for capacity occur concurrently (which is fairly
common). For example, storage used by an end user to reduce TOU energy charges could also
reduce the same end user’s demand charges; provide dispatchable load control as a system
resource; or reduce loading on T&D capacity to reduce congestion or for T&D deferral. Another
example is storage used for electric energy time-shift. It can provide electric supply capacity
benefits because the times when energy has a high value coincide with high capacity value.

6.3.2. Electric Supply Reserve Capacity

Electric supply reserve capacity is especially compatible with other application/benefit
combinations. (See Section 3.3.3 for details.) The most important reasons are 1) most times
storage is used for reserves,so it may not have to discharge; 2) storage can provide two times its
power as reserve capacity while charging; and 3) if there is an hour-ahead market for reserve
capacity, then decisions can be made almost in real-time regarding the merits of discharging (if
needed) versus saving the energy for later, for more benefit.

6.3.3. Load Following

Load following is somewhat compatible with storage used for other applications, primarily
because storage can provide load following (up or down) while charging. (See Section 3.3 for
details.) So, while storage is being charged (so that it can serve one ore more other applications),
the same storage can provide load following.

6.3.4. Transmission and Distribution Upgrade Deferral

The T&D upgrade deferral application (and the closely related T&D life extension application),
may be compatible with several applications. Probably the most important consideration is that
storage used for T&D deferral or life extension is needed for just a few tens of hours to perhaps
200 hours per year. Consequently, storage can be used for other applications for as much as 95%
of the year. And, in most cases storage discharge for T&D deferral or life extension is likely to
occur when the energy and the capacity are both valuable from an electric supply perspective.
Similarly, depending on the location, the same storage could also be used for transmission
congestion relief.

6.3.5. Demand Charge Management and Time-of-use Energy Cost
Management

Storage used to manage TOU energy cost and/or demand charges could provide other important
benefits. First, the same storage used for those purposes could also be used to improve on-site
electric service reliability and/or power quality. Also, if the storage is located in a part of the
T&D system that is heavily loaded during peak demand times, then the same storage could also
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provide benefits for T&D upgrade deferral or life extension. Similarly, the same storage could be
used to reduce transmission congestion, if the storage is located downstream from congested
parts of the transmission system. The same storage could also provide electric service reserve
capacity during much of the year.

6.3.6. Electric Service Reliability and Electric Service Power Quality

Presumably, storage used to improve electric service reliability and/or electric service power
quality would have a discharge duration of a few minutes to perhaps an hour. Consequently,
storage used for those applications may not be suitable for many other applications. Storage
deployed mainly for other applications, however, may be well-suited for improving reliability
and/or power quality if a modest amount of storage is added to provide additional discharge
duration relative to the discharge duration needed for the other application(s).

6.4. Distributed Energy Storage

Because distributed energy storage can be used for more applications than larger, central storage,
distributed storage may be used for a broader spectrum of value propositions.

It is important to distinguish between locational benefits and non-locational benefits. Locational
benefits are those that can be realized only if distributed storage is deployed where needed. Non-
locational benefits can be realized regardless of distributed storage’s location.

6.4.1. Locational Benefits

Locational benefits include transmission congestion relief, T&D upgrade deferral, TOU energy
cost management, demand charge management, electric service reliability, and electric service
power quality. Additionally, the way voltage support is defined in this report, storage used for
voltage support should be located close to inductive loads. Depending on the circumstances,
benefits for renewables energy time-shift and renewables capacity firming also may be
locational, if for example, the renewable energy generation is distributed (e.g., photovoltaics).

6.4.2. Non-locational Benefits

Non-locational benefits that can accrue if distributed storage is used include electric energy time-
shift, electric supply capacity, load following, and electric supply reserve capacity. Depending on
the circumstances, benefits for renewables energy time-shift and renewables capacity firming
may be non-locational, if for example, the renewable energy generation is deployed in large wind
farms or solar thermal generation that is remote to load centers.

6.5. Storage Modularity

As described in Section 2.14, to one extent or another, most storage technologies can be
deployed as relatively small modules. Some storage technologies (especially batteries, capacitors
and, to a lesser extent, flywheel storage) are inherently modular. Although normally considered
to be suitable for large single-site storage projects, even above-ground CAES and small pumped
hydroelectric storage could be modular (though above-ground CAES and pumped hydroelectric
‘modules’ are probably larger than those of other modular storage technologies.)

Use of modular electric resources (including electricity storage) could lead to a profoundly
different electric utility capacity expansion philosophy than that which prevailed during the
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previous century because smaller, modular resources offer more diverse, robust, and optimizable
approaches versus the ‘limited and lumpy’ options used in the past. Furthermore, modular
resources can be used for a wider array of applications than larger, less modular options.

Importantly, smaller, more modular resources tend to be more expensive (per kW, and for
storage, per unit of discharge duration). Further, in many cases, more modular resources are less
energy efficient.

The following notable considerations that are specific to modular distributed storage are
described below:

e Optimal Capacity Additions
e T&D Planning Flexibility

e Unit Diversity

e Resource Aggregation

e Transportability
6.5.1. Optimal Capacity Additions

One of the most attractive aspects of modularity is that capacity can be added incrementally,
where and as needed (i.e., for ‘just-in-time’ capacity). Modularity may also enable cost-effective
redeployment of storage capacity. For utilities, modularity (and redeployment) may reduce both
the total cost of service for and the risk associated with larger, more ‘lumpy’ investments in
infrastructure (e.g., T&D capacity additions).

6.5.2. T&D Planning Flexibility

One important feature of any modular resource, including storage, is that it allows for more
flexible responses to challenges than are possible using the limited number of conventional
utility solutions. (See Section 5.3.9 for more about flexibility.)

6.5.3. Unit Diversity

One reason to use modular electricity resources is that the aggregate capacity from those
resources is probably more reliable than the aggregate capacity provided by larger, less modular
resources because, at any time, only one module (or at most a few modules) is likely to be
unavailable for service, so the resources’ aggregate capacity is only minimally affected. In
contrast, the failure of a single or less diverse resource means that all or a significant portion of
the resource’s capacity is unavailable to serve load.

6.5.4. Resource Aggregation

For value propositions involving residential or small-to-medium commercial end users, the effort
required to investigate, analyze, design, purchase, install, and operate storage and other modular
electricity resources (including demand response, distributed generation, and PHEVs) is a
significant and possibly expensive challenge. In those circumstances, load aggregators — or more
generally, electric resources aggregators — may be positioned to address many of the
administrative, legal, and regulatory challenges on behalf of owners of many small individual
resources.
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6.5.5. Transportability

Modular energy resources (including storage) that can be moved somewhat-to-very easily may
be used in two (or more) locations at different times. This feature is especially attractive if the
challenges addressed with the transportable resources tend to be transitory (i.e., lasting just one
or a few years). Thus, transportable storage used to address a challenge at one location in a given
year may be relocated to address a similar or different challenge at another location, in a
subsequent year. In fact, transportable storage could even be used at two different locations in
the same year if the locations’ challenges occur during different seasons.

Consider a realistic example: Transportable storage used 1) at one location with a sharp, but
infrequent, summer peak caused by residential air conditioning loads, and 2) at another location
that has demand peaks during winter driven by heating loads. Transportability is also attractive
for locations where capacity or energy needs change from one year to the next.

6.6. Value Proposition Examples

This section includes a characterization of possible value propositions involving combinations of
technically and operationally compatible applications. Importantly, these are just a few of the
possible combinations. Not included are value propositions that are technically incompatible
(i.e., the application-specific storage needs are different).

6.6.1. Electric Energy Time-shift Plus Transmission and Distribution
Upgrade Deferral

One notable application combination is electric energy time-shift plus T&D deferral. In many,
(and perhaps most) cases, localized T&D peak demand coincides with ‘system’ (supply and
transmission) peak demand periods. Consequently, it is likely that the energy discharged while
storage is serving the T&D upgrade deferral application has a high value. Furthermore, in most
cases, storage used for T&D upgrade deferral discharges for a very small portion of the year, if at
all. So, storage used for T&D upgrade deferral during a small number of hours/days per year can
also provide electric energy time-shift-related benefits during almost the entire year. Even if
storage does not provide T&D upgrade deferral benefits in any given year, it can still be used for
electric energy time-shift (and possibly other applications such as electric supply reserve
capacity).

6.6.2. Time-of-use Energy Cost Management Plus Demand Charge
Management

Many, and perhaps most, electricity end users who pay demand charges also pay TOU energy
prices. Demand charges are most common for larger, non-residential end users, although that
may be changing. An attractive scenario for this value proposition may be indicated by a
combination of high on-peak demand charges, high on-peak energy prices, low or no off-peak or
“facility’ or ‘baseload’ demand charges, and low off-peak energy prices.

6.6.3. Renewables Energy Time-shift Plus Electric Energy Time-shift

It is often suggested that energy storage could be used to significantly increase the value of
renewables’ intermittent output. In many cases, however, the incremental benefit may not be
commensurate with the incremental cost of the storage plant. Another possibility is a project
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involving use of storage to time-shift energy from intermittent renewables and to time-shift
wholesale electric energy from the grid. The same storage could even be physically decoupled
from the generation and located where other benefits may accrue as well. For example, storage
used to time-shift energy from wind generation and to time-shift energy from the grid could
provide transmission support or even, conceivably, a T&D upgrade deferral benefit, depending
on the storage system’s location.

6.6.4. Renewables Energy Time-shift Plus Electric Energy Time-shift
Plus Electric Supply Reserve Capacity

Depending on circumstances, the same storage used for the value proposition described above
(renewables energy time-shift plus electric energy time-shift) could also be used for electric
supply reserve capacity. When the storage is charged and idle, it could provide reserve capacity.
When it is charging, the storage could provide 2x its rated power as reserve capacity. It is even
conceivable that storage could provide load following and provide reserves while charging if
charging occurs during times when load is picking up (usually in the morning) and/or when load
is dropping off (usually in the evening).

6.6.5. Transportable Storage for Transmission and Distribution Upgrade
Deferral and Electric Service Power Quality/Reliability at Multiple
Locations

For this value proposition, transportable storage is used at ten different locations for either T&D
upgrade deferral or to improve electric service power quality and/or electric service reliability.
The benefit for T&D upgrade deferral is assumed to be $367/kW-year of storage, and the benefit
assumed for electric service power quality/reliability is $75/kW-year of storage.

Consider this hypothetical scenario: Transportable storage is used at five different locations for
one year of T&D upgrade deferral at each location, in alternating years. In the other five years,
when the storage is not used for T&D upgrade deferral, it provides a benefit related to improving
local electric service power quality and/or electric service reliability. The benefits for that
scenario are shown in Figure 20. As shown in the figure’s right-side Y-axis, the present worth of
the annual benefit is nearly $1,700/kW of storage. So, if storage can be owned and operated for
less than $1,700/kW, for 10 years, then it would be a financially attractive option. That value
would provide a helpful target for lifecycle cost for modular electric energy storage (in this case,
with a 10-year life).
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Figure 20. Value proposition for transportable storage.

6.6.6. Storage to Serve Small Air Conditioning Loads

Using storage in conjunction with smaller air conditioning (A/C) units, especially residential and
small commercial ‘package’ units, could be the basis for a compelling value position, for several
reasons, most importantly 1) A/C loads comprise a significant portion of peak demand, 2) many
A/C loads only operate for a few hundred hours per year, 3) small A/C motors pose an especially
difficult challenge during grid-wide voltage emergencies that can exacerbate regional power
outages, and 4) storage used to serve air conditioning loads could be available for most of the
year for other benefits.

In many regions, A/C comprises a significant portion of peak demand. While circumstances are
different in each region, based on the values shown in Figure 21, A/C accounts for 30% of
summer peak demand in California. Note also that about 53% of all A/C-related demand in
California is for commercial electricity users and about 47% of A/C-related demand is for
residences.[82]

Given A/C’s significant contribution to peak demand, utilities may incur a substantial
A/C-related capacity cost — for generation, transmission, and distribution equipment to serve A/C
load, but most A/C — especially small residential and commercial units — is operated for
relatively few hours per year. The primary effect is that the utility receives relatively little annual
revenue per kW of small A/C load served when compared to other common load types. So,
smaller A/C loads cost a lot to serve (per kW) because they require so much capacity
(equipment) even though limited use of small A/C equipment leads to low revenues (per kW).
The consequence is very poor asset utilization.
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Figure 21. Components of peak electric demand in California.

6.6.6.1. Storage for Air Conditioning: Increased Utility Asset Utilization

The concept of poor asset utilization is illustrated graphically by the load duration curve (LDC)
in Figure 22 and Figure 23. An LDC is a plot of hourly demand values, usually for one year,
arranged in order of magnitude, irrespective of which hour during the year the demand occurs.
Values to the left represent the highest levels of demand during the year, and values to the right
represent the lowest demand values during the year.

The LDC in Figure 22 represents hourly load on a part of a distribution system during a specific
year. Figure 23 includes only the highest 2% of demand values from those shown in Figure 22.
The LDC shown, though real, represents a relatively extreme case (i.e., the ratio of peak demand
to average demand is unusually large). It was chosen because it illustrates well the concept of
poor asset utilization. Specifically, as shown in Figure 23, 10% of the annual maximum demand
occurs during about 0.4% of the year. Importantly, a significant portion of that demand is from
A/C loads.

Storage use could increase asset utilization by reducing or eliminating the need for capacity, on
the margin, and by providing charging energy for the storage during off-peak hours when
generation, transmission, and distributions assets are usually underutilized.

Depending on the location and circumstances, storage serving smaller A/C loads could reduce
the need for generation and T&D capacity and could lead to increased utilization of existing
equipment (assets). It is likely that an energy time-shift benefit will also accrue incidentally.
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6.6.6.2. Storage for Air Conditioning: Voltage Support

The voltage support benefit is notable because, as described in Section 3.3.4, small A/C motors
pose a considerable challenge during grid emergencies by drawing additional current as voltage
drops. This can pose a relatively significant challenge as the grid is re-energized after outages.
Additionally, conventional capacitors used to manage localized voltage drops (due to reactance)
under normal circumstances do not perform well as voltage support resources.

Consider one operational scenario: Distributed storage is used to serve small A/C equipment
under normal grid conditions. If there is an ‘electric supply emergency,’ then the storage
responds like other demand response resources by turning off the A/C equipment and providing
power to the grid. If the storage’s PCU has reactive power capability then the storage system
could also provide reactive power as described in Appendix C.

Assuming that storage is located at or near A/C loads, the storage could provide several other
important benefits, including at least two non-locational benefits: electric supply reserve
capacity and load following. Additionally, locational benefits could include transmission
congestion relief; improved electric service reliability and/or localized electric service power
quality; and localized voltage support. Storage for smaller A/C loads could also be an important
element of a robust Smart Grid and/or demand response implementation. The storage could also
be used for wholesale or renewables energy time-shift on days that it is not needed for A/C loads.

One technical challenge is the amount of in-rush current needed for A/C compressor motor
startup. Storage system PCUs may not be capable of providing the in-rush current needed. One
way to address that issue is by using a hybrid storage system with two types of storage: one type
that can provide high power for short durations, such as capacitors, and another that provides
nominal power for long durations. Another possibility is to use the grid to provide some or all of
the current during compressor motor startup (only during normal operating conditions for the
grid). Given the diversity of compressor motor startups, presumably, providing in-rush current
would not have an adverse affect on the grid.

Note that utility thermal energy storage incentives and programs are justified based on some of
the same benefits described above primarily reduced demand for generation capacity and
reduced cost for on-peak energy and, possibly, for reduced need for transmission capacity.

6.6.7. Distributed Storage in lieu of New Transmission Capacity

Distributed energy storage could be one important response to expected transmission capacity
shortfalls. The need for new transmission capacity is driven by increasing peak demand and on-
peak electric energy use; increasing interconnectedness of the grid and use of interregional
generation resources; and increased deployment of renewable energy generation. Storage could
help if it is located near load centers and charged during off-peak times, usually at night, when
transmission systems are not heavily loaded; T&D I°R energy losses are relatively low; and
energy price tends to be low.

During on-peak times storage is used to serve load, reducing the amount of power used during
peak demand periods, thus reducing loading on the transmission equipment. Four primary
benefits of such use are 1) reduced need and cost for transmission capacity, 2) increased
transmission asset utilization, 3) reduced T&D energy losses, and 4) energy time-shift. Of
course, because the storage is distributed it could also be used for other locational benefits.
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6.6.8. Distributed Storage for Bilateral Contracts with Wind Generators

In many areas, a significant portion of wind energy is produced at night when the energy’s value
is relatively low. Additionally, at some times of the year the supply of electric energy being
generated exceeds demand for energy. One possible way to make better use of that energy is to
use it to charge distributed storage.

Although several possible transactional frameworks could be used, one involves a bilateral
contract between wind energy vendors and storage owners. Of course, either of those parties
could use agents such as aggregators. Several benefits are possible using such a framework. The
storage owner could use the storage to manage energy and demand charges or to enhance electric
service reliability and/or power quality. Depending on the circumstances, distributed storage
could reduce congestion of existing transmission capacity or delay or reduce need for new
transmission capacity.

6.7. The Societal Storage Value Proposition

Although many benefits can be partially or totally internalized by the storage owner/user; an
important factor that affects prospects for increased storage use is that some notable benefits
accrue — in part or in whole — to utility customers as a group and/or to society at large. That leads
to the compelling concept of a societal value proposition for storage.

The storage-related societal value proposition may include, but is not limited to, the following
benefits (presented in no particular order):

e Reduced need for equipment and land for on-peak generation and transmission capacity.
e Increased asset utilization of existing utility generation, transmission, and distribution.

¢ Enabling superior operation of the existing generation fleet (i.e., dynamic operating
benefits) and transmission capacity.

e Reduced reliance on fossil fuel and increase energy security.
e Reduced air emissions.
e Reduced transmission and distribution energy losses.

e Enabling superior renewables integration to optimize benefits and to reduce integration
cost and challenges.

e Enabling superior value from Smart Grid.
e Reduced cost-of-service (e.g., by energy time-shift).

e Improved business productivity due to improved electric service reliability and power
quality.

¢ Reduced need and cost for and extraction and refining of key commodities that would be
needed to build conventional electric utility capacity; primarily, steel, aluminum, and
copper.

The societal value proposition is an important consideration given the significant role that
storage could and should play in the electricity marketplace of the future. Stakeholders that may
need to understand and to consider the societal value for storage include existing and prospective
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storage beneficiaries, such as electric utilities and their customers; electric utility regulators;
energy and electricity policymakers and policy analysts; and storage advocates.

Robust consideration of the societal value proposition for storage is important for reasons similar
to those that drive the need to consider the societal value proposition for energy efficiency,
demand response, distributed resources, and renewables. Perhaps the most important reason is
that although the cost for storage may exceed the internalizable benefits, the cost may be lower
than the combined value of internalizable benefits plus societal benefits. (See Section 1.4.2
which addresses the concept of internalizable benefits.)

It is important for lawmakers, regulators, and policymakers to be inclusive as they develop,
consider, and promulgate regulations and policies whose outcomes/results could be improved if
storage is used. For example, relevant decision-makers should consider the ways that storage
could improve prospects for success regarding environment, energy, and electricity-related
policy objectives such as increased use of renewables and reduced need for transmission
infrastructure.

Similarly, it is important to consider incidental/unintended negative effects that laws, regulations,
and policies may have on prospects for increased storage deployment. Consider an example:
Many utilities do not have ‘regulatory permission’ to own distributed/modular resources
(especially storage and generation) even though those alternatives may afford a superior means
to serve load on the margin, vis-a-vis conventional ‘lumpy’ capacity additions, especially T&D
capacity. (See Section 3.4.3 for more details.)

Finally, the societal value proposition may overlap with, and may be somewhat or even very
coincidental to, an owner/user storage value proposition that involves direct/internalizable
benefits. Consider a storage owner that uses storage to reduce on-peak TOU energy cost and
peak demand charges. In that example, some societal benefits could include reduced land use
impacts associated with reduced construction of new generation and transmission capacity;
improved utility asset utilization; reduced air emissions; and improved business cost
competitiveness.
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7. Electricity Storage Opportunity Stakeholders, Challenges,
and Drivers

This section presents potentially important topics and factors to consider when evaluating
prospects for storage. Included are lists of the following: possibly important stakeholders,
important challenges facing prospective storage users and developers, and notable storage
opportunity drivers. Also included are brief characterizations of several important developments
that could be significant drivers of many attractive electric utility-related storage opportunities:

¢ Increasing recognition by lawmakers, regulators, and policymakers of the important role
that storage should play in the electricity marketplace of the future

¢ Increasing sophistication and savvy of load and distributed resource aggregators
e Increasingly rich price signals for electric utility-related services

e Tax and regulatory incentives

e Growing transmission capacity constraints

e Expected proliferation of PEVs and PHEVs

e Increased use of intermittent renewables

¢ Increasing focus on distributed resources

e Need to reduce generation fuel use and air emissions

e Innovation that drives improvements to storage technology and storage
subsystem technologies

e Anincreasingly ‘smart’ grid that enables effective integration of some renewables and
integration and dispatch of distributed resources including demand response, generation
and storage

7.1. Stakeholders

There is a wide range of possible stakeholders in the electric-utility-related electricity storage
opportunity. Of course, not all possible storage uses or projects must accommodate all of the
stakeholders. The importance of particular stakeholders varies depending on factors such as the
application(s), storage size and type, region, the utility or utilities involved. So, it is important to
be familiar with the spectrum of possible stakeholders when formulating or evaluating value
propositions.

Key ‘beneficiary stakeholders’ (i.e., parties that derive benefit from storage) include the
following:

e Specific ratepayers that use storage to reduce electricity cost

o Utility ratepayers at large (if storage reduces the utility’s overall cost-of-service which
leads to reduced electricity price)

e Utilities
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‘Merchant’ storage project owners (entities that use storage for profit only)
Aggregators
Storage equipment and services providers

Society (e.g., for improved environmental quality and economy)

Several important institutional or ‘gatekeeper’ stakeholders include the following:

Engineering and standards community (e.g., the American Society of Mechanical
Engineers, the IEEE, the National Electrical Code, efc.)

Federal and state energy/utility regulatory agencies
Regional ISOs
Local safety, siting, planning, and land use agencies

Host communities

Other possibly important stakeholders include the following (presented in no particular order):

7.2.

Bill payers (often end users and bill payers are not the same people/entity)

Utility functional entities (e.g., electric supply, transmission, distribution, customer
services, unregulated subsidiaries)

Storage system integrators, project developers, architecture and engineering firms
Politicians

Electricity and environmental regulators

Electricity, energy, and environment policymakers

Electricity, energy, and environment researchers and research programs

Smart Grid

Independent power and energy services providers

City and community planners and zoning officials

Permitting agencies (e.g., fire and health and safety)

Landlords and property managers

Storage advocates and advocacy organizations (e.g., the Electricity Storage Association)
Ratepayer and energy user advocacy groups

Trade groups for specific industries and/or large commercial energy users

Challenges

To be sure, there are challenges that will affect efforts to site or deploy storage for many
potentially attractive value propositions. Readers should be aware of those challenges when
considering prospects for storage to be used for specific value propositions.
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What follows is a summary list including some of the most important challenges that could face
storage users and project developers as the storage opportunity unfolds. (See Appendix G for a
more detailed list.)

7.3.

Storage’s relatively high cost per kW installed

Lack of storage-related regulatory rules and ‘permission,’ especially regarding distributed
storage

Prevailing electric energy and services pricing that are not economically efficient (though
this is changing)

Limited risk/reward sharing mechanisms

Permitting and siting rules and regulations

Limited familiarity, knowledge, and experience base (for storage)

Existing utility technology biases

Limited storage-related engineering standards and evaluation methodologies and tools
Financing of any ‘new’ technology is challenging

Investor-owned utility preference for investments in equipment and aversion to expense-
based alternatives

Inadequate infrastructure features and ‘hooks’ needed to accommodate or to optimize
benefits from storage, especially distributed storage

Competition among many technologies, concepts, and programs (e.g., demand response,
Smart Grid, distributed generation, renewables, etc.)

Coordinating among numerous stakeholders, for ‘permission’ to use grid-connected
storage and./or to aggregate benefits

Opportunity Drivers

The following is a list of possibly important drivers of the energy storage opportunity in the
emerging electricity marketplace. Note that some of these drivers are also included in the list of
challenges. The opportunity drivers identified by the authors include the following (in no
particular order):

Increasing interest in storage by politicians, regulators, and policymakers:

< Battery development that is driven by automotive/transportation

o For renewables integration

o For transmission congestion relief and to reduce need for new transmission
The emerging electricity marketplace:

o Competition

o Richer electricity-related price signals:

= A general trend toward disaggregation of prices for energy and services
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= Locational prices
= TOU prices
o A broad range of new electric, control, and information technologies
Increasing emphasis on intermittent renewable energy-fueled generation
Generation and transmission capacity constraints and transmission congestion
Existing and prospective incentives to install storage:
o Tax-related issues
o Regulatory/utility issues

@« Storage provides similar or even superior benefits to non-storage resources that
are currently eligible for incentives (e.g., end-use efficiency, demand response
and distributed generation).

Surging interest in electric vehicles, PEVs, and PHEVs:
< Will affect grid cost and operations
& Key impetus for battery technology improvements
Growing use of demand response:
o Especially in lieu of upgrading generation and transmission capacity
o When energy is too expensive or not available
Smart Grid
Load aggregation
The important role of independent power providers and energy services providers
Growing emphasis on modular DER:
o Distributed generation
o Geographically targeted demand response and energy efficiency
o Distributed energy storage
Increasing emphasis on reducing air emissions from the electric supply

NIMBY (not in my backyard) and BANANA (build absolutely nothing anywhere
near the area):

o Large-scale generation (conventional and renewables)
o Transmission issues
Growing preference for reduced fuel use

Accelerating energy storage technology innovation (especially batteries, and to a lesser
extent, capacitors and CAES)
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7.4. Notable Developments Affecting Prospects for Storage

This section includes brief characterizations of ten important developments — mostly in the
electricity marketplace — that could be especially important drivers of many attractive electric-
utility-related opportunities for storage.

7.41. Smart Grid and Electricity Storage

In broad terms, the vision for the Smart Grid is to increase operational efficiencies; improve
electric service reliability; increase utility customer retention; and optimize capacity expansion
(generation, transmission, and distribution) asset utilization.

Smart Grid acts as a controlling mechanism for the Advanced Metering Infrastructure (AMI) and
smart meters. AMI and smart meters, in turn, enable two-way communication between a utility
and its customers. Consider one concrete example: Smart Grid is expected to reduce energy use
and peak demand by providing rich price signals using real-time data about energy cost and
generation, transmission, and distribution capacity constraints.

Among other characteristics, Smart Grid is expected to be ‘continuously upgradeable’. Also,
Smart Grid will be an important element of a ‘self-healing’ electricity T&D network. It will add
flexibility as utilities accommodate load and energy use growth. Smart Grid will also provide
improved means to manage electricity transmission and distribution. Smart Grid could also be
used for reactive power compensation and voltage control which, among other benefits, increases
the throughput of T&D equipment. In 2008, the U.S. Department of Energy Smart Grid Task
Force established the following seven ‘characteristics of Smart Grid’:

1. Enable active participation by consumers.

Accommodate all generation and storage options.

Enable new products, services, and markets.

Provide power quality for the range of needs in a digital economy.

Optimize asset utilization and operating efficiency.

AN

Anticipate and respond to system disturbances in a self-healing manner.
7. Operate resiliently against physical and cyber attacks and natural disasters.

In the future, distributed energy storage deployed as part of, or in coordination with, Smart Grid
should enable many rich value propositions that could include a wide array of benefits, possibly
including the following:

e Aggregation, integration, optimization and coordination of all types of DER
e FElectricity price hedging

e Ancillary services (e.g., electric supply capacity reserves, voltage support provided
locally, load following, area regulation)

¢ Reduced transmission congestion
e T&D upgrade deferral and equipment life extension

e Electric supply fleet performance and operation optimization (i.e., DOBs)
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Learn more about Smart Grid by visiting the U.S. DOE’s Smart Grid website:
http://www.oe.energy.gov/smartgrid.htm.

7.4.2. Increasing use of Demand Response Resources

Demand response is becoming an important resource, especially as an alternative to adding peak
generation capacity and, to a lesser extent, to reduce need for or congestion of transmission
systems. A summary of the value of demand response from the Peak Load Management Alliance
includes the following primary elements:

e Reducing supplier and customer risk in the market

e Providing better reliability for the electricity system

e Reducing the costs associated with generation, transmission, and distribution
e Creating efficient markets

e Reducing environmental impact by reducing or delaying new power plant developments

7.4.3. Load Aggregators

The CAISO defines load aggregators as “..., a municipality or other governmental entity, an
energy services provider, a scheduling coordinator, a utility distribution company, or any other
entity representing single or multiple loads for the purpose of providing demand reduction
service to the ISO.”[84]

So, a load aggregator is any entity that combines loads into what is, in effect, a ‘block’ that can
be controlled in response to requests by the ISO. Specifically, the ISO can rely on those blocks
almost as if they are dispatchable generation capacity. That is, when there is not enough electric
supply capacity available to serve all demand or to provide all necessary ancillary services, the
ISO can request that the demand associated with load blocks be reduced or turned off.

A few points are worth considering. First, presumably, the scope of load aggregation could
increase to include distributed generation and distributed storage. Although load aggregation
tends to be done in response to electric-supply-related challenges, it seems likely that load
aggregation could also be used to address more location-specific challenges such as overloaded
T&D equipment or power-quality-related needs. It also seems likely that there could be some or
perhaps significant convergence of Smart Grid, demand response, and load aggregation. Some of
the advantages load aggregators have relative to individual end users, or perhaps even energy
storage project developers, include the following (in no particular order):

e General business savvy regarding electricity value, pricing and markets
e Existing infrastructure

e Market familiarity

e Unit diversity

e The means to finance storage

e Opportunities to internalize more benefits
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7.4.4. Increasingly Rich Electricity Price Signals

Another important development is the use of price signals for an increasing array of electric
capacity, energy, and services that provide storage owners with the means to internalize more
benefits. At least three important conventional pricing programs have existed for many years. As
described in Section 3.5.1, some residential and many commercial electricity end users are
eligible or even required to pay TOU-based prices for electric energy. Also, as described in
Section 3.5.2, some electricity end users with somewhat large demand (>50 kW to 100 kW)
often pay demand charges based on peak load and TOU charges for energy.

Many end users with medium demand or higher (>100 kW) are eligible for interruptible or
curtailable rates. Under those rates, participating end users pay a discounted price for energy, and
in return, the utility or the ISO may interrupt or curtail service, during grid emergencies, for a
specified number of times, for specified durations. The interruptible or curtailable load is usually
treated and used like reserve capacity for the electric supply system.

A more recent development is the establishment of critical peak pricing (CPP) for retail end
users. Under terms of critical-peak-pricing tariffs, the utility can charge ‘very high’ prices for
each kWh of energy used during critical peak periods. CPP tariffs allow the utility to impose the
high prices a specified maximum number of times per year and for specified durations. In the
U.S., the ISOs have implemented open markets for several ancillary services, including public
posting of prices.

An emerging trend is the use of locational pricing or locational marginal pricing to better reflect
the cost associated with delivery to specific parts of the grid. Among other factors, locational
marginal prices could reflect area-specific energy cost/price, transmission capacity cost or
charges, transmission congestion charges, and transmission I’R energy losses. Importantly, load
aggregators, Smart Grid, and demand response programs could be important enablers of a
significant market for storage benefits when coupled with rich price signals.

7.4.5. Tax and Regulatory Incentives for Storage

One possibly important development for prospective energy storage purchasers and users is
increased interest in providing related tax and regulatory/utility incentives. Tax incentives are
most likely to include accelerated depreciation and possibly tax credits. Regulatory/utility
(regulatory) incentives are most likely to include rebates that offset a portion of the purchase
price. Although the analogy is not perfect, there is a lot of emphasis on providing tax and
regulatory incentives for energy conservation and efficiency, peak demand reduction, and
renewable energy systems.

Such incentives are currently offered for the following: purchasing and installing equipment for
thermal energy storage; A/C efficiency improvements and/or downsizing; improving commercial
lighting efficiency; installing distributed generation (e.g., the Self-Generation Incentive Program
in California); and/or installing renewable energy generation.

All of these programs are deemed to be important, at least in part, because they reduce peak
demand, which reduces the need for electricity supply and T&D infrastructure. They also reduce
on-peak energy use, which reduces fuel and operation cost for inefficient and expensive-to-run
generation. It seems logical to at least consider incentives for using energy storage to the extent
that it provides similar benefits.
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7.4.6. Transmission Capacity Constraints

The need for additional transmission capacity is driven by several factors, including increasing
deployment of bulk renewables generation that is located away from load centers; increasing the
interconnectedness of the grid; increasing the use of non-utility-owned generation; increasing the
use of generation located away from load centers, including increasing reliance on inter-regional
energy transactions; increasing peak demand for electricity; and a heavily loaded and aging
transmission infrastructure.

Importantly, storage could be used to reduce or to avoid the need for new, high-voltage, bulk
transmission upgrades. That is important because one of the emerging challenges facing the new
utility marketplace is the need for additional transmission capacity. Not only is existing
transmission capacity getting older and less adequate, but siting new transmission is increasingly
contentious.

While not addressed explicitly in this report, an approach similar to the ones used to estimate the
T&D upgrade deferral benefit or T&D congestion relief benefit could also be used to estimate
the benefit associated with avoided need for transmission. In simple terms, the benefit is related
to the avoided cost for constructing new transmission capacity and/or upgrading existing
equipment or regional transmission congestion charges.

7.4.7. Expected Proliferation of Electric Vehicles

Although the implications for energy storage generally are somewhat unclear, the expected
proliferation of plug-in electric vehicles (PEVs) and plug-in hybrid electric vehicles (PHEVs)
could have a significant impact on the potential for utility-related storage.[85] One possibility is
that purchases of off-peak energy to charge storage will increase off-peak energy prices enough
to reduce the benefit for some uses of utility-related storage, especially energy time-shift and
TOU energy cost reduction.

Consider also that PEVs and PHEVs could provide some or perhaps most of the benefits that
utility-related storage provides. Specifically, it may be cost-effective to charge electric vehicles
when demand and energy prices are low or relatively low and then to dispatch aggregated power
from those vehicles (using stored energy and/or the hybrid’s fuel-driven power plant) to support
the grid, especially during grid emergencies.

On the positive side, the proliferation of PEVs and PHEVs could lead to economies of scale and
lower prices for advanced batteries and battery systems, including system management and grid
integration (interconnection, control, and communications).

7.4.8. Increasing Use of Intermittent Renewables

Storage seems poised to be important as a complement to the expected increase of intermittent
renewables. If nothing else, some output from intermittent renewables occurs when energy is not
valuable and/or can change rapidly, making grid operations challenging and reducing the
renewables’ capacity credit. Three key facets of renewables-storage value propositions are
notable: 1) capacity firming, 2) energy time-shift, and 3) grid integration.

7.4.9. Increasing Use of Modular Distributed Energy Resources

An emerging theme in the electricity marketplace is the use of modular electricity resources that
are located near loads and downstream from overloaded T&D facilities. Distributed energy
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resources (DER) include generation, storage, and geographically-targeted load management and
conservation.

On important reason for the increased interest in DER is that resources located near loads can
provide more benefits than more remote resources. Other key drivers of interest in modular
distributed resources include increasing congestion of regional transmission systems; challenges
associated with paying for and siting large generation and transmission infrastructure;
improvements in DER technologies; Smart Grid, and proliferating of rooftop/distributed
photovoltaics.

7.4.10. Reducing Generation Fuel Use and Air Emissions

It is important to consider the fuel-use-related and air-emissions-related implications of storage
because of trends toward reducing resource extraction, transportation and use, and policies that
emphasize reducing air emissions due to generation. Depending on the circumstances, storage
may be an important element of an overall strategy to reduce generation-related fuel use and air
emissions.

As summarized in Section 5.3.7 and Section 5.3.8, storage can lead to reduced fuel use and air
emissions in at least three ways: 1) time-shift energy from relatively efficient and/or clean
baseload generation (e.g., combined cycle, geothermal or wind generation) to offset use of less
efficient, dirtier on-peak generation (e.g., older, simple cycle combustion turbines), 2) reduce 'R
energy losses if energy is transmitted during off-peak times, and 3) dynamic operating benefits.

7.4.11. Storage Technology Innovation

Innovation by storage technology and storage system developers is accelerating, especially
regarding batteries and, to a lesser extent, capacitors and CAES. Key drivers seem to be
transportation-related uses, the expected increased use of intermittent renewables and a growing
need for operational flexibility for the electricity grid.
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8. Conclusions, Observations, and Next Steps

8.1.

Summary Conclusions and Observations

8.1.1. The Storage Opportunity

Electric energy storage is poised to become an important element of the electricity grid and
marketplace of the future. Storage has unique features and characteristics that make it useful for
significant existing and emerging electric-utility-related opportunities and challenges.

Notable opportunities and challenges that storage can address include, but are not limited to, the
following (presented in no particular order):

Storage offsets the need for additional peaking generation capacity.

Storage enables more optimal operation of the existing generation fleet, thereby reducing
generation ramping and part load operation which, in turn, reduces equipment wear, fuel
use, and air emissions.

Storage is well-positioned to enable effective, optimal integration of intermittent
renewables and possibly baseload renewables.

Storage is well-suited to provide ancillary services, especially load following, area
regulation, and electric supply reserve capacity. Distributed storage would be especially
valuable for voltage support.

Properly located storage can reduce congestion of existing transmission, reduce the need
for additional transmission capacity, and defer the need for expensive subtransmission and
distribution upgrades. Similarly, storage use can increase utilization of existing T&D
assets, and in some cases it could be used to extend the life of existing T&D equipment —
especially aging underground cables.

Distributed storage will probably become a crucial element of the Smart Grid, and it can
facilitate/enable increasingly important ‘demand response’ resources.

Modular storage provides utility planners and engineers with flexible, reliable, and
possibly less-risky alternatives to investments in conventional, inflexible, ‘lumpy’ T&D
capacity additions.

Distributed storage is well-suited to addressing growing electric service power quality and
electric service reliability challenges, possibly by enabling utilities to provide
differentiated electric service with higher quality and/or reliability (for a premium price).

Utility customer-owned storage can be used to manage increasing electricity-related costs
by time-shifting low-priced energy and by using storage to provide grid ‘services’,
probably in conjunction with electric resources aggregators.
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8.1.2. Storage Opportunity Drivers

Several current and emerging storage opportunity drivers have been recognized. The following
are especially notable (presented in no particular order):

e Increasing recognition by lawmakers, regulators, and policymakers of the important role
that storage should play in the electricity marketplace of the future.

¢ Increasing sophistication and savvy of load and distributed resource aggregators.

e Increasingly rich electricity price signals (i.e., for energy, capacity, and ancillary
services).

e Tax and regulatory incentives for storage.
e Expected proliferation of plug-in electric vehicles and plug-in hybrid electric vehicles.

¢ Increasing use of modular distributed energy resources for on-peak electric supply,
ancillary services, and transmission congestion relief.

e Increasing use of intermittent renewables.
e Growing need for improved electric service power quality and reliability.

e Storage technology innovation, including improved subsystems (especially power
conditioning) and storage system integration; battery innovation will accelerate, perhaps
dramatically, due to development related to electric vehicles.

e An increasingly ‘smart’ electricity grid will enable effective integration of some
renewables and integration and dispatch of distributed resources, including demand
response, generation, and storage.

8.1.3. Notable Stakeholders

The storage opportunity involves numerous stakeholders. Understanding stakeholder interests
and relationships is crucial for several reasons. Perhaps the most important reason is that not all
benefits accrue to the same stakeholder. In fact, some benefits may involve conflicting interests.
Consider a utility customer that uses storage to reduce its electricity-related costs. To the utility,
the resulting ‘revenue loss’ increases the average price that customers at large must pay (because
the utility receives less revenue without a commensurate reduction of fixed cost.)

Also, the existence of numerous stakeholders is important in that storage value propositions and
storage projects may require a significant amount of coordination and cooperation among diverse
stakeholders, possibly with conflicting interests.

Below are eight notable ‘beneficiary stakeholders’ (i.e., parties that derive benefit from storage):
e Specific electricity end users who use storage to reduce electricity cost
e Utility ratepayers at large
o Utilities
e ‘Merchant’ storage project owners (entities that use storage for profit only)

o Aggregators
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Storage equipment and services providers

Society at large (e.g., for improved environmental quality and economy)

Several ‘institutional stakeholders’ or ‘gatekeeper stakeholders’ are also notable:

8.1.4.

Legislators and policymakers

Utility engineers and capacity planners
Engineering standards organizations

Federal and state energy/utility regulatory agencies
Regional independent system operators

Local safety, siting, planning and land use agencies

‘Host’ communities

Notable Challenges

The storage opportunity involves some important challenges. It is prudent to be familiar with
those challenges when evaluating prospects for storage in general, and for specific storage-
related applications/benefits, value propositions, projects, locations, and regions/jurisdictions.

Several notable challenges include the following (in no particular order):

Storage’s relatively high cost per kW installed, compared to the benefit associated with
most technically viable value propositions

Lack of storage-related regulatory rules and ‘permission,’ especially regarding distributed
storage

Prevailing electric energy and services pricing that are not economically efficient
(though, this is changing)

Limited risk/reward sharing mechanisms (especially between utilities and customers
and/or aggregators)

Permitting and siting rules and regulations are not well-established for storage
Limited familiarity with, knowledge about, and experience with storage
Limited storage-related engineering standards and evaluation methodologies and tools

Investor-owned utilities’ ‘rate-based’ (or revenue requirement) financials that lead to a
strong preference for investments in equipment and aversion to expense-based
alternatives

Storage must compete with many technologies, concepts, and programs (e.g., demand
response, Smart Grid, distributed generation, and renewables) for its place in the
electricity marketplace of the future

Coordinating among numerous stakeholders for ‘permission’ to use grid-connected
storage and./or to aggregate benefits

See Appendix G for a more detailed list of challenges.
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8.1.5. The Importance of Benefits Aggregation

The most important topic addressed in this guide is the aggregation of benefits into attractive
value propositions (i.e., a value proposition for which the total benefit exceeds the total cost by
an amount that yields an acceptable-or-better return on investment). That theme is so important
because in many situations two or more benefits will be required so the total benefit exceeds the
total cost.

The primary purpose for this guide is to provide analysts with a framework for evaluating
storage prospects for specific value propositions, including guidance about identifying and
ascribing value to specific benefits that serve as building blocks for value propositions. Ideally,
this framework will provide the foundation, and possibly the mindset, needed to recognize and
characterize attractive value propositions.

As an aside: Given the emphasis on benefits, an important theme in this report is the need to
maintain a crisp distinction between storage applications and the benefits that accrue if storage is
used for a given application. (Applications are ways that storage is used, whereas benefits are
primarily financial, including increased revenue and/or reduced or avoided cost.)

8.1.6. Multi-faceted Nature of the Storage Opportunity

Given the foregoing, clearly the storage opportunity is multi-faceted. A robust understanding of
the storage opportunity requires at least some familiarity with several of those facets. Consider
just a few:

e Many possible application/benefit combinations

e Numerous beneficiary stakeholders and institutional/gatekeeper stakeholders, some with
conflicting interests

e Myriad rules, regulations, and permitting requirements

e Applicable market rules, tariffs, and pricing significantly affect the attractiveness of
storage in specific regions and locations

e Role of storage relative to the electric supply generation fleet, renewables, demand
response, Smart Grid, PEVs, and PHEVss

e Most existing storage technologies continue to improve, and advances involving
emerging storage technologies are accelerating

8.2. Next Steps — Research Needs and Opportunities

Although utility-related storage opportunities are receiving increasing emphasis, more extensive
research, development, and demonstration are needed. The elements of a robust storage-related
research and development agenda are briefly characterized in this section.

8.2.1. Establish Consensus about Priorities and Actions

A key challenge for storage is the combination of diverse benefits and diverse stakeholders.
Although that situation seems likely to persist, an important next step is to work toward a
common understanding among stakeholders about several key topics, including the following:
a) existence and magnitude of benefits; b) important value propositions, including the societal
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value proposition; c¢) key challenges and solutions; d) standards and rules needed
(interconnection, permitting, etc.); €) market potential; f) the role of storage relative to and/or in
conjunction with Smart Grid and demand response programs; g) storage technology and system
cost and performance criteria, including definitions and values; and h) storage technology and
value proposition demonstrations.

8.2.2. Identify and Characterize Attractive Value Propositions

This guide emphasizes the concept of value propositions and includes a few examples of
possibly attractive value propositions. A helpful next step would be to establish a menu of
model/generic value propositions that are a) generally accepted/recognized, b) financially
attractive, and c) technically viable. Furthermore, value propositions targeted should be those
involving somewhat-to-very significant market potential. Those value propositions would be
used by storage advocates, project developers, technology and systems developers, regulators,
policymakers, researchers, and prospective end users to focus their respective efforts.

8.2.3. Identify and Characterize Important Challenges and Possible
Solutions

A crucial initial step towards consensus-building is to identify the most important challenges that
could significantly delay and/or limit deployment of storage. First, the challenges should be
characterized and then prioritized. Possible criteria to use in establishing priorities could include
1) potential showstoppers, especially those that are most likely to occur; 2) challenges whose
solutions require a long lead time; 3) challenges that affect early adopters and/or users which
could purchase significant amounts of storage in the near term; and 4) challenges that are most
likely to create or to reinforce unhelpful misperceptions. After priorities are established, the next
step would be to identify and develop an approach to address those challenges.

8.24. Identify, Characterize and Develop Financial and Engineering
Standards, Models, and Tools

If storage is to reach its potential, one key priority is to identify, characterize, and develop the
engineering and financial/accounting standards needed to evaluate important technical and
financial criteria. Once those standards are established, analysts will need models and tools to
apply them. Presently, those standards, tools, and models are largely undeveloped and/or they
require adaptation and evolution of existing tools.

8.2.5. Ensure Robust Integration of Distributed/Modular Storage with
Smart Grid and Demand Response Programs

Smart Grid and demand response programs are poised to be important elements and enablers of
the modern electricity grid and the electricity marketplace of the future. It seems likely that
storage will be an important part of Smart Grid and demand response programs.

It is important to ensure robust and appropriate consideration of storage’s roles and benefits as
Smart Grid infrastructure and demand response, protocols, functionality, hardware,
communications, and controls are developed, and as the Smart Grid and demand response
programs are deployed.
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8.2.6. Develop More Refined Market Potential Estimates

While the transparent, auditable, simplistic, maximum market potential estimates provided in this
guide may provide a helpful point of departure, more robust methods are needed to refine those
estimates. Such estimates are important metrics for politicians, policymakers, regulators, storage
advocates, potential storage users, and storage vendors as they seek to gauge the potential
implications and attractiveness of storage.

8.2.7. Develop Model Risk and Reward Sharing Mechanisms

As mentioned elsewhere in this guide, important discontinuities between some key stakeholders’
interests — especially between utilities and customers — make risk and reward sharing difficult or
impossible. Nevertheless, many otherwise attractive value propositions are not possible without
risk and reward sharing, especially value propositions involving locational benefits and
distributed/modular storage.

Perhaps the best example is the benefit for T&D upgrade deferral or T&D equipment life
extension. Consider the example of a T&D upgrade deferral or life extension that would reduce
the utility’s total cost-of-service (an avoided cost) by $100,000 for one year.

Ideally, the utility would have the flexibility to share the avoided cost with customers that are
willing and able reduce load, when needed, to enable the deferral. When called upon to reduce
load, those customers could turn off loads (demand response) and/or use on-site generation
and/or on-site storage. Peak load reduction could also be accomplished using energy efficiency.

Unfortunately, most utilities do not have the regulatory ‘permission’ or the transactional
framework for such risk and reward sharing. If nothing else, the utility should be allowed to
concentrate conventional demand response and energy efficiency incentives toward the part of
the grid where T&D upgrade deferral or life extension is needed.

8.2.8. Develop Model Rules for Utility Ownership of Distributed/Modular
Storage

For a variety of reasons, most utilities do not have regulatory permission to use storage in lieu of
T&D equipment. One of the more important near terms objectives for the storage community is
to advocate for utility permission to own and operate distributed/modular storage, just like any
other equipment. Model rules for such utility ownership could spur the development of
formalized rules at the state level.

8.2.9. Characterize, Understand, and Communicate the Societal Value
Proposition for Storage

It is important to characterize, understand, and communicate the societal value proposition for
storage (as described in Section 6.7) for at least two key reasons. First, society at large has a
significant stake in the storage opportunity because some of the key benefits accrue, in part or in
whole, to society at large (e.g., reduced air emissions and reduced land use impacts from reduced
need for new infrastructure). Second, some significant storage benefits may accrue to more than
one stakeholder, including utility ratepayers as a group and/or to society as a whole, making
‘stakeholder integration’ and risk and reward sharing mechanisms especially important for
societal benefits.
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8.2.10. Storage Technology and Value Proposition Demonstrations

New storage technologies, subsystems, and storage system configurations must establish a record
and reputation as a reliable, cost effective alternative before wide-scale acceptance. That same
challenge applies to undemonstrated storage benefits and value propositions.

Establishing a track record and reputation often requires several demonstrations. Therefore,

numerous demonstrations may be necessary (especially for modular/distributed storage) before
wide-scale deployment of additional storage will occur.
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Appendix A — Ancillary Services Overview

In broad terms, ancillary services are necessary services that must be provided in the generation
and delivery of electricity. As defined by the Federal Energy Regulatory Commission (FERC),
they include: coordination and scheduling services (load following, energy imbalance service,
control of transmission congestion); automatic generation control (load frequency control and the
economic dispatch of plants); contractual agreements (loss compensation service); and support of
system integrity and security (reactive power, or spinning and operating reserves).

Introduction

The two primary functions of the electricity grid are 1) providing a supply of electric energy,
primarily using generation that converts fuel to electricity in real-time and 2) delivering that
energy to customers via the transmission and distribution (T&D) system. In addition to resources
that provide the electric energy; additional resources — collectively known as ancillary services —
support the overall operation of the grid. Ancillary services are defined by FERC as those
services necessary to support the delivery of electricity from seller to purchaser while
maintaining the integrity and reliability of the interconnected transmission system (‘the
network’). The specific definitions used by FERC for various ancillary services are listed in
Table A-1.

To one extent or another, energy storage can provide many of those ancillary services. Storage
used to provide some of the ancillary services may also be used for other applications, including
power quality, reliability, and others.

Regulation versus Load Following

Two ancillary services — regulation and load following — are somewhat similar; however, to
understand implications for storage value propositions, it is important to distinguish between
them:

Together, regulation and load following address the temporal variations in
load (and generation that does not accurately follow control signals). The
key distinction between load following and regulation is the time period
over which these fluctuations occur. Regulation responds to rapid load
fluctuations (on the order of one minute) and load following responds to
slower changes (on the order of five to thirty minutes). Load following is
defined as the 30-minute rolling average of system load; regulation is then
the difference between actual load for each 30-second interval and the
rolling average. Hourly load following is defined as the difference
between the highest and lowest values of the rolling average within the
hour. Regulation is defined as the standard deviation of the 120 regulation
values for the hour. Finally, the implications of the current block-
scheduling conventions on load following and regulation are discussed, as
is the need for a new scheduling convention.[A1]
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Table A-1. Ancillary Services and Their Common Definitions

System Control

Scheduling generation and transactions ahead of time, and controlling
some generation in real time to maintain generation/load balance.

Reactive Supply
& Voltage Control

The generation or absorption of reactive power from generators to
maintain transmission system voltages within required ranges.

Regulation

Minute-by-minute generation/load balance within a control area to meet
NERC standards.

Spinning Reserve

Generation capacity that is online but unloaded and that can respond
within 10 minutes to compensate for generation or transmission outages.
‘Frequency-responsive’ spinning reserve responds within 10 seconds to
maintain system frequency.

Supplemental Reserve

Generation capacity that may be offline or curtailable load that can
respond within 10 minutes to compensate for generation or transmission
outages.

Energy Imbalance

Correcting for mismatches between actual and scheduled transactions on
an hourly basis.

Load Following

Meeting hour-to-hour and daily load variations.

Backup Supply

Generation available within an hour for backing up reserves or for
commercial transactions.

Real Power Loss
Replacement

Generation that compensates for losses in the T&D system.

Dynamic Scheduling

Real-time control to electronically transfer either a generator’s output or a
customer’s load from one control area to another.

Black Start

Ability to energize part of a grid without outside assistance after a blackout
occurs.

Network Stability

Real-time response to system disturbances to maintain system stability or
security.

Please see Appendix D for more about storage for Load Following and Appendix E for more
about storage for Area Regulation.

Reference

[A1] Hirst, Eric. Kirby, Brendan. Separating and Measuring the Regulation and Load Following
Ancillary Services. Oak Ridge National Laboratory. March 1999.
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Appendix B — Storage Replacement Cost Estimation Worksheet

The worksheet shown below is an example of a simple methodology that can be used to estimate the cost incurred during battery operation
due to battery wear (i.e., damage). It spreads the damage-related cost across each unit of energy discharged to establish a value that
represents the cost for battery replacement that is incurred per unit of energy output from the battery.

Life 10

Annual Capacity Factor 0.07
Discount Rate 10.0%

Annual Operation Hours 613

Annual Use Cycles| 250 Operation Hours Per Use Cycle|2.45

Standard Refurbishment
Use Cycles Per Refurbishment 1,000 Years per Replacement|4.00

Replacement Frequency|1.50

Total Refurbishment Cost ($/kW, $Year 1) 450
Annual Refurbishment Charge ($/kW, $Year 1) 45

Refurbishment Cost ($/kWh $Year 1) 300
Refurbishment Cost Escalation 2.5%

$Year 1 $Current $PW
Refurbishment Cost ($/kW) 450 504 321
(¢/kWh) 73 8.2 52
Year =>
Total 1 2 3 4 5 6 7 8

Refurbishment Annual Cost 450 45 45 45 45 45 45 45 45
($/kW, $Year 1)

($PW) 321 45 42 38 | 35 33 30 28 26

Refurbishment Unit Cost (¢/kWh)| 7.3 7.3 73 73|73 73 73 73| 73
($PW) 5.2 73 | 68 | 62 58 53 49 45 42

B-1

Caveats
1. Treats refurbishment like an expense, not investment...

2. ...but does not include tax deduction for the expense.

3. Includes fractional refurbishments if "Replacement
Frequency" is not an integer.

4. This is a somewhat simplistic treatment of refurbishment
cost annualization. It allocates all refurbishment costs (in the
form of the annual average) across all years although it could be
allocated in the years before/until the last refurbishment; though
annual allocations in those years would be higher. Also, the
cost escalation is applied to the annual average each year. It
could be allocated only in years when allocation occurs.

45 45 0 0 0 0 0 0 0 0 0

24 22 0 0 0 0 0 0 0 0 0

7.3 7.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.8 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20

0.0
0.0
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Appendix C — Distributed Energy Storage for Voltage Support
and Reactive Power

Introduction to Reactance in AC Circuits

An important technical challenge for electric grid operators is managing the effects from a
phenomenon called reactance in an alternating current (AC) electrical circuit.” Reactance is
caused by elements within an AC circuit (i.e., inductors and capacitors). The effects from
reactance are related to an accumulation of electric or magnetic fields in the circuit elements
when current is flowing. The electric and magnetic fields, in turn, produce an opposing
electromotive force that is proportional to either the rate of change (time derivative) or
accumulation (time integral) of the current.

Perhaps the most important manifestation of reactance in an AC circuit is that capacitors and
inductors cause voltage and current to be ‘out of phase’ (i.e., to not be synchronized).
Specifically, rather than the ideal situation involving voltage and current which are synchronized,
capacitors cause current to /ead the voltage and inductors cause current to lag the voltage. Figure
C-1 provides a graphical representation of the phenomenon.

Inductance Capacitance

Figure C-1. Leading and lagging current due to inductance
and capacitance (reactance) in an AC circuit.

In the left graph of Figure C-1, the two plots of voltage and current show capacitive reactance
(current leads voltage). The two plots in the graph on the right show effects from inductive
reactance (current lags voltage). The degree to which current leads or lags depends on the
alternating current circuit’s operating frequency (e.g., electric grids operate at 50 or 60 Hz) and
the capacitance and inductance in the circuit.

" AC power involves current flow (and voltage) that varies between a positive and a negative level. Electricity power
systems use AC power that oscillates between negative and positive values 60 times per second (i.e., 60 Hertz AC).
Among other advantages, AC power enables transmission over longer distances than systems using direct current
(DC) power (power that has a constant current and a constant voltage).
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Importantly, to the extent that current leads or lags voltage, the effective voltage is reduced, in
turn reducing the amount of usable power that can be delivered (i.e., reactance reduces the
effective load carrying capacity of the grid). Note that, normally, reactance in the electricity grid
is dominated by reactance from inductive loads (causing current to lag the voltage), especially
motors.

Power Factor

The power factor of an AC electric system is defined as the ratio of real power to apparent
power.

Real power (also known as ‘true power’) can be defined as the amount of usable power that can
be delivered to loads in an AC circuit. More specifically, real power indicates the amount of
work that can be accomplished over a given amount of time based on the rate at which the circuit
can deliver electric energy. Real power could also be thought of as the ‘effective’ power or the
useable power. The most common units used to express real power are watts (W) or kilowatts
(kW).

Apparent power is simply the product of the voltage and current within a circuit, irrespective of
whether voltage and current are synchronized and how much work can be accomplished using
the electric energy that the circuit can deliver to loads. The most common unit of apparent power
is volt-Ampere (volt-Amp). Note that most power equipment — such as power supplies, wires and
transformers — are rated based on their apparent power (volt-Amps).

In any given circuit, the apparent power can be somewhat or significantly greater than the real
power because 1) during each alternating current cycle, energy is stored within loads and then
returned to the circuit; and/or 2) ‘non-linear’ loads distort the current’s (sine) wave form within
the circuit. Common non-linear loads include most electronic equipment, which have non-linear
power supplies, and electronic ballasts used for lighting.

Of particular interest are effects from reactive loads that lead to the presence of reactive power in
the circuit. Units of reactive power are volt-Amps reactive (VAR). VAR reduces real power
because the associated reactance changes the temporal relationship between voltage and current
in the AC circuit as described above. (Note that apparent power is the combination of real power
and reactive power.)

The concept of power factor is important in part because — to the extent that the real (useable)
power is less than apparent power — the amount of power that can be delivered to loads by a
circuit with power factor that is less than one (unity) circuit is reduced. Consider the example of
a circuit rated to deliver 10 MVA (apparent power) with a power factor of 0.9. That circuit could
serve

0.9 x 10 MVA =9 MW of load.

One implication is that a larger circuit (capacity) is needed to deliver a given amount of useful
energy. Because more current flows within the circuit (for a given amount of energy delivered),
there are more I°R energy losses within the circuit.

(For more detail about true, reactive, and apparent power, readers could refer to the A// About
Circuits website: http://www.allaboutcircuits.com/.)



Utility Responses, Overview

Utilities use two important means to compensate for the presence of reactance (i.e., to restore
voltage to and/or to maintain voltage at the desired level). Generic terms for managing effects
from VAR are “VAR support’ and “VAR compensation’.

One such technique — involving an ancillary service known as ‘voltage support’ — is to produce
reactive power (power that has lagging or leading current). The reactive power is meant to cancel
out the effects of reactance in the power system.

Another more localized approach — called ‘power factor correction’ — involves using equipment
within the T&D system to offset effects from localized reactance. In most cases, power factor
correction involves use of power factor correcting capacitors that offset effects from localized
inductance.

Distributed Storage for Voltage Support

The balance of this appendix is section is based largely on the research of scientists at Oak Ridge
National Laboratory (ORNL). Their objective was to evaluate the potential for distributed
generation as a resource for VAR compensation. In most cases, storage systems can or could be
designed to provide the same service. The ORNL work tested the hypothesis that “[distributed
generation] can play a larger and more significant role than at present in relieving voltage
stability problems due to both a) suboptimal dispatch of reactive power supplies and b) reactive
power supply shortages.”[C1]

Reactive power for voltage compensation is compelling for several reasons. Among the reasons
given by authors of the ORNL report, “past power blackouts have been attributed to problems
with reactive power transport to load centers.”[C2] Although reactive power for voltage
compensation is a relatively small portion of total cost to generate and transmit electricity, it
does account for billions of dollars in tofal cost. Another compelling reason is that most central
generation technologies, especially newer ones, are not well-suited to reactive power generation
because generation is usually optimized for real (i.e., true) power generation at a constant output.

Importantly, unlike real power, reactive power cannot be transmitted over long distances.
Consequently, central generation may not be the best source of reactive power. Conversely, a
growing array of smaller, modular power technologies (e.g., any type of power system with an
inverter that has VAR support capability, distributed generation, energy storage, and possibly
even demand response) could provide other sources of VAR support, and provide such support
closer to the loads that pose the biggest challenges.

Voltage Support using Reactive Power

In simple terms, voltage control for an AC power system is accomplished primarily by managing
reactive power. This is done by injecting and/or absorbing reactive power, when needed, as close
as possible to the location where reactance is a problem. The amount of reactive power needed
normally varies as a function of the transmission line loading. Heavily loaded lines require more
reactive power than lightly loaded lines. As reactive power needs in the transmission system
vary, the Independent System Operator (ISO) and regional transmission organizations (RTOs)
adjust the supply of reactive power.



The Federal Energy Regulatory Commission (FERC) separates voltage control into two
categories: generation-based and transmission-based.

Generation-based voltage control is an ancillary service, and transmission-based voltage control
is included as an element of transmission service agreements or tariffs. Generation-based VAR
support is needed to operate regional power systems and electricity markets. (Other common
ancillary services include spinning reserve, contingency, emergency, or supplemental reserve,
and regulation.) According to authors of the ORNL report, “It is variously estimated that
providing this bundle of ancillary services costs the equivalent of 10-20% of the delivered cost of
electric energy.”[C3][C4]

The process of managing reactive power in transmission systems is well understood technically.
The three primary objectives of reactive power management are as follows: 1) maintain adequate
voltages throughout the transmission system under normal and contingency conditions,

2) minimize congestion that affects flow of real power, and 3) minimize real-power losses.

Voltage control is usually centralized because coordinated control is needed among the various
entities and equipment in the electric grid to ensure effective operation of the system (i.e., to
keep voltage levels within necessary parameters). System operators and planners use
sophisticated computer models to design and operate the power system reliably and
economically. These functions are not readily distributed to individual sub-regions or to separate
market participants.

An important responsibility of power system planners is to address what is generically called
‘grid security’. It involves planning whose goal is to ensure adequate operation of the power
system (generation and transmission) during a range of conditions and contingencies. It involves,
in part, modeling the electric grid system under a broad range of conditions to ensure that the
electric grid has adequate reserves when transmission lines or generators fail, as well as during
peak demand periods. (Normally, power systems maintain sufficient reserves to serve load
should a major generation plant or transmission line fail, commonly called an N-1 contingency).

Reactive power resource technologies differ significantly with respect to the amount of reactive
power that can be produced under given conditions, response speed, and capital cost. Reactive
power sources can be categorized as either static or dynamic.

Common static reactive power sources include transmission and distribution (T&D) equipment
such as substation capacitors. Notably, these T&D-based options are considered to be part of the
utility’s capital investment portfolio (of infrastructure equipment). The equipment cost is added
to the utility ‘revenue requirement’ — the amount of revenue required, from users, to cover all
costs.

Dynamic reactive power sources include generation facilities, which are capable of producing
both real and reactive power, and synchronous condensers, which produce only reactive power.
Generation equipment may be owned either by utilities or independent entities. Often, reactive
power is bought and sold so that the cost is covered by market-based or market-like prices.

Providing Reactive Power Locally

A key difference between VAR support (or reactive power supply) and other ancillary services is
that reactive power cannot be transmitted over long distances. Reactive power needs occur in



direct proportion to the distribution of load across a system and the proximity between generators
and load centers.

Reactive power from distributed energy resources (DER), including distributed generation and
distributed energy storage, could provide distributed dynamic voltage control in response to
variations of reactive power needs within distribution systems. To serve as a reactive power
resource, the DER must be able to inject and absorb reactive power. Conversely, distributed
generation and distributed energy storage that do not have the ability to generate or absorb
reactive power can degrade voltage. Notably, many DER are connected to loads and/or to the
grid via equipment that incorporates solid-state power electronics that may be designed to
provide reactive power compensation.

The implications and possibilities for reactive power compensation using DER capacity are not
well understood. Nevertheless, reactive power is currently provided, in part, by what could be
called modular/distributed sources (e.g., static VAR compensators and capacitor banks). So,
intuitively, it seems likely that there are exploitable synergies between the localized need for
reactive power (usually near loads) and increasing emphasis on DER. Perhaps more importantly,
aggregated DER capacity (if dispatched in a coordinated way) could be part of a robust approach
to region-wide grid stability during major power interruptions involving declining area-wide or
system-wide voltage.

As previously noted, reactive power needed to stabilize voltage cannot be transmitted very far.
So, in general, /ocal sources of VAR support are most helpful, especially if interruptions involve
transmission corridors. Additionally, many DER types can respond rapidly to reduce the chances
of a total loss of power.

Storage may be best suited to this application if rapid response is important. Some storage types
reach their full discharge rate within seconds to just a few milliseconds, these include capacitors,
flywheels, and superconducting magnetic energy storage. (Note that, although conventional
capacitors are good for managing reactance under normal operating conditions, they do not
perform well as a voltage support resource because they draw more current as voltage drops,
possibly adding to cascading overloads.) In contrast, most types of generation take a few to many
minutes to respond fully (e.g., pumped hydroelectric and compressed air energy storage).

Aggregated modular storage deployed at or near loads, for reasons other than voltage support,
could provide very helpful voltage support when and where needed. Finally, by picking up or
turning off specific types of load when grid anomalies occur, DER can reduce voltage
degradation, thereby reducing the possibility of cascading outages.

The most challenging loads during such an event include small motors, especially those used in
smaller air conditioning equipment to operate the compressor. Figure C-2 shows that, in
California, such loads account for a significant portion of peak demand. Those motors pose such
a significant challenge because as grid voltage drops during local or region-wide grid
emergencies, the motors draw more current to maintain power which exacerbates the voltage
problem. The same motors can also pose a relatively significant challenge as the grid is re-
energized after outages.
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Source: California Energy Commission.[C5]
Figure C-2. Peak demand (in MW) by end use in California.
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Appendix D — Storage for Load Following
Storage can provide load following up by increasing the rate of discharge and/or decreasing the
rate of charging, as described below.

Consider the example depicted in Figure D-1 which shows how charged storage with one hour of
discharge duration can provide two hours of load following up by discharging.
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Figure D-1. Two hours of load following up with one hour of storage discharge.

In Figure D-1, the time-specific aggregated load following capacity needed is indicated by the
blue bars labeled Load Following. The rate of storage discharge increases as load increases
(shown by the yellow bars labeled Storage Output). After the first hour of load following with
storage, a full 100-MW block of generation is dispatched (shown by the red bars) while storage
discharge is curtailed (at interval #13). Throughout the second hour of load following, the
storage output is increased every five minutes (as it was during the first hour) as load increases.
At the beginning of the next hour (not shown), another 100-MW block of generation is
dispatched and storage output is halted.

Storage charging can also be used to provide load following up by reducing the rate of charging
throughout an hour, commensurate with increasing load. Consider the example shown inFigure
D-2. At the beginning of the first hour of load following, a 100-MW generator is dispatched to
full output (see the red bars labeled Generation Output). At the same time, storage begins
charging at a rate equal to the 100-MW rating of the generator that was just dispatched. Every
five minutes, the rate of storage charging is reduced to the extent that load has increased (note
the yellow bars labeled Storage Charging). The resulting load following up is shown by the blue
bars. At the beginning of the second hour of load following, the second 100 MW of generation is
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dispatched (at full output), and storage charging commences again at a rate (100 MW) equal to
the output of the second generator. Finally, at the beginning of the next hour (not shown), more
generation is dispatched (ideally, at full output) as storage operation (in this case, charging)
ceases.
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MW
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Figure D-2. Two hours of load following up with one hour of storage charging.

Storage provides load following down by decreasing the rate of discharge and/or by increasing
the rate of charging, as described below.

For load following down involving decreasing storage discharge, the storage is cycled from full
output to very low (or no) output twice in a two-hour period, providing two service hours of load
following down as shown in Figure D-3. In that figure, at the end of the previous hour (not
shown), a 100-MW generator is taken offline as 100 MW of storage comes online (as shown by
the yellow bars labeled Storage Discharge). Another 100 MW of generation is still online (shown
by the red bars labeled Generation Output). The rate of storage discharge is reduced every five
minutes during the first hour as load drops. The resulting load following capacity is shown by the
blue bars labeled Load Following. At the beginning of the next hour, the 100-MW generator is
taken offline and the storage begins discharging again at 100 MW. Storage discharging decreases
throughout the second hour as load decreases until discharging ceases at the end of the second
hour.
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Figure D-3. Two hours of load following down with one hour of storage discharge.

Figure D-4 shows how storage can be used to provide load following down while charging. The
example shown in Figure D-4 involves storage with one hour of discharge duration that is used
to provide two hours of load following down.
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Figure D-4. Two hours of load following down with one hour of storage charging.
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At the beginning of the hour, two 100-MW generators are on line for a total of 200 MW (shown
by the red bars labeled Generation Output). As load decreases, there is a commensurate increase
of storage charging (shown by the yellow bars labeled Storage Charging). The resulting load
following capacity is shown by the blue bars labeled Load Following. At the beginning of the
second hour, 100 MW of generation is taken offline, and storage charging begins again at low
power. As load continues to diminish, storage charging is increased until the beginning of the
next hour (not shown) when storage charging and generator operation both cease.

Energy Associated with Load Following

When using storage charging for load following, the energy stored must be purchased at the
prevailing wholesale price. This is an important consideration — especially for storage with lower
efficiency and/or if the energy used for charging is relatively expensive — because the cost of
energy used to charge storage (to provide load following) may exceed the value of the load
following service.

Conversely, the value of energy discharged from storage to provide load following is determined
by the prevailing price for wholesale energy. Depending on circumstances (i.e., if the price for
the load following service does not include the value of the wholesale energy involved), when
discharging for load following, two benefits accrue — one for the load following service and
another for the energy.
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Appendix E — Area Regulation

Introduction

This appendix documents a high-level analysis of the benefit from and cost for flywheel energy
storage used to provide area regulation for the electricity supply and transmission system in
California. The analysis is based on results from a demonstration, in California, of flywheel
energy storage developed and manufactured by Beacon Power Corporation. Demonstrated was
flywheel storage systems’ ability to provide rapid-response regulation. (Flywheel storage output
can be varied much more rapidly than the output from conventional regulation sources, making
flywheels more attractive than conventional regulation resources.)

The work was sponsored by the U.S. Department of Energy (DOE) and the Sandia National
Laboratories (SNL) Energy Storage Systems Program. The demonstration was supported by the
California Energy Commission (CEC) Public Interest Energy Research Program. It was located
at the Distributed Utility Integration Testing facility managed by Distributed Utility Associates
(DUA) and located at the Pacific Gas and Electric Company (PG&E) Technological and
Ecological Services research facility in San Ramon, California.

Although the specific type of storage evaluated was flywheel storage, other types of storage that
can respond rapidly when conditions change can also provide the area regulation service. Those
may include some types of electrochemical batteries and capacitors. And though they respond
more slowly, CAES and pumped hydroelectric storage can also be used to provide area
regulation.

Another desirable storage characteristic is high efficiency, because when storage charging occurs
during regulation, any energy that is lost must be purchased at the prevailing price.

Regulation Service

Regulation is a type of ancillary service” that involves managing the “interchange flows with
other control areas to match closely the scheduled interchange flows” and moment-to-moment
variations in demand within the control area. The primary reasons for including regulation in the
power system are to maintain the grid frequency and to comply with the North American Electric
Reliability Council’s (NERC) Control Performance Standards 1 and 2 (NERC 1999a).
Regulation also assists in recovery from disturbances, as measured by compliance with NERC’s
Disturbance Control Standard.[E1]

When there is a momentary shortfall of electric supply capacity, the output from regulation
resources is increased to provide up regulation when there is a momentary shortfall of power on
the grid. Conversely, regulation resources’ output is reduced to provide down regulation when
there is a momentary excess of electric supply power.

" Ancillary services are electric resources that are used to maintain reliable and effective operation of electric supply
and transmission systems. Most often, ancillary services are provided by utilities, although an increasing portion is
being provided by third parties. Six key ancillary services are 1) scheduling, system control and dispatch, 2) reactive
supply and voltage control from generation sources, 3) regulation and frequency response, 4) energy imbalance,

5) spinning reserve, and 6) supplemental reserve.



Traditionally, regulation has been provided by dispatchable thermal generation facilities. They
provide up regulation by increasing output when electricity demand exceeds supply, and they
provide down regulation by reducing output when electricity supply exceeds demand. Generation
facilities used for up regulation and those used for down regulation are operated at levels below
the facilities’ maximum output and above minimum output, respectively.[E2] Generation units
used for regulation must be equipped with automatic generation control (AGC) equipment and
be able to change output relatively quickly (MW/minute) over an agreed upon range of power
output (MW).

Flywheels for Area Regulation

Flywheel electric energy storage systems (flywheel storage or flywheels) consist of a cylinder
with a shaft that can spin rapidly within a robust enclosure. A magnet levitates the cylinder to
limit friction-related losses and wear. The shaft is connected to a motor/generator and stator.
Kinetic energy is converted to electric power via an external power conditioning unit (PCU).
High-speed flywheel electricity storage is nearing commercialization. One apparently superior
application of the technology is for electric power system regulation (also known as area
regulation or simply regulation). Storage provides up regulation by discharging energy into the
grid and down regulation by absorbing energy from the grid.

Notably, the rate of power from (or into) flywheel storage can change quite rapidly whereas
output from conventional regulation sources (primarily thermal generation plants) changes
slowly. Generation plants’ output (up or down) changes by percentage points per minute whereas
flywheels’ output can change from full output (discharge) to full input (charging) and vice versa
within a few seconds. Additionally, thermal power plants generally are most efficient when
operated at a specific and constant (power) output level. Similarly, air emissions and plant wear
and tear are usually lowest when thermal generation operates at constant output. Unlike thermal
power plants, flywheels’ performance is not affected much as output varies, and the systems are
virtually emissions free.

Demonstration Plant

Results described below are for a 100-kW pilot version of a Beacon Power high-speed flywheel
storage system. The pilot system consisted of seven individual flywheels, a PCU, and
communication and control subsystems. It can discharge at full output for 15 minutes. The
response time is described by Beacon Power to be “less than 4 seconds (at full power).” The
demonstration was conducted at Distributed Utility Associates’ Distributed Utility Integration
Test testbed located at PG&E’s Technical and Ecological Services facility in San Ramon,
California. Recently, Beacon has developed a 20-MW Smart Energy Matrix™ version of the
flywheel system for commercial use.

Benefits

At minimum, regulation from flywheels is at least as valuable as regulation provided by slower
generation capacity. Regulation from flywheels, however, may prove even more valuable. First,
flywheel storage can provide both up regulation and down regulation during the same time
period (although not simultaneously). Also, because of their rapid-response (i.e., their ability to
change power input and output rapidly), flywheels may provide regulation that is more effective
than that provided by much slower generation-based resources. Because of this advantage,
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regulation from flywheels is assumed to provide twice the benefit to the grid as regulation from
generation.[E3][E4][ES]

Revenue for providing up and down regulation services for an entire year (8,760 hours) is
estimated based on California Independent System Operator (CAISO) published hourly prices
for both services for the year 2006. (See the subsection ‘Price for Regulation Service’ in this
appendix for details.) The hourly prices are multiplied by two (to reflect the higher benefit from
flywheels relative to generation-based regulation) before annual revenues are estimated.

In addition to the price for regulation in specific hours of the year, another important criterion
affecting the flywheel-for-regulation value proposition is flywheel plant availability. The amount
of time that the flywheel is available to provide regulation affects the total profit that can be
realized during the year. Because flywheel storage is modular, equipment diversity should result
in high reliability. For example, a Beacon’s 20-MW, commercial-scale plant is expected to
comprise a few hundred flywheels.

Although not included in the financial analysis, additional benefits derived from the use of
flywheels for regulation may include a reduced need for generation capacity, reduced fuel use for
generation, reduced air emissions from generation, and reduced generation equipment wear-and-
tear.

As an indication of the prospects for reducing air emissions, consider results from a study
performed by KEMA, Inc (kema.com), shown in Table E-1. Based on study results, flywheels
used for regulation in California could reduce CO; emissions by 26% when compared to pumped
hydroelectric storage, 53% if the flywheels replace baseload gas-fired generation and 59% if a
natural gas-fired peaking generator is displaced. Similarly, (NOy) emissions may also reduced by
20% to nearly 50%.[E6]

Table E-1. Air Emissions Reduction Potential

Flywheel Emission Savings Over 20-year Life: CA-IS0O
Coal Matural Gas Pumped Hydro
Baseload Peaker |Baseload Peaker
o2
Flyweheel 91,0749 91,079 91,0749 91,0749 91,0749
Atternate Gen. 322,009  B08, 354 | 194534 2234847 123,577
Savings (Flywheel) | 230,930 517,274 | 103,455 132,917 32,4498
Percent Savinos T2% 35% a3% a9% 26%
=02
Flyehieel 63 A3 A3 A3 63
Alernate Gen. 1,103 2,803 I} 1] a5
Savings (Flyawheel) 1,041 2741 -63 -B63 23
Percent Savings Q4% 93% nfa nfa 27%
M
Flynvhizel G4 h4 f4 G4 G4
Aternate Gen. 499 1,269 an 118 ar
Savings (Flywhesl) 4345 1,204 16 a4 23
Percent Savinos 8% 95% 20% 4E% 26%




Flywheel Energy Storage Cost and Performance

The values shown in Table E-2 are flywheel storage system cost and performance assumptions
plus the price for make-up energy (energy required to make up for storage losses). The cost and
performance values for flywheels reflect expected values for a 20-MW commercial-scale plant.
Installed cost reflects a 20% uncertainty adder. This value is used to account for the normal
uncertainty associated with technology scale-up and commercial project development

(e.g., siting, contracts, construction delays, etc.).

Table E-2. Flywheel Storage Cost and Performance Assumptions

Criterion Value
Commercial Plant Scale (MW)| 20
Plant Installed Cost ($/kW)| 1,566
Plant Availability]0.95
Roundtrip Efficiency|81%
Variable Operartion Cost ($/MWhg,)| 3.14
Fixed Operation Cost ($/kW, Year 1 )| 11.60
Makeup Energy Price ($/MWh)|40

Price for Regulation Service

The key data used for estimating the regulation benefit is the hourly price for up and down
regulation services. The price is denominated in $/MW per hour of service. There are two prices
for the hour: up regulation and down regulation. Hourly prices for up and down regulation in
California in 2006 are shown in Figure E-1 and , respectively. Annual average prices used for the
valuation are $21.48/MW and $15.33/MW per service hour for up and for down regulation,
respectively, for a total of $36.70/MW per service hour.

450

400

Price ($/MW)

1 1001 2001 3001 4001 5001 6001 7001 8001

Hour

Figure E-1. Up regulation prices in California, 2006.
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Figure E-2. Down regulation prices in California, 2006.

Value of Regulation from Flywheels

As described elsewhere in this appendix, it is assumed that flywheels used for regulation provide
twice as much benefit (to the grid) as generation-based regulation. Specifically, it is assumed that
regulation resources are twice as valuable if they follow the area control error (ACE) signal
closely. That signal changes every several seconds to reflect the momentary difference between
the amount of power that is online and the amount needed to keep supply and demand balanced
and to maintain the electrical stability of the grid (especially the 60-Hz AC frequency). Based on
this assumption, flywheel storage used as a regulation resource is treated as if it is eligible for
payments that are twice as much as the prices shown above for conventional, generation-based
regulation.

Market Potential

In addition to financials, the CEC’s Public Interest Energy Research Program is interested in the
market potential (in MW) for the flywheels-for-regulation value proposition. Unfortunately, the
authors of this guide do not have the resources needed to establish that value rigorously or
credibly. Nonetheless, the authors speculate that a conservative estimate of the market potential
in California could be on the order of 50 to 60 MW of the total regulation market managed by
the CAISO over the next 10 years. (The CAISO does not manage all of the regulation resources
within the state. Some of that capacity could be in play as well.) This speculation has two
primary bases. The first is a very cursory review of regulation capacity requirements available at
the CAISO Open Access Same-time Information System website (http://oasis.caiso.com/, under
the ancillary services tab). The second is a discussion with representatives from Beacon
Power.[E7]
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Financial Assumptions

The financial analysis used to calculate lifecycle cost and benefits include a 2.5% annual price
escalation and a 10% discount rate. The annual plant carrying cost is calculated by applying an
annualization factor (i.e., a fixed charge rate) of 0.20 (e.g., annual financial carrying charges for
a $1 million plant = $200,000/year).

Results

Demonstration plant availability for three plant output levels (relative to full rating) is
summarized in Table E-3. Also shown is the availability assumed for a commercial plant. As
shown in the table, the demonstration unit operated 51.4% of the time at full capacity (full
capacity means that all seven flywheels were operating). Similarly, the demonstration unit
operated nearly 53% of the time at 85.7% of rated capacity (85.7% capacity represents six
flywheels of seven). There were at least five of seven flywheels (71.4% of full rated capacity)
operating almost 88% of the time.

Also shown is that the demonstration plant’s availability would be somewhat higher when
accounting for research-related outages. Research-related outages include downtime due to
causes that would only affect operation of a research or pilot project (e.g., no control signal was
available, access to the demonstration facility was restricted, or the system could not be
connected to the grid). Downtime to due equipment failure is not considered a research-related
outage.

Table E-3. Demonstration Plant Actual Availability
and Commercial Plant Expected Availability

Without
"Research- | Commercial
Capacity | Availability related" Plant
(% of full) (Actual) Outages (expected)
100% 47.3% 51.4% 95.0%
85.7% 52.7% 56.9%
71.4% 87.8% 92.0%

The financial implications of plant availability are summarized inFigure E-3. In the figure, the
left axis shows $/kW in Year 1. The axis on the right indicates the corresponding lifecycle value,
over the 10-year life assumed for the plant. Results are shown for three levels of annual average
power output: 71%, 86%, and 100% of plant rating (note that these values correspond to those
shown in Table E-3, rounded to the nearest full percentage point). An output of 71% represents
5 of 7 flywheels in the demonstration system, 86% represents 6 of 7 flywheels, and 100%
represents 7 of 7 flywheels. Results are presented, for each of those three plant output levels, for
a range of plant annual availability levels. Also shown is the break-even amount, reflecting the
carrying cost for a commercial plant.

The uppermost plot indicates results for plants operating at full rating. The next two plots

indicate financials for a plant operating at 86% and 71% of its rating, respectively. Thicker parts
(to the lower left) of the three plots reflect results from the demonstration. Endpoints on all three
plots indicate financials for a plant operating at the respective portion of rated output, if the plant
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operates as much as a commercial plant is expected to operate (i.e., 95% of the year, full-load
equivalent). The box in the upper right indicates financials that would be expected for a
commercial plant, based on assumptions provided in Section 3 of this guide. The financial
benefit/cost ratio for such a plant ranges

from $500/kW benefits +~ $313/kW breakeven = 1.6
up to $554/kW benefits + $313/kW breakeven = 1.77.

Note that plant designers expect a 20-year service life for a 20-MW, commercial-scale plant,
although the assumed service life for this report is 10 years. To account for the difference, the
present worth of additional benefits increases by about 50%.

600 4 —--—100% of plant rating |~ Commercial Plant "} 4,217

550 A 86% of plant rating -

50041 "7 71% of plant rating pr . 1 3,717

Breakeven ($/Year 1) It
o 07 o +3217
g = - > g
S <400 - o . 29
(1>)E - / **2,71755
x 350 - =2
B x = =2
Z = 300 ] g 122173 5
£ 250 i 2
< 200
+ 1,217
150 A
100 T T T T T 717
40% 50% 60% 70% 80% 90% 100%
*Per kW of plant rating. Availability

Figure E-3. First-year and lifecycle net revenue, with breakeven indicator.

Methodology Observations and Caveats

e The make-up energy price assumed was not developed rigorously. Although this value is
adequate for this analysis, it should be established using a more rigorous approach when
evaluating the financials for an actual project.

e Based on results from the demonstration project, flywheel systems with 15 minutes of
storage can store enough energy to provide regulation during 97.5% of the time that the
storage is used. For the purpose of this evaluation, the financial implications of that
criterion are assumed to be modest and are ignored.

e The project was a demonstration of the flywheel’s ability to respond to rapidly changing
control signals without regard to the magnitude of the response (in MW) that might be
needed. Consequently, the results reflect the value for regulation capacity on the margin.



e The market potential estimate used for this evaluation, although adequate for a high-level
estimate of the magnitude of statewide economic impact, is imprecise. Unfortunately,
little is known about the effect significant penetration of rapid-response regulation
capacity will have on the need for regulation and on the price for regulation.

e The premise about how much more valuable flywheels are than generation-based
regulation resources, as meritorious as it may be, may not be reflected in regulation
pricing without a significant amount of confirmation, regulatory accommodation, and
time.

e The 0.20 annualization factor used to estimate the annual carrying cost for the plant,
though perhaps imprecise, does provide a reasonable general indication of the cost to
finance the plant and equipment using non-utility capital.

e Another important assumption affecting these results is the 20% uncertainly adder
(provided by Beacon Power) that increases the assumed installed cost for a commercial
plant. That value is used to account for the myriad unforeseen challenges that are likely to
beset any technology development enterprise and project development effort.

e The design service life for a commercial Beacon Power flywheel plant is 20 years;
however, the assumed service life for the evaluation described in this report is 10 years.
The reason for this is twofold. First, guidelines established by the CEC’s Public Interest
Energy Research Program for evaluating the merits of various storage demonstrations
require the use of standard assumptions as bases for comparing financials for all
demonstration projects sponsored. Those standard assumptions include a 10-year life, a
10% discount rate, and a 2.5 % price escalation rate. Second, while the authors do not
refute the 20-year expected life assumed by Beacon Power, a more conservative 10-year
life expectancy was used because both the technology and the value proposition are so
new.

Conclusions

Perhaps the most important result from the Beacon flywheel demonstration is that the sponsors
and vendors successfully demonstrated the ability of the flywheel to follow control signals that
change very rapidly, much more rapidly than the signal used to control the output of generation-
based regulation. The results indicated that the characteristics of high-speed flywheel storage are
generally consistent with a possible new class of regulation resources — rapid-response energy
storage-based regulation — in California. In short, it was demonstrated that high-speed flywheel
storage systems are capable of following a rapidly changing (every 4 seconds) control signal (the
ACE).

Based on these results and on the expected plant cost and performance, high-speed flywheel
storage systems have a good chance of being a financially viable regulation resource. The results
indicated a benefit/cost ratio of 1.6 to 1.8 using somewhat conservative assumptions. The results
also indicated that flywheel systems with 15 minutes of storage can store enough energy to
provide regulation during 97.5% of the time that the storage is used.

The market potential (in MW) is less certain. Uncertainty about technical market potential is
driven in part by a lack of knowledge regarding how the use of rapid-response regulation
resources on the margin will affect overall demand and prices for regulation. Regarding market
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share, there is always uncertainty regarding competing options (e.g., other vendors/developers
and other technologies or approaches).

R&D Needs and Opportunities

One compelling question for this value proposition is—How much of this resource could be used
and how much will be used? Consistent with the hypothesis that rapid-response storage is twice
as valuable as generation-based regulation capacity, another hypothesis to test is that only half as
much regulation is needed if all regulation is rapid-response. Increased penetration of rapid-
response regulation also means that generation capacity is freed to provide power or other more
valuable ancillary services and less pollution will be produced and less fuel will be used per
MWh delivered. Another way to broach the question is—What are the key implications for the
grid if all regulation is provided entirely by rapid-response regulation? Those implications
include impacts on: the amount of regulation needed, the total cost to ratepayers for regulation,
fuel use, and air emissions from generation.
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Appendix F — Energy Prices

This appendix serves two interrelated objectives: 1) provide generic electric energy costs based
on a range of fuel conversion efficiencies and fuel costs and 2) provide details about projected
wholesale energy prices in California. The California-specific data and figures are based on a
California Energy Commission (CEC) forecast for spot electric energy prices in 2009.[F1]

Generic Electric Energy Cost

Figure F-1 and Figure F-2 show generic values for the two key components of unit energy cost:
fuel and plant capital cost. Figure F-1 illustrates how fuel price and fuel conversion efficiency

affect electricity price. The three plots in the figure represent three conversion efficiency values:
35%, 45%, and 55%.

10
— -
— — 35.0% -
o - - - -450% _ -
55.0% _ -

Generation Variable Cost (¢/kWh)
~

6.0 6.5 7.0 75 8.0 8.5 9.0

Variable O8M: 1.0¢/kwh | uel Price (S/MMBtu)

Figure F-1. Generic effect of conversion efficiency
and fuel price on electricity price.

Figure F-2 shows how plant capital cost affects the price for electricity. The three plots in this
figure represent three generation installed cost values: $400/kW, $1,000/kW, and $1,600/kW.
These cost values reflect a generic fixed charge rate of 0.11. To adjust values to reflect a
different fixed charge rate, multiply the cost values by the ratio of the actual fixed charge rate by
the generic value of 0.11. For example, if the fixed charge rate is 0.13, then multiply the values
in Figure F-2 by

0.13+0.11 =1.19.
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Figure F-2. Generic effect of plant capital cost on electricity price.

California Electric Energy Cost Projection

Figure F-3 shows prices in chronological order, while Figure F-4shows hourly electric energy
prices arranged in order of magnitude. In Figure F-4, two plots are shown: one is the actual price
and the other is the running average value. The same data, with emphasis on the hours of the
years with the highest 10% prices, are shown in Figure F-5.
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Figure F-3. Electric energy spot prices for California (2009 forecast).
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Figure F-4. Price duration curve for California (2009 forecast).
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Figure F-5. Price duration curve for California (2009 forecast)
10% highest price hours.
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Hourly average prices for each hour of the day for each month are listed in Table F-1. Data in
Table F-2 show the net benefit for energy time-shift based on the prices in Table F-1.

Table F-1. Monthly Hourly Average Prices for California
2009 Forecast ($/MWh)

Month=>
1 2 3 4 5 6 7 8 9 10 1 12
564 459 506 601 454 411 639 753 825 747 653 76.5
492 435 446 573 381 359 561 648 751 61.7 604 71.1
459 414 415 569 356 336 533 638 705 54.0 56.0 66.7
459 410 413 56.7 36.7 315 530 648 735 513 551 64.8
513 443 468 622 432 294 543 762 769 575 598 69.9
61.8 505 527 741 57.0 39.7 499 734 834 687 723 88.8
740 612 628 840 752 596 717 953 978 787 80.7 89.9
81.0 69.0 70.2 89.0 889 738 856 106.2 110.3 89.0 89.5 101.7
842 723 752 929 93.0 912 96.6 1122 1154 921 98.2 107.2
10 855 732 781 96.4 101.8 102.7 108.9 116.5 119.2 99.7 99.4 102.1
11 854 733 789 96.5 103.0 106.5 117.7 120.1 123.9 102.8 101.4 99.6
12 833 723 779 955 102.6 111.2 129.3 132.1 130.7 99.6 101.7 96.8
13 821 71.0 77.0 96.1 104.3 120.9 146.0 161.8 139.0 98.1 101.3 93.1
14 80.3 703 76.0 944 103.3 128.7 165.3 188.5 147.5 1004 101.3 91.4
15 78.6 683 74.0 93.1 103.0 1324 172.0 203.1 1476 975 995 874
16 76.0 675 716 914 98.6 1285 1715 1979 1446 955 977 87.4
17 80.0 686 703 89.2 956 118.6 163.2 172.8 146.1 96.5 101.6 101.1
18 974 798 739 90.6 928 106.9 133.6 136.5 140.3 959 115.1 135.2
19 957 871 913 969 944 98.2 113.0 121.4 142.3 103.6 113.3 132.5
20 90.8 83.1 86.8 1054 110.5 109.3 121.1 122.4 132.4 1054 106.5 119.3
21 86.6 76.7 80.0 955 94.6 101.7 108.7 111.4 1155 103.3 102.6 111.7
22 797 704 736 834 785 79.7 1124 108.2 104.8 95.7 94.7 102.2
23 732 615 66.6 694 594 614 808 883 96.6 886 884 926
24 622 497 553 651 552 524 764 824 945 726 719 81.9

xI
o
c
=

tOmNO’U'I-hWN—“

Month=>
Hour 1 2 3 4 5 6 7 8 9 10 1 12
O0OP.M. 851 745 77.6 946 100.3 118.0 148.2 163.1 1425 99.1 104.5 105.9
O0AM. 51.8 444 46.2 612 427 352 551 69.7 77.0 61.3 615 729
ference 33.3 30.0 314 334 577 828 93.1 933 655 378 43.0 33.0

May - October November - April

00 P.M. 128.5 90.4
00 A.M. 56.8 56.4
ference 1.7 34.0
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Table F-2. Storage Buy-Low / Sell-High Potential for California
2009 Forecast ($/MWh)

Month=>
Hour 1 2 3 4 5 6 7 8 9 10 11 12

12.00 P.M.-5:00P.M. 851 745 776 94.6 100.3 118.0 148.2 163.1 1425 99.1 104.5 105.9
1:.00AM.-6:00AM. 518 444 46.2 612 427 352 551 69.7 770 613 615 729
Storage Losses 104 89 92 122 85 7.0 110 139 154 123 123 146
Net 23.0 211 221 211 491 757 821 794 501 255 30.7 184
May - October November - April Hours  Value*
12:00 P.M. - 5:00 P.M. 128.5 90.4 Summer 651.8 39,323
1:00 A.M. - 6:00 A.M. 56.8 56.4 Winter 651.8 14,830
Storage Losses* 11.4 113 Total 1,304 54,152
Net 60.3 22.8 *Storage Efficiency = 80.0%

*Storage Efficiency = 80.0%

References

[F1] Derived from preliminary Wholesale Electricity Price Forecast data provided by Joel Klein,
California Energy Commission. April 2008.
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Appendix G — Challenges for Storage

A spectrum of challenges may affect prospects for increased use and acceptance of storage. A
high-level characterization of those challenges is provided in this appendix. The purpose for this
is to provide storage advocates and other interested stakeholders with a general indication of and
awareness about the types of challenges that may arise for any given storage project, and more
broadly, that may require attention before storage can be widely deployed. (Note that some of the
items listed below are also described as opportunity drivers in Section 7.3.)

e Storage has a relatively high cost.
e Storage energy losses — 20% to 40% of energy stored is lost:

o Storage tends to have round-trip efficiency of 60% to 80%
e ‘Inefficient’ electric energy and services pricing:

o Transmission and possibly distribution

o Demand

o Energy

o Reliability

e Limited risk/reward sharing mechanisms between a) utilities and utility customers and
b) utilities and third parties:

o Regulatory rules and ‘permission’

o Interconnect

o Undetermined optimal and/or maximum storage penetration levels
= bulk/central
= modular/distributed

o Operations

Permitting and siting rules and regulations (many have yet to be developed):
o Zoning and building codes
o City and community planning
o Fire, public health, and safety-related rules and codes (mostly local)
o National Electric Code

o Occupational safety and health (state and federal agencies)
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e Limited familiarity, knowledge, and experience base:
o Storage cost and benefits
o Storage technology
o Storage system integration
o Distributed energy resources
o Integration of storage with the grid
o Storage benefits and value
o Existing utility technology biases (especially utilities and, to a lesser extent, regulators):
o Utilities are technologically risk averse, for understandable reasons
o Perceived risk for any new technology
e Limited engineering standards and evaluation methodologies.
e Lack of evaluation tools:
o Electrical
o Financial
¢ Financing of ‘new’ technology is challenging:
o Unknown operational costs
o Uncertain system life
o Multi-year payback is difficult for commercial/residential
o Multi-year payback is acceptable for government and utilities

e Investor-owned utilities’ (IOUs’) preference for investments in equipment and their
aversion to expense-based alternatives (such as rentals, leases or incentives):

o I0Us derive all profit from investments in equipment

o TOUS will tend to avoid expenses related to storage involving equipment rental or
leases and possibly ‘risk and reward sharing’

o IOUS will prefer to purchase storage equipment though financial justification will
often be elusive

¢ Inadequate infrastructure features and ‘hooks’:
o Interconnection
o Control
o Communication

o Price signals



e Many technologies, concepts and programs ‘competing’ for ‘attention’:
o Renewables
= Waste and biofuels
= Solar thermal
= Photovoltaics
=  Wind generation
o Conventional fuels
= (lean coal
= Advanced nuclear
o Demand response
o Distributed resources
o Load aggregation
o Smart Grid
o Conservation and efficiency

e Coordinating among numerous stakeholders, for ‘permission’ to use grid-connected
storage and/or to aggregate benefits may be expensive and time-consuming.
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Appendix H — Distribution
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bloom@cmt.anl.gov

Boden, Dave Hammond Expanders
dboden@hmndgroup.com

Braun, Gerald W. California Energy Commission
Gerry.braun@ucop.edu

Brown, Dave Battery Energy
david.brown@batteryenergy.com.au

Burnham, Jeff NGK
jeff@ngk-polymer.com

Butler, Paul C. OUSD(AT&L)/PSA/LW&M
pcbutle@sandia.gov

Camm, Ernest S&C Electric Company
ecamm@sandc.com

Cantrell, Michelle NorthStar Battery
michelle.cantrell@northstarbattery.com

Capp, Bill Beacon Power Corp
capp@beaconpower.com

Cole, Jerome F. International Lead Zinc Research Organization, Inc.
jcole@ilzro.org

Craft, Ben NorthStar Battery
ben.craft@northstarbattery.com

Crimp, Peter Alaska Energy Authority/AIDEA
pcrimp@aidea.org

Crow, Mariesa University of Missouri-Rolla
crow@umr.edu

Dailey, John Electro Energy, Inc.
jdsouthbry@aol.com

Davis, Murray W. DTE Energy

davism@dteenergy.com
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Deshpande, Sanjay

Dickinson, Enders

Djogo, Goran

Donalek, Peter

Dossey, Tom

Drake, Richard

Dudney, Kevin

Duncan, David

Duncan, Paul

Duong, Tien Q.

Eilertsen, Thor

Enbar, Nadv

Eto, Joseph H.

Eyer, Jim

Farber-DeAnda, Mindi

Fiske, Jim

Fleming, Frank

Eva Gardow

Geist, Thomas

Gotschall, Harold

Gray-Fenner, Amber

Gyuk, Imre

EnerSys Inc
Sanjay.Deshpande@enersysinc.com

Axion Power
edickinson@axionpower.com

S&C Electric Company
gdjogo@sandc.com

Montgomery Watson Harza (MWH) Global
peter.j.donalek@mwhglobal.com

Southern California Edison
thomas.dossey@sce.com

NYSERDA
rld@nyserda.org

California Public Utilities Commission
kd1@cpuc.ca.gov

Georgia Power Company
jdduncan@southernco.com

Gridpoint, Inc.
pduncan@gridpoint.com

U.S. Department of Energy
tien.duong@hg.doe.gov

Custom Electronics, Inc.
teilertsen@customelec.com

Energy Insights
nenbar@energy-insights.com

Lawrence Berkeley National Laboratory
jheto@lbl.gov

Distributed Utility Associates
jim@dual.com

SAIC
farbermj@saic.com

Power Ring
jfiske@launchpnt.com

NorthStar Battery
frank.fleming@northstarbattery.com

First Energy Corporation
egardow@firstenergycorp.com

EPRI Solutions
tgeist@eprisolutions.com

Technology Insights
gotschall@ti-sd.com

Energy Communications Consulting
amber@energycommunications-nm.com

U.S. Department of Energy
imre.gyuk@hq.doe.gov



Hassenzahl, William

Haught, Deborah

Hayden, Herbert

Hennessey, Tim

Herbst, John

Hoagland, Joseph

Hoffman, Michael

Horgan, Susan

Huang, Alex

Hughes, Michael

Jaffe, Todd

Jensen, James

Johnson, Brad

Kalafala, A. Kamal

Kamath, Haresh

Karner, Don

Key, Tom

King, Richard J.

Kirby, Brendan J.

Koontz, Charles

Kristiansen, R.

Kulkarni, Pramod

Advanced Energy Analysis
advenergy1@aol.com

U.S. Department of Energy
debbie.haught@hq.doe.gov

Arizona Public Service
herbert.hayden@pinnaclewest.com

VRB Power Systems Inc.
office@vrbpower.com

University of Texas
j-herbst@mail.utexas.edu

TVA/Public Power Institute
jjhoagland@tva.gov

Bonneville Power Administration
mghoffman@bpa.gov

Distributed Utility Associates Inc.
susan@dual.com

North Carolina State University - ECE - SPEC
aghuang@ncsu.edu

ZBB Technologies Inc.
m.hughes@zbbenergy.com

Energy Business Brokers and Consultants
tjaffe@energybusinessconsultants.com

Alaska Energy Authority
jiensen@aidea.org

bwjohnson@acninc.net

Intermagnetics General Corp.
kamal@igc.com

EPRI Solutions
hkamath@epri.com

Electric Transportation Applications
dkerner@etecevs.com

EPRI
tkey@epri.com

U.S. Department of Energy
richard.king@ee.doe.gov

Oak Ridge National Laboratory
kirbybj@ornl.gov

Integrys Energy Services
cakoontz@integrysenergy.com

EnerSys, Inc.
rich.kristiansen@enersysinc.com

California Energy Commission
pkulkarn@energy.state.ca.us
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Lex, Peter

Liaw, Bor Yann

Lightner, Eric M.

Magnani, Nick
Marnay, Chris

McDowall, James

McGinn, Patrick

Mears, Daniel

Moore, Jeffrey

Moseley, Patrick

Newnham, Russell

Norris, Ben

Nourai, Ali

O'Leary, Ray

Oshima, Taku

Overholt, Philip N.

Parker, Carl

Phillips, Maryann

Porter, Dave

Ranade, Satish

Rannels, James E.

University of Wisconsin
lasseter@engr.wisc.edu

ZBB Technologies, Inc.
p.lex@zbbenergy.com

University of Hawaii
liawb001@hawaii.rr.com

U.S. Department of Energy
eric.lightner@hq.doe.gov

magnanin@yuasainc.com

Lawrence Berkeley National Laboratory
c_marnay@]bl.gov

SAFT
jim.mcdowall@saftbatteries.com

Satcon
patrick.mcginn@satcon.com

Technology Insights
mears@ti-sd.com

S&C Electric Company
broberts@sandc.com

ILZRO
pmoseley@ilzro.org

CSIRO
Russell.newnham@csiro.au

Norris Energy Consulting Company
ben@norrisenergy.com

AEP
anourai@aep.com

S&C Electric Company
roleary@sandc.com

NGK Insulators, LTD.
t-oshima@ngk.co.jp

U.S. Department of Energy
philip.overholt@hg.doe.gov

International Lead Zinc Research Organization Inc.
cparker@ilzro.org

Electro Energy, Inc.
mphillips@electroenergyinc.com

S&C Electric Company
dporter@sandc.com

New Mexico State University
sranade@nmsu.edu

U.S. Department of Energy
james.rannels@hq.doe.gov
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Shirk, Bob

Singhal. Amit

Skolnik, Edward

Skowronski, Mark

Smith, Paul

Sostrom, Stan

Spence, Matthew

Srinivasan, Devarajan

Srinivasan, Venkat

Electro Energy, Inc.
mreed@electroenergyinc.com

Reilly Associates
j_reilly@verizon.net

S&C Electric Company, Power Quality Products Division

broberts@sandc.com

New Mexico State University
arosenth@nmsu.edu

U.S. Department of Energy
neil.rossmeissl@hqg.doe.gov

Ecole Polytechnique Federale de Lausanne (EPFL)

alfred.rufer@epfl.ch

Saft America, Inc.
michael.saft@saftamerica.com

U.S. DOE - Albuquerque Operations Office
dsanchez@doeal.gov

EPRI
rschaink@epri.com

Energetics, Inc.
rscheer@energeticsinc.com

GNB Industrial Power
rob.schmitt@exide.com

Longitude 122 West, Inc
schoenung@aol.com

lllinois Institute of Technology
ms@iit.edu

NorthStar Battery
bob.shirk@northstarbattery.com

NEI Corporation
asinghal@neicorporation.com

Energetics—A Subsidiary of VSE Corporation
eskolnik@energeticsinc.com

Electric Power Group
skowronski@electricpowergroup.com

Smith Aerospace Marketing and Consulting
psmith9@woh.rr.com

Power Engineers, Inc.
ssostrom@powereng.com

Hammond Expanders
mspence@hmndexpander.com

APS STAR Center
devarajan.srinivasan@aps.com

Lawrence Berkeley National Lab
vsrinivasan@l]bl.gov
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Torrero, Edward
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van der Linden, Septimus

Walmet, Paula

Weaver, Robert D.
Whitaker, Chuck

Winter, Rick

Woolf, Gerry

Zaininger, Henry

Pepco Holdings, Inc
steve.steffel@conectiv.com

Oak Ridge National Laboratory
stovalljp@ornl.gov

NGK Insulators, Ltd.
takayama@ngk.co.jp

STORM
gerard@storm.bz

U.S. Department of Energy
dan.ton@ee.doe.gov

NRECA Cooperative Research Network

ed.torrero@nreca.org

Conectiv
victor.udo@conectiv.com

BRULIN Associates, LLC.
brulinassoc@comcast.net

Mead-Westvaco
paula.walmet@mwyv.com

rdweaver@foothillwireless.net

Endecon Engineering
chuckw@endecon.com

Deeya Energy
rowinter@sbcglobal.net

BEST Magazine
gerry@bestmag.co.uk

Zaininger Engineering Co.
hzaininger@aol.com
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Attachment 16

2013 Capital - Planned In-Service Dates

Capital Project Amount Anticipated in Service Date
Meter Installations 132,791 Throughout Year
Emergency Plant Replacement 126,225 Throughout Year
Failed Transformers 130,737 Throughout Year
PCB 47,368 As Required
Major Substation Repairs 543,102 As Required
System Betterment 427,939 As Required
Overhead Services 162,401 As Required
Underground Services 141,569 As Required
City Roadworks 342,784 June
Subdivisions 271,083 As Driven by Developer
Commercial Development 400,982 As Driven by Developer
Renewable Generation Connections 284,913 As Required
Vanier Lane Rebuild 511,084 July
Hillsdale, Mark, Lakeview Conversion 302,723 December
Prete, Benny, Connaught Conversion 178,232 July
Algonquin (Culver to Regent) Rebuild 71,295 December
Gary/Madison Rebuild 334,661 October
Eden Point U/G Rebuild 204,415 October
Sunnyside Road Line Relocation to Road 373,753 December
West Nipissing Conversion 302,723 October
Pole Replacement Program 254,383 Throughout Year
McFarlane Road 532,129 October
Pine St East 98,182 June
Beatty Street Rebuild 204,988 September
Copper Cliff Rebuild 238,735 June
Kelly Lake Rd - 4/0 to 556mcm 33,952 December
Digital Relay Modernization 174,165 October
SCADA 346,437 November
Outage Management Systems 225,000 November
Fault Indicators 18,287 November
44kV Motorized Switches 805,675 Throughout Year
Tools and Equipment 160,000 Throughout Year
Building 1,177,121 November
Vehicles 1,118,399 As Delivered
Substation Security 60,000 December
Arthur Substation 1,985,384 December
Control Room Electronic Mapping 364,328 December
Centennial Substation (Kelly Lk) -

GIS 92,450 December
Partnersoft/Fieldstaker Platform 66,000 December
ERP/Warehouse Automation 75,000 December
BPISI Project 75,000 June
WIP 128,138 Centennial Substation

Gross Additions 13,524,533
Contributions - 703,790

Net Additions

12,820,743



Attachment 17

v2.0

e S Income Tax/PILs
AN =T g | = :
AE'E Y - Workform for 2013 Filers

Utility Name |Greater Sudbury Hydro Inc.

Assigned EB Number EB-2012-0126

Name and Title | Nancy Whissell, CA - VP Corporate Services

Phone Number 705-675-7536, ext 2235
Email Address | nancyw@shec.com

Date 09/11/2012

Last COS Re-based Year 2009

Note: Drop-down lists are shaded blue; Input cells are shaded green.

This Workbook Model is protected by copyright and is being made available to you solely for the purpose of filing your IRM application. You may use and copy
this model for that purpose, and provide a copy of this model to any person that is advising or assisting you in that regard. Except as indicated above, any
copying, reproduction, publication, sale, adaptation, translation, modification, reverse engineering or other use or dissemination of this model without the
express written consent of the Ontario Energy Board is prohibited. If you provide a copy of this model to a person that is advising or assisting you in preparing
the application or reviewing your draft rate order, you must ensure that the person understands and agrees to the restrictions noted above.

While this model has been provided in Excel format and is required to be filed with the applications, the onus remains on the applicant to ensure the accuracy of
the data and the results.
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1. Info
A. Data Input Sheet

B. Tax Rates & Exemptions

C. Sch 8 Hist

D. Schedule 10 CEC Hist

E. Sch 13 Tax Reserves Hist

F. Sch 7-1 Loss Cfwd Hist

G. Adj. Taxable Income Historic

H. PILs,Tax Provision Historic
1. Schedule 8 CCA Bridge Year
]. Schedule 10 CEC Bridge Year

Income Tax/PILs
Workform for 2013 Filers

o/l

K. Sch 13 Tax Reserves Bridge
L.Sch 7-1 Loss Cfwd Bridge
M. Adj. Taxable Income Bridge
N. PILs,Tax Provision Bridge
O. Schedule 8 CCA Test Year
P. Schedule 10 CEC Test Year
Q Sch 13 Tax Reserve Test Year
R. Sch 7-1 Loss Cfwd

S. Taxable Income Test Year

T. PILs, Tax Provision




Income Tax/PlLs
Workform for 2013 Filers

Rate Base $ 89,884,379

Return on Ratebase

Deemed ShortTerm Debt % 4.00% T3 3,595,375 W=S*T

Deemed Long Term Debt % 56.00% u $ 50,335,252 X=S*U

Deemed Equity % 40.00% v § 35,953,751 Y=S*V

Short Term Interest Rate 2.07% z $ 74,424 AC=W*Z

Long Term Interest 4.14% Y 2,083,879 AD = X * AA

Return on Equity (Regulatory Income) 8.98% A $ 3,228,647 AE=Y*AB

Return on Rate Base $ 5,386,951 AF = AC + AD + AE
Questions that must be answered Historic Bridge Test Year
1. Does the applicant have any Investment Tax Credits (ITC)? [No [No [No
2. Does the applicant have any SRED Expenditures? [No [No [No
3. Does the applicant have any Capital Gains or Losses for tax purposes? |Yes [Yes [Yes
4. Does the applicant have any Capital Leases? [No [No [No
5. Does the applicant have any Loss Carry-Forwards (non-capital or net capital)? [No [No [No
6. Since 1999, has the applicant acquired another regulated applicant's assets? |Yes [No [No
7. Did the applicant pay dividends? |Yes [Yes [No

If Yes, please describe what was the tax treatment in the manager's summary.

8. Did the applicant elect to capitalize interest incurred on CWIP for tax purposes? [No [No [No




Income Tax/PlILs
Workform for 2013 Filers

r .

Tax Rates
Federal & Provincial Effective Effective Effective Effective
As of June 20, 2012 January-01-11 January-01-12 January-01-13 January-01-14
Federal income tax
General corporate rate 38.00% 38.00% 38.00% 38.00%
Federal tax abatement -10.00% -10.00% -10.00% -10.00%
Adjusted federal rate 28.00% 28.00% 28.00% 28.00%
Rate reduction -11.50% -13.00% -13.00% -13.00%
16.50% 15.00% 15.00% 15.00%
Ontario income tax 11.75% 11.50% 11.50% 11.50%
Combined federal and Ontario 28.25% 26.50% 26.50% 26.50%
Federal & Ontario Small Business
Federal small business threshold 500,000 500,000 500,000 500,000
Ontario Small Business Threshold 500,000 500,000 500,000 500,000
Federal small business rate 11.00% 11.00% 11.00% 11.00%

Ontario small business rate 4.50% 4.50% 4.50% 4.50%



Schedule 8 - Historical Year

Income Tax/PlLs
Workform for 2013 Filers

UCC End of Less: Non- UCC Regulated
Class Class Description Year Historic Distribution ; 1
per tax returns Portion Historic Year

1 Distribution System - post 1987 48,469,101 48,469,101
1 Enhanced |Non-residential Buildings Reg. 1100(1)(a.1) election 0
2 Distribution System - pre 1988 0
8 General Office/Stores Equip 483,120 483,120
10 Computer Hardware/ Vehicles 1,419,087 1,419,087
10.1 Certain Automobiles 0
12 Computer Software 69,343 69,343
13, Lease#1 0
13, Lease #2 0
13, Lease # 3 0
13, Lease # 4 0
14 Franchise 0
17 New Electrical Generating Equipment Acq'd after Feb 27/00 Other Than Bldgs 53,656 53,656
42 Fibre Optic Cable 463,111 463,111
43.1 Certain Energy-Efficient Electrical Generating Equipment 0
43.2 Certain Clean Energy Generation Equipment 0
45 Computers & Systems Software acq'd post Mar 22/04 61 61
46 Data Network Infrastructure Equipment (acq'd post Mar 22/04) 0
47 Distribution System - post February 2005 31,189,601 31,189,601
50 Data Network Infrastructure Equipment - post Mar 2007 0
52 Computer Hardware and system software 0
95 CWIP 0
0
0
0
0
0
0
0
0
0
0
SUB-TOTAL - UCC 82,147,080 82,147,080




Schedule 10 CEC - Historical Year

Cumulative Eligible Capital

Additions
Cost of Eligible Capital Property Acquired during Test Year

Other Adjustments

Income Tax/PILs
Workform for 2013 Filers

Subtotal X 3/4 = 0
Non-taxable portion of a non-arm's length transferor's gain realized on the X 1/2 = 0
transfer of an ECP to the Corporation after Friday, December 20, 2002 5
Amount transferred on amalgamation or wind-up of subsidiary
Subtotal
Deductions
Proceeds of sale (less outlays and expenses not otherwise deductible)
from the disposition of all ECP during Test Year
Other Adjustments
Subtotal x 3/4 =
Cumulative Eligible Capital Balance
Current Year Deduction 0 x7%=

Cumulative Eligible Capital - Closing Balance




Income Tax/PlLs
Workform for 2013 Filers

Schedule 13 Tax Reserves - Historical

Continuity of Reserves

Description

Historical Balance as
per tax returns

Non-Distribution
Eliminations

Utility Only

Capital Gains Reserves ss.40(1) | 0
Tax Reserves Not Deducted for accounting purposes
Reserve for doubtful accounts ss. 20(1)(1) 0
Reserve for goods and services not delivered 0
ss. 20(1)(m)
Reserve for unpaid amounts ss. 20(1)(n) 0
Debt & Share Issue Expenses ss. 20(1)(e) 0
Other tax reserves 0
0
0
0
0
0
Total 0 0
Financial Statement Reserves (not deductible for Tax Purposes)
General Reserve for Inventory Obsolescence 0
(non-specific)
General reserve for bad debts 0
Accrued Employee Future Benefits: 0
- Medical and Life Insurance 0
-Short & Long-term Disability 0
-Accmulated Sick Leave 0
- Termination Cost 0
- Other Post-Employment Benefits 0
Provision for Environmental Costs 0
Restructuring Costs 0
Accrued Contingent Litigation Costs 0
Accrued Self-Insurance Costs 0
Other Contingent Liabilities 0
Bonuses Accrued and Not Paid Within 180 0
Days of Year-End ss. 78(4)
Unpaid Amounts to Related Person and Not 0
Paid Within 3 Taxation Years ss. 78(1)
Other 0
0
0
Total 0 0




Schedule 7-1 Loss Carry Forward - Historic

Corporation Loss Continuity and Application

Income Tax/PlILs

Workform for 2013 Filers

vy

Non-
Total Distribution | Utility Balance
Non-Capital Loss Carry Forward Deduction Portion
Actual Historic 0
Non-
Total Distribution | Utility Balance
Net Capital Loss Carry Forward Deduction Portion
Actual Historic 8,211 8,211




Adjusted Taxable Income - Historic Year

Income Tax/PlLs
Workform for 2013 Filers

. Total for Legal Non-Distribution Historic
T2Slline # Entity ’ Eliminations Wires Only
Income before PILs/Taxes A 971,049 971,049
Additions:
Interest and penalties on taxes 103 5,852 5,852
Amortization of tangible assets 104 5,150,055 5,150,055
Amortization of intangible assets 106 0
Recapture of capital cost allowance from Schedule 8 107 0
Gain on sale of eligible capital property from Schedule 10 108 0
Income or loss for tax purposes- joint ventures or partnerships 109 0
Loss in equity of subsidiaries and affiliates 110 0
Loss on disposal of assets 111 203,030 203,030
Charitable donations 112 0
Taxable Capital Gains 113 0
Political Donations 114 0
Deferred and prepaid expenses 116 0
Scientific research expenditures deducted on financial statements 118 0
Capitalized interest 119 0
Non-deductible club dues and fees 120 0
Non-deductible meals and entertainment expense 121 0
Non-deductible automobile expenses 122 0
Non-deductible life insurance premiums 123 0
Non-deductible company pension plans 124 0
Tax reserves deducted in prior year 125 0
Reserves from financial statements- balance at end of year 126 0
Soft costs on construction and renovation of buildings 127 0
Book loss on joint ventures or partnerships 205 0
Capital items expensed 206 0
Debt issue expense 208 0
Development expenses claimed in current year 212 0
Financing fees deducted in books 216 0
Gain on settlement of debt 220 0
Non-deductible advertising 226 0
Non-deductible interest 227 0
Non-deductible legal and accounting fees 228 0
Recapture of SR&ED expenditures 231 0
Share issue expense 235 0
Write down of capital property 236 0
Amounts received in respect of qualifying environment trust per paragraphs 12(1)(z.1) and 12(1)(z.2) 237 0
Other Additions
Interest Expensed on Capital Leases 290 0
Realized Income from Deferred Credit Accounts 291 0
Pensions 292 0
Non-deductible penalties 293 0
294 0
295 0
ARO Accretion expense 0
Capital Contributions Received (ITA 12(1)(x)) 0
Lease Inducements Received (ITA 12(1)(x)) 0
Deferred Revenue (ITA 12(1)(a)) 0
Prior Year Investment Tax Credits received 0
2011 OEB rate increase accrual 483,176 483,176




Accrued employee future pension benefits 1,122,924 1,122,924
Regulatory asset variance 2,326,660 2,326,660
Loss on swap contract 215,730 215,730
Loss on employee future pension benefit obligation 1,280,544 1,280,544
Other amortization 502,409 502,409
0
0
0
0
Total Additions 11,290,380 11,290,380
Deductions:
Gain on disposal of assets per financial statements 401 0
Dividends not taxable under section 83 402 0
Capital cost allowance from Schedule 8 403 5,507,245 5,507,245
Terminal loss from Schedule 8 404 0
Cumulative eligible capital deduction from Schedule 10 405 0
Allowable business investment loss 406 0
Deferred and prepaid expenses 409 0
Scientific research expenses claimed in year 411 0
Tax reserves claimed in current year 413 0
Reserves from financial statements - balance at beginning of year 414 0
Contributions to deferred income plans 416 0
Book income of joint venture or partnership 305 0
Equity in income from subsidiary or affiliates 306 0
Other deductions: (Please explain in detail the nature of the item)
Interest capitalized for accounting deducted for tax 390 0
Capital Lease Payments 391 0
Non-taxable imputed interest income on deferral and variance accounts 392 0
Other deductions - actual retiree benefits paid 393 433,451 433,451
394 0
ARO Payments - Deductible for Tax when Paid 0
ITA 13(7.4) Election - Capital Contributions Received 0
ITA 13(7.4) Election - Apply Lease Inducement to cost of Leaseholds 0
Deferred Revenue - ITA 20(1)(m) reserve 0
Principal portion of lease payments 0
Lease Inducement Book Amortization credit to income 0
Financing fees for tax ITA 20(1)(e) and (e.1) 0
0
0
0
0
0
0
0
Total Deductions 5,940,696 5,940,696
Net Income for Tax Purposes 6,320,733 6,320,733
Charitable donations from Schedule 2 311 0
Taxable dividends deductible under section 112 or 113, from Schedule 3 (item 82) 320 0
Non-capital losses of preceding taxation years from Schedule 4 331 0
Net-cap.ital _Iosses of preceding taxation years from Schedule 4 (Please include explanation and 332 0 0
calculation in Manager's summary)
Limited partnership losses of preceding taxation years from Schedule 4 335 0
TAXABLE INCOME 6,320,733 6,320,733




Income Tax/PILs
Workform for 2013 Filers

PILs Tax Provision - Historic Year

Note: Input the actual information from the tax returns for the historic year. Wires Only
Regulatory Taxable Income $ 6,320,733 |A
Ontario Income Taxes
Income tax payable Ontario Income Tax 11.75% B $ 742,556 C=A*B
Small business credit Ontario Small Business Threshold $ 500,000 D
Rate reduction (negative) E F=D*E
Ontario Income tax $ 742,556 | J=C+F
Combined Tax Rate and PILs Effective Ontario Tax Rate 11.75% K=J /A
Federal tax rate 16.50% L
Combined tax rate 28.25%|M =K + L
Total Income Taxes $ 1,785,477 [N=A*M
Investment Tax Credits (0]
Miscellaneous Tax Credits P
Total Tax Credits $ - Q=0+P

Corporate PILs/Income Tax Provision for Historic Year $ 1,785,477 [R=N-Q



Schedule 8 CCA - Bridge Year

Income Tax/PlLs
Workform for 2013 Filers

1/2 Year Rule {1/2

Class Class Description U'—(:i(s:tsrz?gt:(l:;id Additions 3\:28223:; UCidBjEfsol:Tt]eelr:tZ yr Adgii;:;;all_;ss Reduced UCC Rate % Bridge Year CCA gﬁt(j:ginydeZ:
1 Distribution System - post 1987 $ 48,469,101 $ 48,469,101 | $ - $ 48,469,101 4% $ 1,938,764 | $ 46,530,337

1 Enhanced |Non-residential Buildings Reg. 1100(1)(a.1) election $ - $ - $ - 6% $ - $ -

2 Distribution System - pre 1988 $ - $ - $ - 6% $ - $ -
8 General Office/Stores Equip $ 483,120 | $ 183,759 $ 666,879 | $ 91,879 | $ 574,999 20% $ 115,000 | $ 551,879
10 Computer Hardware/ Vehicles $ 1,419,087 [ $ 205,905 $ 1,624,992 | § 102,953 | $ 1,522,040 30% $ 456,612 [ $ 1,168,380

10.1 Certain Automobiles $ - $ - $ - 30% $ - $ -
12 Computer Software $ 69,343 [ $ 7,888 $ 77,231 | $ 3,944 | $ 73,287 100% $ 73,287 | $ 3,944

131 Lease #1 $ - $ - $ - $ - $ -

132 Lease #2 $ - 1s - $ - $ - |3 -

133 Lease #3 $ - $ - $ - $ - $ -

134 Lease # 4 $ - 1s - $ - $ - |3 -

14 Franchise $ - $ - $ - $ - $ -
17 New Electrical Generating Equipment Acq'd after Feb 27/00 Other Than Bldgs $ 53,656 $ 53,656 | $ - $ 53,656 8% $ 4,292 | $ 49,364
42 Fibre Optic Cable $ 463,111 $ 463,111 [ $ - $ 463,111 12% $ 55,573 | $ 407,538

43.1 Certain Energy-Efficient Electrical Generating Equipment $ - $ - $ - 30% $ - $ -

43.2 Certain Clean Energy Generation Equipment $ - $ - $ - 50% $ - $ -
45 Computers & Systems Software acq'd post Mar 22/04 $ 61 $ 61[$ - $ 61 45% $ 27| $ 34

46 Data Network Infrastructure Equipment (acq'd post Mar 22/04) $ - $ - $ - 30% $ - $ -
47 Distribution System - post February 2005 $ 31,189,601 | $ 6,562,403 $ 37,752,004 | $ 3,281,202 | § 34,470,803 8% $ 2,757,664 [ $ 34,994,340
50 Data Network Infrastructure Equipment - post Mar 2007 $ 9,001 $ 9,001 | $ 4,501 | $ 4,501 55% $ 2,475 1% 6,526

52 Computer Hardware and system software $ - $ - $ - 100% $ - $ -

95 CWIP S - s - s - $ - s -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - $ - $ - $ - $ -

$ - 3$ - $ - $ - $ -
TOTAL $ 82,147,080 | $ 6,968,956 $ 89,116,036 | $ 3,484,478 | $ 85,631,558 $ 5,403,695 | $ 83,712,341




Schedule 10 CEC - Bridge Year

Cumulative Eligible Capital

Additions
Cost of Eligible Capital Property Acquired during Test Year

Income Tax/PILs
Workform for 2013 Filers

Other Adjustments
Subtotal X 3/4 = 0
Non-taxable portion of a non-arm's length transferor's gain realized on the X 1/2 = 0
transfer of an ECP to the Corporation after Friday, December 20, 2002 s
Amount transferred on amalgamation or wind-up of subsidiary
Subtotal
Deductions
Proceeds of sale (less outlays and expenses not otherwise deductible)
from the disposition of all ECP during Test Year
Other Adjustments
Subtotal x 3/4 =
Cumulative Eligible Capital Balance
Current Year Deduction 0 x7%=

Cumulative Eligible Capital - Closing Balance




Income Tax/PlLs
Workform for 2013 Filers

Schedule 13 Tax Reserves - Bridge Year

Continuity of Reserves

Bridge Year Adjustments
Eliminate Amounts Not Adjusted Utilit Balance for Bridge Change During the
Description Historic Utility Only Relevant for Bridge Year JBaIance Y Additions Disposals Year 9 9 Year 9 Disallowed Expenses

Capital Gains Reserves ss.40(1) 0 0 0 0
Tax Reserves Not Deducted for accounting purposes
Reserve for doubtful accounts ss. 20(1)(1) 0 0 0 0
Reserve for goods and services not delivered ss. 20(1)(m) 0 0 0 0
Reserve for unpaid amounts ss. 20(1)(n) 0 0 0 0
Debt & Share Issue Expenses ss. 20(1)(e) 0 0 0 0
Other tax reserves 0 0 0 0

0 0 0 0

0 0 0 0
Total 0 0 0 0 0 0 0 0
Financial Statement Reserves (not deductible for Tax Purposes)
General Reserve for Inventory Obsolescence (non-specific) 0 0 0 0
General reserve for bad debts 0 0 0 0
Accrued Employee Future Benefits: 0 0 0 0
- Medical and Life Insurance 0 0 0 0
-Short & Long-term Disability 0 0 0 0
-Accmulated Sick Leave 0 0 0 0
- Termination Cost 0 0 0 0
- Other Post-Employment Benefits 0 0 0 0
Provision for Environmental Costs 0 0 0 0
Restructuring Costs 0 0 0 0
Accrued Contingent Litigation Costs 0 0 0 0
Accrued Self-Insurance Costs 0 0 0 0
Other Contingent Liabilities 0 0 0 0
Bonuses Accrued and Not Paid Within 180 Days of Year-End ss. 78(4) 0 0 0 0
Unpaid Amounts to Related Person and Not Paid Within 3 Taxation Years ss.
78(1) 0 0 0 0
Other 0 0 0 0

0 0 0 0

0 0 0 0
Total 0 0 0 0 0 0 0 0
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Corporation Loss Continuity and Application

Schedule 7-1 Loss Carry Forward - Bridge Year

Income Tax/PILs

Workform for 2013 Filers

Non-Capital Loss Carry Forward Deduction

Total

Actual Historic

Application of Loss Carry Forward to reduce taxable income in Bridge Year

Other Adjustments Add (+) Deduct (-)

Balance available for use in Test Year

Amount to be used in Bridge Year

Balance available for use post Bridge Year

Net Capital Loss Carry Forward Deduction

Total

Actual Historic

8,211

Application of Loss Carry Forward to reduce taxable income in Bridge Year

Other Adjustments Add (+) Deduct (-)

Balance available for use in Test Year

8,211

Amount to be used in Bridge Year

Balance available for use post Bridge Year

8,211




Income Tax/PILs
Workform for 2013 Filers

Adjusted Taxable Income - Bridge Year

. Total for
T2Siline # Regulated Utility
Income before PILs/Taxes A 718,033
Additions:
Interest and penalties on taxes 103
Amortization of tangible assets 104 5,792,899
Amortization of intangible assets 106
Recapture of capital cost allowance from 107
Schedule 8
Gain on sale of eligible capital property from 108
Schedule 10
Income or loss for tax purposes- joint
ventures or partnerships 109
Loss in equity of subsidiaries and affiliates 110
Loss on disposal of assets 111
Charitable donations 112
Taxable Capital Gains 113
Political Donations 114
Deferred and prepaid expenses 116
Scientific research expenditures deducted on 118
financial statements
Capitalized interest 119
Non-deductible club dues and fees 120
Non-deductible meals and entertainment 121
expense
Non-deductible automobile expenses 122
Non-deductible life insurance premiums 123
Non-deductible company pension plans 124
Tax reserves deducted in prior year 125
Reserves from financial statements- balance
at end of year 126
Soft costs on construction and renovation of
buildings 127
Book loss on joint ventures or partnerships 205
Capital items expensed 206
Debt issue expense 208
Development expenses claimed in current 212
year
Financing fees deducted in books 216
Gain on settlement of debt 220
Non-deductible advertising 226
Non-deductible interest 227
Non-deductible legal and accounting fees 228
Recapture of SR&ED expenditures 231
Share issue expense 235
Write down of capital property 236
Amounts received in respect of qualifying
environment trust per paragraphs 12(1)(z.1) 237
and 12(1)(z.2)




Income Tax/PILs
Workform for 2013 Filers

Adjusted Taxable Income - Bridge Year

Other Additions

Interest Expensed on Capital Leases 290
Realized Income from Deferred Credit
291
Accounts
Pensions 292 1,322,282
Non-deductible penalties 293
294
295

ARO Accretion expense

Capital Contributions Received (ITA 12(1)(x))

Lease Inducements Received (ITA 12(1)(x))

Deferred Revenue (ITA 12(1)(a))
Prior Year Investment Tax Credits received

Accrued employee future pension benefits

Regulatory asset variance -94,482
Loss on employee future pension benefit 1.455.380
obliaation ! !
Total Additions 8,476,079
Deductions:

Gain on disposal of assets per financial

401

statements

Dividends not taxable under section 83 402

Capital cost allowance from Schedule 8 403 5,403,695

Terminal loss from Schedule 8 404

Cumulative eligible capital deduction from 405 0

Schedule 10

Allowable business investment loss 406

Deferred and prepaid expenses 409

Scientific research expenses claimed in year 411

Tax reserves claimed in current year 413

Reserves from financial statements - balance 414

at beginning of year

Contributions to deferred income plans 416

Book income of joint venture or partnership 305

Equity in income from subsidiary or affiliates 306

Other deductions: (Please explain in detail
the nature of the item)




Income Tax/PILs
Workform for 2013 Filers

Adjusted Taxable Income - Bridge Year

Interest capitalized for accounting deducted
for tax
Capital Lease Payments 391
Non-taxable imputed interest income on

. 392
deferral and variance accounts

390

393

394

ARO Payments - Deductible for Tax when
Paid

ITA 13(7.4) Election - Capital Contributions
Received

ITA 13(7.4) Election - Apply Lease
Inducement to cost of Leaseholds

Deferred Revenue - ITA 20(1)(m) reserve
Principal portion of lease payments

Lease Inducement Book Amortization credit
to income

Financing fees for tax ITA 20(1)(e) and (e.1)

Actual Benefits Paid OPEB 453,956

Total Deductions 5,857,651

Net Income for Tax Purposes 3,336,461
Charitable donations from Schedule 2 311

Taxable dividends deductible under section 112

or 113, from Schedule 3 (item 82) 320

Non-capital losses of preceding taxation years

from Schedule 4 331

Net-capital losses of preceding taxation years
from Schedule 4 (Please include explanation 332
and calculation in Manager's summary)

Limited partnership losses of preceding taxation

years from Schedule 4 335

TAXABLE INCOME [ | 3,336,461




Income Tax/PlLs
Workform for 2013 Filers

PILS Tax Provision - Bridge Year

Wires Only
Regulatory Taxable Income $ 3,336,461 |A
Ontario Income Taxes
Income tax payable Ontario Income Tax 11.50% B $ 383,693 C=A*B
Small business credit Ontario Small Business Threshold $ 500,000 D
Rate reduction -7.00% E -$ 35,000 F=D*E
Ontario Income tax $ 348,693 |J=C+F
Combined Tax Rate and PILs Effective Ontario Tax Rate 10.45% K=J /A
Federal tax rate 15.00% L
Combined tax rate 25.45%|M =K + L
Total Income Taxes $ 849,162 IN=A*M
Investment Tax Credits O
Miscellaneous Tax Credits P
Total Tax Credits $ - Q=0+P
Corporate PILs/Income Tax Provision for Bridge Year $ 849,162 IR=N-Q
Note:

1. This is for the derivation of Bridge year PILs income tax expense and should not be used for Test year
revenue requirement calculations.



Income Tax/PILs
Workform for 2013 Filers

Schedule 8 CCA - Test Year
. 1/2 Year Rule {1/2
Class Class Description UCC_ Test Year Additions D|sp0§al5 uce sefore vz vr Additions Le{ss Reduced UCC Rate % Test Year CCA UCC End of Test
Opening Balance (Negative) Adjustment Disposals} Year
1 Distribution System - post 1987 $ 46,530,337 $ 46,530,337 | $ - $ 46,530,337 4% $ 1,861,213 | $ 44,669,123
1 Enhanced |Non-residential Buildings Reg. 1100(1)(a.1) election $ - $ - $ - $ - 6% $ - $ -
2 Distribution System - pre 1988 $ - $ - $ - $ - 6% $ - $ -
8 General Office/Stores Equip $ 551,879 220,000 $ 771,879 | $ 110,000 | $ 661,879 20% $ 132,376 [ $ 639,503
10 Computer Hardware/ Vehicles $ 1,168,380 1,118,399 $ 2,286,779 | $ 559,200 | $ 1,727,580 30% $ 518,274 | $ 1,768,505
10.1 Certain Automobiles $ - $ - $ - $ - 30% $ - $ -
12 Computer Software $ 3,944 533,450 $ 537,394 | $ 266,725 | $ 270,669 100% $ 270,669 | $ 266,725
131 Lease # 1 $ - $ - $ - $ - $ - $ -
132 Lease #2 $ - $ - $ - $ - $ - $ -
133 Lease # 3 $ - $ - $ - $ - $ - $ -
134 Lease #4 $ - $ - $ - $ - $ - $ -
14 Franchise $ - $ - $ - $ - $ - $ -
17 New Electrical Generating Equipment Acq'd after Feb 27/00 Other Than H $ 49,364 $ 49,364 [ $ - $ 49,364 8% $ 3,949 | § 45,414
42 Fibre Optic Cable $ 407,538 $ 407,538 | § - $ 407,538 12% $ 48,905 [ § 358,633
43.1 Certain Energy-Efficient Electrical Generating Equipment $ - $ - $ - $ - 30% $ - $ -
43.2 Certain Clean Energy Generation Equipment $ - $ - $ - $ - 50% $ - $ -
45 Computers & Systems Software acq'd post Mar 22/04 $ 34 $ 343 - $ 34 45% $ 15[ $ 18
46 Data Network Infrastructure Equipment (acq'd post Mar 22/04) $ - $ - $ - $ - 30% $ - $ -
47 Distribution System - post February 2005 $ 34,994,340 10,445,728 $ 45,440,069 | $ 5,222,864 | $ 40,217,204 8% $ 3,217,376 | $ 42,222,692
50 Data Network Infrastructure Equipment - post Mar 2007 $ 6,526 364,328 $ 370,854 | $ 182,164 | $ 188,690 55% $ 103,779 [ $ 267,074
52 Computer Hardware and system software $ - $ - $ - $ - 100% $ - $ -
95 CWIP $ - $ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
$ - $ - $ - 0% $ - $ -
TOTAL $ 83,712,341 | $ 12,681,906 $ 96,394,246 | $ 6,340,953 | $ 90,053,294 $ 6,156,557 | $ 90,237,690




Schedule 10 CEC - Test Year

Cumulative Eligible Capital

Additions
Cost of Eligible Capital Property Acquired during Test Year

Income Tax/PlLs
Workform for 2013 Filers

Other Adjustments

Subtotal x 3/4 = 0
Non-taxable portion of a non-arm's length transferor's gain realized on the 12 = 0
transfer of an ECP to the Corporation after Friday, December 20, 2002

0

Amount transferred on amalgamation or wind-up of subsidiary

Subtotal
Deductions
Proceeds of sale (less outlays and expenses not otherwise deductible)
from the disposition of all ECP during Test Year
Other Adjustments

Subtotal X 3/4 =
Cumulative Eligible Capital Balance
Current Year Deduction (Carry Forward to Tab "Test Year Taxable Income") 0 X 7% =

Cumulative Eligible Capital - Closing Balance




Schedule 13 Tax Reserves - Test Year

Continuity of Reserves

Income Tax/PILs

Workform for 2013 Filers

Test Year Adjustments

Description

Bridge Year

Eliminate Amounts Not
Relevant for Bridge Year

Adjusted Utility
Balance

Additions Disposals

Balance for Test Year

Change During the
Year

Disallowed Expenses

Capital Gains Reserves ss.40(1)

Tax Reserves Not Deducted for accounting purposes

Reserve for doubtful accounts ss. 20(1)(1)

Reserve for goods and services not delivered ss. 20(1)(m)

Reserve for unpaid amounts ss. 20(1)(n)

Debt & Share Issue Expenses ss. 20(1)(e)

Other tax reserves

Total

o |o|olo|lolo|ofe

o |o|olo|lolo|o|e

o |o|o|o|lo|o|o|e

o |o|olo|lolo|o|e

Financial Statement Reserves (not deductible for Tax Purposes)

General Reserve for Inventory Obsolescence (non-specific)

General reserve for bad debts

Accrued Employee Future Benefits:

- Medical and Life Insurance

-Short & Long-term Disability

-Accmulated Sick Leave

- Termination Cost

- Other Post-Employment Benefits

Provision for Environmental Costs

Restructuring Costs

Accrued Contingent Litigation Costs

Accrued Self-Insurance Costs

Other Contingent Liabilities

Bonuses Accrued and Not Paid Within 180 Days of Year-End ss. 78(4)

o |o|o|o|o|o|o|o|o|o|o|o|o]|o

o |o|o|o|o|o|o|o|o|o|o|o|o|o

o |o|o|o|o|o|o|o|o|o|o|o|o]|o

o |o|o|o|o|o|o|o|o|o|o|o|o]|o

Unpaid Amounts to Related Person and Not Paid Within 3 Taxation Years ss.
78(1)

Other

Total

o |ofofof ©

o |olofof ©

o |olofof ©

o |olofof ©




Income Tax/PlLs
Workform for 2013 Filers

Schedule 7-1 Loss Carry Forward - Test Year

Corporation Loss Continuity and Application

Non-
Total Distribution | Utility Balance
Non-Capital Loss Carry Forward Deduction Portion
Actual/Estimated Bridge Year 0
Application of Loss Carry Forward to reduce taxable income in 2005 0
Other Adjustments Add (+) Deduct (-) 0
Balance available for use in Test Year 0
Amount to be used in Test Year 0
Balance available for use post Test Year 0
Non-
Total Distribution | Utility Balance
Net Capital Loss Carry Forward Deduction Portion

Actual/Estimated Bridge Year

Application of Loss Carry Forward to reduce taxable income in 2005

Other Adjustments Add (+) Deduct (-)

Balance available for use in Test Year

Amount to be used in Test Year

Balance available for use post Test Year

o|o|o|o|o|o




Income Tax/PILs
Workform for 2013 Filers

Taxable Income - Test Year

Test Year
Taxable
Income
Net Income Before Taxes 3,228,647
T2 Slline #
Additions:
Interest and penalties on taxes 103 7,306
Amortization of tangible assets
2-4 ADJUSTED ACC(g)UNTING DATA P489 104 4,302,697
Amortization of intangible assets 106
2-4 ADJUSTED ACCOUNTING DATA P490
Recapture of capital cost allowance from 107
Schedule 8
Gain on sale of eligible capital property from 108
Schedule 10
Income or loss for tax purposes- joint ventures or
partnerships 109
Loss in equity of subsidiaries and affiliates 110
Loss on disposal of assets 111
Charitable donations 112
Taxable Capital Gains 113
Political Donations 114
Deferred and prepaid expenses 116
Scientific research expenditures deducted on 118
financial statements
Capitalized interest 119
Non-deductible club dues and fees 120
Non-deductible meals and entertainment 121
expense
Non-deductible automobile expenses 122
Non-deductible life insurance premiums 123
Non-deductible company pension plans 124
Tax reserves beginning of year 125
Reserves from financial statements- balance at
126 0
end of year
Soft costs on construction and renovation of
. 127
buildings
Book loss on joint ventures or partnerships 205
Capital items expensed 206
Debt issue expense 208
Development expenses claimed in current year 212
Financing fees deducted in books 216
Gain on settlement of debt 220
Non-deductible advertising 226
Non-deductible interest 227
Non-deductible legal and accounting fees 228
Recapture of SR&ED expenditures 231
Share issue expense 235
Write down of capital property 236




Amounts received in respect of qualifying

environment trust per paragraphs 12(1)(z.1) and 237
12(1)(z.2)
Other Additions: (please explain in detail the
nature of the item)
Interest Expensed on Capital Leases 290
Realized Income from Deferred Credit Accounts 291
Pensions 292
Non-deductible penalties 293
294
295
296
297
ARO Accretion expense
Capital Contributions Received (ITA 12(1)(x))
Lease Inducements Received (ITA 12(1)(x))
Deferred Revenue (ITA 12(1)(a))
Prior Year Investment Tax Credits received
Regulatory asset variance
Total Additions 4,310,003
Deductions:
Gain on disposal of assets per financial
statements 401
Dividends not taxable under section 83 402
Capital cost allowance from Schedule 8 403 6,156,557
Terminal loss from Schedule 8 404
Cumulative eligible capital deduction from 405 0
Schedule 10 CEC
Allowable business investment loss 406
Deferred and prepaid expenses 409
Scientific research expenses claimed in year 411
Tax reserves end of year 413 0
Reserves from financial statements - balance at 414
beginning of year
Contributions to deferred income plans 416
Book income of joint venture or partnership 305
Equity in income from subsidiary or affiliates 306
Other deductions: (Please explain in detail the
nature of the item)
Interest capitalized for accounting deducted for 390
tax
Capital Lease Payments 391




Non-taxable imputed interest income on deferral

) 392
and variance accounts
393
394
395
396
397
ARO Payments - Deductible for Tax when Paid
ITA 13(7.4) Election - Capital Contributions
Received
ITA 13(7.4) Election - Apply Lease Inducement to
cost of Leaseholds
Deferred Revenue - ITA 20(1)(m) reserve
Principal portion of lease payments
Lease Inducement Book Amortization credit to
income
Financing fees for tax ITA 20(1)(e) and (e.1)
Total Deductions 6,156,557
NET INCOME FOR TAX PURPOSES 1,382,094
Charitable donations 311
Taxable dividends received under section 112 or
13 320
Non-capital losses of preceding taxation years from 331
Schedule 7-1
Net-capital losses of preceding taxation years
. 332
(Please show calculation)
Limited partnership losses of preceding taxation 335

years from Schedule 4

REGULATORY TAXABLE INCOME

1,382,094




Income Tax/PlLs
Workform for 2013 Filers

PILs Tax Provision - Test Year

Wires Only
Regulatory Taxable Income $ 1,382,094 |A
Ontario Income Taxes
Income tax payable Ontario Income Tax 11.50% B $ 158,941 C=A*B
Small business credit Ontario Small Business Threshold $ 500,000 D
Rate reduction -7.00% E -$ 35,000 F=D*E
Ontario Income tax $ 123941 (J=C+F
Combined Tax Rate and PILs Effective Ontario Tax Rate 8.97% K=J /A
Federal tax rate 15.00% L
Combined tax rate 23.97%|M =K + L
Total Income Taxes $ 331,255 IN=A*M
Investment Tax Credits O
Miscellaneous Tax Credits $ 14,147 |P
Total Tax Credits $ 14,147 |1Q=0+P
Corporate PILs/Income Tax Provision for Test Year $ 317,108 [IR=N-Q
Corporate PILs/Income Tax Provision Gross Up 76.03% S=1-M[$ 99,962 IT=R/S-R
Income Tax (grossed-up) $ 417,070 [U=R+T
Note:

1. This is for the derivation of revenue requirement and should not be used for sufficiency/deficiency
calculations.



Attachment 18
Greater Sudbury Hydro Inc./Hydro Du Grand Sudbury Inc.

MEMORANDUM TO THE BOARD OF DIRECTORS

2013-02-25
MEMBERS OF THE BOARD OF DIRECTORS:

GSHI CAPITAL ASSET MANAGEMENT PLAN (CAMP)

REQUEST That the Capital Asset Management Plant (CAMP) be approved and
FOR thereby adopted by the Board. Management and Staff will then
APPROVAL.: consider the CAMP in the development of each subsequent annual

capital program and budget.

REMARKS: The OEB has made the submission of a Capital Asset Management
Plan (CAMP) mandatory as part of the Rate Rebasing Application
process. In response, GSHI undertook a 2011 study of its distribution
system assets along with the help of Kinectrics Inc, a renowned industry
expert on asset condition assessment.

The result of this collaboration was the production of GSHI's first-ever
Asset Condition Assessment Report (ACA) that detailed the current
state of GSHI'S distribution system assets. From the Report results,
Optimal and Levelized replacement schedules were developed for
those assets with enough quality data to accomplish the task.

The ACA is a major input to the Capital Asset Management Plan
(CAMP). The CAMP reiterates many of the statements made in the
ACA, however much of the document covers the qualitative, as much
as the quantitative, aspects of capital expenditure planning.

The CAMP is expected to form the backbone from which all future
capital and maintenance expenditures are conceived. The end goal of
the Plan is to achieve a business philosophy that focuses on optimizing
the balance between financial performance, established risks and
desired operating performance.

N
Reco mgﬁded for approval, Respectfully submitted,
P i ; j / ’ ,?
Frank %oge\n\’\ “ Brigh
President & CEO V.P. - Distribution Electrical Systems

To:  The Chair, and
Board of Directors
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Greater Sudbury Hydro Inc./
Hydro du Grand Sudbury Inc.

MOTION

MOVED BY AonE  leteoud No.: #4202 c=di-iC-oi-ob

SECONDED BY Doy CeEEeES Date: February 25, 2013

“THAT the Capital Asset Management Plant (CAMP) be approved and thereby adopted by the
Board. Management and Staff will then consider the CAMP in the development of each

subsequent annual capital program and budget.”

Carried,
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ATTACHMENT 19

SUMMARY OF CAPITAL EXPENDITURES

Included below is a summary of capital expenditures greater than the materiality
threshold of $115,000 over the past five historical years, the Bridge Year and the Test
Year. An updated OEB Appendix 2-A is included as Attachment 1.

Project Name: Meter Installations

Project Investment Category: Statutory Requirement

Key Project Drivers: Government Regulations (Measurement Canada)

Project Description: Prior to smart meter implementation, this account was for
the re-verification of meter samples. 2010 was our mass role out, thus deferring
sample testing for the next five years.

Future Benefit: Increased reliability

Project Start Date: Ongoing | Project In-Service Date: As installed

Total Project Cost: Ongoing, see annual costs below

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$225,198 | $312,739 | $38,309 | $30,067 | $12,848 | $105,742 | $132,791

Project Name: Emergency Plant Replacement

Project Investment Category: Plant Renewal

Key Project Drivers: Equipment failures (cable, switches, poles)

Project Description: The scope of this project is to capture the costs of major
plant replacement that fail prematurely and or unexpectedly.

Future Benefit: Increased reliability and safety of new distribution system

Project Start Date: Ongoing | Project In-Service Date: Ongoing

Total Project Cost: Ongoing, see annual costs below

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$233,140 | $266,113 | $141,201 | $164,765 | $344,283 | $498,120 | $126,225

Project Name: Failed Transformers

Project Investment Category: Plant Renewal

Key Project Drivers: Equipment failures (Transformers)

Project Description: The scope of this project is to capture the costs to refurbish
and replace transformers that fail prematurely and or unexpectedly.

Future Benefit: Increased reliability and safety of new transformers

Project Start Date: Ongoing

| Project In-Service Date: Ongoing

Total Project Cost: Ongoing, see annual costs below

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$370,336 | $44,869 | $182,213 | $451,953 | $151,333 | $374,411 | $130,737




Project Name: PCB

Project Investment Category: Plant Renewal

Key Project Drivers: Government Regulations

Project Description: In accordance with Government regulations, electrical
utilities must have all equipment containing PCB's out of service by a
predetermined date, somewhere around 2020. Sudbury Hydro is working
towards this mandate by undertaking predetermined areas of the City each year.

Future Benefit: Improving the environment

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$137,343 | $25,007 | $37,204 | $74,577 | $14,811 | $155,231 | $47,368

Project Name: Major Substation Repairs

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated asset, reliability and safety

Project Description: The scope of this project is to capture costs for substation
failures, remedial actions and planned substation rehabilitation to address areas
of major concerns such as safety and or operating issues.

Future Benefit: Increased reliability and safety of new distribution system
assets.

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$480,569 | $65,498 | $496,057 | $418,107 | $138,156 | $1,089,164 | $543,102

Project Name: System Betterment

Project Investment Category: Plant Renewal

Key Project Drivers: Customer requests, statutory requirements, public safety

Project Description: The scope of this project is to satisfy customer requests for
new services, relocate plant from locations from where we have no legal right and
upgrade plant that may be a public safety issue .

Future Benefit: Increased reliability and safety of new distribution system

Project Start Date: Ongoing Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$744,153 | $1,162,734 | $921,029 | $1,364,122 | $663,862 | $466,495 | $427,939




o N oo o b~

Project Name: Overhead Services

Project Investment Category: New Connections

Key Project Drivers: Customer requests for new or upgraded services.

Project Description: The scope of this project was to capture all costs
associated with the connection of new and upgraded customer services.

Future Benefit: Not applicable, customer driven

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$73,465 | $94,315 | $91,965 | $151,654 | $154,580 | $155,064 | $62,401

Project Name: Underground Services

Project Investment Category: New Connections

Key Project Drivers: Customer requests for new or upgraded services.

Project Description: The scope of this project is to capture costs associated
with the connection of new and upgraded customer services.

Future Benefit: Not applicable, customer driven.

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$81,434 | $113,611 | $91,649 | $158,116 | $156,553 | $109,488 | $61,569

Project Name: City Roadworks

Project Investment Category: Statutory Requirement

Key Project Drivers: City Plant upgrades or relocations

Project Description: The scope of this project is to relocate plant as required to
accommodate City plant relocations and upgrades (typically roads)

Future Benefit: Meets the statutory requirement

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$681,412 | $20,637 | $77,999 | $140,690 | $8,816 $8,189 | $342,784
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Project Name: Subdivisions

Project Investment Category: New Connections

Key Project Drivers: Developer Requests

Project Description: The scope of this project is to collect cost for the design
and installation of distribution systems as requested by developers for
subdivisions.

Future Benefit: Not applicable, customer driven

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$40,261 | $42,948 | $250,926 | $59,003 | $27,233 | $121,847 | $102,829

Project Name: Commercial Development

Project Investment Category: New Connections

Key Project Drivers: Customer Requests for service

Project Description: The scope of this project is to satisfy the request generated
by commercial developers and their need for new services at new
establishments.

Future Benefit: Meets the statutory "obligation to serve" requirement

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$60,360 $131,614 $143,861 $129,685 $(79,755) $153,910 45,446

Project Name: Building

Project Investment Category: Plant Renewal

Key Project Drivers: End of life

Project Description: The scope of this project identifies each year the building
needs, involving the replacement or improvement of major building systems or
structural elements, prioritized and then developed as part of the annual budget.

Future Benefit: Building reliability

Project Start Date: Ongoing | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$96,310 | $132,044 | $208,453 | $49,650 | $159,351 | $171,885 | $1,711,121




Project Name: Porcelain Insulator Replacement

Project Investment Category: Plant Renewal

Key Project Drivers: Failure of porcelain insulators

Project Description: The scope of this project was to replace all 15kv, post type,
clamp top porcelain insulators with epoxy insulators. The porcelain insulators
were cracking and breaking off causing public and worker safety.

Future Benefit: Reliability and safety of the distribution system

Project Start Date: 2007 | Project In-Service Date: As installed

Total Project Cost: $1,239,875

2007

2008

2009

2010

2011

2012
(Prelim)

2013
(Budget)

$525,741

$274,813

$439,321

Project Name: Pole Replacement Program

Project Investment Category: Plant Renewal

Key Project Drivers: Undersized Conductor, deteriorated asset

Project Description: The scope of this project is to replace the undersized 4/0
44kv aged conductor and 50yr old poles on one section of 44kv feeder.

Future Benefit: Increased reliability and safety of the distribution system

Project Start Date: 2007

| Project In-Service Date: As installed

Total Project Cost: $962,491

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$164,917 | $346,976 | $450,598 $254,383

Project Name: Tools and Equipment

Project Investment Category: Plant Renewal

Key Project Drivers: Obsolescence , end of life, technological innovation.

Project Description: The scope of this project is to capture costs for the
purchase of tools and equipment to replace those that have either met their end
of life or need upgrading due to technological change.

Future Benefit: Enhanced productivity and safety

Project Start Date: Ongoing

| Project In-Service Date: As installed

Total Project Cost: Ongoing, see annual costs below

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$89,424 | $180,931 | $114,715 | $74,325 | $77,854 | $141,887 | $160,000




Project Name: Vehicles

Project Investment Category: Plant renewal

Key Project Drivers: End of life, technological advancement

Project Description: The scope of this project is based on the need to maintain
vehicles and major equipment functionality and provide safe, reliable tools and
equipment.

Future Benefit: Vehicle replacement supports a safe working environment,
which reduces costs from lost time accidents caused by equipment failure and
maintains productivity.

Project Start Date: Ongoing Project In-Service Date: As introduced to
fleet
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$255,827 | $859,351 | $495,784 | $540,984 | $562,950 | $205,905 | $1,118,400

Project Name: Sherwood Park (Phase |, 1l & 111)

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated Asset, Reliability and safety

Project Description: The scope of this project was to replace 50yr old
underground distribution system including duct, cabling and transformers. This
project was started in 2009 and completed in 2011.

Future Benefit: Increased reliability and safety of the distribution system

Project Start Date: 2007 | Project In-Service Date: Ongoing
Total Project Cost: $601,443
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$159,705 $727 $8,829 | $141,219 | $290,963

Project Name: Albinson — Haig to Douglas

Project Investment Category: Plant Renewal

Key Project Drivers: Undersized conductor, Deteriorated asset.

Project Description: The scope of this project was to replace the undersized #6
copper primary conductor and the 1950's vintage poles.

Future Benefit: Reliability and safety of the distribution system.

Project Start Date: 2007 | Project In-Service Date: 2007
Total Project Cost: $123,470
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$123,470




o o1 b~ W

Project Name: Tilton Lake

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated Asset

Project Description: The scope of this project was to replace and relocate 50yr
old poles from out of a swamp to a joint use pole line owned by Bell Canada

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2007 | Project In-Service Date: 2007

Total Project Cost: $318,845

2013
(Budget)

2010 2011 2012

(Prelim)

2007 2008 2009

$271,027 47,818

Project Name: Falconbridge 44kV

Project Investment Category: New Connections

Key Project Drivers: To get rid of a legacy whole sale connection to the ISO grid

Project Description: The scope of this project was to install a new utility owned
44kv feed to our Falconbridge substation. When we purchased the distribution
system from the mining company the substation was fed from a deteriorated
22kv line owned by Hydro One. Hydro One was considering abandoning this line.

Future Benefit: Reliability of the distribution system

Project Start Date: 2008 | Project In-Service Date: 2008

Total Project Cost: $233,041

2013
(Budget)

2007 2008 2009 2010 2011 2012

(Prelim)

$233,041

Project Name: Gary Avenue Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset (50yr old poles)

Project Description: The scope of this project was to replace and relocate 50yr
old, 35'poles that were back lot and ran through a school yard.

Future Benefit: Increased reliability and safety of new distribution system
assets.

Project Start Date: 2008 | Project In-Service Date: 2009

Total Project Cost: $1,172,275
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$724,421 | $446,070 $1,784




Project Name: Webbwood Drive Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset, 4kv to 12kv conversion

Project Description: The scope of this project was to replace deteriorated
underground plant including duct, cabling and transformation. Converting from
4kv to 12kv prepares for future line rebuild of Lorne St.

Future Benefit: Reliability and safety of the distribution system

Project Start Date: 2008

| Project In-Service Date: 2008

Total Project Cost: $161,739

2007

2008

2009

2010

2011

2012
(Prelim)

2013
(Budget)

$161,739

Project Name: Beatrice Underground Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset (35 yr old cable)

Project Description: The scope of this project was to replace the 35 yr old

cable, duct and transformers in this 1970's built subdivision.

Future Benefit: Reliability and safety

Project Start Date: 2009

| Project In-Service Date: 2009

Total Project Cost: $184,992

2007

2008

2009

2010

2011

2012
(Prelim)

2013
(Budget)

$184,992

Project Name: GIS

Project Investment Category: Plant Renewal

Key Project Drivers: Obsolescence

Project Description: This project was created to capture cost for the purchase
of a new GIS software to replace our home grown product that was
technologically out of date.

Future Benefit: Improved productivity, interoperability and reliability.

Project Start Date: 2009

| Project In-Service Date: 2009

Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$302,438 | $45,300 | $52,902 $92,450
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Project Name: Jarvi Road Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset, inaccessible , reliability and safety

Project Description: The scope of this project was to relocate a deteriorated
pole line from in a swamp, out to the road.

Future Benefit: Increased reliability and safety of distribution system assets.

Project Start Date: 2009 | Project In-Service Date: 2009

Total Project Cost: $275,614

2007

2008

2009

2010

2011

2012
(Prelim)

2013
(Budget)

$269,658

$5,956

Project Name: Louis Street Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated plant, safety and reliability

Project Description: The scope of this project was to eliminate a safety issue in
a deteriorated access hole and tie this into the 4kv to 12kv conversion planned
for this area.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: | Project In-Service Date:

Total Project Cost: $375,555
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$194,271 | $179,078 $2,206

Project Name: Montague to Whissell Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Undersized conductor, deteriorated asset

Project Description: The scope of this project was to replace the undersized 4/0
conductor with 556 MCM and replace 50yr old poles.

Future Benefit: Reliability and load flexibility

Project Start Date: 2009

| Project In-Service Date:

Total Project Cost: $845,920

2007

2008

2009

2010

2011

2012
(Prelim)

2013
(Budget)

$643,826

$202,094
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Project Name: SCADA

Project Investment Category: Plant renewal

Key Project Drivers: Replace obsolete host hardware and software

Project Description: The scope of this project was to upgrade both the
hardware and software of the existing SCADA VAX system to Worldview for
windows.

Future Benefit: Reliability

Project Start Date: 2009 | Project In-Service Date: Ongoing
Total Project Cost: Ongoing, see annual costs below
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$10,260 | $297,472 | $15,730 | $19,065 $821 $346,437

Project Name: Southlane Road Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Bell Aliant request for pole upgrade

Project Description: The scope of this project was to increase the height and
class of poles to accommodate new Bell plant

Future Benefit: Increased reliability and safety of distribution system

Project Start Date: 2009 | Project In-Service Date: 2009
Total Project Cost: $291,334
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$287,849 | $3,485

Project Name: Sparks Street Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Restricted primary conductor

Project Description: The scope of this project was to increase the size of the
primary conductor from #6 to 336 MCM and to replace the 40+yr old poles

Future Benefit: Reliability, safety and load flexibility.

Project Start Date: 2009 | Project In-Service Date: 2009
Total Project Cost: $420,330
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$415,025 | $5,305




Project Name: Falconbridge Voltage Conversion

Project Investment Category: Plant Renewal

Key Project Drivers:

Project Description: The scope of this project was to convert the existing delta
primary to wye. We purchased this distribution system from the local mining
company and as part of the purchase agreement we were to convert the system.

Future Benefit: Reliability and safety

Project Start Date: 2009 | Project In-Service Date: 2010
Total Project Cost: $256,114
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$48,923 | $207,191 $214

Project Name: Annie Street 4kV to 12kV Conversion

Project Investment Category: Plant Renewal

Key Project Drivers: Obsolescence, Deteriorated Asset, reduced losses

Project Description: The scope of this project was to convert the 4kv system
supplied by our Annie substation to 12kv

Future Benefit: Increased reliability and safety of the distribution system

Project Start Date: 2010 | Project In-Service Date: 2010
Total Project Cost: $1,286,298
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$2,395 | $1,093,081 | $190,822

Project Name: CIS — Hatrris Billing System

Project Investment Category: Plant Renewal

Key Project Drivers: Obsolete customer information system

Project Description: The scope of this project was to capture the costs for the
purchase of a new customer information system. Our existing system was no
longer being supported. Actual capital costs were $603,498, however per the
Board's order, 21.04% of the cost has been removed from GSHi asset's for the
portion deemed to be relating to water billing.

Future Benefit:

Project Start Date: 2010 | Project In-Service Date: 2010
Total Project Cost: $487,744
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$476,702 | $11,042




Project Name: Kingsway Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset

Project Description: The scope of this project was to replace the deteriorated
concrete distribution poles with wood poles. The poles deteriorated prematurely
due the high volume of salt on the Kingsway.

Future Benefit: Increased reliability and safety of new distribution system
assets.

Project Start Date: | Project In-Service Date:

Total Project Cost: $145,129

2012
(Prelim)

2013
(Budget)

2007 2008 2009 2010 2011

$145,129

Project Name: Shaughnessy Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated plant, 4kv to 12kv conversion

Project Description: The scope of this project was to replace deteriorated
underground plant including duct, cabling and transformation. Converting from
4kv to 12kv help tie in with the Annie project proceeding at the same time.

Future Benefit: Increased reliability and safety of distribution system

Project Start Date: | Project In-Service Date:

Total Project Cost: $248,278
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$1,407 $4,217 $237,772 $4,882

Project Name: Kennedy Street Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated plant, insufficient service height, safety and
reliability

Project Description: The scope of this project was to replace 40' 1960's vintage
poles with 50' poles to meet CSA clearance requirements for services crossing
the roadway.

Future Benefit: Increased reliability and safety of our distribution system

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $161,259

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$153,987 | $16,889
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Project Name: Automated Vehicle Locator

Project Investment Category: Plant Renewal

Key Project Drivers: Safety

Project Description: The scope of this project is to install a GPS system in our
vehicle radios so the control room can verify the locations of both our fleet and
contractor vehicles.

Future Benefit: Safety

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $159,621

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$150,471 $8,731

Project Name: Beech Street Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated plant, overhead to underground conversion

Project Description: The scope of this project was to replace deteriorated
overhead plant with new underground.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $131,180

2011 2012

(Prelim)

2013
(Budget)

2007 2008 2009 2010

$131,180

Project Name: Highway 69 South Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset (50yr old poles)

Project Description: The scope of this project was to replace and relocate 50yr
old poles that run along Hwy 69S off road in inaccessible areas to a joint pole line
built by Bell Canada

Future Benefit: Increased reliability and safety of the distribution system

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $551,546

2011 2012

(Prelim)

2013
(Budget)

2007 2008 2009 2010

$551,546
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Project Name: Kingsway Area

Project Investment Category: Plant Renewal

Key Project Drivers: Undersized Conductor, Deteriorated Asset

Project Description: The scope of this project was to replace the undersized #6
copper primary conductor and 1960's vintage poles

Future Benefit: Reliability and safety of the distribution system

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $673,796

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$673,796 | $16,983

Project Name: Lorne Street Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset, inaccessible , reliability and safety

Project Description: The scope of this project is to relocate a deteriorated pole
line from rear lot along the tracks out to the road. This rebuild also tied into the
future relocation of our Centennial Substation

Future Benefit: Increased reliability and safety of distribution system assets.

Project Start Date: 2011 | Project In-Service Date: 2011, 2012

Total Project Cost: $700,096

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$323,690 | $498,852

Project Name: Madison Avenue Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated plant, undersized conductor, safety and
reliability

Project Description: The scope of this project was to replace the undersized #6
primary conductor and 1960's vintage poles.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $310,211

2007 2008 2009 2010 2011 2012

(Prelim)

2013
(Budget)

$310,211
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Project Name: Regent Street Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset

Project Description: The scope of this project was to replace the deteriorated
1950's vintage pole line.

Future Benefit: Increased reliability and safety of the distribution system

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $402,534

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$268,955 | $153,803

Project Name: Herbert/Garland

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset (35yr old cable).

Project Description: The scope of this project was to replace 35yr old cable,

duct and transformers in this 1970's built subdivision.

Future Benefit: Increased reliability and safety of the distribution assets.

Project Start Date: 2012

| Project In-Service Date: 2012b

Total Project Cost: $365,797

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$198,161

Project Name: Copper Cliff Gardens

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset

Project Description: The scope of this project was to replace the 35yr old cable,
duct and transformation in this 1970;s built townhouse complex

Future Benefit: Increased reliability and safety of the distribution system

Project Start Date: 2012

| Project In-Service Date: 2012

Total Project Cost: $557,547

2007 2008 2009 2010 2011 2012 2013
(Prelim) (Budget)
$572,915




Project Name: Westmount Restricted Conductor

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated plant, undersized conductor, safety and
reliability

Project Description: The scope of this project was to replace the undersized #6
primary conductor and 1960's vintage poles.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2012 | Project In-Service Date: 2012

Total Project Cost: $639,619

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$725,078

Project Name: Donwood Park — Underground Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated Asset (35yr old cable)

Project Description: The scope of this project was to replace the 35yr old cable,
duct and transformers in this 1970's built subdivision.

Future Benefit: Increased reliability and safety of new distribution system
assets.

Project Start Date: 2011 | Project In-Service Date: 2011

Total Project Cost: $814,674

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$428,787 | $509,033

Project Name: Substation Security

Project Investment Category: Plant Renewal

Key Project Drivers: Safety and Security

Project Description:

new security systems at our substations

The scope of this project is to update existing or install

Future Benefit: Safety and security

Project Start Date: ongoing

| Project In-Service Date: ongoing

Total Project Cost:

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$7,335 $19,821 $7,757 $41,872 | $60,000




Project Name: Control Room Mapping

Project Investment Category: Plant Renewal

Key Project Drivers: Conversion of key process from paper to electronic;
information sharing

Project Description: Installation of high-resolution screen and new office
equipment to facilitate the transition of Control Room activities from paper to
electronic processes.

Future Benefit: Increased operational awareness for key personnel/decision-
makers.

Project Start Date: 2012 | Project In-Service Date: 2012

Total Project Cost: $364,238

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$364,238

Project Name: 44kV Motorized Switches

Project Investment Category: Plant Enhancement

Key Project Drivers: Reliability

Project Description: The scope of the project is to install remotely-operable
44KkV line switches at key locations (as determined through consultation between
the Control Room /Operations/Engineering) within the distribution system.

Future Benefit: Increased reliability, decrease operational burdens.

Project Start Date: 2012 | Project In-Service Date: 2013

Total Project Cost: $964,667

2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$81,943 | $44,163 | $32,886 $805,675

Project Name: West Nipissing

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset, reliability and safety

Project Description:
poles and construct to meet CSA clearance requirements.

The scope of this project was to replace 1950's vintage

Future Benefit: Increased reliability and safety of our distribution system.

Project Start Date: 2012

| Project In-Service Date: 2012

Total Project Cost: $200,000

2007

2008

2009

2010

2011

2012
(Prelim)

2013
(Budget)

$123,821
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Project Name: Vanier Lane

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset, safety and reliability

Project Description: The scope of this project was to replace 1950's vintage
poles and construct to meet CSA clearance requirements.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $451,083
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$511,084

Project Name: Hillsdale, Mark, Lakeview conversion

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated assets (40+ yr old poles), voltage conversion,
reliability and safety.

Project Description: The scope of this project was to replace the 40yr old poles
and prepare for the voltage conversion of Cressey Substation.

Future Benefit: Reliability and safety of the distribution system.

Project Start Date: $2013 | Project In-Service Date: $2013
Total Project Cost: $
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$302,723

Project Name: Prete, Benny, Connaught conversion

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated asset, voltage conversion, reliability and
safety

Project Description: The scope of this project was to replace the 40yr old poles
and prepare for the Cressey Substation conversion.

Future Benefit: Increased reliability and safety of the distribution system>

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $178,232
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$178,232
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Project Name: Gary/ Madison

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset, reliability and safety.

Project Description: The scope of this project was to replace the 35yr old
cable, duct and transformers in this 1970's built subdivision.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $334,661
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$334,661

Project Name: Eden Point Underground Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated asset, replacement of submersible
transformers.

Project Description: The scope of this project was to replace the 35yr old
cable, duct and submersible transformers in this 1970's built subdivision.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $204,415
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$204,415

Project Name: Sunnyside Rd Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset, reliability and safety.

Project Description: The scope of this project is to relocate and renew 50+ yr
old plant from its location along the lake out to the road.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $373,753
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$373,753
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Project Name: West Nipissing Conversion

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated plant, system conversion 4kv to 12kv

Project Description: The scope of this project was to rebuild the feeders out of
MS34 and convert to 12Kkv to prepare for the voltage conversion of MS34.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $302,722
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$302,723

Project Name: McFarlane Lk Rd

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset, inaccessible, reliability and safety.

Project Description: The scope of this project was to upgrade existing plant
and relocate out to road accessibility. Also, we will extend a feeder to create a
loop between two of our substations.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2012 | Project In-Service Date: 2013
Total Project Cost: $250,000
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$292,446 | $532,129

Project Name: Beatty St Rebuild

Project Investment Category: Plant Renewal

Key Project Drivers: Deteriorated asset, reliability and safety.

Project Description: The scope of this project is to replace the undersized #6
conductor and the 1950's vintage poles.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $204,917
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$204,988




Project Name: Renewable Generation Connections

Project Investment Category: New Connections

Key Project Drivers: Government Regulations, Plant Enhancement

Project Description: The scope of the project is the purchase and successful
deployment of technological solution(s) that will aid the utility in combating the
purveyance of power quality problems arising from the mandatory connection
obligation of distributed generation.

Future Benefit: Continued ability to meet ANSI standard for voltage at customer
service entrance; mitigation of sustained, localized high voltages to be achieved
through the use of advanced monitoring and control technology.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $284,913
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$284,913

Project Name: Copper Cliff Rebuild

Project Investment Category: Plant renewal

Key Project Drivers: Undersized conductor, deteriorated asset.

Project Description: The scope of this project was to replace the undersized #6
copper primary conductor and 1950's vintage poles

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $238,735
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$238,735

Project Name: Outage Management System

Project Investment Category: Plant Renewal

Key Project Drivers: Reliability, Operational Efficiency, Customer Satisfaction

Project Description: Installation of a software package that automates the
process(es) involving key personnel during a contingency event. The software
will enable faster identification of faulted line segments, reduce switching time,
improve reliability-indices and enhance the customer experience as it relates to
an outage at their premise.

Future Benefit: Increased operational awareness for key personnel/decision-makers,
improved SAIDI, SAIFI, CAIDI performance, decreased operational cost in response to a
contingency, improved customer relations/satisfaction performance.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $315,000
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)




| | | | [ $225,000 |

Project Name: Arthur Substation

Project Investment Category: Plant renewal

Key Project Drivers: Deteriorated asset, reliability and safety

Project Description: The scope of this project is to rebuild the Arthur St.
substation. Arthur requires replacement to a more modern residential design, it is
50+ yrs old and we have had noise complaints in the neighbourhood.

Future Benefit: Increased reliability and safety of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $1,974,164
2007 2008 2009 2010 2011 2012 2013
(Prelim) | (Budget)
$1,985,384

Project Name: Digital Relay Modernization

Project Investment Category: Plant renewal

Key Project Drivers: Obsolete hardware

Project Description: The scope of this project is to upgrade the existing out of
date relays with new electronic relays.

Future Benefit: Reliability of the distribution system.

Project Start Date: 2013 | Project In-Service Date: 2013
Total Project Cost: $174,165
2007 2008 2009 2010 2011 2012 2013

(Prelim) | (Budget)

$174,165
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Appendix 2-A
Capital Projects Table - Supplemental IR's
PRELIM BUDGET

Projects 2007 2008 2009 2010 2011 201%(5;"96 2013 Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Meter Installations
Distribution Station Equipment <50kV S 165,841
Poles, Towers & Fixtures S 350
Meters $ 228,698 | $ 144,873 | $ 38,348 | $ 30,167 | $ 17,453 | S 107,254 | $ 132,791
Computer Software S 2,025
Contributions $ (3,500) $ (39)[ $ (450)[$  (4,605)[$ (1,512)
Sub-Total $ 225,198 | $ 312,739 | $ 38,309 | $ 30,067 | $ 12,848 | $ 105,742 | $ 132,791
Emergency Plant Replacement
Distribution Station Equipment <50kV S 51,245
Poles, Towers & Fixtures $ 19,469 S 58,294 | $ 30,094 | $ 44,796 | S 46,696 | S 16,423
Overhead Conductors & Devices $ 17,529 S 15,787 | $ 13,442 | S 8,378 | S 14,418 | S 3,072
Underground Conduit, Conductors & Devices $ 193,811 | 260,479 | S 54,671 | $ 48,522 | S 218,855 | S 315,844 | S 80,239
Line Transformers $ 2,331 (S 5,634 S 12,449 | S 21,462 | S 40,509 | $ 110,608 | $ 14,852
Services (Overhead & Underground) S 31,745 | S 10,554 | S 11,639
Contributions
Sub-total $ 233,140 [$ 266,113 |$ 141,201 [$ 164,765 | $ _ 344,283 | $ 498,120 | $ 126,225
Failed Transformers
Line Transformers $ 370,336 | S 44,869 | S 182,213 | $ 451,953 | $ 151,333 | $ 374,411 | S 130,737
Sub-total $ 370336 |$ 44,869 |$ 182,213 [$ 451,953 | $ _ 151,333 | $ 374,411 [ $ 130,737
PCB
Line Transformers $ 137,343 | S 25,007 | S 37,204 | $ 74,577 | S 14,811 | S 155,231 | $ 47,368
Sub-Total $ 137,343 |$ 25007 |$ 37,204 S 74577 |$ 14811 (% 155,231 | $ 47,368
Major Substation Repairs
Building Improvements S 31,716 | $ 103,742
Buildings $ 168,464 | S 33,960
Land S 32,745 S 403 | S 10,699
Distribution Station Equipment <50kV $ 304,475 | S 323,397 | S 437,621 | S 161,904 | S 161,491 | $ 1,113,668 | S 532,403
Poles, Towers & Fixtures S 4,312 | S 9,701 | S 15,766 S 55
Overhead Conductors & Devices S 5,945
Underground Conduit, Conductors & Devices $ 7,630 S 11,074 | S 103,950
Contributions S (296,171) S (23,335)| S (24,962)
Sub-total $ 480,569 |$ 65498 |$ 496,057 [$ 418,107 |$ _ 138,156 |$ 1,089,164 [$ 543,102
System Betterment
Poles, Towers & Fixtures $ 412,463 | S 441,832 | $ 408,523 | $ 622,595 | S 319,718 | S 276,388 | S 193,364
Overhead Conductors & Devices $ 442220 | S 539,942 | S 127,526 | $ 272,720 | S 6,970 | S 7,394 | S 44,136
Underground Conduit, Conductors & Devices $ 358,860 | $ 289,408 | S 175,824 | $ 314,831 | S 109,734 | $ 47,209 | S 81,946
Line Transformers $ 137,914 | S 164,306 | S 255,545 | S 172,557 | $ 203,694 | S 77,402 | S 88,735
Services (Overhead & Underground) S 6,473 | $ 61,537 | S 61,659 | S 19,758
Contributions $ (607,304)] S (272,754)[ ¢ (46,389)[ s  (25054)[ s  (37,791)] $ (3,557)
Sub-total $ 744153 |$ 1,162,734 |$ 921,029 | $ 1,364,122 | $__ 663,862 | $ 466,495 | $ 427,939
Overhead Services
Services (Overhead & Underground) $ 197,270 | $ 207,237 | S 189,266 | S 249,995 | S 245,842 | S 214,152 | S 162,401
Contributions $ (123,805)] ¢ (112,922)[ ¢  (97,301)[$s  (98,341)] S  (91,262)] $ (59,088)[ ¢ (100,000)
Sub-total $  73465|$  04315|% 91965 |% 151,654 |$ 154,580 | $ 155,064 | $ 62,401
Underground Services
Services (Overhead & Underground) $ 162,974 | S 195,696 | $ 162,017 | S 238,197 | S 243,905 | S 185,983 | $ 141,569
Contributions $ (81,540 S  (82,085)|$  (70,368)[$  (80,081)$  (87,352)[ $ (76,495)| $ (80,000)
Sub-total $ 81434 |$  113611|3% 91649 [$ 158,116 |$ _ 156,553 | $ 109,488 | $ 61,569
City Roadworks
Poles, Towers & Fixtures $ 246,176 | S 30,758 | $ 618 | S 39,998 | S 4,367 | S 1,792 | $ 58,880
Overhead Conductors & Devices $ 438,921 | S 19,206 | S 206 | S 139,688 | S 7,583 | S 3,916 | S 205,626
Underground Conduit, Conductors & Devices $ 120,140 | S 7,703 | S 210,420 | S 19,566 | S 1,502 S 28,801
Line Transformers $ 88,631 S 14,462 S 21,288
Services (Overhead & Underground) S 19,150 | S 1,644 | S 6,076 | S 28,189
Contributions $  (212456)[$  (37,030)[$  (133245)]3$  (92,174)] $ (6,280)] $ (3,595)
Sub-total $ 681,412 | $ 20,637 | $ 77,999 | $ 140,690 | $ 8,816 | $ 8,189 | $ 342,784
Subdivisions
Poles, Towers & Fixtures $ 13,202 | $ 19,425 | S 1,038 S 106 | S 36,149
Overhead Conductors & Devices $ 10,544 | $ 15,552 | S 1,308 S 18,030
Underground Conduit, Conductors & Devices $ 361,644 | S 368,653 | S 154,874 | S 226,618 | S 99,980 | $ 161,001 | $ 158,421
Line Transformers $ 72,551 | S 56,498 | S 28,872 | S 76,386 | S 59,491 | $ 80,995 | $ 94,267
Services (Overhead & Underground) S 11,609 | S 44,201 | S 18,395
Contributions $ (417,680)) S  (417,180)[ $ 64,834 | S  (244,001)[ ¢ (143,953)[ s  (218,529)[$ (168,254
Sub-total $ 40,261 | $ 42,948 | $ 250,926 | $ 59,003 | $ 27233 | $ 121,847 | $ 102,829
Commercial Development
Poles, Towers & Fixtures $ 18,962 | $ 30,729 | $ 35,358 | $ 44,150 | § 69,541 | S 47,178 | S 34,033
Overhead Conductors & Devices $ 48915 [ S 52,751 | $ 31,331 | $ 65,580 | S 51,137 | $ 13,873 | $ 32,827
Underground Conduit, Conductors & Devices $ 153,019 | § 328,184 | S 370,587 | S 223,041 | S 314,268 | S 116,314 | $ 159,341
Line Transformers $ 176,426 | S 350,050 | S 202,172 | S 518,012 | S 147,539 | $ 303,115 | S 172,175
Services (Overhead & Underground) S 19,055 S 235 | S 7,505 | S 16,058 | S 2,606
Meters S 880 | $ 417
Contributions $ (336,962)| S  (649,155)| S  (495,587)| S  (721,333)| S (670,625)( S (343,044)| s (355,536)
Sub-Total $ 60,360 | $ 131,614 | $ 143,861 | $ 129,685 | $ (79,755)| $ 153,910 | $ 45,446
Building
Carpet/Paint/Flooring $ 46,495 | S 54,570 S 8,444
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Projects 2007 2008 2009 2010 2011 Year 2013 Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Fencing/Exterior/Roof $ 20,859 S 70,893 | S 24,345 [ S 96,434

Window/Doors $ 23,489 | S 8,196

New Walls/Offices/Construction $ 5,000 | S 62,099 | S 129,568 | S 6,250 | $ 19,045

Renovate washrooms S 9,370 | S 160,721
Modifications to server room S 25,379

New Roof S 130,410 | $ 30,400
Lighting Conversion S 110,064
Geothermal Energy System S 615,221
Fuel Conversion S 208,000
Other Miscellaneous $ 467 | $ 7,179 | $ 7992 |$  19,055|$ 35428 [$ 6,726 | $ 52,715
Sub-Total $ 96,310 | $ 132,044 | $ 208,453 | $ 49,650 | $ 159,351 | $ 171,885 | $ 1,177,121
Porcelain Insulator Replacement

Poles, Towers & Fixtures $ 15,557 | $ 2,932 | $ 285,808

Overhead Conductors & Devices $ 510,184 | S 271,881 | S 153,513

Sub-Total $ 525741 |$ 274813 |$ 439,321 | $ HE BE HE -
Pole Replacement Program

Poles, Towers & Fixtures $ 112,188 | § 160,976 | $ 246,453 S 254,383
Overhead Conductors & Devices $ 52,729 | S 186,000 | $ 205,950

Line Transformers

Contributions S (1,805)

Sub-total $ 164917 |$ 346976 |$ 450,598 | $ HE HE HE 254,383
Tools & Equipment

Tools, Shop & Garage Equipment $ 89,424 | S 180,931 | $ 114,715 | $ 74,325 | $ 77,854 | $ 141,887 | $ 160,000
Sub-total $ 89,424 | $ 180,931 | $ 114,715 | $ 74,325 | $ 77,854 | $ 141,887 | $ 160,000
Vehicles

Small Vehicles (Trucks/Cars/Vans) $ 255,827 | $ 187,266 | $ 204,613 | S 53,251 | $ 46,316 | S 184,672 | $ 40,000
Trailers S 27,065 | S 20,237 | S 118,440 | $ 12,600 | S 21,233 [ S 20,000
Large Vehicles (Step Vans/Bucket/Boom Trucks) S 645,020 | S 270,935 | S 369,293 | S 504,034 S 1,058,400
Sub-total $ 255,827 | $ 859,351 | $ 495,784 | $ 540,984 | $ 562,950 | $ 205,905 | $ 1,118,400
Sherwood Park (Phase |, Il & 1lI)

Underground Conduit, Conductors & Devices $ 159,705 | $ 727 | $ 8,829 | § 89,981 | S 249,646

Line Transformers S 51,238 | $ 30,200

Services (Overhead & Underground) S 11,117

Sub-total $ 159,705 | $ 727 | $ 8,829 | $ 141,219 | $ 290,963 | $ -1 % -
Albinson - Haig to Douglas

Poles, Towers & Fixtures $ 5,840

Overhead Conductors & Devices $ 105,893

Line Transformers $ 11,737

Sub-total $ 123,470 | $ -1$ -1$ -1$ -1$ -1$ -
Tilton Lake

Poles, Towers & Fixtures $ 94,507 S 47,818

Overhead Conductors & Devices $ 169,087

Line Transformers $ 7,433

Sub-total $ 271,027 | $ -1 % 47,818 | $ -1$ -1 % -1 % -
Falconbridge 44kV

Distribution Station Equipment <50kV S 45

Poles, Towers & Fixtures S 74,930

Overhead Conductors & Devices S 54,150

Underground Conduit, Conductors & Devices S 103,916

Sub-Total $ -1$ 233,041 | $ -1$ -1$ -1$ -1$ -
Gary Avenue Rebuild

Poles, Towers & Fixtures S 215,732 | S 20,472

Overhead Conductors & Devices S 395,597 | S 136,431

Underground Conduit, Conductors & Devices S 109,329 | $§ 226,595 | S 1,784

Line Transformers S 3,763 | $ 62,572

Sub-Total $ -1 % 724,421 | $ 446,070 | $ 1,784 | $ -1 % -1 % -
Webbwood Drive Rebuild

Underground Conduit, Conductors & Devices S 119,240

Line Transformers S 42,499

Sub-total $ -1 % 161,739 | $ -1 % -1 % -1$ -1$ -
Beatrice Underground Rebuild

Underground Conduit, Conductors & Devices S 184,992

Sub-total $ -1$ -1 % 184,992 | $ -1 % -1$ -1$ -
GIS

Computer Software S 302,438 | S 45,300 | $ 52,901 S 92,450
Sub-total $ -1 % -1 $ 302,438 | $ 45300 | $ 52,901 | $ -1 % 92,450
Jarvi Road Rebuild

Poles, Towers & Fixtures S 208,082

Overhead Conductors & Devices S 55,469 | S 5,956

Line Transformers S 6,107

Sub-total $ -1 % -1 $ 269,658 | $ 5,956 | $ -1 % -1 % -
Louis Street Rebuild

Underground Conduit, Conductors & Devices S 152,478 | $ 156,882 | $ 2,206

Line Transformers S 41,793 | $§ 22,196

Sub-total $ -1 8 -1$ 194271 | $ 179,078 | $ 2,206 | $ -1 % -
Montague to Whissell Rebuild

Poles, Towers & Fixtures S 437,642 | S 34,038

Overhead Conductors & Devices S 143,447 | S 135,286

Underground Conduit, Conductors & Devices S 5,776

Line Transformers S 56,961 | S 32,770

Sub-total $ -1 % -1 $ 643,826 | $ 202,094 | $ -1 % -1 % -
SCADA Software

System Supervisory Equipment S 10,260 | S 297,472 | S 15,730 | S 19,065 | S 821 (S 346,437
Sub-total $ -1 % 10,260 | $ 297,472 | $ 15,730 | $ 19,065 | $ 821 | % 346,437
Southlane Road Rebuild

Poles, Towers & Fixtures S 111,828 | $ 3,485

Overhead Conductors & Devices S 159,844

Line Transformers S 24,488
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Projects 2007 2008 2009 2010 2011 Year 2013 Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Contributions S (8,311)

Sub-total -1$ 287,849 | $ 3,485 [ $ -1$ -1$ -
Sparks Street Rebuild

Poles, Towers & Fixtures S 74,255 | S 1,834

Overhead Conductors & Devices S 99,634

Underground Conduit, Conductors & Devices S 95,792 | $ 1,015

Line Transformers S 145,344 | S 2,456

Sub-total -1$ 415025 | $ 5305 | $ -1$ -1$ -
Falconbridge Voltage Conversion

Poles, Towers & Fixtures S 11,360 | S 12,082

Overhead Conductors & Devices S 36,066 | S 99,169

Underground Conduit, Conductors & Devices S 1,497 | S 35,108 S 214

Line Transformers S 60,832

Sub-total BB 48923 |$ 207,191 $ BB 214 | $ -
Annie St. 4kV to 12kV Conversion

Poles, Towers & Fixtures S 2,395 | $ 121,314 | $ 65,635

Overhead Conductors & Devices S 359,105 | S 40,889

Underground Conduit, Conductors & Devices S 208,805 | S 21,402

Line Transformers S 396,007 | S 62,896

Services (Overhead & Underground) S 7,850

Sub-Total -1 $ 2395 |3% 1,093,081 | 3% 190,822 [ $ -1 8 -
CIS - Harris Billing System

Computer Software S 476,702 | S 11,042

Sub-Total HE -[$ 476,702 (3 11,042 | $ -1's -
Kingsway Rebuild

Poles, Towers & Fixtures S 100,585

Overhead Conductors & Devices S 44,544

Sub-total -1$ -1$ 145,129 | $ -1$ -1$ -
Shaughnessy Rebuild

Poles, Towers & Fixtures S 7,393

Overhead Conductors & Devices S 10,005 | S 4,882

Underground Conduit, Conductors & Devices 1,407 | S 4,217 | S 146,326

Line Transformers S 57,667

Services (Overhead & Underground) S 16,381

Sub-total 1,407 [ $ 4217 |$ 237,772 [ $ 4,882 [ $ -1's -
Automated Vehicle Locator $ -

Computer Software S 153,987 | $ 7,888

Computer Hardware S 9,001

Sub-total HE -1's -[$ 153,987 % 16,889 | $ -
Kennedy Street Rebuild

Poles, Towers & Fixtures S 55,619

Overhead Conductors & Devices S 5,634

Underground Conduit, Conductors & Devices S 59,285 | S 7,937

Line Transformers S 8,708 | $ 794

Services (Overhead & Underground) S 21,225

Sub-total HE -1's -[$ 150,471 (% 8,731 | $ -
Beech Street Rebuild

Poles, Towers & Fixtures S 10,221

Overhead Conductors & Devices S 19,647

Underground Conduit, Conductors & Devices S 85,868

Line Transformers S 15,444

Sub-total -1$ -1$ -1$ 131,180 | $ -1$ -
Highway 69 South Rebuild

Poles, Towers & Fixtures S 290,793

Overhead Conductors & Devices S 255,580

Line Transformers S 5,173

Sub-total -1$ -1$ -1 % 551,546 | $ -1$ -
Kingsway Area

Poles, Towers & Fixtures S 220,040 | S 1,524

Overhead Conductors & Devices S 179,849 | S 15,459

Underground Conduit, Conductors & Devices S 631

Line Transformers S 61,374

Services (Overhead & Underground) S 211,902

Sub-Total -1 $ -1 8 -1 $ 673,796 | $ 16,983 [ $ -
Lorne Street Rebuild

Poles, Towers & Fixtures S 246,787 | S 100,119

Overhead Conductors & Devices S 64,836 | S 178,086

Overhead Conductors & Devices S 43,529

Line Transformers S 71,759

Services (Overhead & Underground) S 12,067 | S 105,359

Sub-Total -1 % -1 % -1 $ 323,690 | $ 498,852 | $ -
Madison Avenue Rebuild

Poles, Towers & Fixtures S 142,224

Overhead Conductors & Devices S 37,683

Underground Conduit, Conductors & Devices S 14,527

Line Transformers S 51,781

Services (Overhead & Underground) S 63,350

Meters S 646

Sub-Total -1 $ -1 8 -1 % 310,211 | $ -1 8 -
Regent Street Rebuild

Poles, Towers & Fixtures S 136,487 | $ 24,074

Overhead Conductors & Devices S 27,723 | S 1,114

Underground Conduit, Conductors & Devices S 10,480 | S 783

Line Transformers S 89,315 | $ 24,510

Services (Overhead & Underground) S 4,950 | S 103,322

Sub-Total -1 % -1 % -1 $ 268,955 | $ 153,803 | $ -

Hebert/Garland Underground Rebuild
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Projects 2007 2008 2009 2010 2011 Year 2013 Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Poles, Towers & Fixtures S 6,354

Overhead Conductors & Devices S 1,607

Underground Conduit, Conductors & Devices S 121,009

Line Transformers S 14,185

Services (Overhead & Underground) S 55,006

Sub-Total $ -1 $ -1 8 -1 8 -1 % 198,161 [ $ -
Copper Cliff Gardens Rebuild

Poles, Towers & Fixtures S 13,025

Overhead Conductors & Devices S 9,681

Underground Conduit, Conductors & Devices S 480,896

Line Transformers S 25,316

Services (Overhead & Underground) S 43,997

Sub-Total $ -1$ -1$ -1$ -1 % 572,915 | $ -
Westmount Restricted Conductor

Poles, Towers & Fixtures S 309,210

Overhead Conductors & Devices S 67,339

Underground Conduit, Conductors & Devices S 9,625

Line Transformers S 77,349

Services (Overhead & Underground) S 261,555

Sub-Total $ -1$ -1$ -1$ -1$ 725,078 | $ -
Donwood Park - Underground Rebuild

Poles, Towers & Fixtures S 876

Underground Conduit, Conductors & Devices S 291,390 | S 309,699

Line Transformers S 71,107 | S 24,084

Services (Overhead & Underground) S 65,414 | S 175,250

Sub-Total $ -1$ -1$ -1 % 428,787 | $ 509,033 | $ -
Substation Security

Communication Equipment S 7,335 | S 19,821 S 7,757 | S 41,872 | S 60,000
Sub-Total $ 7,335 | $ 19,821 | $ -1$ 7,757 | $ 41872 | $ 60,000
Control Room Electronic Mapping

Computer Hardware S 364,328
Sub-Total $ -1$ -1$ -1$ -1$ -1 % 364,328
44kV Motorized Switches

Overhead Conductors & Devices S 81,943 | S 44,163 | S 32,886 S 805,675
Sub-Total $ -1$ 81,943 | $ 44,163 | $ 32,886 | $ -1 8 805,675
West Nipissing

Poles, Towers & Fixtures S 58,448

Overhead Conductors & Devices S 16,475

Underground Conduit, Conductors & Devices S 144

Line Transformers S 39,439

Services (Overhead & Underground) S 9,315

Sub-total $ -1$ -1$ -1$ -1$ 123,821 [ $ -
Vanier Lane Rebuild

Poles, Towers & Fixtures S 166,102
Overhead Conductors & Devices S 159,969
Underground Conduit, Conductors & Devices S 39,967
Line Transformers S 99,661
Services (Overhead & Underground) S 45,385
Sub-total $ -1$ -1$ -1$ -1$ -1$ 511,084
Hillsdale, Mark, Lakeview Conversion

Poles, Towers & Fixtures S 90,817
Overhead Conductors & Devices S 45,408
Line Transformers S 136,225
Services (Overhead & Underground) S 30,273
Sub-total $ -1$ -1$ -1$ -1$ -1$ 302,723
Prete, Benny Connaught Conversion

Poles, Towers & Fixtures S 53,470
Overhead Conductors & Devices S 26,735
Line Transformers S 80,204
Services (Overhead & Underground) S 17,823
Sub-total $ -1$ -1$ -1$ -1$ -1$ 178,232
Gary/Madison Rebuild

Poles, Towers & Fixtures S 6,693
Underground Conduit, Conductors & Devices S 207,489
Line Transformers S 80,319
Services (Overhead & Underground) S 40,160
Sub-total $ -1$ -1$ -1$ -1$ -1$ 334,661
Eden Point Underground Rebuild

Poles, Towers & Fixtures S 4,088
Underground Conduit, Conductors & Devices S 126,738
Line Transformers S 49,060
Services (Overhead & Underground) S 24,529
Sub-total $ -1$ -1$ -1$ -1$ -1$ 204,415
Sunnyside Road Line Relocation to Road

Poles, Towers & Fixtures S 149,501
Overhead Conductors & Devices S 104,651
Line Transformers S 44,850
Services (Overhead & Underground) S 74,751
Sub-total $ -1$ -1$ -1$ -1$ -1$ 373,753
West Nipissing Conversion

Poles, Towers & Fixtures S 90,818
Overhead Conductors & Devices S 45,408
Line Transformers S 136,225
Services (Overhead & Underground) S 30,272
Sub-total $ -1$ -1$ -1$ -1$ -1$ 302,723
McFarlane Road

Poles, Towers & Fixtures S 246,853 | S 186,246
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Projects 2007 2008 2009 2010 2011 Year 2013 Test Year
Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Overhead Conductors & Devices S 10,026 | S 133,032
Line Transformers S 35,567 | $ 79,819
Services (Overhead & Underground) S 133,032
Sub-total $ - -1$ -1$ -1$ -1 8 292,446 | $ 532,129
Beatty Street Rebuild

Poles, Towers & Fixtures S 95,935
Overhead Conductors & Devices S 65,596
Underground Conduit, Conductors & Devices S 17,711
Line Transformers S 3,280
Services (Overhead & Underground) S 22,466
Sub-total $ - -1$ -1$ -1$ -1$ -1$ 204,988
Renewable Generation Connections

Distribution Station Equipment <50kV S 284,913
Overhead Conductors & Devices

Line Transformers

Services (Overhead & Underground)

Sub-total $ - -1$ -1$ -1$ -1$ -1$ 284,913
Copper Cliff Rebuild

Poles, Towers & Fixtures S 76,873
Overhead Conductors & Devices S 28,648
Line Transformers S 39,869
Services (Overhead & Underground) S 93,345
Sub-total $ - -1$ -1$ -1$ -1$ -1$ 238,735
Outage Management Systems

Computer Software S 225,000
Sub-total $ - -1$ -1$ -1$ -1$ -1$ 225,000
Arthur Substation

Distribution Station Equipment <50kV S 1,821,517
Underground Conduit, Conductors & Devices S 130,232
System Supervisory Equipment S 33,635
Sub-total $ - -1$ -1$ -1$ -1$ -1$ 1,985,384
Digital Relay Modernization

System Supervisory Equipment S 174,165
Sub-total $ - -1$ -1$ -1$ -1$ -1$ 174,165
Miscellaneous

28M6 Montague to Whissell S 1,275

Centennial Load Area Voltage Conversion S 93,977 S 850

Webpage Design 16,700 | S 21,337

Webbwood S 70,003

ERP/Warehouse Automation S 75,000
Barrydowne 44kV Conductor S 114,780

Bell Park Conversion S 50,676 | S 7,907

Building Maintenance S 7,963

Change Porcelain Cutouts S 11,341 | S 92,720 | S 52,402

Southbay S 69,456

Asset Management S 70,000

Levert-New Feeder S 57,640

Falconbridge Hwy, Huntington to Lasalle 8,065

SAP Customer Information System 1,092

Kingsway/Levesque Restircted Conduit

44kV Tie 28M4/9M4 Design

WN-Sentinel Lights $ 2,482

Algonquin (Culver to Regent) Rebuild S 71,294
Pine Street East S 98,182
Kelly Lake Road - 4/0 to 556mcm S 33,952
Fault Indicators S 18,287
Partnersoft/Fieldstaker Platform S 66,000
BPISI Project S 75,000
Ministry of Transportation Road Work $ 15,678

Sub-Total $ 18,160 25,857 | $ 301,372 | $ 139,436 | $ 228,267 | $ 53,252 | $ 437,715
Construction Work in Progress $ 17,498 822,832 [ S 8,221 | S 228,308 | S 430,859 | S 450,894 | S 128,138
Capital Inventory Work in Progress $ 1,022,658 | 105,162

| Total $ 4,849,750 6,061,819 | $ 7,746,424 |$ 8,002,089 [ $ 6,762,310 | $ 7,421,103 | $ 12,820,743
Per Capital Asset Continuities 4,849,750 6,061,819 7,746,424 8,002,089 6,762,310 7,421,103 12,820,743
Difference - - - - - - -
Notes:

1 Please provide a breakdown of the major components of each capital project. Please ensure that all projects below the materiality threshold are included in the

miscellaneous line. Add more projects as required.
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Appendix

2-1

Summary of Recoverable OM&A Expenses - Supplementary IRs

Last Rebasing 2012 Bridge
tam Rebasing Year (2009 | 2010 Actuals | 2011 Actuals Year 2013 Test
‘ear (2009 BA) Year
Actuals) UPDATED
[Reporting Basis CGAAP CGAAP CGAAP CGAAP CGAAP CGAAP
Operations 3 3,571,216 | $ 3,652,054 [ $ 30432872 [$ 3,763302|$ 4855870 |$ 6,914,732
|Maintenance $ 1,745,008 [ § 1,502,331 | 1,681,643 | § 1,497,531 |$  2,228476 [$ 2,163,820
SubTotal S 5,316,314 | $ 5154386 | $ 5114515 [$ 5260834 |$ 7,084,347 [$ 9,078,552
%Change (year over year) B Ty n (0.8)% 29% 34.7% 28.1%
%Change (Test Year vs 76.1 %
Last Rebasing Year - Actual) }
Billing and Collecting S 2,515,358 | § 2194104 [$ 1937276 [$ 2,321,708 [$ 1,970634|$ 3,146,864
Community Relations $ 206,736 | $ 142,484 | § 343169 [§ 439836 [$ -Is 78,108
Administrative and General $ 3,631,137 [ § 3,943,844 § 512,111 |$ 4956864 [$ 3,994,099 |$ 3,261,093
SubTotal S 6,353,231 | $ 6,280,433 | $ 2,792,556 | $  7,718407 |$ 5964,733 [ $ 6,486,066
9%Change (year over year) b e e T e (55.5)% 176.4 % (22.7)% 8.7 %
%Change (Test Year vs 33%
Last Rebasing Year - Actual)
Total $ 11,669,545 | $ 11434818 $ 7,907,071 [$ 12,979,241 [ $ 13,049,080 [ $ 15,564,617
%Change (year over year) o e e e s | (30.9)% | 64.1% | 0.5 % 19.3 %
Last Rebasing

t::: Eeof)agsg"g v::; u(;os(;g 2010 Actuals | 2011 Actuals V:Z:Sggﬁ?éo 2013 Test Year
Operations 3 3,571,216 [ $ 3,652,054 |$ 3432872 S 3.763302|$ 4855870 % 6,914,732
Maintenance 3 1,745,098 | § 1,502,331 |6 1681643 [§ 1497,531[$ 22284765 2,163,820
Billing and Collecting S 2,515,358 | § 2194104 [$ 1937276 [$ 2,321,708 |§ 1.970,634 [$ 3,146,864
Community Relations $ 206,736 | § 142,484 | $ 343,169 | $ 439,836 | $ -8 78,108
Administrative and General $ 3,631,137 | $ 3,943844 [ § 512,111 |$ 4,956,864 |$ 3,994099|$ 3,261,093
Total S 11669,545 |$ 11434818 [$ 7,007,071 [$ 12,979,241 $ 13,049,080 | $ 15564,617
9%Change (year over year) e e e e (30.9)% 64.1% 0.5 % 19.3 %

File Number:
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Tab:
Schedule:
Attachment:

Date:

EB-2012-0126

18 March, 2013

Last Rebasing Last Rebasing

Variance 2009

Variance 2010

Variance 2011

2012 Bridge

Variance 2012

Variance

Year (2009 BA - 2009 2010 Actuals Actuals vs 2011 Actuals Actuals vs. Bridge vs. 2011|2013 Test Year | 2013 Test vs.
Year (2009 BA) Aclu(als) Actuals 2009 Actuals 2010 Actuals Year UPDATED icluals 2012 Bridge

Operations $ 3,571,216 | $ 3,652,054 | $ (80,838) | $ 3432872 |% (219,182)[$ 3,763,302 [ § 330430 |$ 4855870 | $ 1,092,568 [ $ 6,914,732 [ § 2,058,862
Maintenance $ 1,745,098 | $ 1,502,331 | $ 242,767 |$ 1681643 |$ 179,312 [$ 1497531 ($ (184,112) | $ 2,228,476 | $ 730,945 [$§ 2,163,820 [ § (64,657)
Billing and Collecting $ 2,515,358 | § 2,194,104 | $ 321,254 |$ 1937276 | $ (256,828)| $ 2,321,708 | $ 384,432 |$§ 1970634 | $ (351,074) | $ 3,146,864 | $ 1,176,231
Community Relations $ 206,736 | $ 142,484 | § 64,252 | $ 343,169 | $ 200,685 | $ 439,836 | $ 96,667 | $ -8 (439,836) | $ 78,108 | $ 78,108
Administrative and General $ 3,631,137 | § 3,943,844 | $ (312,707) [ $ 512111|9% (3.431,733)|$ 4,956,864 | $ 4,444,753 | $ 3,994,099 | § (962,765) | $ 3,261,093 | $  (733,006)
Total OM&A Expenses $ 11,669,545 | § 11,434,818 | § 234,727 |$ 7,907,071 |8 (3.527,747)|$ 12,979.241 |9 5,072,170 | $ 13,049,080 | § 69,838 | $ 15,564,617 | $ 2,515,538
Variance from previous year $  (3,527,747) $ 5,072,170 $ 69,838 $ 2,515,538
Percent change (year over year) (30.9)% 64.1 % 0.5% 193 %
Percent Change:
Test vear vs. Most Current Actual 199%
Simple average of % variance for all 36.1% 133 %
years
Compound Annual Growth Rate for 2,004.7 %
all years
|C0mpound Growth Rate 13.5%
(2011 Actuals vs. 2009 Actuals) :

Note:

1 "BA" = Board-Approved

2 Ifit has been more than three years since the applicant last filed a cost of service application, additional years of historical actuals should be incorporated into the table, as necessary, to go back to the last cost of
service application. If the applicant last filed a cost of service application less than three years ago, a minimum of three years of actual information is required.
3 Recoverable OM&A that is included on these tables should be identical to the recoverable OM&A that is shown for the corresponding periods on Appendix 2-H.
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Bill Impacts
Customer Class: Residential
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (€3] (€3] $ $ Change | % Change
Monthly Service Charge Monthly $ 16.1400 11$ 16.14 $ 16.8500 1% 16.85 $ 0.71 4.40%
Smart Meter Rate Adder Monthly $ - 19 - $ - 118 - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kWh $ 0.0124 500| $ 6.20 $ 0.0129 500( $ 6.45 $ 0.25 4.03%
Smart Meter Disposition Rider ~ Monthly $ - 19 - $  0.2900 1% 0.29 $ 0.29
Rate Rider for Loss Revenue Adit kW $  0.0002 500| $ 0.10 $ - 500( $ - -$ 0.10 | -100.00%
Rate Rider for Tax Change kW -$ 0.0005 500(-$ 0.25 $ - 500( $ - $ 0.25 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ 0.4100 11 $ 0.41 $ 0.41
Sub-Total A $ 22.19 $ 24.00 $ 1.81 8.16%
Rate Rider for kW -$  0.0002
Deferral/Variance Account 500(-$ 0.10 -$  0.0014 500(-$ 0.70 -$ 0.60 600.00%
Disposition
Low Voltage Service Charge kWh $ 0.0002 500| $ 0.10 $ 0.0002 500( $ 0.10 $ - 0.00%
Smart Meter Entity Charge ] T, e e T 500] $ - $ -
Sub-Total B - Distribution ©
(includes Sub-Total A) $ 22.19 $ 23.40 $ 1281 5.45%
RTSR - Network kWh 0.0059 526| $ 3.1 0.0059 527| $ 3.1 $ 0.00 0.12%
RTSR - Line and . KWh 0.0037 5263 1.95 0.0036 527|$ 190 | |§  005|  -259%
Transformation Connection
Sub-Total C - Delivery n
(includina Sub-Total B) $ 27.24 $ 28.41 $ 1.16 4.27%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 526| $ 274 $ 0.0052 527 $ 274 $ 0.00 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 526| $ 0.58 $ 0.0011 527| $ 0.58 $ 0.00 0.12%
Standard Supply Service Charge $ 0.2500 118 0.25 $  0.2500 118 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 500| $ 3.50 $ 0.0070 500| $ 3.50 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 600| $ 39.00 $ 0.0650 600( $ 39.00 $ - 0.00%
Energy - RPP - Tier 2 kWh $ 0.0750 242 $ 18.16 $ 0.0750 243| $ 18.24 $ 0.08 0.42%
TOU - Off Peak kWh $ 0.0650 539| $ 35.03 $ 0.0650 540( $ 35.08 $ 0.04 0.12%
TOU - Mid Peak kWh $ 0.1000 152 $ 15.16 $ 0.1000 152 $ 15.18 $ 0.02 0.12%
TOU - On Peak kWh $ 0.1170 152| § 17.74 $ 0.1170 152| $ 17.76 $ 0.02 0.12%
Total Bill on RPP (before Taxes) $ 91.47 $ 92.71 $ 1.24 1.36%
13% $ 11.89 13% $ 12.05 $ 0.16 1.36%
Total Bill (including HST) $ 103.36 $  104.77 $ 1.41 1.36%
Ontario Clean Energy Benefit 1 -$ 10.34 -$ 10.48 -$ 0.14 1.35%
Total Bill on RPP (including OCEB $ 93.02 $ 94.29 $ .27 1.36%
Total Bill on TOU (before Taxes) $ 102.24 $ 103.49 $ 1.25 1.22%
13% $ 13.29 13% $ 13.45 $ 0.16 1.22%
Total Bill (including HST) $ 11553 $  116.94 $ 1.41 1.22%
Ontario Clean Energy Benefit 1 -$ 11.55 -$ 11.69 -$ 0.14 1.21%
$ $ $

Total Bill on TOU iincludini OCEBi 103.98 105.25 .27 1.22%

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000
GS>50kW (kW) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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Bill Impacts
Customer Class: Residential
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (%) ($) ($) $ Change % Change
Monthly Service Charge Monthly $ 16.1400 11$ 16.14 $ 16.8500 1% 16.85 $ 0.71 4.40%
Smart Meter Rate Adder Monthly $ - 19 - $ - 118 - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kWh $ 0.0124 800| $ 9.92 $ 0.0129 800( $ 10.32 $ 0.40 4.03%
Smart Meter Disposition Rider ~ Monthly $ - 19 - $  0.2900 1% 0.29 $ 0.29
Rate Rider for Loss Revenue Adit kW $  0.0002 800| $ 0.16 $ - 800( $ - -$ 0.16 | -100.00%
Rate Rider for Tax Change kW -$ 0.0005 800|-$ 0.40 $ - 800| $ - $ 0.40 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ 0.4100 11 $ 0.41 $ 0.41
Sub-Total A $ 25.82 $ 27.87 $ 2.05 7.94%
Rate Rider for kW -$  0.0002
Deferral/Variance Account 800|-$ 0.16 -$  0.0014 800|-$ 1.12 -$ 0.96 600.00%
Disposition
Low Voltage Service Charge kWh $ 0.0002 800| $ 0.16 $ 0.0002 800( $ 0.16 $ - 0.00%
Smart Meter Entity Charge ] T, e e T 800 $ - $ -
Sub-Total B - Distribution o
(includes Sub-Total A) $ 25.82 $ 26.91 $ 1.09 4.22%
RTSR - Network kWh 0.0059 842| § 4.97 0.0059 843| § 4.97 $ 0.01 0.12%
RTSR - Line and . KWh 0.0037 842ls 312 0.0036 843|s  3.04| |  008| -259%
Transformation Connection
Sub-Total C - Delivery @
(includina Sub-Total B) $ 33.90 $ 34.92 $ 1.02 3.00%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 842| § 4.38 $ 0.0052 843| $ 4.38 $ 0.01 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 842| § 0.93 $ 0.0011 843| § 0.93 $ 0.00 0.12%
Standard Supply Service Charge $ 0.2500 118 0.25 $  0.2500 118 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 800| $ 5.60 $ 0.0070 800| $ 5.60 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 600| $ 39.00 $ 0.0650 600( $ 39.00 $ - 0.00%
Energy - RPP - Tier 2 kWh $ 0.0750 242 $ 18.16 $ 0.0750 243| $ 18.24 $ 0.08 0.42%
TOU - Off Peak kWh $ 0.0650 539| $ 35.03 $ 0.0650 540( $ 35.08 $ 0.04 0.12%
TOU - Mid Peak kWh $ 0.1000 152 $ 15.16 $ 0.1000 152 $ 15.18 $ 0.02 0.12%
TOU - On Peak kWh $ 0.1170 152| § 17.74 $ 0.1170 152| $ 17.76 $ 0.02 0.12%
Total Bill on RPP (before Taxes) $ 102.22 $ 103.32 $ 1.10 1.07%
13% $ 13.29 13% $ 13.43 $ 0.14 1.07%
Total Bill (including HST) $ 11551 $ 116.75 $ 1.24 1.07%
Ontario Clean Energy Benefit 1 -$ 11.55 -$ 11.68 -$ 0.13 1.13%
Total Bill on RPP (including OCEB $ 103.96 $ 105.07 $ Al 1.07%
Total Bill on TOU (before Taxes) $ 112,99 $ 114.09 $ 1.10 0.98%
13% $ 14.69 13% $ 14.83 $ 0.14 0.98%
Total Bill (including HST) $ 127.68 $  128.92 $ 1.25 0.98%
Ontario Clean Energy Benefit 1 -$ 12.77 -$ 12.89 -$ 0.12 0.94%
$ $ $

Total Bill on TOU iincludini OCEBi 114.91 116.03 IS 0.98%

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000
GS>50kW (kW) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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Bill Impacts
Customer Class;: General Service <50 kW
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (%) ($) ($) $ Change % Change
Monthly Service Charge Monthly $ 21.5500 11$ 21.55 $ 21.5500 1% 21.55 $ - 0.00%
Smart Meter Rate Adder Monthly $ - 19 - $ - 118 - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kWh $ 0.0186 2000| $ 37.20 $ 0.0197 2000| $ 39.40 $ 2.20 5.91%
Smart Meter Disposition Rider ~ Monthly $ - 19 - $  5.5400 1% 5.54 $ 5.54
Rate Rider for Loss Revenue Adit kW $ 0.0001 2000| $ 0.20 $ - 2000| $ - -$ 0.20 | -100.00%
Rate Rider for Tax Change kW -$ 0.0004 2000|-$ 0.80 $ = 2000| $ - $ 0.80 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ 1.8100 11 $ 1.81 $ 1.81
Sub-Total A $ 58.15 $ 68.30 $ 10.15 17.45%
Rate Rider for kW -$  0.0002
Deferral/Variance Account 20001-$ 0.40 -$  0.0008 2000|-$ 1.60 -$ 1.20 300.00%
Disposition
Low Voltage Service Charge kWh $ 0.0001 2000| $ 0.20 $ 0.0001 2000| $ 0.20 $ - 0.00%
Smart Meter Entity Charge i, ] T T e e e 2000/ § - $ -
Sub-Total B - Distribution o
(includes Sub-Total A) $ 57.95 $ 66.90 $ 8.95 15.44%
RTSR - Network kWh 0.0043 2105| $ 9.05 0.0043 2108| $ 9.06 $ 0.01 0.12%
RTSR - Line and . KWh 0.0027 |  2105|S 568 00026 | 2108|$  548| |  020|  -359%
Transformation Connection
Sub-Total C - Delivery @
(includina Sub-Total B) $ 72.69 $ 81.44 $ 8.76 12.05%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 2105| $ 10.95 $ 0.0052 2108| $ 10.96 $ 0.01 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 2105| $ 2.32 $ 0.0011 2108| $ 2.32 $ 0.00 0.12%
Standard Supply Service Charge $ 0.2500 118 0.25 $  0.2500 18 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 2000| $ 14.00 $ 0.0070 2000| $ 14.00 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 750| $ 48.75 $ 0.0650 750( $ 48.75 $ - 0.00%
Energy - RPP - Tier 2 kWh $ 0.0750 1355($  101.66 $ 0.0750 1358 $  101.85 $ 0.19 0.19%
TOU - Off Peak kWh $ 0.0650 1347( $ 87.58 $ 0.0650 1349 $ 87.69 $ 0.11 0.12%
TOU - Mid Peak kWh $ 0.1000 379| $ 37.90 $ 0.1000 379| $ 37.94 $ 0.05 0.12%
TOU - On Peak kWh $ 0.1170 379| § 44.34 $ 0.1170 379| $ 44.39 $ 0.05 0.12%
Total Bill on RPP (before Taxes) $ 250.61 $ 25957 $ 8.96 3.58%
13% $ 32.58 13% $ 33.74 $ 1.17 3.58%
Total Bill (including HST) $ 283.19 $ 293.31 $ 10.13 3.58%
Ontario Clean Energy Benefit 1 -$ 28.32 -$ 29.33 -$ 1.01 3.57%
Total Bill on RPP (including OCEB $  254.87 $  263.98 $ 9.12 3.58%
Total Bill on TOU (before Taxes) $ 270.02 $  279.00 $ 8.98 3.32%
13% $ 35.10 13% $ 36.27 $ 1.17 3.32%
Total Bill (including HST) $ 305.13 $ 31527 $ 10.15 3.32%
Ontario Clean Energy Benefit 1 -$ 30.51 -$ 31.53 -$ 1.02 3.34%
Total Bill on TOU (including OCEB $ $ 28374 $ 9.13 3.32%

N
~
i ¢
o
N

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000
GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kW) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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Bill Impacts
Customer Class;: General Service <50 kW
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (%) ($) ($) $ Change % Change
Monthly Service Charge Monthly $ 21.5500 11$ 21.55 $ 21.5500 1% 21.55 $ - 0.00%
Smart Meter Rate Adder Monthly $ - 19 - $ - 118 - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kWh $ 0.0186 5000| $ 93.00 $ 0.0197 5000| $ 98.50 $ 5.50 5.91%
Smart Meter Disposition Rider ~ Monthly $ - 19 - $  5.5400 1% 5.54 $ 5.54
Rate Rider for Loss Revenue Adit kW $ 0.0001 5000| $ 0.50 $ - 5000| $ - -$ 0.50 | -100.00%
Rate Rider for Tax Change kW -$ 0.0004 50001-$ 2.00 $ = 5000( $ - $ 2.00 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ 1.8100 11 $ 1.81 $ 1.81
Sub-Total A $ 113.05 $ 12740 $ 14.35 12.69%
Rate Rider for kW -$  0.0002
Deferral/Variance Account 50001-$ 1.00 -$  0.0008 5000(-$ 4.00 -$ 3.00 300.00%
Disposition
Low Voltage Service Charge kWh $ 0.0001 5000| $ 0.50 $ 0.0001 5000| $ 0.50 $ - 0.00%
Smart Meter Entity Charge e e T e T 5000| $ - $ -
Sub-Total B - Distribution @
(includes Sub-Total A) $ 11255 $ 123.90 $ 11.35 10.08%
RTSR - Network kWh $ 0.0043 5264| $ 22.63 $ 0.0043 5270( $ 22.66 $ 0.03 0.12%
RTSR - Line and . KWh $ 00027 | 5264|8 1421| |$ oo0026| s270[$ 1370| |§  o51| -350%
Transformation Connection
Sub-Total C - Delivery n
(includina Sub-Total B) $ 149.39 $ 160.26 $ 10.87 7.27%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 5264| $ 27.37 $ 0.0052 5270| $ 27.40 $ 0.03 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 5264| $ 5.79 $ 0.0011 5270( $ 5.80 $ 0.01 0.12%
Standard Supply Service Charge $ 0.2500 118 0.25 $  0.2500 18 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 5000| $ 35.00 $ 0.0070 5000( $ 35.00 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 750| $ 48.75 $ 0.0650 750( $ 48.75 $ - 0.00%
Energy - RPP - Tier 2 kWh $ 0.0750 1355($  101.66 $ 0.0750 1358 $  101.85 $ 0.19 0.19%
TOU - Off Peak kWh $ 0.0650 1347( $ 87.58 $ 0.0650 1349 $ 87.69 $ 0.11 0.12%
TOU - Mid Peak kWh $ 0.1000 379| $ 37.90 $ 0.1000 379| $ 37.94 $ 0.05 0.12%
TOU - On Peak kWh $ 0.1170 379[ $ 44.34 $ 0.1170 379| $ 44.39 $ 0.05 0.12%
Total Bill on RPP (before Taxes) $ 36821 $ 379.31 $ 11.10 3.01%
13% $ 47.87 13% $ 49.31 $ 1.44 3.01%
Total Bill (including HST) $ 416.08 $ 42862 $ 12.54 3.01%
Ontario Clean Energy Benefit 1 -$ 41.61 -$ 42.86 -$ 1.25 3.00%
Total Bill on RPP (including OCEB $ 37447 $  385.76 $ 11.29 3.02%
Total Bill on TOU (before Taxes) $ 387.63 $ 39874 $ 1111 2.87%
13% $ 50.39 13% $ 51.84 $ 1.44 2.87%
Total Bill (including HST) $  438.02 $ 45057 $ 12.56 2.87%
Ontario Clean Energy Benefit 1 -$ 43.80 -$ 45.06 -$ 1.26 2.88%
Total Bill on TOU iincludini OCEBi $ 394.22 $ 40551 $ 11.30 2.87%
Loss Factor (%) 5.27% 5.40%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced
consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kW) - 60, 100, 500, 1000

Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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Customer Class: General Service > 50 to 4999 kW
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (%) ($) ($) $ Change % Change
Monthly Service Charge Monthly $ 164.4900 1% 164.49 $ 164.4900 11$ 164.49 $ - 0.00%
Smart Meter Rate Adder Monthly $ - 18 - $ - 118 - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kW $ 4.2709 190 $ 811.47 $ 4.4984 190| $ 854.70 $ 43.23 5.33%
Smart Meter Disposition Rider ~ Monthly $ - 19 - $ = 1% - $ -
Rate Rider for Loss Revenue Adit kW $  0.0212 190( $ 4.03 $ - 190| $ - -$ 4.03 | -100.00%
Rate Rider for Tax Change kW -$ 0.0879 190(-$ 16.70 $ = 190( $ - $ 16.70 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ - 11 $ - $ -
Sub-Total A $  963.29 $ 1,019.19 $ 55.90 5.80%
Rate Rider for kW -$  0.0308
Deferral/Variance Account 190(-$ 5.85 -$  0.2922 190(-$ 55.52 -$ 49.67 848.70%
Disposition
Low Voltage Service Charge kW $ 0.0937 190 $ 17.80 $ 0.1023 190| $ 19.44 $ 1.63 9.18%
Smart Meter Entity Charge i, ] T T e e e 68500 $ - $ -
Sub-Total B - Distribution ®
(includes Sub-Total A) $ 975.24 $ 98311 $ 7.87 0.81%
RTSR - Network kW $ 3.2979 190| $ 626.60 $ 3.2788 190| $ 622.97 -$ 3.63 -0.58%
RTSR - Line and . KW $  2.0401 190( s 38762 [$ 1.9738 19| $ 37502 | | 1260|  -3.25%
Transformation Connection
Sub-Total C - Delivery p Vo0
(includina Sub-Total B) $ 1,989.46 $ 1,981.10 $ 8.36 0.42%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 72110| $  374.97 $ 0.0052 72197| $  375.42 $ 0.45 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 72110| $ 79.32 $ 0.0011 72197 $ 79.42 $ 0.10 0.12%
Standard Supply Service Charge Monthly $ 0.2500 118 0.25 $  0.2500 18 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 68500| § 479.50 $ 0.0070 68500 $  479.50 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 750( $ 48.75 $ 0.0650 750( $ 48.75 $ - 0.00%
Energy - RPP - Tier 2 kWh $ 0.0750 71360| $ 5,352.00 $ 0.0750 71447| $ 5,358.53 $ 6.53 0.12%
TOU - Off Peak kWh $ 0.0650 46150| $ 2,999.77 $ 0.0650 46206| $ 3,003.40 $ 3.62 0.12%
TOU - Mid Peak kWh $ 0.1000 12980 $§ 1,297.98 $ 0.1000 12995( $ 1,299.55 $ 1.57 0.12%
TOU - On Peak kWh $ 0.1170 12980| $§ 1,518.64 $ 0.1170 12995| $ 1,520.47 $ 1.83 0.12%
Total Bill on RPP (before Taxes) $ 8,324.25 $ 8,322.97 -$ 1.28 -0.02%
13% $ 1,082.15 13% $ 1,081.99 -$ 0.17 -0.02%
Total Bill (including HST) $ 9,406.40 $ 9,404.96 -$ 1.44 -0.02%
Ontario Clean Energy Benefit 1 -$  940.64 -$  940.50 $ 0.14 -0.01%
Total Bill on RPP (including OCEB $ 8,465.76 $ 8,464.46 -$ 1.30 -0.02%
Total Bill on TOU (before Taxes) $ 8,739.89 $ 8,739.11 -$ 0.79 -0.01%
13% $ 1,136.19 13% $ 1,136.08 -$ 0.10 -0.01%
Total Bill (including HST) $ 9,876.08 $ 9,875.19 -$ 0.89 -0.01%
Ontario Clean Energy Benefit 1 -$  987.61 -$  987.52 $ 0.09 -0.01%
Total Bill on TOU iincludini OCEBi $ 8,888.47 $ 8,887.67 -$ 0.80 -0.01%
Loss Factor (%) 5.27% 5.40%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced
consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000

GS>50kW (kW) - 60, 100, 500, 1000

Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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Bill Impacts
Customer Class: Unmetered Scattered Load
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (%) ($) ($) $ Change % Change
Monthly Service Charge Monthly $ 8.0500 11$ 8.05 $ 7.7000 1% 7.70 -$ 0.35 -4.35%
Smart Meter Rate Adder Monthly $ - 19 - $ - 1% - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kWh $ 0.0123 397| $ 4.88 $ 0.0118 397 $ 4.68 -$ 0.20 -4.07%
Smart Meter Disposition Rider ~ Monthly $ - 19 - $ = 1% - $ -
Rate Rider for Loss Revenue Adit kW $ - 397| $ - $ - 397| $ - $ -
Rate Rider for Tax Change kW -$ 0.0004 397(-$ 0.16 $ - 397( $ - $ 0.16 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ - 11 $ - $ -
Sub-Total A $ 12.77 $ 12.38 -$ 0.39 -3.05%
Rate Rider for kW -$  0.0002
Deferral/Variance Account 397|-% 0.08 -$ 0.0018 397|-$ 0.71 -$ 0.64 800.00%
Disposition
Low Voltage Service Charge kWh $ 0.0001 397| $ 0.04 $ 0.0001 397 $ 0.04 $ - 0.00%
Smart Meter Entity Charge ] T, e e T 397] § - $ -
Sub-Total B - Distribution p y ©
(includes Sub-Total A) $ 12.73 $ Ll 7/l $ 1.02 8.05%
RTSR - Network kWh 0.0043 418( $ 1.80 0.0043 418 $ 1.80 $ 0.00 0.12%
RTSR - Line and . KWh 0.0027 | 418|s 113 00026 | 418 1.09| |8  004| -359%
Transformation Connection
Sub-Total C - Delivery p AR
(includina Sub-Total B) $ 15.66 $ 14.60 $ 1.06 6.79%
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 418( $ 217 $ 0.0052 418( $ 2.18 $ 0.00 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 418( $ 0.46 $ 0.0011 418( $ 0.46 $ 0.00 0.12%
Standard Supply Service Charge Monthly $ 0.2500 118 0.25 $  0.2500 118 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 397| $ 2.78 $ 0.0070 397| $ 278 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 418( $ 27.16 $ 0.0650 418( $ 27.20 $ 0.03 0.12%
Energy - RPP - Tier 2 kWh $ 0.0750 0|$ - $ 0.0750 0| $ - $ -
TOU - Off Peak kWh $ 0.0650 267| $ 17.39 $ 0.0650 268( $ 17.41 $ 0.02 0.12%
TOU - Mid Peak kWh $ 0.1000 75| $ 7.52 $ 0.1000 75| $ 7.53 $ 0.01 0.12%
TOU - On Peak kWh $ 0.1170 75| $ 8.80 $ 0.1170 75 $ 8.81 $ 0.01 0.12%
Total Bill on RPP (before Taxes) $ 48.49 $ 47.46 -$ 1.03 -2.12%
13% $ 6.30 13% $ 6.17 -$ 0.13 -2.12%
Total Bill (including HST) $ 54.79 $ 53.63 -$ 1.16 -2.12%
Ontario Clean Energy Benefit 1 -$ 5.48 -$ 5.36 $ 0.12 -2.19%
Total Bill on RPP (including OCEB $ 49.31 $ 48.27 -$ 1.04 -2.11%
Total Bill on TOU (before Taxes) $ 55.03 $ 54.01 -$ 1.02 -1.85%
13% $ 7.15 13% $ 7.02 -$ 0.13 -1.85%
Total Bill (including HST) $ 62.19 $ 61.03 -$ 1.15 -1.85%
Ontario Clean Energy Benefit 1 -$ 6.22 -$ 6.10 $ 0.12 -1.93%
Total Bill on TOU (including OCEB $ $ 54.93 -$ 1.03 -1.84%

o
) ¢
©
~

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant

to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000
GS>50kW (kW) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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Appendix 2-W
Bill Impacts
Customer Class:  Street Lighting
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (%) ($) ($) $ Change % Change
Monthly Service Charge Monthly $ 3.7200 11$ 3.72 $ 5.2500 1% 5.25 $ 1.53 41.13%
Smart Meter Rate Adder Monthly $ - 19 - $ - 1% - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kW $ 10.8171 0.2($ 2.16 $ 4.3152 02| $ 0.86 -$ 1.30 -60.11%
Smart Meter Disposition Rider ~ Monthly $ - 1$ - $ = 1% - $ -
Rate Rider for Loss Revenue Adit kW $ - 0.2($ - $ - 02| $ - $ -
Rate Rider for Tax Change kW -$ 0.4715 0.2|-$ 0.09 $ - 02| % - $ 0.09 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ - 11 $ - $ -
Sub-Total A $ 5.79 $ 6.11 $ 0.32 5.60%
Rate Rider for kW -$  0.1939
Deferral/Variance Account 0.2(-$ 0.04 -$  3.0138 0.2|-$ 0.60 -$ 0.56 | 1454.31%
Disposition
Low Voltage Service Charge kW $ 0.0475 0.2($ 0.01 $ 0.0519 02| $ 0.01 $ 0.00 9.26%
Smart Meter Entity Charge ] T, e e T 72| $ - $ -
Sub-Total B - Distribution p . @
(includes Sub-Total A) g 576 g o) g o) s
RTSR - Network kW 1.6742 $ 0.33 1.6645 $ 0.33 -$ 0.00 -0.58%
RTSR - Line and . KW 1.0355 ofs o021 1.0018 ofs o020| |§  o001| -325%
Transformation Connection
Sub-Total C - Delivery p _EEED
(includina Sub-Total B) g 6.0 o i < i SRk
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 76| $ 0.39 $ 0.0052 76| $ 0.39 $ 0.00 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 76| $ 0.08 $ 0.0011 76| $ 0.08 $ 0.00 0.12%
Standard Supply Service Charge Monthly $  0.2500 1% 0.25 $  0.2500 118 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 72| % 0.50 $ 0.0070 72| $ 0.50 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 76| $ 4.93 $ 0.0650 76| $ 4.93 $ 0.01 0.12%
Energy - RPP - Tier 2 kWh $ 0.0750 0|$ - $ 0.0750 0| $ - $ -
TOU - Off Peak kWh $ 0.0650 49| $ 3.15 $ 0.0650 49| $ 3.16 $ 0.00 0.12%
TOU - Mid Peak kWh $ 0.1000 14($ 1.36 $ 0.1000 14( $ 1.37 $ 0.00 0.12%
TOU - On Peak kWh $ 0.1170 14| $ 1.60 $ 0.1170 14| $ 1.60 $ 0.00 0.12%
Total Bill on RPP (before Taxes) $ 12.46 $ 12.22 -$ 0.24 -1.94%
13% $ 1.62 13% $ 1.59 -$ 0.03 -1.94%
Total Bill (including HST) $ 14.08 $ 13.81 -$ 0.27 -1.94%
Ontario Clean Energy Benefit 1 -$ 1.41 -$ 1.38 $ 0.03 -2.13%
Total Bill on RPP (including OCEB $ 12.67 $ 12.43 -$ 0.24 -1.92%
Total Bill on TOU (before Taxes) $ 13.65 $ 13.41 -$ 0.24 -1.76%
13% $ 1.77 13% $ 1.74 -$ 0.03 -1.76%
Total Bill (including HST) $ 15.42 $ 15.15 -$ 0.27 -1.76%
Ontario Clean Energy Benefit 1 -$ 1.54 -$ 1.51 $ 0.03 -1.95%
Total Bill on TOU (including OCEB $ $ 13.64 -$ 0.24 -1.74%

-
) -
©
®

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant

to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000
GS>50kW (kW) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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Bill Impacts
Customer Class: Sentinel Lighting
Consumption kWh
Current Board-Approved Proposed Impact
Rate Volume Charge Rate Volume Charge
Charge Unit ($) (€3] (€3] $ $ Change | % Change
Monthly Service Charge Monthly $ 3.7100 11$ 3.71 $  4.2900 1% 4.29 $ 0.58 15.63%
Smart Meter Rate Adder Monthly $ - 19 - $ - 1% - $ -
Rate Rider for Late Payment Pen: Monthly $ - 19 - $ = 1% - $ -
Distribution Volumetric Rate kW $ 11.8706 0.1 $ 1.19 $ 13.7123 01 $ 1.37 $ 0.18 15.51%
Smart Meter Disposition Rider ~ Monthly $ - 11 - $ = 1% - $ -
Rate Rider for Loss Revenue Adit kW $ - 0.1 $ - $ - 01| $ - $ -
Rate Rider for Tax Change kW -$ 0.4104 0.1]-$ 0.04 $ - 0.1 $ - $ 0.04 -100.00%
Stranded Assets Disposition Monthly $ = 118 - $ - 11 $ - $ -
Sub-Total A $ 4.86 $ 5.66 $ 0.81 16.58%
Rate Rider for kW -$  0.1680
Deferral/Variance Account 0.1(-$ 0.02 -$  0.0072 0.1[-$ 0.00 $ 0.02 -95.71%
Disposition
Low Voltage Service Charge kW $ 0.0503 0.1/ $ 0.01 $ 0.0550 01| $ 0.01 $ 0.00 9.34%
Smart Meter Entity Charge ] T, e e T 36| $ - $ -
Sub-Total B - Distribution @
(includes Sub-Total A) $ 4.84 $ 5.67 $ 0.82 16.96%
RTSR - Network kW 1.7724 $ 0.18 1.7621 0| $ 0.18 -$ 0.00 -0.58%
RTSR - Line and . KWh 1.0962 ofs 011 1.0606 ofs o011 |s  o000| -325%
Transformation Connection
Sub-Total C - Delivery n
(includina Sub-Total B) g 513 o e S g2 e
Wholesale Market Service kWh $ 0.0052 o
Charge (WMSC) 38| $ 0.20 $ 0.0052 38($ 0.20 $ 0.00 0.12%
Rural and Remote Rate kWh $ 0.0011 o,
Protection (RRRP) 38| $ 0.04 $ 0.0011 38| $ 0.04 $ 0.00 0.12%
Standard Supply Service Charge Monthly $  0.2500 1% 0.25 $  0.2500 118 0.25 $ - 0.00%
Debt Retirement Charge (DRC) kWh $ 0.0070 36| $ 0.25 $ 0.0070 36($ 0.25 $ - 0.00%
Energy - RPP - Tier 1 kWh $ 0.0650 38| $ 2.46 $ 0.0650 38($ 247 $ 0.00 0.12%
Energy - RPP - Tier 2 kWh $ 0.0750 0|$ - $ 0.0750 0| $ - $ -
TOU - Off Peak kWh $ 0.0650 24| $ 1.58 $ 0.0650 24( $ 1.58 $ 0.00 0.12%
TOU - Mid Peak kWh $ 0.1000 71% 0.68 $ 0.1000 7% 0.68 $ 0.00 0.12%
TOU - On Peak kWh $ 0.1170 7|8 0.80 $ 0.1170 7| % 0.80 $ 0.00 0.12%
Total Bill on RPP (before Taxes) $ 8.34 $ 9.16 $ 0.82 9.84%
13% $ 1.08 13% $ 1.19 $ 0.11 9.84%
Total Bill (including HST) $ 9.42 $ 10.35 $ 0.93 9.84%
Ontario Clean Energy Benefit 1 -$ 0.94 -$ 1.03 -$ 0.09 9.57%
Total Bill on RPP (including OCEB $ 8.48 $ 9.32 $ 0.84 9.87%
Total Bill on TOU (before Taxes) $ 8.93 $ 9.75 $ 0.82 9.20%
13% $ 1.16 13% $ 1.27 $ 0.11 9.20%
Total Bill (including HST) $ 10.09 $ 11.02 $ 0.93 9.20%
Ontario Clean Energy Benefit 1 -$ 1.01 -$ 1.10 -$ 0.09 8.91%
Total Bill on TOU (including OCEB $ 9.08 $ 9.92 $ 0.84 9.23%

Loss Factor (%)

5.27%

1 Applicable to eligible customers only. Refer to the Ontario Clean Energy Benefit Act, 2010.

5.40%

Note that the "Charge $" columns provide breakdowns of the amounts that each bill component contributes to the total monthly bill at the referenced

consumption level at existing and proposed rates.

Applicants must provide bill impacts for residential at 800 kWh and GS<50kW at 2000 kWh. In addition, their filing should cover the range that is relevant
to their service territory, class by class. A general guideline of consumption levels follows:

Residential (kWh) - 100, 250, 500, 800, 1000, 1500, 2000

GS<50kW (kWh) - 1000, 2000, 5000, 10000, 15000
GS>50kW (kW) - 60, 100, 500, 1000
Large User - range appropriate for utility

Lighting Classes and USL - 150 kWh and 1 kW, range appropriate for utility.
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