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BY COURIER & RESS

Ms. Kirsten Walli

Board Secretary

Ontario Energy Board

Suite 2700, 2300 Yonge Street
Toronto, Ontario

M4P 1E4

RE: EB-2017-0255 - Union Gas Limited - 2018 Cap-and-Trade Compliance Plan
Issue 1.10.1 Renewable Natural Gas - Interrogatory Responses

Dear Ms. Walli,

On November 9, 2017 Union filed its 2018 Cap-and-Trade Compliance Plan application with
the Ontario Energy Board (the “OEB” or the “Board”). On January 8, 2018, at the request of
OEB Staff, Union filed an Update to its application to reflect changes to redactions. Union’s
filings are in compliance with the Board’s EB-2015-0363 Regulatory Framework for the
Assessment of Costs of Natural Gas Utilities” Cap-and-Trade Activities (the “Framework™).

In accordance with the Framework, there are three categories of information which may be
included within a natural gas utility’s Compliance Plan: public information, confidential
information, and Strictly Confidential information. Further, certain aspects of Union’s
Compliance Plan were deemed as “Strictly Confidential”, specifically areas of Auction
Confidential and Market Sensitive content. This content is to be reviewed only by Board
Staff and the Board panel assigned to review and decide this Application.

In this context and pursuant to Procedural Order No.1 (dated December 28, 2017), please
find attached Union’s responses to interrogatories on “Non-confidential Information” related
to Issue 1.10.1 on the draft issues list. These responses will be filed on the Board’s RESS and
copies will be sent to the Board.

With respect to its response to OEB Staff interrogatory 3 (Exhibit B.Staff.3 g)) on “Strictly
Confidential Information”, Union has filed these with Board Staff directly. These responses
will not be filed on the Board’s RESS.

In addition, certain interrogatory responses pertaining to Energy Probe interrogatory 2
(Exhibit B.Energy Probe.2 f) Attachment 8, p.6 and Attachment 9, p.11) and Consumers
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Council of Canada interrogatory 2 (Exhibit B.CCC.2), have been provided to the Board in
confidence under separate cover due to their commercial sensitivity.

If you have any questions with respect to this submission please contact me at 519-436-4558.

Yours truly,

[original signed by]

Adam Stiers
Manager, Regulatory Initiatives

Encl.

cc:  C. Smith, Torys
M. Seers, Torys
Valerie Bennett, OEB Case Manager
Ljuba Djurdjevic, OEB Counsel
Lawren Murray, OEB Counsel
EB-2017-0255 Intervenors
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference: Exhibit1/p. 6
Exhibit3/Tab 1/p. 22, #5
Preamble: Union Gas notes that it considered the results of the OEB’s Marginal Abatement

Cost Curve (MACC) in its 2018 Compliance Plan filing.

The MACC found that RNG is significantly more expensive on a cost per tonne basis than
customer abatement programs.

Union Gas also notes that: “Union has completed analyses using the MACC report and the
underlying Conservation Potential Study (“CPS”)... and has determined that within the existing
DSM Framework and considering the cost-effectiveness filter for abatement within the (Cap-
and-Trade) Framework, there is no incremental customer abatement that would be prudent to
pursue at this time”.

Union Gas also states that “while the MACC provides an effective basis for gauging potential
abatement measures and their relative costs, it is not definitive. That is, it should be applied in
conjunction with other factors critical to the decision making surrounding abatement
opportunities, such as:

» Practical realities, such as timing or sequencing dependencies...;

« Market receptivity and adoption factors which may be independent of costs;

* Interactions between programs (cumulative effects), where the potential of each program
could be reduced if another measure were pursued first; and

« Other considerations such as customer input, technology adoption, alignment with other
investment priorities and qualitative benefits.”

Question:
a) Please explain what Union Gas means by the “cost-effectiveness filter for abatement within
the Cap and Trade Framework”.

b) Please provide any analysis, with underlying assumptions, that Union Gas has done with
respect to the cost-effectiveness of RNG versus other abatement options.

c) Please provide all information, including specific references to the MACC and CPS, that
Union Gas used to determine that “there is no incremental customer abatement that would be
prudent to pursue at this time”.

d) Will the OEB’s decision to approve/not approve the Union Gas RNG procurement model
impact other abatement activities that Union Gas is considering? If so, please discuss how.
Please provide all relevant analysis and documentation.
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I.  If Union Gas’ RNG procurement model is not approved, would Union Gas invest in
other abatement activities? Please explain and provide all relevant analysis and
documentation.

e) Does Union Gas agree that the cost-effectiveness of RNG is predicated on provincial
government funding?

i.  If yes, has Union Gas had any discussions with the provincial government in regards
to obtaining similar funding to support other abatement opportunities? Please provide
all relevant supporting documentation.

1. Please explain what types of customer abatement activities Union Gas has
been discussing with the provincial government.

2. Please explain whether, and how, any customer abatement activities being
discussed with the provincial government are different from the customer
abatement opportunities for which Union Gas determined that “there is no
incremental customer abatement that would be prudent to pursue at this
time”.

ii.  If no, please explain. Please include supporting analysis and documentation.

f) Please explain how the factors other than the MACC identified in Exhibit 3, Tab 1, p. 22, #5
influenced Union Gas’ decision to pursue RNG and not any other abatement activities. Please
provide all supporting analysis and documentation.

Response:

a) Cost-effectiveness refers to one of the guiding principles defined in the Cap-and-Trade
Framework. In the context of the Compliance Plan, this is one criteria that applies to
measures that could be employed by the utilities, whether that be the procurement of
compliance instruments or abatement. The Framework also identifies that performance
metrics will be considered when evaluating cost effectiveness and reasonableness; in
particular, the cost per tonne of compliance instruments and its comparison to procuring
emissions units (the cost of carbon).

In the case of RNG procurement, Union also currently considers cost-effectiveness in the
context of gas supply purchases. Since the Marginal Abatement Cost Curve (“MACC”)
identifies that RNG is not currently cost effective relative to the cost of carbon, and is more
expensive than conventional natural gas, Union’s proposal is contingent upon available
provincial funding. This funding keeps customers indifferent between RNG and the
forecasted cost of conventional natural gas supply and its related cost of carbon. As stated in
Union’s response at Exhibit B.CCC.1, the RNG market in Ontario is in its infancy. The
MACC Report also reflects this fact, and cited the lack of up-to-date information upon which
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to base its analysis (using the Canadian Biogas Study that was over four years old at the
time). In general terms, Union would expect that as the RNG market in Ontario develops and
expands, economics could improve over time through improved technology and competitive
forces. As a result, the cost-effectiveness of RNG could improve. Union would expect that as
this occurs, future MACC Reports will reflect RNG more favourably relative to other
abatement alternatives. Since the RNG proposal is reliant upon government funding to
minimize the financial impact on customers cost-effectiveness as a filter for RNG is not
applicable in the same way that it would be for other abatement measures, such as energy
efficiencies. For energy efficiency measures, the cost effectiveness filter refers to the use of
the Long Term Carbon Price Forecast (“LTCPF”), the MACC and the Conservation Potential
Study (“CPS”) to determine which measures are appropriate to fund when compared to the
cost of carbon.

Please refer to part a) above and part f) below.

Please refer to Exhibit 3, Tab 4, Appendix A of Union’s 2018 Compliance Plan application
for a complete review of analysis conducted by Union using the LTCPF, MACC and CPS.

A summary of the analysis Union completed, including how the MACC and the CPS were
utilized is provided below:

Conservation Potential Report (CPS):

The first report, or data set, analyzed to determine if there was additional cost-effective
energy efficiency abatement potential was the CPS. Cost-effectiveness was determined by
comparing the cost of purchasing allowances to the cost of pursuing incremental abatement
opportunity. The CPS provides potential energy savings under three scenarios: constrained
(current levels of DSM funding), semi-constrained (approved 2015-2017 OEB budget, and
gradually increased until doubled by 2020), and unconstrained (unconstrained budget). Union
analyzed the CPS data from a provincial perspective, as the budgets provided within the CPS
were not broken down at the utility level. For purposes of this analysis, Union used the CPS
constrained scenario because it represents the best proxy to Union and EGD’s current DSM
budgets and free ridership impacts. Next, Union identified the incremental m3 and tonnes of
GHG abatement potential available when moving from the current CPS Constrained Scenario
to the CPS Semi-Constrained Scenario; the same from the current CPS Constrained Scenario
to the CPS Unconstrained Scenario; and the associated budget required to achieve the
savings.
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Utilizing the calculated Marginal Cost ($/Tonne) and the minimum, mid-range and maximum
LTCPF, Union analyzed whether or not investing in incremental abatement potential would
be cost-effective over a 15 year period, an average measure life.

Marginal Abatement Cost Curve (MACC) Report:
In addition to the CPS, Union utilized the MACC report released by the OEB to determine if,
from the utility’s perspective, there is any incremental cost-effective m*GHG abatement
above and beyond the targets identified in the 2015-2020 DSM Plan. Since the MACC does
not separate the total customer emission abatement potential from existing DSM activities
underway as per the OEB’s Decision and Order in EB-2015-0029/0049, this analysis focused
on comparing the total abatement identified within each MACC to the abatement opportunity
being targeted within Union’s DSM Plan. This approach allows Union to understand how
much incremental abatement opportunity exists at a macro level, for example in which
market Commercial/Industrial (“CI”) or Residential does potential incremental abatement
exist. To complete this evaluation, the following steps were taken:

1. The abatement potential identified within each MACC was separated into Union and
EGD opportunity. This was completed using the percentage breakdown identified in the
CPS based on savings identified in the constrained scenario in Union's franchise for
2018-2020. Union assumed that 38%, 42% and 66% of the MACC opportunity is in
Union’s franchise for the residential, commercial and industrial sector, respectively.

2. Because the opportunity identified in the MACC is in gross savings, Union discounted
the MACC abatement opportunity by an assumed free-rider rate for each market. MACC
abatement opportunities are adjusted using an assumed free-rider rate for each sector
based on existing offerings as filed in Union's 2015-2020 DSM Plan, EB-2015-0029.
Union assumed a 5% free rider rate for the residential sector based on the Home Reno
Rebate offering, 10% for the commercial sector based on the Prescriptive offering and
54% for the industrial sector based on the Custom offering.

3. Commercial/Industrial Analysis:

a. After steps one and two above were completed for both the commercial
MACCs and the Industrial MACCs, Union combined the CI MACC abatement at
the minimum, mid-range and maximum LTCPF scenarios. This was required to
compare this Cl abatement potential to Union’s DSM 2015-2020 plan, as Union’s
DSM targets are separated by Custom, Prescriptive and Performance Based
Program, and not by CI sectors only.

b. Large volume savings were removed to better align with the MACC abatement
opportunity, which removed all large final emitters.

4.Residential Analysis was based on the same approach above
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d) The advancement of other abatement activities is not dependent upon the OEB decision to
proceed with RNG. Union believes that the pursuit of DSM and other abatement activities is
not mutually exclusive, and is taking steps to advance many forms of abatement in parallel.
Union has both facility and customer abatement initiatives at various stages of development
as described in more detail at Exhibit 3, Tab 4 of Union’s application. Please also refer to
part f) below.

e) Cost effectiveness of RNG procurement in terms of the utility impact on its ratepayers is
subject to government funding. Union cannot comment on how the government determines
its Climate Change Action Plan (*CCAP”) funding priorities. However, Union has observed
that in the CCAP, RNG is estimated at a cost of $5/tonne, lower than any other quantified
measure.’

1) 1. Union has met with provincial ministries in relation to other applicable measures
requiring funding and initiatives that can be effective in reducing GHG emissions.
These include energy efficiencies, CNG and geothermal. As identified in evidence,?
Union is also investigating new technologies, some of which in the future may also rely
on government funding as a means to advance these measures within existing regulatory
frameworks. The new technologies Union is investigating are described in Exhibit 3,
Tab 4. The presentation at Attachment 1 is representative of these types of initiatives
and discussions Union has had with the province.

2. Union has had energy efficiency program discussions with government focused on
Residential, Commercial/Industrial, Indigenous and Market Transformation
opportunities that complement existing DSM programs. Union has engaged in these
discussions in an effort to ensure that CCAP funded energy efficiency programs
maximize GHG reductions, do not duplicate DSM spend, and that they create a
seamless customer experience.

f) This response addresses the interrogatories asked by OEB Staff and intervenors in regards to
how the MACC or other means of evaluation were applied to RNG, particularly relative to
other abatement alternatives (such as energy efficiency programs) or procurement of credits
(e.g. allowances, offsets). RNG was one measure evaluated in the OEB MACC report; other
measures focused on energy efficiency opportunities. The MACC report identifies that RNG
is not currently a cost-effective measure relative to the Long-Term Carbon Price Forecast.® In
addition to the MACC, Union has also considered other factors as part of its assessment of

L CCAP, page 68
2 Exhibit 3, Tab 4, p. 25-60
® The long-term carbon price forecast used was the ICF report issued by the OEB on May 31, 2017.
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RNG including the availability of government funding, customer impacts, market readiness,
technology readiness, and consistency with public policy.

Through ongoing discussions with government, Union and Enbridge have jointly proposed
the RNG program details required to secure provincial funding. The availability of this
funding is the primary impetus behind Union and Enbridge’s ability to introduce RNG into
the natural gas supply stream, and minimize the cost impact to customers. By minimizing the
cost impacts to Union’s customers this funding makes them indifferent between conventional
natural gas and RNG. This approach acknowledges that customers have paid the carbon
price on their natural gas bills, and therefore there should not be also exposed to the high
price of RNG when there is government funding available. The use of government funding to
minimize the financial impact of RNG removes the applicability of quantitative analysis and
the comparison of RNG relative to other measures or the cost of carbon.

Union believes that RNG and other customer abatement programs (e.g. energy efficiency
programs) are not mutually exclusive, but are complementary in reducing GHG emissions.
While RNG aims to “green” the gas supply portfolio by replacing conventional natural gas
with carbon-neutral RNG, energy efficiency programs reduce the amount of energy
consumed (and the emissions produced). Energy efficiency measures often require action
and potentially capital investment on behalf of the customer, whereas RNG requires no
capital investment by the customer and is deployed directly into the natural gas stream,
leveraging existing storage and transmission infrastructure.

Union believes that both RNG and energy efficiency programs are a viable and effective
means of reducing GHG emissions, and it has been working at advancing both initiatives.
Union has a history of successfully designing and delivering robust DSM programs since
1997. Union has and will continue to evaluate new potential programs and technologies that
can be introduced within its DSM portfolio.

The Federal Government’s Clean Fuel Standard initiative has also encouraged Union’s RNG
proposal. RNG satisfies the hybrid approach outlined in the Clean Fuel Standard discussion
paper by providing both renewable content and lower carbon intensity when compared to
conventional natural gas. The Government of Canada’s Clean Fuel Standard: Discussion
Paper was released February 2017 by Environment and Climate Change Canada. The Paper
includes fuels used in industry, homes and buildings as part of its scope. Clean Fuel Standard
Regulations will use a life-cycle approach to set carbon intensity values for liquid, gaseous
and solid fuels with a goal of reducing emissions from fuels used in transportation, industries


https://www.canada.ca/en/environment-climate-change/services/canadianenvironmental-protection-act-registry/clean-fuel-standarddiscussion-paper.html
https://www.canada.ca/en/environment-climate-change/services/canadianenvironmental-protection-act-registry/clean-fuel-standarddiscussion-paper.html
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and buildings. In connection with the discussion paper, The Clean Fuel Standard regulatory
framework was issued in a Government Notice (Vol. 151, No. 51 — December 23, 2017)
identifies that consideration will be given to setting volumetric requirements for renewable
content and may also require GHG performance standards and that the distributors of natural
gas are will be the regulated party required to comply with the specific requirements for the
fuels that they distribute.
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Enbridge in Ontario
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ENBRIDGE

Life Takes Energy

4th largest company in
Canada

Operates the longest
crude oil transportation
system in the North
America

Operates Canada’s largest
energy distribution
companies: Enbridge Gas
& Union Gas: serve
consumer markets in
Ontario, Quebec & New
Brunswick and New York

Canada’s second largest
investor in renewables
(wind, solar, hydroelectric,
geothermal etc.)
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EXNIDI B Staff.1

Attachment 1

Page éof 10
ENBRIDGE

Life Takes Energy

Natural Gas Rural Expansion: $100M expansion
program to add rural communities and economic
development projects; applications due in July.

Line 10: replacement of 35km of Line 10 segment
near Hamilton, approved by NEB in 2017.

East-West Tie Transmission: upcoming
application to the OEB.

3.5 M customers, heating
more than 75% of Ontario
homes, through two utilities

7 projects: wind, solar and
hydroelectric (490 MW).

3 pipelines which move
491,000 barrels per day.

~$14 billion (2016) between
Enbridge Gas Distribution
and Union Gas

Pays more than $127 million
in property and other taxes
each year.

Over 4,500 Ontario-based
permanent and temporary
staff.
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Life Takes Energy

One Company. One Team. One Message.

« With the recent merger of Enbridge Inc. and Spectra Energy, the two leading Ontario natural gas utilities,
Union Gas and Enbridge Gas Distribution, are now part of the same company, Enbridge Inc.

» In order to lower customer energy costs and increase operational efficiency over the long term, Enbridge Gas
Distribution and Union Gas plan to apply to the OEB for approval to integrate the two utilities. This will allow
us to focus on doing what'’s right for our customers.

« The Merger will save money for our 3.5 million Ontario customers while maintaining the safe, reliable delivery
of affordable natural gas.

« We know that energy affordability and the safe, reliable delivery of natural gas are important to our customers.
With this integration, customers will benefit from long-term rate stability, our continued outstanding quality of
service and pursuit of efficiencies.
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Life Takes Energy

Supporting the Transition to the Low Carbon Economy

Decarbonize the Gas Supply
with Renewable Natural
Gas & Hydrogen

Energy Conservation Technology & Energy Optimization

(Environmental Commissioner of
Ontario, 2016)

e IONRMS

SLIDE 5
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ENBRIDGE

Life Takes Energy

Proven Leadership, Expertise & Speed

Conservation remains the lowest cost solution to reducing emissions and saving customers money. Ontario
should use ‘GreenON’ to enhance the utilities’ conservation initiatives.

(Environmental Commissioner of Ontario, 2016)

Moving forward:

Reach of the gas utilities: 3.5M customers (78% of homes); New GIF program reaches all Ontarians

Enbridge’s proposals to partner with GreenON beyond the existing Green Investment Fund Partnership would allow further
cost-effective opportunities to further reduce emissions by leveraging Enbridge’s business model, relationships, expertise and
speed

Enbridge’s conservation teams at Enbridge Gas and Union Gas can ensure alignment with government, participation from
market players and we can be in the market quickly.
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« While Ontario strives towards its ambitious emission
reduction objectives it needs to ensure that our energy
systems are as reliable and affordable as possible for
consumers.

« Ontario’s natural gas distribution and storage network delivers
more than three times the energy on a peak day (equivalent to

~80,000 MW) compared to the electricity system (24,700 MW).

« The most desirable and cost effective electrification utilizes
existing infrastructure and does not create the need for new
capacity resources, while at the same time displacing fuels to
reduce emissions. (eg. electric cars vs home heating)

LS

m Petroleum Products Natural Gas
m Others m Natural Gas Liquids
Primary Electricity

Ontario Energy Delivery by
Infrastructure Type

Peak Natural Gas Demand 80,000
Avg Natural Gas Demand 34,193
Peak Electrcity Demand 24,706

Avg Electrcity Demand 15,959 MW
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Life Takes Energy

Renewable Natural Gas

 Renewable Natural Gas (RNG) is created by upgrading biogas
that can be found on farms, landfills and food processing
facilities to a quality that meets pipeline injection
specifications. RNG can be transported throughout the
natural gas distribution system.

* RNG is non-emitting, and would allow the province to reduce
building emissions significantly, without having to build new
transmission or distribution, at a fraction of the cost of
electrification.

 RNG could provide 8 MT

. . . Traditional Natural Gas 2 cents /| kWh
CO2e emission reductions RNG (Low-Cost) 4 conte | KW
ow-Cos cents
by 2030 _
RNG (High-Cost) 8 cents / kWh
Electricity (Mid-Peak) 13 cents / kWh

Electricity (On-Peak) 19 cents / kWh
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Life Takes Energy

Catching Up on Low-Carbon Vehicles

« While light duty vehicles will be increasingly
powered by electricity, natural gas — including
increasing amounts of renewable content — is
the best solution for lowering emissions with
today’s medium and heavy-duty vehicles.

« Natural gas has roughly 20% fewer GHG
emissions and is up to 40% less expensive
than diesel or gasoline.

« Ontario’s proposed Green Commercial Vehicle Program which will provide rebates for heavy-duty
natural gas vehicles will help this transition.

* The next step is to support the need for natural gas vehicle refueling infrastructure along the 400-
series highways and in urban distribution areas.
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit3/Tab 1/p. 22
Preamble: Union Gas acknowledges that in the MACC report, bottom-up detailed analysis of

RNG costs and supplies was not publicly available, and data in the report was leveraged from
existing studies on RNG where assumptions may not be known or may be outdated. Union Gas
acknowledged that this resulted in the MACC displaying a wide range of potential RNG costs
and available supplies.

Question:

Please provide any additional information Union Gas has acquired or developed related to actual
RNG costs and production levels in Ontario beyond what was used by ICF to generate the
MACC report.

Response:

The response at Exhibit B.Energy Probe.2 f) (Attachment 8, p. 2) includes a presentation made to
the MOECC specific to potential RNG projects in the province. This is not meant to be a
comprehensive list, nor does it provide greater clarity towards the wide range of potential costs
for the MACC. Union has not completed or commissioned any additional analysis or gathered
any additional information beyond what ICF used to generate the MACC report.
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit3/Tab 1/ p. 22, #4
Preamble: Union Gas states that in the MACC Report, “the value of offsets has not been

included in the RNG economics, recognizing that final offset regulations and protocols have not
yet been released.” Union Gas further states that this is important because “offsets can represent
another value stream associated with RNG which could impact its cost, its potential production
level, and the timing of its development.”

Question:

a) Please explain how offsets could represent “another value stream.”

b) Please explain how this value stream could impact the cost, production level, and timing of
RNG development.

i.  Please explain how this impacts Union Gas’ potential procurement of RNG,
including the cost of RNG and the timing of procurement.

c) What is Union Gas’ expected “value of offsets” in $/tonne of CO2e? Please explain and
provide supporting data and analysis.

d) Please explain how Union Gas expects the “value of offsets” to affect Union Gas’ proposed
RNG procurement and funding. Please provide all relevant supporting documentation and
analysis.

e) Please explain how Union Gas expects the value of offset credits could affect the amount
Union Gas would pay to RNG suppliers through its RNG funding model. Please provide all
relevant supporting documentation and analysis.

f) Please explain whether the Ministry of Environment and Climate Change and/or provincial
government has confirmed that offset credits will be available for RNG.

g) Does Union Gas plan to be an offset project developer and/or offset supplier?

I.  If yes, please confirm that the laws and regulations governing cap and trade and
offset credits in Ontario would allow a capped participant such as Union Gas to
undertake this business activity. Please explain whether Union Gas would
undertake this business activity through an affiliate or as a regulated utility.

ii.  If no, please explain how Union Gas could take advantage of the offset value
stream and how this value stream could affect the cost of RNG that Union Gas
would procure.

Response:

a) RNG can be monetized in two value streams:
1 - By using the RNG commaodity to reduce Union’s Cap-and-Trade compliance
obligation, and



b)

d)
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2 - Through the use of offset credits related to the capture of the methane used to produce
the RNG. Offset credits can only be generated from projects that meet the eligibility
requirements of the Offset Regulation and the applicable offset protocol. Offset credits
can be sold to a Cap-and-Trade participant in the compliance carbon market or the
voluntary offsets market.

In the event that RNG production becomes eligible for creation of carbon offsets for use in
Ontario’s Cap-and-Trade program, this value stream may impact the price that producers
charge for RNG. For new RNG projects, the value provided by offset credits could reduce
the amount of provincial funding required to make RNG a cost effective abatement
opportunity. For RNG contracts finalized prior to the creation of the offset credit value
stream, the value provided by offset credits would accrue to the producer and therefore there
will be no impact to Union or ratepayers.

As outlined in Exhibit 3, Tab 3, p. 9, offset credits generally trade at a discount to carbon
allowances, but due to the varying risks and uncertainties outlined, it is difficult to assess or
forecast individual offset prices. For illustrative purposes, a Golden California Carbon Offset
credit for immediate delivery was priced between $13.50 and $13.90 USD/tonne on January
12, 2018, which is an approximate 6-9% discount to carbon allowances trading at the same
time. Prices for offsets can vary significantly depending on the terms of the offset contract,
the type of offset, the jurisdiction of the offset, the location of the offset project for which the
offset credit was created, the invalidation risk associated with the offset, and the relative
value of carbon allowances at the time of the transaction.

See response to part a) above.
See response to part a) above.

Union cannot confirm that offsets credits will be available for RNG; however, the MOECC
has stated its intention to recognize GHG reductions from biogas recovery and use from
different sources (landfill recovery, anaerobic digestion of organic waste, composting and
incineration of organic waste).

The offsets market in Ontario is very much in its infancy. Final Offset Regulations were
published on December 28, 2017, along with the final Landfill Initiative Protocol for landfill
methane destruction. The Protocol recognized upgrading of landfill gas into RNG and
introduction of RNG into the natural gas distribution system as an eligible carbon offset
(landfill gas destruction) activity. Eligibility requirements (landfill size) will limit the



9)
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number of RNG projects that will qualify as offset credit projects, and will also limit the
amount of carbon offsets that individual RNG projects can generate. No other offset credit
protocols have been finalized. While landfill gas is not the only potential source of RNG, it
is not known if other sources of RNG will be eligible to generate offset credits.

The Climate Change Mitigation and Low-carbon Economy Act, 2016 (“Climate Change
Act”) outlines prohibitions on the disclosure of certain information. These prohibitions are
reflected in Section 4 of the OEB’s Cap-and-Trade Framework. This question refers to
information that has been classified as Strictly Confidential. In keeping with the legislation
and with the best interests of ratepayers in mind, such information must remain Strictly
Confidential in order to maintain the ability to effectively execute on Compliance Plans.

Generally speaking, if there is a value stream for offsets related to RNG, this could make
RNG more economically attractive to producers and encourage the development of the
market in Ontario. The development of a robust market with more production could result in
lower costs for RNG that Union would seek to procure.
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference: Exhibit3/Tab 4 /p. 2
Exhibit 3/ Tab 4 /p. 19 and p. 22, “RNG procurement”
Preamble: Union Gas states that its plan for RNG procurement is subject to Ontario

government funding. Union Gas also states that procurement for RNG will begin with an RFP
process which will then be used to negotiate the contract with the province to secure funding.
Once provincial funding is secure, Union Gas would then contract directly with RNG producers
for long-term fixed price contracts. The province would pay Union Gas the provincially funded
portion of the RNG contracted price.

Union Gas also states “earlier in 2017, Union and EGD developed an RNG proposal for the
province that will achieve the market objectives of the province by providing a mechanism to
facilitate RNG procurement funding and cost recovery.” Union Gas indicates it intends to
procure RNG on the basis outlined in this proposal.

Question:

a) Please describe what the provincial government has agreed to do with regards to RNG
funding, including the terms it has agreed to and the length of time the government has
committed to funding Union Gas’ RNG procurement. Please provide all supporting
documentation.

b) Please explain how Union Gas has ensured, or will ensure, that any funding agreement with
the government includes a guarantee of sufficient funding for the length of any RNG supply
contract term. Please provide details and supporting documentation.

c) Please explain what steps Union Gas has taken, or intends to take, to ensure that, in the event
that provincial funding were to be discontinued for RNG, ratepayers will not be left paying
amounts for RNG in excess of the cost of conventional natural gas plus the price of carbon.
Please provide details and supporting documentation.

d) Please explain whether Union Gas has ensured, or will ensure, that agreements with RNG
suppliers include a term that would deem an ending of provincial funding to constitute force
majeure. Please provide details and supporting documentation.

e) Please describe what RNG procurement terms and conditions Union Gas expects to negotiate
in the RFP process.
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Please indicate the status of any ongoing RFP process related to RNG procurement.

Union Gas states that in 2017, Union Gas and EGD *...developed an RNG proposal for the
province...” Please file this RNG proposal with the OEB.

Response:

a)

b)

d)

The Climate Change Act requires that the province use Cap-and-Trade proceeds to support
the reduction of greenhouse gas by investing in green projects. Union’s RNG proposal
supports this government policy as the Climate Change Action Plan (“CCAP”) allocates up
to $100 million of Cap-and-Trade proceeds for the implementation of a renewable content
requirement for natural gas and to provide support to encourage the use of cleaner, renewable
natural gas in industrial, transportation, and buildings sectors. The government has identified
that it plans to invest proceeds from the carbon market to "help consumers with the cost of
shifting to RNG, as it currently costs more than conventional natural gas.”* Union’s RNG
proposal ensures that ratepayers do not pay for the price of carbon; through Cap-and-Trade
included on the gas bill, as well as the premium that RNG requires.

It is Union’s understanding that funding will be made available by the government in 2018.
Union will calculate the proportion of the RNG price that will be subject to funding for the
term of the contract based on the proposed framework. Volumes will be defined for each
RNG contract and Union will only contract and purchase RNG to the extent that funding
provided by the government is adequate to cover the term of the RNG contracts.

It is Union’s understanding that funding will be secured in advance of contracting for RNG.
This approach will ensure that adequate funding, calculated as described in part b) above, is
available for the full term of the RNG supply contracts.

As discussed in parts b) and c¢) above, cessation of provincial funding need not constitute
force majeure as adequate funding will be made available and set aside before Union
contracts for RNG.

The RFP will require compliance with published utility gas quality specifications and
necessary credit approvals. In addition, it is expected the RFP respondents will provide an
RNG price, a carbon reduction estimate, a contract term, expected production volumes, a
supply source description and location, and reliability of supply. The RFP will be subject to

! Ontario’s 2017 Long Term Energy Plan, published October 26, 2017, Chapter 6 Shifting to renewable natural gas,
p. 114.
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receipt of sufficient provincial funding and OEB approval of Union’s RNG procurement
proposal, including the methodology to establish long-term gas supply and carbon prices in
rates.

f) Union is in the process of developing its initial RNG RFP and expects to issue this RFP by
early February. Information on Union’s initial RNG RFP will be communicated to industry
associations and interested parties, and information will be available on the Enbridge Gas
Distribution Inc. (“EGD”) and Union Gas Limited (“Union”) websites. Additionally, a
general information session will be held early in the response period.

g) Please see the response at Exhibit B.Energy Probe.2 f).
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit3/Tab 4/p. 19
Preamble: Union Gas states that biogas producers require longer term contracts to support

capital investments in RNG production, and for this reason Union Gas expects to enter into RNG
procurement contracts with terms of up to 10 years, subject to provincial funding.

Question:

a) Please explain how Union Gas determined that 10 years is an appropriate length of time for
an RNG contract.

b) Please explain whether a 10 year contract for RNG procurement is an industry standard.
Please provide examples of RNG contract lengths from other jurisdictions, including Quebec
(Gaz Metro) and California.

c) Please provide Union Gas’ understanding of the typical useful life of an RNG asset. Please
provide any documentation that Union Gas has that support this number or range.

d) Has Union Gas considered matching the contract duration with the estimated useful life of
the RNG assets? Please explain.

e) Please provide the estimated price per GJ and per tonne of COe if the contract duration was
extended to 15 years and 20 years. Please discuss whether Union Gas expects the price per
GJ would be lower with a longer contract duration.

Response:

a)-d) Union has received consistent feedback in its discussions with potential RNG producers
including landfills, waste water treatment plants, industrial sites, and biogas associations
requesting:

I.  adependable market demand for RNG
Il.  long-term contracts to support investments in RNG production facilities

I1l.  credit-worthy and dependable counterparties to sell RNG to

A 10-year RNG purchase agreement between producers and the utilities addresses this
feedback from producers. Some producers indicated they would prefer a 20-year contract
term to match the asset life of their facilities. By selecting a 10-year contract, Union feels it
is best positioned to:

e Procure RNG at a relatively a low cost ;
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e Align its RNG purchase term with the term of the Long Term Carbon Price Forecast;

e Ensure that re-contracting risk is shared between the producers and the utilities
during the life of the asset; and,

e Encourage the development of a competitive marketplace.

It is important that Union consider competing priorities for RNG suppliers such as they may
wish to use RNG for their own purpose, or other marketing opportunities for their RNG.
Other opportunities may emerge after the initial 10-year contract term for RNG, which could
include CNG for the transportation market under a Clean or Low carbon fuel standard as
currently contemplated by the federal government, replacing higher carbon intensity fuels
like diesel.

There is limited market information available on contract term for RNG purchases from
other jurisdictions. The information Union was able to find is included below:

British Columbia
FortisBC has at least three renewable natural gas (RNG) supply contracts approved by the
British Columbia Utilities Commission (BCUC) with gas supplies. These include:

e aten (10) year contract with Catalyst Power in December 2010 as part of the on-farm
Fraser Valley Biogas Project;

o afifteen (15) year contract in December 2010 with Columbia Shuswap Regional
District (Salmon Arm Landfill Project); and,

o afifteen (15) year contract in October 2012 with the City of Kelowna (Kelowna
Landfill) for a maximum volume of 118,000 GJ per annum.

Québec

OnJuly 7, 2017, Gaz Métro applied to the Régie de I’énergie for approval of renewable
natural gas (RNG) contracts ranging from five (5) to twenty (20) years. The Regie has yet to
issue a decision in this proceeding.

California

In May 2007, the California Public Utilities Commission (CPUC) approved a ten (10) year
contract between Pacific Gas & Electric (PG&E) and Bioenergy Solutions for the
procurement of RNG to meet the state’s Renewable Portfolio Standard (RPS).

In October 2008, the CPUC approved a ten (10) year biogas contract between PG&E and
Microgy. A portion of the gas would come from a facility located in Texas.

In July 2011, the CPUC approved a ten (10) year biogas contract between the Bear Valley
Electric Division of Golden State Water Company and Bioenergy Solutions. Bear Valley
provides electricity services to approximately 20,000 customers. The biogas would be used
to meet the state’s Renewable Portfolio Standard (RPS).
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Washington

In October 2008, Puget Sound Energy (PSE) entered into a twenty year (20) agreement with
Bio Energy Washington to purchase all the pipeline quality gas recovered from the Cedar
Hills Landfill in King County. The deal became effective in May 2009.

Vermont
Lincoln Renewable Natural Gas owns and operates a renewable natural gas facility in
Salisbury, Vermont.

Lincoln RNG has executed a purchase/supply contract with Vermont Gas Systems for an
initial 5-year period. Under that contract, all of the RNG project’s remaining RNG output for
the first three years of the facility’s operation and half of the remaining output for the fourth
and fifth years of operation will be sold to Vermont Gas Systems.

On September 6, 2017, the Vermont Public Utility Commission approved a Renewable
Natural Gas program for Vermont Gas Systems

Union cannot accurately comment on whether or how extending the duration of RNG
contracts could impact the price of RNG. The RNG price will be determined through the
RFP process and as such will be dependent on the responses received from RNG producers
which will include project specific information. Without this project specific information it is
difficult for Union to provide an estimate of the impacts of an extended contract term. Itis
possible that producers could require lower prices for extended contract terms since this
would allow a longer period of time to recover their investments derisking the project to
some extent.
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit 3/ Tab 4/ p. 21, Figure 3
Preamble: Union Gas states that for its procurement model, the forecasted cost of carbon will

be determined by the OEB’s LTCPF applicable at the time of contracting.
The OEB has committed to updating its LTCPF every year.

In its illustration of the Renewable Natural Gas Procurement Funding Model, Union Gas shows
the cost of RNG in $/GJ:

Figure 3

Renewable Natural Gas Procurement Funding Model

Yearl Year 2 Year 3 Year 4 Year5 Year 6 Year 7 Year 9 Year 9 Year 10
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

a) Forecast gas cost (S / GJ) S 391§ 395 $ 391 § 422 S 422 § 429 S 428 S 468 S 503 S 543

b) Forecast Cost of Carbon (S / GJ) $ 08 S$ 09 $ 09 $ 095 $ 100 $ 105 $ 15 S 181 § 216 § 251

(¢} =(d)-{a}-b) Required Provincial Funding ($ / GJ) $ 11.24 $§ 11.15 $§ 11.19 $ 10.83 $ 10.78 $ 1066 S 1016 § 951 S 881 S 806

d) Assumed Cost of RNG (S / GJ) $ 16.00 $ 16.00 $ 16.00 $§ 16.00 $ 16.00 $ 16.00 S 16.00 S 16.00 S 16.00 S 16.00
Question:

a) Please provide the costs in the table in $ per tonne of COze.

b) Please explain why Union Gas used $16/GJ as an illustrative cost of RNG and provide
supporting documentation and analysis that shows how Union Gas developed the $16/GJ as a
likely price for RNG.

c) Did Union Gas consider any other pricing options, such as variable pricing, over the term of
the contract? Please explain.

d) Please explain if, and if so how, the annual updates to the LTCPF could impact ratepayers,
provincial funding, and potential RNG suppliers.

Response:

a) Please see Attachment 1.

b) Union used $16/GJ for illustrative purposes only. The RFP is expected to provide a market
price. No documentation or analysis was conducted to calculate the $16/GJ.
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c) In order to provide the certainty required to enable producers to move forward with RNG
production investments a fixed RNG price over a long term contract is required.

d) The following is intended to provide a complete overview of the proposed RNG pricing
mechanism and commentary related to ratepayer risks and impacts in response to various
related interrogatories received by intervenors.

Union’s proposal involves contracting for RNG supply from producers using fixed price,
long term contracts. Union is proposing to recover the cost of RNG purchased using three
mechanisms:

The first recovery mechanism is in gas costs based on a forecast cost of gas for the
entire term of the RNG contract. This forecast cost is intended to reflect what
ratepayers would have otherwise paid for conventional natural gas. In Union’s
proposal, this impacts system customers who purchase their supply from Union.
The second recovery mechanism is in Cap-and-Trade costs and will be based on the
OEB’s Long Term Carbon Price Forecast for the entire term of the RNG contract.
Because RNG is a carbon neutral alternative and has lower emissions, when Union
purchases RNG, the carbon allowance requirement is reduced. This benefits all
customers that Union purchases carbon allowances for, including Union’s purchases
for operating its own facilities. Union is proposing to recover a portion of the RNG
cost in Cap-and-Trade charges to reflect what customers would have otherwise paid
for carbon allowances. This charge applies to all customers that pay facility or
customer related Cap-and-Trade rates.

The third and balance of recovery is through government funding. Natural gas
customers contribute to Cap-and-Trade program funds through the cost of carbon
included in natural gas rates. Access to the Cap-and-Trade funds to support RNG
ensures that ratepayers are not paying a premium for RNG in addition to already
contributing to Cap-and-Trade in natural gas rates. Government funding provides
access to Cap-and-Trade proceeds specifically allocated for RNG, supporting the
economic and environmental benefits that RNG can provide in optimizing the use of
existing natural gas assets while reducing the province’s carbon footprint.

Union will set the price of carbon and natural gas based on the most recent forecast
available at the time each RNG contract is finalized. The total RNG and associated
forecast gas and carbon price elements will be fixed for the term of the contract, negating
the need for Union to update the forecasts which underpin the contract and the allocation of
costs each year. This approach ensures the producer’s revenue ($/GJ) is predictable and
the government funding provided to Union is adequate to support the entire term of the
RNG contract.

On an actual basis, the price of natural gas and carbon may be different from the forecast
price at the time the RNG contract is negotiated, however, the cost to ratepayers will be at
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the contracted rate (i.e the forecast cost of natural gas and carbon at the time the RNG
contract is finalized and will be fixed for the term of the RNG contract).

Union’s RNG procurement will make up a very small portion of its gas supply and Cap-
and-Trade compliance plans. Therefore, the impact associated with actual prices for gas
and/or carbon being higher or lower than what is forecast is expected to be immaterial.



Renewable Natural Gas Procurement Funding Model

a) Forecast Gas Cost ($ / tonne)
b) Forecast Cost of Carbon ($/ tonne)
(c) = (d)-(2)-(b) Required GreenON Subsidy ($ / tonne)

d) Assumed Cost of RNG ($ / tonne)

Note:

Assumed Heat Conversion Factor M3 to GJ
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Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 9 Year 9 Year 10  Average
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
$77.83 $78.63 $77.83 $84.01 $84.01 $85.40 $85.20 $93.16 $100.13 $108.09  $87.43
$17.00 $18.00 $18.00 $19.00 $20.00 $21.00 $31.00 $36.00 $43.00 $50.00  $27.30
$ 22367 $ 22187 $ 22267 $ 21550 21450 $ 21211 $ 20230 $ 189.34 $ 17537 $ 16041 $203.77
$ 31850 $ 31850 $ 31850 $ 318.50 31850 $ 31850 $ 31850 $ 31850 $ 31850 $ 318,50 $318.50

0.0373
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit 1/p. 6 and p. 10
Preamble: Union Gas has asked for approval of the mechanism to fund the RNG program

and associated cost consequences no later than the end of January 2018.

Question:

a) Please explain the implications if OEB approval of the RNG procurement model is not
granted by January 31, 2018.

b) If OEB approval is given for the RNG funding model, please explain Union Gas’ expected
timelines for:
i.  Negotiations with the province for funding
ii.  Negotiations of agreements with 3" party RNG suppliers
iii.  Actual injection into its pipelines

Response:

a) Without a timely OEB decision, Union faces the risk of losing the opportunity to secure
provincial funding that will reduce the net cost of RNG. This could compromise Union’s
ability to support government policy of pursuing RNG as a carbon reduction activity.
Additionally, potential Ontario RNG projects may choose to enter into long term contracts to
export their RNG into competing markets. This has two effects: i) the RNG is no longer
available for the Ontario market and, ii) the cost of future RNG projects will likely increase
as project developers typically develop the least cost projects first.

b)
I.  Negotiations with the province for funding are expected to conclude no later than March
2018.

ii.  Initial contracts, including various special provisions and conditions, are expected to be
in place with producers by the end of May 2018. These contracts are expected to be
finalized by the end of 2018.

iii.  Union does not expect RNG production will be ready for injection to its system until late
2019 or 2020.
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit 3/ Tab 4/ pp. 22-23
Preamble: Union Gas states that since its ability to procure RNG is dependent on funding,

Union Gas has not included any RNG in its gas supply portfolio for 2018 and has not reflected
any related GHG emissions reductions in the 2018 Compliance Plan. Union Gas also states that
if it is successful in acquiring RNG supply in 2018, the quantity is expected to be small in
relation to Union Gas’ 2018 compliance obligation.

Question:

Please explain, and provide supporting documentation, including assumptions and analysis, of
the estimated annual amount of RNG (in m®) and associated GHG reductions (in tonnes of
CO,e) that Union Gas expects to procure going forward.

Response:

The amount of RNG to be procured will depend on the amount of government funding received
and the price charged by RNG producers. Union expects that up to $100 million will be granted
by the province for the purposes of Union and EGD’s RNG procurement programs. Assuming
that half of this is available to Union and that the average RNG price and forecast prices for gas
and carbon are equivalent to Union’s illustrative example in evidence,® Union expects it will be
able to contract approximately 4.9 PJ of RNG in 2018, to be delivered over the following 10
years. Using an assumed conversion factor of 0.0373 m* per GJ, this would amount to
approximately 131 million m* or 245,000 tonnes of COe.

L Exhibit 3, Tab 4, p. 21, Figure 3
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit3/Tab 4/p. 18
Preamble: Union Gas states that “by investing in and supporting RNG, Ontario stands to

benefit from the diversification of Union’s gas supply portfolio and subsequently the
development of a provincial RNG industry. This action satisfies both the interest expressed by
the MOE in the development of RNG in Ontario and its inclusion in the Utilities’ gas supply
portfolios and will support the transition to the low-carbon economy.”

Question:

a) Please explain what Union Gas believes its role is in advancing the adoption of RNG to
support the government’s GHG emission targets and the transition to a low-carbon
economy.

b) Please explain whether Union Gas expects to develop a new business that would involve
supplying, producing, and/or developing RNG in the future.
I.  If so, please explain what type of new business Union Gas expects to undertake, and
within what timeframe.
Please explain whether this would be handled by an affiliate or whether this would be a regulated
activity.

Response:

a) Union supports the transition to the low-carbon economy, and believes the natural gas
utilities have a role to play in contributing to the achievement of GHG emission targets while
balancing energy affordability for its customers. The utilities’ size, proximity to large-scale
markets, physical assets and established delivery systems can be leveraged to successfully
expedite the adoption of new technologies and energy applications, such as RNG. This is
entirely consistent with the Cap-and-Trade Framework, which clearly states that “the
utilities” Compliance Plans are expected to support the government’s effort to reduce GHG

emissions in Ontario™.}

The role of RNG as one means to support the transition to a low-carbon economy has been
clearly stated by the Ontario government, specifically in the Climate Change Action Plan
(“CCAP”) and the Long Term Energy Plan (“LTEP”). The Minister of Energy in a letter to
the OEB also noted the “economic and environmental benefits that RNG can provide in
optimizing the use of existing assets while reducing the province’s carbon footprint” that the

! OEB’s Regulatory Framework for the Assessment of Costs of Natural Gas Utilities” Cap-and-Trade Activities, EB-
2015-0363.
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integration of RNG into the gas supply portfolios can bring.> These economic and
environmental benefits include the reduction of GHG emissions through the displacement of
conventional natural gas and the capture and prevention of methane releases into the
atmosphere. In addition, RNG production uses waste sources in the province, and as such is
noted as one of the considerations in the government’s Strategy for a Waste-Free Ontario:
Building the Circular Economy.

Through the implementation of technology innovations and DSM programs, natural gas
heating equipment is reaching very high efficiency levels. Therefore, the decarbonisation of
natural gas as a fuel source, through measures like RNG, is a complementary and logical
accompaniment to continued conservation and energy efficiency efforts.

Union has a long history or working with producers of natural gas to either purchase their
local production or provide a regulated service (M13) to transport the producer’s gas to
Dawn for resale to third parties. Ontario’s Cap-and-Trade program has created a renewed
interest in RNG as an alternative, local production supply source that can also help lower the
GHG emissions intensity of the natural gas Union distributes to its customers.

To this end, Union has been actively working to understand the scale and scope of the
potential role of RNG in Ontario. For example Union actively participated in the working
group that developed the Marginal Abatement Cost Curve (“MACC”). Union has
participated and worked with the Canadian BioGas Association to become more informed
about the processes, technologies and potential sources of RNG. Union has also had
discussions with potential producers within its franchise area to gauge the interest in
producing RNG. These discussions have focused on RNG production potential and
understanding when a facility could be in service and producing RNG.

Proponents of several potential RNG projects have approached Union to discuss the process
of connecting to the natural gas grid under a Rate M13 service. The Rate M13 service has
been used by local Ontario producers of conventional natural gas and is applicable for
connecting an RNG producer to Union’s transmission and distribution system.

Union may review its M13 service and its other services to support the market development
of RNG in Ontario. Union may also review and evaluate new, developing and commercial
technologies to produce RNG. Most RNG project developers that Union has met with have
expressed frustration with the economic risks associated with RNG production due to the
lack of a reliable market for RNG in Ontario. Projects often need capital investment coupled
with a long term off-take agreement with a credit worthy counterparty in order to support a
business case and to secure financing at reasonable rates.

Several biogas producers have also approached Union about potentially investing in biogas
clean-up facilities. In these interactions they have cited their lack of access to sufficient

Z See response at Exhibit B.Energy Probe.2 f) Attachment 2, p.2.
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capital or experience cleaning and conditioning gas. Union sees investment opportunities in
these potential projects as unregulated activities in a competitive marketplace.

For instance, StormFisher Environmental approached Union about an investment for a
demonstration project which led Storm Fisher and Union to apply to the Ontario Centers of
Excellence grant programme to demonstrate a GHG reduction project by converting food
waste into RNG. The demonstration project will enable Union to further develop market
understanding about RNG production facilities.

The StormFisher Environmental facility in London, Ontario currently accepts and digests
approximately 80,000 tonnes of organics annually to produce biogas which they use to
generate 2.85 MW of electricity. Excess biogas produced beyond the required amount to
produce electricity is currently flared.

The proposed project at the StormFisher site would have an unregulated affiliate of Union,
invest capital to construct and own a biogas upgrading unit that uses the excess biogas to
produce pipeline quality RNG for injection into the Union transmission and distribution
system under a Union Rate M13 service. StormFisher will continue to produce renewable
electricity and the excess biogas would be used for the demonstration. The potential project
will be in service prior to January 1, 2020.

Potential affiliate projects that bid into Union’s procurement program will follow the
competitive process applicable to any RNG producer and if successful would be subject to
operating within the standards set out within the OEB’s Affiliate Relationship Code. No
decisions have been made with respect to potential affiliate projects in Union’s franchise
area that may bid into the program.
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UNION GAS LIMITED
Answer to Interrogatory from
Board Staff
Reference:  Exhibit3/Tab4/p. 24
Preamble: Union Gas indicates that it has been in discussions with landfills, waste water

treatment plants, industrial sites, biogas associations seeking to understand the cost of
production, the size, the proximity to pipelines required for project viability, and the commercial
barriers to market development. Union Gas states: “Through these discussions, Union recognized
that the economic potential of RNG can be different than the achievable potential outlined in the
2011 Alberta Innovates study which was used in the development of the MACC.”

Question:

a) Please explain what Union Gas means when it states that the “economic potential” of RNG
can be different than the achievable potential outlined in the 2011 Alberta Innovates study.
i.  Please provide the analysis and all supporting documentation that indicates the
economic potential of RNG could be different from the 2011 Alberta Innovates study.

b) Please explain whether, and if so how, a different “economic potential” from that outlined in
the 2011 Alberta Innovates study could impact:
I.  The market price of RNG
ii.  The price of RNG Union Gas expects to pay in any contract with an RNG supplier
iii.  The RNG funding that will be supplied by the provincial government
iv.  The ratepayers

Response:

a) Economic Potential refers to the concept that projects that can recover an appropriate risk
adjusted return for the capital invested will be pursued and developed. The return is a
function of the cost of capital, the volume produced and the cost of financing as compared to
alternative projects. Achievable potential outlined in the Alberta Innovates Study of 2011 did
not exclude projects or volumes on the basis of the relative cost to produce RNG. Economic
Potential is highly dependent upon the circumstances of each potential project and its
relativity to others in the marketplace. Major determinants of project economics include but
are not limited to:

1. Production volume per year (economies of scale are a factor)
a. Uptime of the facility
b. Feedstock proximity, availability and quantity
c. Life or duration of feedstock supply (closed landfills will have a declining gas
production curve over time for example, where an industrial anaerobic
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digester may have to bid into a competitive market to procure or incent
feedstock to the facility, a municipal waste water treatment plant designed to
serve a communities’ water processing needs from an urban centre might have
a very long life)
Biogas quality and consistency and the level of cleaning and conditioning needed to
make pipeline quality RNG. As an example, assuming similar annual volumes, it
would cost more to clean and condition biogas from a landfill into 1 GJ of RNG than
it would to clean 1GJ of biogas from a large anaerobic digester because biogas from a
landfill has more variability in gas quality and contains oxygen and nitrogen which
are both difficult and costly to remove from the biogas.
Technology deployed for biogas clean up (advances in technology will impact
competitiveness of older sites in the future)
Rate of return required by project investors on any capital deployed
Life of the equipment used to produce the biogas
Income and costs from feedstock materials
Cost of transporting feedstock materials from their source to the plant
Cost of separating or preparing feedstock for the process
Cost of electrical power to operate the facility and all other Operating and
Maintenance costs

. Impact and duration of any government incentives that may be available to the project

or impact the costs of production from the facility

Proximity and therefore cost to connect the RNG facility to a natural gas pipeline
with sufficient year-round market demand to use the RNG

The extent to which required facilities already exist in the biogas production cycle

No detailed analysis was undertaken recognizing all of the above factors for every
potential project in the province. As a result, this makes it impossible to accurately
predict the Economic Potential without relying on many untested assumptions. The
current proposal will not generate procurement for volumes near the achievable
potential of Ontario.

b) i) and ii) Union expects respondents to the RFP for RNG supply to have factored in the
specifics of their respective situations that will impact economics and price using the
variables outlined in part a).

Ontario’s Climate Change Action Plan states that the province expects to spend
$60-$100M to “provide supports to encourage the use of cleaner, renewable natural
gas in industrial, transportation and buildings sectors”. Union does not have further
insight into how the province will allocate funding to introduce additional renewable
natural gas volumes into the province's natural gas supply.

The proposal is designed to impose no material cost impact to ratepayers beyond
what customers would bear for conventional natural gas in Ontario’s Cap-and-Trade
environment.

! Action number 6.1 of Ontario’s five year Climate Change Action Plan.
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UNION GAS LIMITED

Answer to Interrogatory from
Association of Power Producers of Ontario (“APPrQO”)

Reference: EB-2017-0255 Exhibit 3 Tab 4:

Preamble: Union is seeking approval to develop a renewable natural gas (RNG) program,
whereby Union would enter into long term contracts to acquire RNG. APPrO would like to better
understand the nature of the supplies.

Question:

a) Please describe the nature of the facilities that Union proposes to develop, own and operate to
accommodate acquiring RNG supplies.

b) Please describe the nature of the facilities that the RNG producer would be responsible to
develop, own and operate to accommodate delivering RNG to Union.
[For example, Union may be responsible to extend a pipeline to the RNG production point,
and install metering, odourization and quality control equipment, but the facilities required
to gather, process and compress the RNG would be the responsibility of the producer.]

c) Please indicate if there are any limitations as to the pipeline systems that would be used to
transport RNG.

d) Union relies on firm supplies being delivered into the distribution system to meet its design
day requirements. Please discuss the RNG supplier delivery obligations and if RNG supplies
will be treated as firm supplies to meet such design day loads, or if the natural gas reference
price for RNG should reflect a non-firm supply?

e) Union discusses that RNG will be procured (page 22 of 60) through a RFP process:
i.  Does this suggest that the producers will determine the price of RNG, and if so how
will Union decide which supplies to acquire?
ii.  How will Union address the capital and ongoing operating costs to develop the
distribution system necessary to connect such RNG sources?

Response:

a) Union will own and operate pipelines and injection stations connecting RNG producers to
Union's transmission and distribution system.
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The example given by APPrO is accurate and is consistent with the arrangements Union has
with existing local producers of conventional natural gas contracted under Gas Purchase
Agreements as well as Union’s M13 service.

Each potential RNG production facility location will be reviewed for nearby pipeline flows
during low and high demand periods. There are no provisions to guarantee local market
demands, so seasonal and intra-day gas consumption flow rates will need to be evaluated on
a case-by-case basis.

Given the varying sources of RNG supplies, Union will make an assessment on a project by
project basis to determine whether the RNG supply source can be relied upon for design day
planning purposes. This is similar to how Union factors existing local Ontario production
into its design day planning. The natural gas commodity component of the RNG price is
based upon a forecast of natural gas prices at Dawn.

)] Producers will determine the price they bid in response to Union’s RFP. Please see
the response at Exhibit B.Energy Probe.5 e).
i) Please see the responses at Exhibit B.LPMA.17 c) and Exhibit B.OPL.5.
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UNION GAS LIMITED
Answer to Interrogatory from
Association of Power Producers of Ontario (“APPrO”)
Reference:  EB-2017-0255 Exhibit 3 Tab 4:
Preamble: Union is seeking approval to develop a renewable natural gas (RNG) program,

whereby Union would enter into long term contracts to acquire RNG. APPrO would like to better
understand the quality specifications that Union is proposing for these new supplies.

Question:

a)

9)

Has Union developed a comprehensive set of RNG gas quality specifications such as the
specifications current used in the Province of Quebec: BNQ 3672-100 - Quality
Specifications for Injection into Natural Gas Distribution and Transmission Systems?

Please provide a copy of the gas specifications that Union will be using to purchase RNG.

Is Union seeking approval of the quality specifications for RNG at this time? If not, please
explain.

If Union has not developed a comprehensive set of specifications for RNG, please compare
Union’s existing natural gas quality specifications to BNQ 3672-100.

Avre there other quality standards for RNG from organizations such as the CSA or 1SO? If so,
please indicate how Union’s standards compare with these other standards.

Please confirm that the term ‘pipeline quality’ does not explicitly address potential RNG
components such as:
i. Heavy Metals,

ii. Siloxanes,

iii. Volatile and Semi-Volatile Organic Compounds,

iv. Halocarbons and Organochlorinated Compounds,

v. Microbiological organisms, including bacteria and viruses, and

vi. Other biological, chemical, corrosive or other potential hazards.

Please indicate how Union will be addressing potential contaminants in the raw RNG that
could be detrimental or hazardous to either customers’ equipment or customers’ health from
such things as:
i. Heavy Metals,

ii. Siloxanes,

iii. Volatile and Semi-Volatile Organic Compounds,

iv. Halocarbons and Organochlorinated Compounds,

v. Microbiological organisms, including bacteria and viruses, and
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vi. Other biological, chemical, corrosive or other potential hazards.

h) Please indicate how Union will assure that the ongoing quality of RNG will be comparable

with traditional natural gas supplies. Please include a description of the testing and other
quality assurance protocols that will be used to ensure quality:
a) During the initial startup period (i.e. from the first day of delivery until the volume of
RNG and the quality of RNG has stabilized), and
b) On a long-term basis after the startup period.

The gas industry has relied on Natural Gas Interchangeability Indices (NGII) to ensure the
ability to substitute one gaseous fuel for another in a combustion application without
materially changing operational safety, efficiency, performance or emissions. Please provide
Union’s proposed NGII specifications for RNG and the basis for such specifications and
compare these specifications to the specifications to traditional natural gas. As a minimum,
please include the following:
i.  Minimum and Maximum Wobbe Indices,
ii. AGA Yellow Tipping Index, and
iii. Weaver Incomplete Combustion Index

J) How will Union address the situation where RNG is tendered for sale by the producer but
does not meet all the gas quality specifications.
Response:

a) —b) Please see the response at Exhibit B.LPMA.6.

c) No. Union’s gas quality requirements were last approved by the OEB in EB-2017-0087

(Union’s January 2018 Rates). Union’s gas quality requirements are included in its M13
GT&Cs.* The GT&C’s are included as Schedule “A” to the Rate Schedules that the OEB
approves with each Rate Order.

d) —j) Union will not accept gas that does not meet gas quality requirements outlined in the

M13 General Terms and Conditions. Please see the response at Exhibit B.LPMA.6.

! EB-2017-0087 Decision and Interim Rate Order dated January 18, 2018.



Filed: 2018-01-19
EB-2017-0255
Exhibit B.APPrO.3

Page 1 of 2

UNION GAS LIMITED

Answer to Interrogatory from
Association of Power Producers of Ontario (“APPrQO”)

Reference: EB-2017-0255 Exhibit 3 Tab 4:

Preamble: Union is seeking approval to develop a renewable natural gas (RNG) program,
whereby Union would enter into long term contracts to acquire RNG. APPrO would like to better
understand the cost and long-term risks to customers associated with these new supplies. It is
understood that Union is seeking provincial funding to make up the difference between the cost
to acquire the RNG and the sum of the cost of conventional gas supply and the avoided cost of
carbon.

Question:

a) Please indicate if the provincial funding that is being sought is a one-time up-front payment
or if the funding will be obtained annually.

b) Please provide the economic test that will be used to address the long-term cost to develop
and operate the incremental facilities to attach RNG. Please include an illustrative example
including the incremental capital and operating costs for new facilities.

¢) Union notes on page 21 of 60, that the forecasted cost of traditional supplies, will be based
on the most recent forecasts that are available. What is the source and term of such long-term
gas price forecasts and how will Union address the situation where the term of the forecast
may be less than the effective term of the RNG project? Please provide Union’s current 10-
year traditional gas price forecast.

d) Please discuss how the volume of available RNG will be forecasted over the life of a RNG
project.

e) Please confirm that some sources of RNG, such as bio-methane from landfill sources, can
decline over time.

f) Please discuss who will bear the volumetric risk associated with RNG sources.

g) Please identify and discuss all the financial risks that existing ratepayers will bear for projects
associated with attaching RNG supplies. Please also discuss which customer rate classes are
expected to bear these financial risks.

h) Please identify all and any other risks that existing ratepayers will bear for projects associated
with attaching RNG supplies. Please also discuss which customer rate classes are expected to
bear these other risks.

Response:

a) Please see the response at Exhibit B.Staff.4 c).

b) Please see the responses at Exhibit B.LPMA.17 ¢) and Exhibit B.OPI.5. Since producers are
paying for incremental costs associated with incremental facilities required to attach RNG,
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no economic test is required. It is expected that producers will factor these costs into their
price when responding to the RFP.

Union is working jointly with EGD to finalize the exact source of the gas price forecast. The
gas price forecast used will cover the entire term of the RNG purchase contract it is applied
to. The same forecast source will be used for all RNG purchase contracts. See responses at
Exhibit B.SEC.3 and Exhibit B.Energy Probe.6 a).

Producers will be asked to submit an estimate of their forecasted volume of production over
the life of the contract term as part of their RFP response.

Only a landfill that is no longer accepting waste will have a slowly declining landfill gas
production curve (1-4% annual decline).

Union plans to fully mitigate the volume risk associated with RNG purchases by establishing
a fixed volume maximum for which the contracted RNG price applies. This will eliminate
the risk of depeleting the government funding made available to Union prior to the end of the
contract term. In the event RNG delivered to Union is less than forecasted, Union will
contract for additional economic RNG supplies in order to fully utilize the government
funding. If Union is unable to procure RNG supplies to replace its expected RNG purchases,
it will purchase replacement conventional natural gas supply.

Please see the response at Exhibit B.Staff.6).

Union has not identified any further risks to ratepayers resulting from its proposed RNG
procurement program.
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UNION GAS LIMITED

Answer to Interrogatory from
Building Owners and Managers Association (“BOMA™)

Reference:  EB-2017-0255, Exhibit 3, Tab 4, Page 9 of 60

Preamble:

Question:

With respect to this initiative funnel, at what stage does Union do a business case analysis?
What are the criteria used to evaluate the initiatives? Will initiatives be ranked? How did RNG
become the first initiative to be proposed? Will there be exit strategies developed if the initiative
doesn’t achieve its results?

Response:

The purpose of the initiative funnel is to show the various stages that a new technology or idea
will generally follow in its development from idea to a specific initiative and implementation.
These types of initiatives can develop over several years, and require an iterative, rather than
linear, path through the three stages.
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Which initiatives move through the funnel, and at what rate, will be informed by factors such as
market signals, policy, the Marginal Abatement Cost Curve, the Long Term Carbon Price
Forecast, customer acceptance and technology development. These factors, as well as any others
that may impact the development and evaluation of a new idea, are not static; they can be quite
dynamic, particularly over a period of years.

Given this context, Union expects that there may be multiple points at which a business case is
made to evaluate as to whether an idea, initiative or program continues to move forward; in other
words, there may not be just one discrete decision point. For example, analysis may be done to
determine if a feasibility study should be completed, or if Union should proceed with a pilot, or
if a service or program should be developed. Each of these decisions may require different
specific evaluation measures depending on the type of technology and initiative being pursued,
and may vary depending on the circumstances or the initiative.

Similarly, this may mean that not all identified potential abatement initiatives will ultimately
come to fruition. As initiatives are evaluated and move through the various stages of the funnel,
circumstances may change that could impact the appropriateness or applicability of a particular
initiative. In cases where a business case evaluation determines to stop a particular initiative,
Union will develop and implement an appropriate exit strategy.

Union also notes that the application of the initiative funnel is still in its early stages. As a result,
Union continues to develop and refine its established baseline criteria that would be used in
evaluating different types of initiatives at the various decision points. However, as described in
evidence, criteria include, but are not limited to: technical feasibility, cost, commercial viability,
available funding, customer acceptance, and market signals.

As Union re-initiated its development of RNG in late 2015, its development pre-dated the
initiative funnel. Please see the responses at Exhibit B.Staff.1 f) and Exhibit B.BOMA.3 for an
explanation of how Union evaluated RNG, and why Union is proceeding with an RNG proposal
at this time. In addition to market-readiness, public policy in support of RNG as a GHG
abatement measure and, available provincial government funding has positioned Union to
procure RNG as early as 2018.
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UNION GAS LIMITED

Answer to Interrogatory from
Building Owners and Managers Association (“BOMA™)

Reference:  EB-2017-0255, Exhibit 3, Tab 4, Page 17 of 60

Preamble: The government of Ontario and the OEB have clearly and consistently
articulated support for the pursuit of renewable natural gas as a component of utility gas
supply portfolios. Ontario’s CCAP commits funding to RNG, and the 2017 Long-Term
Energy Plan, released October 26, 2017, acknowledges RNG as an “innovative Ontario-
made source of energy” that can leverage the existing natural gas distribution system.7.

Question:

Currently these products are being used directly in the generation of electricity either through the
Fit Program or in cogeneration. What are the typical comparative project economics between
direct use and introduction of RNG into the natural gas distribution system? Will the significant
subsidization in the near-term result in stranded assets with respect to generation?

Response:

Union is not aware of any cogeneration biogas units providing electricity to the grid in Ontario.
There are single cycle biogas based electricity generators in Ontario that have Feed in Tariff
(“FIT”) or similar type contracts with the OPA/IESO. It is unlikely that facilities with these
contracts will choose to stop generating electricity during the term of those contracts due to RNG
subsidization. Comparative economics between RNG and electricity generating facilities using
biogas are provided the Tables below which were filed in EB-2011-0283 in response to VECC
Interrogatory #10 b) (1-15-10):
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Notes:

FIT converted in $/GJ (no threshold)

$/kwWh * (1kWh/0.0036GJ) * (40% / 95%)
Percentage represents a systems efficiency average
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UNION GAS LIMITED

Answer to Interrogatory from
Building Owners and Managers Association (“BOMA™)

Reference:  EB-2017-0255, Exhibit 3, Tab 4, Page 23 of 60

Preamble: Expeditious (emphasis added) investment in RNG is vital to ensure
Ontario’s competitiveness, particularly since other jurisdictions may compete with
Ontario for these same abatement opportunities. Finally, the development of RNG as an
energy source helps to ensure that the significant energy infrastructure that exists for
natural gas in Ontario remains used and useful for the long-term.

Question:
In September 2009, an Order in Council added initiatives such as RNG to the undertakings of the

natural gas utilities. What is the reason for the almost ten year delay in moving forward on these
initiatives?

Response:

Union has not delayed action on the Order in Council for 10 years. In fact, Union has been
actively pursuing RNG since 2009. Specifically, in 2011 Union and EGD brought forward RNG
proposals to the OEB.* In its Decision on these proposals the OEB cited a lack of evidence in a
number of areas including: concern regarding the proposed 20-year contract term of RNG
procurement contracts, and the fact that there was no price of carbon at the time. The OEB
invited both Union and EGD to “augment the evidentiary record and to present a revised
proposal”.? Union attributes this lack of evidence to the absence of an established RNG market
in North America that could serve as a reference for developing Union’s RNG proposal. Union

subsequently withdrew its application in 2012.°

Since 2012, the RNG and energy landscape in Ontario has changed, with greater focus on policy
to reduce GHG emissions. Therefore, in late 2015 Union resumed development of a potential
RNG program, recognizing the government’s increased focus on climate change initiatives and
the announcement of a Cap-and-Trade system to place a price on carbon. In addition, there are
established RNG markets in British Columbia, Québec and California for Union to reference.

Until the introduction of Cap-and-Trade there has not been a legislative construct to recognize
the carbon abatement opportunity that RNG presents, nor has there been provincial funding to
support the introduction of RNG into Ontario's gas supply mix. The acknowledgement and
support for RNG by the provincial government was articulated in both the Climate Change

! EB-2011-0283 and EB-2011-0242.
2 EB-2011-0283, Decision and Order, pp.4-5.
® EB-2011-0283, Union Letter, September 7, 2012.



Filed: 2018-01-19
EB-2017-0255
Exhibit B.BOMA.3

Page 2

Action Plan (June, 2016), and the Long-Term Energy Plan (October, 2017). More specifically,
for the natural gas utilities, in December 2016, the MOE requested that the OEB explore RNG as
part of utility gas supply portfolios, which it did by incorporating RNG into the Framework for
the Assessment of Distributor Gas Supply Plans in March 2017. These developments throughout
2016 and 2017 have encouraged Union’s continued interest in RNG. As such, Union has
continued to work with Enbridge, stakeholders, and the government to define its RNG program
and to secure provincial funding to support it. Provincial funding along with OEB approval of
Union’s RNG proposal, as requested in this application, is critical to execute the government’s
policy direction and to advance the adoption of RNG in support of achieving provincial GHG
emission targets.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference:  Ex. 3/T4/p. 18

Question:

Why does Union believe it is prudent to pursue RNG procurement in 2018 when it has been
determined that it is not a cost-effective measure relative to carbon? If there is no established
market in Ontario why is it appropriate to contract for RNG supplies at this time? Why is Union
prepared to commit to 10-year contracts?

Response:

Union believes RNG is prudent to pursue since it is a market-ready solution that delivers GHG
emissions reductions. As a result Union is proposing a mechanism which utilizes available
government funding to hold customers indifferent between the forecast cost of RNG (and related
carbon) and the cost of conventional natural gas (including carbon).

Provincial government support for RNG has been articulated in the Ontario Long-Term Energy
Plan, which cites the use of RNG as an innovative use of Ontario’s natural gas system. * In
addition, Ontario’s Climate Change Action Plan allocates funds specifically for RNG. As a
result, the Minister of Energy noted “the government remains supportive of the economic and
environmental benefits that RNG can provide in optimizing the use of existing assets while
reducing the province’s carbon footprint”, and “encourages the OEB to move forward in a timely
manner to include RNG as a potential fuel...as part of the gas utilities’ supply portfolios”.? This
recognizes that as the natural gas utilities will be procuring gas supply for the majority of
residential customers in the province, they are in the best position to grow this nascent market.
Please also see the response at Exhibit B.Staff.1 f).

Union believes that the contract term of 10-years is optimal based on feedback from potential
RNG producers, and is required to provide the proper incentive for their investment in RNG
projects. Please see the response at Exhibit B.Staff.5.

12017 LTEP, p. 74.
Z Letter titled Re: Renewable Natural Gas from the Minister of Energy to Rosemarie LeClair the Chair and Chief
Executive Officer of the Ontario Energy Board dated December 16, 2016, p. 2.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference: Ex. 3/T4

Question:

Please provide a list of all current RNG producers in Ontario, their locations, and their potential
annual production amounts.

Response:

The City of Hamilton at the Woodward Waste Water treatment plant is the only RNG producing
facility in Ontario. Union’s understanding is this customer has the potential to produce between
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference: Ex. 3/T4

Question:

Is it Union’s view that regardless of the economics associated with RNG production, and the
absence of a real market, it has a role in terms of developing an Ontario RNG market? Why
should Union take on that risk?

Response:

Please see the response at Exhibit B.Staff.9. Union’s proposal for RNG does not represent
material risk to the Company or ratepayers. See Exhibit B.Staff.6 d) for further discussion on the
risks associated with Union’s RNG proposal. Union’s proposal introduces RNG into the gas
supply portfolio in an expedited, market-based approach that will, diversify Union’s gas supply
portfolio, reduce customer and facility emissions, and is expected to impose no material cost
increase beyond what customers would bear for conventional natural gas in Ontario’s Cap-and-
Trade environment. See Exhibit B.Staff.6 d) for a detailed explanation of cost recovery included
in Union’s RNG proposal. In addition, RNG project proponents will be paid the contracted fixed
price amount for their product, encouraging sustainable growth in a market that is currently in its
infancy in Ontario. Expeditious investment in RNG is vital to ensure Ontario’s competitiveness,
particularly since other jurisdictions may compete with Ontario for these same abatement
opportunities. Finally, the development of RNG as an energy source helps to ensure that the
significant energy infrastructure that exists for natural gas in Ontario remains used and useful for
the long-term.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference:  EX. 3/T4/p.19

Question:

Union and EGD are proposing an RNG procurement and funding model:
a) Please describe, in detail, the RFP process that Union will be undertaking;
b) Has EGD and or Union determined the contractual arrangements that will be made between

EGD, Union and the Province? If so, please provide those details. If not, when are the
contractual arrangements expected to be finalized?

Response:

a) Please see the responses at Exhibit B.Staff.4 f) and Exhibit B.Energy Probe.5 e).

b) No, the contractual arrangements have not been determined. It remains unclear if
government will choose to utilize this path and therefore it is unknown when arrangements
will be finalized. Please see the response at Exhibit B.SEC.4.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference:  EX. 3/T4/p.19

Question:

The evidence states that Biogas producers require longer term contracts in order to support
capital investments in RNG production facilities and Union is considering entering into RNG
procurement contracts with terms of up to ten years in duration. Will all of the contracts be for
10 years or does Union expect to have different contract terms with different RNG providers?
Please explain Union’s intention with respect to RNG contract terms.

Response:

Union expects that producers will request 10-year contract terms in their RFP responses.
However, if producers request terms that are less than 10 years this may result in varying
contract terms across different RNG purchases. Varying contract terms does not impact Union’s
proposed funding mechanism. Please see response at Exhibit B.Staff.5.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference:  EX. 3/T4/p.19

Question:

Please provide all correspondence, meeting materials, reports and presentations related to
Union’s collaboration with the Province regarding RNG.

Response:

Please see the responses at Exhibit B.Energy Probe.2 f) and Exhibit B.Energy Probe.5 e).
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference:  EX. 3/T4/pp. 19-20

Question:

The evidence states that the Province will agree to compensate ratepayers for the difference
between the price of the RNG purchased and the carbon abated cost of natural gas. Will this be
on a forecast or actual basis? Will there be a true-up mechanism to ensure ratepayers are not
responsible for any of the differences? How and when will payments be made?

Response:

Please see the response at Exhibit B.Staff.6 d).
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference: Ex. 3/T4/p. 22

Question:

What is the expected level of Provincial RNG funding on an annual basis?

Response:

Ontario’s Climate Change Action Plan states that the province expects to spend $60-$100
million to “provide support to encourage the use of cleaner, renewable natural gas in industrial,

transportation and buildings sectors”.*

The expected level of funding is subject to ongoing discussions with government.

! Action number 6.1 of Ontario’s five year Climate Change Action Plan, p. 28, published June 20186.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference: Ex. 3/T4

Question:

Please identify all of the potential risks for Union’s customers regarding its RNG procurement.
How will those risks be mitigated?

Response:

Please see the responses at Exhibit B.Staff.6 d) and Exhibit B.APPrO.3.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference: Ex. 3/T4

Question:
What are the implications for the RNG procurement model if the Ontario Cap and Trade

Program is either eliminated or replaced with a carbon tax regime?

Response:

As discussed at Exhibit B.Staff.4 b)-d), Union expects to receive all government funding in
advance of entering into agreements with RNG producers. Provided Union has not already
contracted for RNG to fully exhaust the government funding made available for the program,
Union’s proposed RNG procurement model would not change if the Cap-and-Trade program is
either eliminated or replaced with a carbon tax regime. Elimination or modification of the price
of carbon for Union and its customers, under this scenario, will impact only the forecast price of
carbon used at the time of contracting going forward. Please see the response at Exhibit
B.Energy Probe.3 b).
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference: Ex. 3/T4

Question:
In 2018 will EGD and Union be competing for RNG supplies? If the Union and EGD merger is

approved and effective January 1, 2019, how will this impact the RNG procurement model? Why
would it not be appropriate to await that approval before entering into long term contracts for
RNG supply?

Response:

Because Union and EGD’s RNG proposals contemplate purchasing RNG to be delivered into
each utilities’ respective franchises and systems, Union does not expect it will compete with
EGD for RNG supplies.

EGD and Union have requested the OEB’s approval to amalgamate effective January 1, 2019
under EB-2017-0306. The companies will continue to operate as separate utilities until the OEB
has approved the amalgamation and it has become effective. Throughout 2017, Union and EGD
worked together to develop a common RNG procurement model that is not expected to be
impacted by the proposed amalgamation.

Union’s RNG proposal is responsive to a unique opportunity in the form of government funding
which is expected to become available in early 2018.
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UNION GAS LIMITED

Answer to Interrogatory from
Consumers Council of Canada (“CCC™)

Reference: Ex. 3/T4/p.23

Question:

The evidence states that Union is pursuing commercial opportunities within the Province and
will continue to work with RNG project proponents and producers. Please explain what Union is
referring to as “pursuing commercial opportunities within the Province.”

Response:

Please see the response at Exhibit B.Staff.9 b).
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UNION GAS LIMITED

Answer to Interrogatory from
Canadian Manufacturers & Exporters (“CME”)

Reference:  Exhibit 3, Tab 4, page 19 of 60

Preamble: At Exhibit 3, Tab 4, page 19, Union states that “Union’s RNG plan reflects the
requirement of biomass producers to contract for longer-term contracts in order to support capital
investment in RNG production facilities. As a result, Union expects to enter into fixed price
RNG procurement contracts with terms up to 10 years in duration, subject to provincial funding.”

Question:

a) CME wishes to better understand the decision to enter into longer-term fixed contracts. Did
Union compare or solicit any third parties to compare the various types and lengths of
contracts? If so, please provide them.

b) Why was the upper limit of 10 years decided upon?

c) With long-term fixed contracts, there is a risk to ratepayers if the price of gas and/or carbon
is significantly lower than what was forecast at the time of entering into the contract. Does
Union plan to hedge those risks in any way, whether in the contract terms or otherwise?

Response:
a) - b) Please see the response at Exhibit B.Staff.5 b).

c) Please see the response at Exhibit B.Staff.6 d).
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UNION GAS LIMITED

Answer to Interrogatory from
Canadian Manufacturers & Exporters (“CME”)

Reference:  Exhibit C, Tab 5, Schedule 2, Page 8 of 29 (EGD’s application)

Preamble: At Exhibit C, Tab 5, Schedule 2, page 8, EGD states “Some potential producers of
renewable gas supplies are at the early stage of project development in anticipation of market
opportunities developing in Ontario while others are closer to fruition.”

Question:

3)
b)

c)

Does Union agree with EGD’s description of the state of RNG projects?

Will the individual RNG projects’ stage of development (how close they are to fruition) be
the primary driver behind the length of the contract term? Why or why not?

If the stage of development drives the contract term, does Union expect that the length of the
contracts will generally decline over time as RNG projects in Ontario become more
numerous and further developed?

Response:

a)

b)

Union takes no position with EGD’s description of the state of RNG projects. Union does not
have intimate knowledge of potential producers in EGD’s territory as the Affiliates
Relationship Code treats customer specific information as confidential and prohibits the
sharing of confidential information across affiliates. The City of Toronto has made public
their intention to generate RNG for their organics processing facilities, and as such, it is
reasonable to assume they are at a later stage of development.

Union does not expect a project’s development stage to drive contract term. The stage of
development may be a factor impacting RNG contracts along with many other factors such as
the cost of capital, input costs, business risks, forecasted input costs and others. Please see
the response at Exhibit B.Staff.10 for a list of factors that can impact RNG price. RFP
respondents will include a requested length of term in their tenders. The expected evaluation
criteria of tenders are noted in the response at Exhibit B.Energy Probe.5 e).
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c) The business case for new facilities or retrofitting existing facilities that produce RNG are
expected to require long term contracts to help de-risk capital investments and other business
risks. Future contract terms will be dependent on how the RNG industry develops, including
the balance between supply and demand. These cannot be predicted and Union will not
speculate on the term of contracts in the future. It is possible that after the initial term, the
RNG producer may feel comfortable with a second term that is of shorter duration or they
may want a longer duration due to the changed business environment at that time.
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UNION GAS LIMITED

Answer to Interrogatory from
Canadian Manufacturers & Exporters (“CME”)

Reference:  Exhibit 3, Tab 4, pages 19 and 20 of 60

Preamble: At Exhibit 3, Tab 4, pages 19 and 20, Union states that “Based on these RNG
contracts, Union will then enter into a contractual arrangement with the province to provide
provincial funding equal to the difference between the fixed price of RNG contracted with the
producer, and the cost of conventional natural gas plus the avoided cost of carbon. The inclusion
of the avoided cost of carbon is to recognize that customers would have incurred a carbon cost in
the absence of RNG.”

CME wishes to better understand the implications of the cost allocation between the various
parties to the RNG funding proposal.

Question:

a) Please confirm if the notional cost of carbon that is being factored into the ratepayer cost of
RNG is only to determine the appropriate allocation of costs between ratepayers and the
Ontario Government.

b) If Union is granted the funding proposal that they are seeking in this application, and begin
using RNG, please confirm if this will decrease the total cap and trade compliance costs.

c) If the answer to b) is yes, will the reduction in compliance costs be captured in the
Greenhouse Gas Emissions Compliance Obligation — Customer Related Deferral Account, or
another account?

Response:

a) - Db) Please see Exhibit B.Staff.6 d).

c) The cost associated with the carbon price component of RNG will be treated the same as all
other compliance costs and will be allocated proportionately between Union’s customer and
facility-related compliance obligation.
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UNION GAS LIMITED

Answer to Interrogatory from
Canadian Manufacturers & Exporters (“CME”)

Reference:  Exhibit 3, Tab 4, page 23 of 60

Preamble: At Exhibit 3, Tab 4, page 23, Union states that “Since Union’s ability to procure
RNG is dependent on funding, Union has not included any RNG in its gas supply portfolio for
2018 and has not reflected any related GHG emissions reductions in the 2018 Compliance Plan.”

Question:

a) If Union secures provincial funding, and begins to source RNG, does it plan to begin
reflecting GHG emissions reductions in their future compliance plans?

Response:

a) Yes. RNG that is planned to be purchased by Union as part of its proposed RNG procurement
program will be incorporated in future compliance plans as an abatement activity.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:
Should the OEB use the Total Resource Cost (TRC) Test to evaluate the cost-effectiveness of

Union’s proposed Renewable Natural Gas Procurement Program? If no, please fully explain
why not.

Response:

Union’s RNG program has been designed to keep customers indifferent when compared to the
forecasted cost of conventional natural gas in Ontario’s Cap-and-Trade environment. As a result,
the TRC test is not applicable. Please also see the response at Exhibit B.Staff.1 f).
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Please provide Union’s forecast of the TRC Test net benefits and benefit/cost ratios of its
proposed Renewable Natural Gas Procurement Program for each of the next ten years. Please
state your assumptions and show your calculations. Please use best efforts to develop a response
to this interrogatory and make assumptions as needed.

Response:

Please see the response at Exhibit B.ED.1.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

Please provide Union’s forecast of the annual bill impact of its proposed Renewable Natural Gas
Procurement Program for a typical residential customer for each of the next ten years. Please
state your assumptions and show your calculations.

Response:

Union’s RNG proposal does not result in a bill impact to ratepayers. As outlined in Exhibit
B.Staff.4 a), Union’s RNG proposal uses government funding to ensure that ratepayers are not
funding RNG through the Cap-and-Trade program as well as paying for the RNG market
premium. Union is proposing to recover a portion of the cost of RNG from ratepayers through
gas costs and Cap-and-Trade charges equal to the amounts they would otherwise expect to pay.
The balance of the cost for RNG will be paid by government funding. Please see the response at
Exhibit B.Staff.6 d).



Filed: 2018-01-19
EB-2017-0255
Exhibit B.ED.4

Page 1 of 1

UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

How much RNG does Union wish to contract for under the proposed procurement program in
2018? Please provide the response in a table showing the expected RNG to be provided in each
year covered by the expected 2018 contracts and a grand total for the entire period. If there is
uncertainty about the amount, please provide a best efforts response, including an explanation of
the response, and a range of potential amounts (if necessary). Please provide the information in
both mzand GJ and indicate the appropriate conversion factor.

Response:

Union will contract for as much RNG as it can given provincial funding available. Please see the
response at Exhibit B.Staff.8. Union expects the potential RNG available to be developed will
exceed the utilization of the expected $60-$100 million of government funding. Union is unable
to determine how much of the government funding will be used each year or by each RNG
contract. This information will become available as a result of Union’s RFP process.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

Please estimate the cost per tonne of the greenhouse gas (GHG) emissions reductions (co2e) that
the proposed procurement program is expected to achieve via the contracts to be entered into in
2018. Please provide the estimate based on the costs and emission reductions for the lifetime of
the contracts (or if that is not possible, please use an illustrative contract year that would be
representative of the average costs).

GHG emissions reductions may arise from (a) the displacement of conventional natural gas and
(b) the capture of methane that would have been vented to the atmosphere as fugitive emissions.
If the $/tonne estimate includes GHG emissions reductions arising from avoided fugitive
methane emissions, please (a) provide the underlying calculations and (b) also provide an
estimate that does not include the GHG emissions reductions from avoided fugitive methane
emissions.

Presumably the cost per tonne would roughly equal the amount of the proposed subsidy divided
by the tonnes of carbon emissions avoided by the RNG in question — if Union uses a different
calculation, please explain why, and indicate the magnitude of difference between the two
calculation methods.

Response:

The cost per tonne of carbon emission reductions from displacement of conventional natural gas
supply is equal to the total incremental cost of RNG over conventional natural gas divided by the
carbon emissions avoided by the use of RNG.

Assuming that commodity prices are equal to the amounts shown in Exhibit B.Staff.6,
Attachment 1, the average cost per tonne of the carbon emissions reduced over the 10 year term
would be approximately $231.07/tonne. Of this amount, $27.30/tonne would be charged to
ratepayers in Cap-and-Trade rates (which is expected to be equal to what they would otherwise
pay in Cap-and-Trade rates) and $203.77/tonne would come from government funding. This
does not include any GHG emissions reductions from fugitive emissions that would be
recognized from a potential future offset program in Ontario (see the response at Exhibit
B.Staff.3).

Under Union’s proposed RNG procurement mechanism, the cost per tonne of carbon emission
reductions to Union and its customers will be equal to the OEB’s mid-range Long Term Carbon
Price Forecast that is available at the time of contracting for RNG supply. In 2018, this cost is
equal to $17/tonne.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

Please provide a forecast of the total gross cost of the provincial subsidy that will be needed for
the contracts that Union wishes to enter into in 2018. Please provide this as a table showing the
forecast total cost for each year covered by the relevant contracts and a grand total for the entire
period. Please make assumptions as needed and state them in the response. Please include
caveats as needed.

Response:

Please see the response at Exhibit B.ED.4.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

a) How many customers does Union have?

b) How many residential customers does Union have?

c) Please calculate the cost of the proposed subsidy on a per customer basis (i.e. the grand total
calculated in the previous interrogatory divided by the number of customers).

Response:

a) As of December 31, 2017, the total number of in-franchise customers for Union was
1,474,944,

b) As of December 31, 2017, the total number of residential customers for Union was
1,353,104,

c) Union expects that up to $100 million could be granted by the province for the purposes of
Union and EGD’s RNG procurement programs. Assuming that half of this amount is
available to Union, the government grant per in-franchise customer is $33.90. It is
important to note that Union will not be allocating the ratepayer portion of costs associated
with RNG purchases across all in-franchise customers. Please see response at Exhibit
B.Staff.6 d) for a description of how Union proposes to allocate these costs.
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UNION GAS LIMITED
Answer to Interrogatory from
Environmental Defence (“ED”)
Reference:  EX. 3, Tab 4, pages 17 — 24
Preamble: Enbridge’s evidence refers to “the expected level of provincial funding” at Ex. C-
5-2 p. 11.
Question:
a) Does Union also have an expectation about the level of provincial funding, and if yes, what is
it?

b) How much RNG does Union expect to be able to contract for with the expected level of
funding?

Response:

a)-b) Please see the response at Exhibit B.Staff.8.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

a)

b)

d)

Is the RNG procurement program predicated on an expectation that it will spur market
change and result in lowering of the price of RNG and improved cost effectiveness over
time? Please explain in detail.

If Union’s proposed program is approved and implemented as planned, what will the forecast
impact be on the price and cost-effectiveness of RNG going forward? Please provide a
qualitative and narrative response. Please also provide a best efforts quantitative response,
including the impact on price and cost-effectiveness going forward to 2030, noting necessary
uncertainties and caveats.

Please provide an estimate of the investments that would be needed to make RNG cost
effective by 2030, noting any uncertainties and caveats.

Please estimate the time and investments required to make RNG cost effective.

Response:

a)

b)

Please see the responses at Exhibit B.Staff.1 a) and Exhibit B.Staff.1 f).

Currently, Union does not have a forecast of Ontario RNG prices. Union will hold a
competitive RFP which will establish the market price of RNG over the term of each
contract. Union’s proposed RNG procurement program, if approved, will make RNG cost
effective through the aid of government funding. Absent government funding and given the
early stage of the RNG market, Union expects that the cost of RNG will be higher than the
combined cost of carbon and the cost of conventional natural gas for the foreseeable future.

- d) An estimate of time and investments cannot be estimated as the RNG market in Ontario
is in its infancy. The primary purposes of the proposed procurement program are outlined in
the response at Exhibit B.ED.11a).
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

Is Union amendable to provide annual reporting to the Board on the effectiveness of its RNG
program in achieving its objective of achieving market change and improving cost effectiveness,
including the tracking of cost-effectiveness metrics such as the differential between the cost of
RNG versus the combined price of gas and carbon?

Response:

Please see the response at Exhibit B.ED.11.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

a) Please provide a concise list of the high-level objectives of the RNG program.

b) Is Union amendable to providing annual reporting, with concrete metrics, on the success of
the proposed procurement project in meeting those objectives?

Response:

a) Union’s objectives with respect to its RNG proposal are:

1) Support the Ontario government Climate Change Action Plan's action area of
reducing emissions from fossil-fuel use in buildings;

2) Develop RNG as an energy source to support a low carbon environment and to help
ensure that the significant energy infrastructure that exists for natural gas in Ontario
remains used and useful for the long-term;

3) Encourage sustainable growth in Ontario’s RNG market; and

4) Economically procure RNG as an abatement initiative in Union’s Cap-and-Trade
compliance plan, such that customers are financially indifferent because the purchase
of RNG imposes no material incremental cost beyond what customers would bear for
conventional natural gas in Ontario’s Cap-and-Trade environment.

b) The cost consequences of the RNG contracts, including the forecast cost of conventional
natural gas and the associated avoided carbon cost reflected in the RNG price net of
provincial funding, will be provided through existing regulatory mechanisms. These include
the QRAM process and, in accordance with the OEB Framework for the Assessment of Costs
of Natural Gas Utilities’ Cap and Trade Activities.
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UNION GAS LIMITED

Answer to Interrogatory from
Environmental Defence (“ED”)

Reference:  EX. 3, Tab 4, pages 17 — 24

Question:

Please provide Union’s best efforts estimate of the RNG potential available for development in
Ontario in the medium term (in mas/yr). Please also provide a copy of any reports or studies that
include an estimate the available RNG potential, including any reports or studies completed by
ICF.

Response:

Please see Attachment 1 for a copy of Electrigaz Report 2011.
Please see Attachment 2 for a copy of Alberta Innovates Report 2011.

Please see the response at Exhibit B.Energy Probe.2 f) (Attachment 8, p.2) together with the
following conversion table using a heat value of 37.3 MJ/m?®.

GJlyear | m°lyear
60,000 1,608,579
250,000 |6,702,413




Filed: 2018-01-19

EB-2017-0255

Exhibit B.ED.12

Attachment 1

Page 1 of 109
Filed: 2011-09-30
EB-2011-0242
EB-2011-0283
Exhibit B
Tab 1
Appendix 4

Economic Study on Renewable Natural Gas Production and
Injection Costs in the Natural Gas Distribution Grid in
Ontario

-Biogas plant costing report

Prepared for:

Enbridge Gas Distribution Inc.

Union Gas Limited

@) wniongas e

A Spacira Energy Company

Prepared by:

Electrigaz Technologies Inc.

September 2011



Filed: 2018-01-19

EB-2017-0255

Exhibit B.ED.12

Attachment 1

Page 2 of 109
Filed: 2011-09-30
EB-2011-0242
EB-2011-0283
Exhibit B
Tab 1
Appendix 4



Filed: 2018-01-19
EB-2017-0255
Exhibit B.ED.12
Attachment 1
Page 3 of 109

Executive summary
Enbridge Gas Distribution Inc. (EGD) and Union Gas Limited (UGL) are the largest

natural gas distribution utilities in Ontario. They are investigating technical and economic
challenges of establishing a Renewable Natural Gas (RNG) program that would allow both
utilities to provide their customers renewable natural gas. Electrigaz Technologies Inc.
(Electrigaz) was hired by EGD and UGL to provide biogas engineering expertise to
determine project costing necessary to perform financial modeling and price evaluation for

this RNG program.

Current biogas market developments in Ontario and discussions with EGD and UGL
enabled Electrigaz to develop nine scenarios that cover a wide range of potential biogas
projects with different substrates, biogas flow rates, and biogas quality levels.

Three scenarios use landfill gas (LFG) with various biogas flow rates (small, medium, and
large). The remaining six scenarios are anaerobic digestion (AD) processes. Three AD
scenarios are from the agricultural sector and one from the industrial sector. Municipal
source separated organics (SSO) AD process and a wastewater treatment plant (WWTP) are
also evaluated.

In this report, capital and operational costs were estimated for each scenario using the best
available Ontario biogas market information. These costs form the basis for an appropriate
pricing mechanism which can be found in the Ecomomic Study on Renewable Natural Gas
Production and Injection Costs in the Natural Gas Distribution Grid in Ontario—RING program pricing
report.

Economic Study on Renewable Natural Gas Production and Injection Costs in the Natural Gas Distribution Grid in Ontario-Biogas plant costing report
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Glossary

Biogas
Biomethane
Digestate

Renewable Natural Gas

Substrate

Abbreviations and units

AD
CGA
CH,
CO,
C:N
CSTR

EPC

FIT

GHG

GJ

H,O

HP injection pressure
hr

H,S

IDC

IP injection pressure

kg
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Gas produced from anaerobic digestion, mostly
composed of CH, and CO,

Methane extracted from a biogas upgrading system,
also called Renewable Natural Gas (RNG)

Nutrient rich material left following AD consisting
of indigestible material and dead micro-organisms
Biomethane interchangeable with natural gas

Material uploaded into digesters

Anaerobic digestion

Canadian Gas Association
Methane

Carbon dioxide
Carbon/Nitrogen ratio
Complete stirred tank reactor
Day

Engineering, Procurement and Construction
Feed in tariff

Greenhouse gases

Energy unit (Gigajoule)

Water

High pressure (200 psig)

Time unit (Hour)

Hydrogen sulphide

Interest during construction
Intermediate pressure (60 psig)

Mass unit (Kilogram)
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kWe
kWh

LFG

OPA FIT

ppm
PSA
psig
RNG
ROE

S

SSO

t

TS

VS
WWTP
XHP injection pressure
Yr

°C
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Power unit (Kilowatt electrical)
Energy unit (Kilowatt-hour)

Volume unit (Litre)

Landfill gas

Volume unit (Cubic meter)

Mass unit (Milligram)

Energy unit (MegaJoule)

Municipal solid waste

Concentration unit (molar percentage)
Nitrogen

Not defined

Volume unit (Normal cubic meter)
Oxygen

Ontario Power Authority

Ontario Power Authority feed in tariff program
Concentration unit (part per million)
Pressure swing adsorption

Pressure unit (pound square inch gauge)
Renewable natural gas

Return on equity

Sulphur

Source separated organics

Mass unit (Tonne)

Total solids

Volatile solids

Wastewater treatment plant

Extra high pressure (500 psig)

Year

Temperature unit (Celsius degree)
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1. Introduction

Enbridge Gas Distribution Inc. (EGD) and Union Gas Limited (UGL) are the largest
natural gas distribution utilities in Ontario. They are investigating technical and economic
challenges of establishing a Renewable Natural Gas (RNG) program that would allow both
utilities to provide their customers renewable natural gas.

Electrigaz Technologies Inc. (Electrigaz) was hired by EGD and UGL to provide biogas
engineering expertise to provide the inputs and scenarios required to determine project
costing necessary to perform financial modeling and price evaluation for this RNG program.

Electrigaz is the only engineering firm in Canada specialised exclusively in biogas engineering
(Corporate Profile in Appendix 7). Electrigaz differentiates itself by providing complete
biogas project development services, including capital and operating cost review, economic
projections, price sensitivity analysis, financing and permitting documentation development,
contract negotiations (equipment vendors, utilities, GHG, etc.), plant commissioning and
operator training services. Over the years, Electrigaz has gained a deep understanding of
Ontario’s energy and environmental policy framework and how it impacts the development
of a viable biogas industry.

1.1 Study objectives

The main objective of the study is to develop plausible biogas plant scenarios and establish
their capital and operational cost.

12 Methodology

Nine biogas production scenarios were developed to reflect a wide spectrum of potential
biogas projects. Capital and operational costs were obtained for each scenario using the best
available Ontario biogas market information.
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2. RNG production scenarios

Current biogas market developments in Ontario and discussions with EGD and UGL
enabled Electrigaz to develop nine scenarios that cover a wide spectrum of potential biogas
projects spanning different substrates, biogas flow rates, and biogas quality levels.

Three scenarios use landfill gas (LFG) with various biogas flow rates (small, medium, and
large). The remaining six scenarios are AD processes. Three AD scenarios are from the
agricultural sector and one from the industrial sector. Municipal source separated organics
(SSO) and a wastewater treatment plant (WWTP) AD processes are also evaluated.

2.1 Anaerobic digestion scenarios

Six AD scenarios were developed:

® Baseline agricultural

® Large agricultural

® Agricultural cooperative;

® Source separated organics (SSO);
e Industrial;

e WWTP.

2.1.1 Agricultural scenarios

Farms have access to large amount of contaminant-free organic waste usable for RNG
production. Moreover, the possibility of diversifying farm revenues generates significant
interest throughout agricultural communities.

For the purpose of this study it is assumed that all three agricultural scenarios are dairy farms
that will use manure generated by the farm. Additionally, 25% of substrate used for AD will
be off-farm material in the form of grease trap fat. Such assumption is made as this material
is readily available, contaminant-free, generates gate fees and has a good biogas yield.
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The chosen agricultural scenarios have the following specifications:

Baseline agricultural (350kWe equivalent)
Number of heads (dairy cows): 1,315

Annual manure: 25,000 t

Annual off-farm waste: 8,000 t

Large agricultural (700 kWe equivalent)
Number of heads (dairy cows): 2,615
Annual manure: 49,700 t

Annual off-farm waste: 16,600 t

Agricultural cooperative (1 MWe equivalent)
Number of heads (dairy cows): 3,950

Annual manure: 75,000 t

Annual off-farm waste: 25,000 t

Note that these agricultural scenarios were chosen to reflect technical and economic realities
of on-farm RNG production. These RNG projects require capital investment and are

unlikely to happen on small singular farms (<1000 heads).

An agricultural cooperative means a centralized digester procuring manure from several
farms. In this scenario, transportation cost and regulatory challenges were not analysed.

Biogas production process description

Primary digester,

Secondary digester,

Biogas
\ to upgrading

Grease trap fat
A\ y, Cﬂﬂ Bﬂj ﬁ”‘ej

Cutting pump

Digestate storage
(Already on farm)

Mixing tank

Figure 1. Agricultural AD process schematic

Manure and pasteurized off-farm waste are processed in state-of-the-art proven primary and
secondary anaerobic digesters. Digestate generated by the system is assumed to be stored
and land spread during allowable season. More process details are available in Appendix 1.
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95% of the biogas produced is directed to the upgrading system, the remaining 5% is used to
heat the process. Volumes of raw biogas (untreated) sent to the upgrading system for each
scenario are as follows:

Baseline agricultural: 150m’/hr
Large agricultural: 300m’/hr
Agricultural cooperative: 450m’/hr

Biogas upgrading and injection

It is assumed that upgraded biogas (RNG) will be injected to IP grid (60 psig), which is a
typical pressure for distribution networks. The upgrading system outputs the RNG at the IP
injection pressure, which means that no additional compression system is required.

An injection station is installed after the upgrading process for metering, quality control and
odorization. An injection pipe connects the injection station to the existing natural gas
distribution grid. The injection station and interconnection pipe are operated and maintained
by the utilities.

Biogas upgrading mass balance was computed and details are available in Appendix 1. Mass
balances were computed assuming a 100% availability of equipment. For the purpose of this
study a 95% availability of upgrading equipment was assumed.

Flow rates of RNG to be injected to the grid (considering the availability of the upgrading
process) are as follows:

Baseline agricultural: 77m’/hr
Large agricultural: 158m’/hr
Agricultural cooperative: 239m’/hr

2.1.2 SSO scenatrio

Municipalities consider AD of source separated organics (SSO) as an attractive alternative to
reduce the waste sent to landfill.

This scenario assumes that the facility treats 60,000 t of SSO from a 3-stream collection,
contaminated with plastic, metal, sand and glass. The scenario is representative of a
municipal AD facility serving a large population (300,000+). This scenario could apply to
eight municipalities in Ontario [28].
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Biogas production process description

astic/Metal/Gla
Metal separator to recycle
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N to upgrading
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{

Digestate storage

Boiler

Mixing tank

olid digestate
Solidfliquid separator
\T/ iquid digestate

Figure 2. SSO AD process schematic

Recycled liquid
digestate

Reception and pre-treatment processes are required to pre-treat contaminated organics. To
avoid odour issues, the reception area includes an airtight building with odour treatment and
ventilation units. It is considered that a minimum two-lane reception hall is required to avoid
odours generated by trucks waiting. The trucks would dump their loads in reception pits
connected to the pre-treatment system.

The pre-treatment process removes contaminants such as plastic, sand, glass and metal,
which are assumed to represent 10% of the SSO mass. The contaminants are disposed of in

a landfill or recycling facility (disposal fees apply).

The organic fraction of the substrate is processed in state-of-the-art proven primary and
secondary AD system. Approximately 700 m’/hr of raw biogas (untreated) is sent to the
upgrading system. This represent 95% of the total amount of biogas produced; the other 5%
is used to heat the process.

The digestate is sent to a solid/liquid separation unit. The solid part of digestate is disposed
of at a composting facility or sent to a landfill with a disposal cost. The liquid fraction of
digestate is sent to an adjacent municipal WWTP also with a disposal cost considered. A
small part of liquid digestate is recycled to the mixing tank to bring the substrate into slurry.
Note that a total of 47,100 t of digestate (18,900 tonnes of solids and 28,200 tonnes of
liquid) must be disposed of per year. More process details are available in Appendix 2
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Biogas upgrading and injection

It is assumed that upgraded biogas (RNG) will be injected to IP grid (60 psig), which is a
typical pressure for distribution networks. The upgrading system outputs the RNG at the IP
injection pressure which means that no additional compression system is required.

An injection station is installed after the upgrading process for metering, quality control and
odorization. An injection pipe connects the injection station to the existing natural gas
distribution grid. The injection station and interconnection pipe are operated and maintained
by the utilities.

Biogas upgrading mass balance was computed and details are available in Appendix 2. Mass
balances were computed assuming a 100% availability of equipment. For the purpose of this
study a 95% availability of upgrading equipment was assumed.

It is estimated that the flow of RNG to be injected to the grid is 366 m’/hr (considering the
availability of the upgrading process).

2.1.3 Industrial scenatio

Food processing and manufacturing industries such as slaughterhouses, breweries or dairy
product manufacturing have organic wastes to dispose of. Instead of sending this waste to
landfill, it can be fed to anaerobic digester to produce biogas. The current scenario evaluates
the possibility of such projects.

Contaminant-free substrates used for this scenatio are 65,500 t/y of fruits and vegetable
residues and 65,500 t/y of slaughterhouse waste.

Industrial processors generate large quantity of contaminant-free organic wastes which are
suitable for AD.
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Biogas production process description
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Figure 3. Industrial AD process schematic

The substrate is received in a two-lane reception hall equipped with an odour management
system. The organic waste is dumped into a reception pit and the slaughterhouse waste is put
into a reception tank.

It is assumed that the substrates used in this scenario are free of contaminants, and no pre-
treatment is needed. To ensure that the particle size entering the digesters is homogeneous,
the substrate passes through a grinder before it is sent to the digester by a feeding pump.

The organic fraction of the substrate is processed in state-of-the-art multiple tank AD
system. Approximately 900 m’/hr of raw biogas (untreated) is sent to the upgrading system.
This represent 95% of the total amount of biogas produced; the other 5% is used to heat the
process.

After the digestion process, the digestate is sent to solid/liquid separation unit. The solid
part of the digestate is either disposed of at a composting facility or sent to landfill with a
disposal cost. The liquid fraction of the digestate must be sent to an adjacent municipal
WWTP or to agricultural lands also with a disposal cost. Note that a total of 119,560 t of
digestate must be disposed of per year, in which approximately 40,410 t/yr is solid and
79,150 t/yr is liquid. More process details are available in Appendix 3.
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Biogas upgrading and injection

It is assumed that upgraded biogas (RNG) will be injected to IP grid (60 psig), which is a
typical pressure for distribution networks. The upgrading system outputs the RNG at the IP
injection pressure which means that no additional compression system is required.

An injection station is installed after the upgrading process for metering, quality control and
odorization. An injection pipe connects the injection station to the existing natural gas
distribution grid. The injection station and interconnection pipe are operated and maintained
by the utilities.

Biogas upgrading mass balance was computed and details are available in Appendix 3. Mass
balances were computed assuming a 100% availability of equipment. For the purpose of this
study a 95% availability of upgrading equipment was assumed.

RNG would be injected into the distribution grid at a flow rate of 471 m’/hr (considering
the availability of the upgrading process).

2.1.4 WWTP scenatrio

Wastewater treatment plants (WWTP) use AD to reduce effluent sludge quantities and
produce biogas. In this scenario, biogas is upgraded and injected into the natural gas
distribution grid.

For this scenario, it is assumed that the AD process is already operating and producing
biogas. The biogas is considered as untreated and free of charge.

To establish the average WWTP size, data on WWTP using AD process in Ontario was
analysed. A WWTP sludge digester was considered with a flow rate of raw biogas (untreated)
of 127 m3/ht, equivalent to a 300 kWe biogas plant.

Since it is assumed that the digestion process is already in place, schematic and mass
balances have not been prepared for the digestion process of this scenario. However, a mass
balance of the upgrading system is presented in Appendix 4.

Biogas upgrading and injection
It is assumed that upgraded biogas (RNG) will be injected to IP grid (60 psig), which is a

typical pressure for distribution networks. The upgrading system outputs the RNG at the IP
injection pressure which means that no additional compression system is required.
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An injection station is installed after the upgrading process for metering, quality control and
odorization. An injection pipe connects the injection station to the existing natural gas
distribution grid. The injection station and interconnection pipe are operated and maintained
by the utilities.

Biogas upgrading mass balance was computed and details are available in Appendix 4. Mass
balances were computed assuming a 100% availability of equipment. For the purpose of this
study a 95% availability of upgrading equipment was assumed.

RNG would be injected to the distribution grid at a flow rate of 66.6 m’/hr (considering the
availability of the upgrading process).

2.2 Landfill scenarios

Landfills are uncontrolled anaerobic digesters producing large quantities of low quality
biogas from the anaerobic degradation of the organic fraction of municipal solid waste

(MSW) buried in them.

To establish representative biogas flow rates, Electrigaz analysed information on the land
filling capacity of the 32 largest landfills in Ontario [4]. Other landfills were not taken into
consideration because they are considered small. Three landfill scenarios were modeled to
represent the complete spectrum of potential biogas flow rates.

These three landfill capacities were used to perform a LandGEM simulation [7] to calculate
the annual biogas production. LandGEM simulations predict that biogas production
increases each year of landfill operation. Annual capacity and raw biogas (untreated)
production of each landfill are as follow:

Small landfill: 60,000 t/yr of MSW producing 475 m’/hr of biogas
Medium landfill: 140,000 t/yr of MSW producing 1,110 m’/hr of biogas
Large landfill: 500,000 t/yr of MSW producing 3,960 m’/hr of biogas

In the small landfill scenario, it is assumed that the RNG will be injected in the IP grid (60
psig), which is a typical pressure for distribution networks. The upgrading system output
already brings the biomethane to the IP injection pressure, which means that no additional
compression system is required.

In the medium landfill scenario, it is assumed that the RNG will be injected in the HP grid
(200 psig). The volume of RNG to be injected is assumed to be too large for local
distribution network and interconnection must be performed upstream in the network.
Therefore, an additional compression station is needed to bring the biomethane to the
required pressure.
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In the large landfill scenario, it is assumed that the RNG will be injected in the XHP grid
(500 psig), The volume of RNG to be injected is assumed to be too large for the local
distribution network and interconnection must be done in the extra high pressure
distribution network. Therefore, an additional compression station is needed to bring the
biomethane to the required pressure.

An injection station is installed after the upgrading and compression process for metering,
quality control and odorization. An injection pipe connects the injection station to the
existing natural gas distribution grid. The injection station and interconnection pipe are
operated and maintained by the utilities.

RNG volumes to be injected into the distribution grid are as follow:

Small landfill: 243 m’/hr
Medium landfill: 569 m’/hr
Large landfill: 1,896 m’/hr

Biogas upgrading mass balance was computed and details are available in Appendix 5. Mass
balances were computed assuming a 100% availability of equipment. For the purpose of this
study a 95% availability of upgrading equipment was assumed.
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3. Economic data

Electrigaz independently collected all economic and technical data and information for this
study. Electrigaz estimated AD process capital and operational costs.

To obtain current market information on upgrading systems, quotes from five companies
supplying the Canadian market have been requested. These suppliers are as follows:

e Flotech/Greenlane

e Xebec
® Purac
® Haase

® Air Liquide
Only Air Liquide declined to provide budgetary quotes for their system.

In this study no specific biogas upgrading technology is favoured. All quotes received from
aforementioned suppliers were used to obtain capital and operational costs of biogas

upgrading.

3.1 General assumptions

The study economic and technical battery limits and assumptions were reviewed and

approved by EGD and UGL.

Assumptions are supported by Ontario market information or Electrigaz experience. These
assumptions were used to create the best snapshot of present Ontario biogas market.

3.1.1 Study battery limits!
EGD and UGL have established ownership and responsibility battery limits of RNG

production to interconnect to their natural gas distribution grid. The following schematics
(Figure 4) represent the battery limits of the study.

According to these limits, the producer is required to pay the utilities capital (aid to
construct) for RNG quality monitoring, odorization and injection point (pipe). However,
ownership, operation and maintenance of these systems are the responsibility of the utility.
Capital and operational costs for the length of pipe to connect to the grid must be absorbed
by the producer as well. This will have an impact on the RNG price since these costs will be
integrated in the RNG producer economic model.

! Battery limits are defined as boundaries of analysis. Technical and economic parameters beyond these
boundaries are not taken into consideration in this study.
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Figure 4: Battery limits of the economic evaluation

The schematics above show the differences between the battery limits of landfill and AD
scenarios. For both scenarios, waste collection cost is not considered in this study.
Therefore, the purchase and operation of collection trucks and bins are not included in
capital or operational costs.

In landfill scenarios, it is assumed that the landfill already exists, collecting biogas and
treating leachate. Therefore, no cost or investment is considered for the collection of the
biogas and the treatment of the leachate. It is assumed, however, that the project would be
developed by a third-party promoter. Therefore, a cost for the supply of the landfill gas is

considered as a royalty payment.

In all AD scenarios, except WWTP, the substrate is organic waste brought to the plant, and
a gate fee is considered as project revenue.
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The WWTP AD scenario differs from other AD scenarios as it is considered that the biogas
is already produced and flared. Therefore, it is assumed that the raw biogas is available free
of charge.

3.2 RNG specifications

The following RNG specifications (from Union Gas’ gas quality requirement for Ontario gas
Producers) were used to establish necessary biogas upgrading equipment capital and
operational costs.

Table 1: RNG specification requirements considered in this study

Physical Properties Upper Content Limit Units
Heating Value (MJ/m3 101.325 kPa, 36.0 t0 40.2 MI/M3
15C, Dry)
Carbon monoxide 0.5 mol%
Carbon Dioxide 2 mol%
Oxygen 0.4 mol%
Hydrogen Sulphide 7 mg/M3
Sulpher (in total) 100 mg/M3
Mercaptans or
Methy}l)Mercaptan > mg/M3
Water Content 80 mg/M3
Hydrocarbon Dew Point -10 °C

YT, flashback, lifting factors range
Gas Interchangeability of permiting according to AGA
Research bulletin No.36

Temperature 43 °C
Particulates shall be commercially free of
Bacteria shall be commercially free of
Hydrogen Trace
Ammonia shall be commercially free of
Chlorinated & Fluorinated Compounds shall be commercially free of
Heavy Metals shall be commercially free of
Siloxanes shall be commercially free of
Aromatics shall be commercially free of
Sand, dust, gums, crude oils, lub. Oils, liquids, chemicals or compounds used in the production, treatment, compression
or deshydratation of the gas or any other objectable substance present in sufficient quantity so as to render the Gas
toxic, unmerchantable or cause injury to or interference with the Gas pipelines, regulators, meter or other appliances
through which it flows, or their operation
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3.2.1 Macro-economic assumptions

Capital and operational costs for each scenario are calculated and introduced into the
economic model as presented in the following chapters. Macro-economic assumptions were
set to represent as accurately as possible current Ontario biogas market conditions and
establish projects viability.

Some assumptions were informed by the Ontario Power Authority (OPA) feed in tariff

(FIT). [9]
The following macro-economic assumptions were used as a basis for all scenarios:

Macro-economic references
e  Operating labour salary: $40/hour. [13] [14]
® FElectricity price: $110/MWh. [8]
® Process water price: $1.15/m?3.[15] [17] [18] [18]
® Administration costs: 10% of labour costs. [2]

® Plant overhead costs: 15% of total maintenance, supervision and operating labour
costs. [2]

® Supervision operation costs: 15% of operating labours costs. 2]
® Marketing costs: 1% of total operational cost. 2]

Macro-economic assumptions

® Maintenance and repair cost: Electrigaz estimated AD system cost from experience;
costs of upgrading system are based on quotations obtained from suppliers.

®  Operating supplies: Electrigaz estimated AD system cost from experience; costs of
upgrading system are based on quotations obtained from suppliers

® Insurance costs: 1.0% of the fixed capital investment.

® Property taxes: 1.0% of the fixed capital investment.

® No revenue on carbon credit sales is considered.
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3.3 Anaerobic digestion scenarios assumptions

3.3.1

Agricultural scenarios assumptions

The assumptions for the agricultural scenarios are the following:

Input substrates (Baseline agricultural scenario)

25,000 t/yr of cow manure at 8% dry matter

8,000 t of grease trap fat free of contaminants at 12% dry matter.
A gate fee of $35/t is considered only for the grease trap substrate.
The substrate is considered clean and no pre-treatment is required
All feedstock is in slurry form.

Off-farm feedstock is delivered in tanker trucks.

Input substrates (Large agricultural scenario)

49,700 t/yt of cow manure at 8% dry matter.

16,600 t of grease trap fat free of contaminants at 12% dry matter.

A gate fee of $35/tonne is considered only for the grease trap substrate.
The substrate is considered clean and no pre-treatment is required.

All feedstock is in slurry form.

Off-farm feedstock is delivered in tanker trucks.

Input substrates (Agricultural cooperative scenario)

75,000 t/yr of cow manure at 8% dry matter

25,000 t of grease trap fat free of contaminants at 12% dry matter.

A gate fee of $35/tonne is considered only for the grease trap substrate.
The substrate is considered clean and no pre-treatment is required.

All feedstock in is slurry form.

Off-farm feedstock is delivered in tanker trucks.

General assumptions

No cost for collection and transport of the substrate is considered.

No additional land must be bought.

Construction management approach is used.

Operating labour hours: 3 hours per day 365 days per year.

It is considered that the digestate is spread on farm land

Parasitic electricity of AD process represents 5% of total biogas production.
The AD system is a CSTR.

Land owned by farmer, no development costs.

No secondary containment required.
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Laboratory charges for the RNG quality control are estimated from quotes obtained
for this study. It is estimated that one complete gas analysis will be needed every
year.

Laboratory charges for the AD process are equal to 8% of operating labours costs.
Pressure to injection point is 60 psig. (Pressure required by UGL and EGD)

Biogas specifications

CH,: 55%

CO,: 45%

H,S: 1500ppm
Siloxane: 0 ppm
H,O: saturated
O,: 0%
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3.3.2 SSO scenario assumptions

Here are the assumptions for this specific scenario.

Input substrates

60,000 t/yr of SSO from a 3-stream collection, contaminated with plastic, metal,
sand and glass.

Assumed contamination is 10% of mass and must be pre-treated prior to digester
feeding. [20]

54,000 t/yr of contaminant-free SSO (after pre-treatment) at 25% dry matter, are
processed in the digesters.

A gate fee of $60/t is considered. [21] [22] [23]

The inflation factor is used on gate fees of the SSO scenario.

General assumptions

No cost for collection and transport of the substrate is considered. (17 75 assumed that
the biogas producer is not responsible for substrate collection)

Construction approach: full EPC.

Operating labour hours: 33 hours per day 365 days per year.

Solid part of digestate must be disposed to landfill or to a composting facility, with a
disposal cost of $10/t. [19]

Liquid part of digestate must be sent to a municipal waste water treatment plant,
with a disposal cost of $1.10/t.

Substrate’s contaminant disposal cost: $60/t. [21] [22] [23]

Parasitic electricity of the AD process represents: 5% of total biogas production.

The AD system is a CSTR.

Plant is adjacent to an existing WWTP with adequate land base to add AD process.
Minimal site development is required.

Laboratory charges for the RNG quality control are estimated from quotes; it is
assumed that two complete gas analysis will be needed every year

Laboratory charges for the AD process are equal to 8% of operating labour costs.
Pressure to injection point is 60 psig. (Pressure required by UGL and EGD)

Economic assumptions for the SSO AD scenario differ from the agricultural and industrial
scenarios because it is assumed that a municipality will generally disburse less equity for a
project and that the interest rate on debt is lower than in the private sector.

It is assumed that the gate fees are higher than in other AD scenarios, since the SSO is
contaminated and must be pre-treated. Moreover, it is considered as a waste disposal cost
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saving for a municipality. No deflation on the gate fees is foreseen; instead, an inflation rate

is applied.
Biogas characterisation

e CH,55%

e CO,: 45%

e H,S: 1500ppm
e Siloxane: 0 ppm
e H,O: saturated
* O, 0%
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3.3.3 Industrial scenario assumptions

The assumptions for this specific scenario are as follows.

Input substrates

65,500 t/yr of vegetables residues free of contaminants at 23% dry mattet.
65,500 t/yr of slaughterhouse waste, free of contaminant, at 10% dry matter.
Gate fee is $35/t.

General assumptions

No cost for collection and transport of the substrate is considered.

Construction approach: full EPC.

Operating labour hours: 33 hours per day 365 days per year.

Solid part of digestate must be disposed of at a landfill or a composting facility with a
disposal cost of $10/t. [19]

Liquid part of digestate is sent to a municipal WWTP or to surrounding agricultural
lands, with a disposal cost of $3/t.

The AD system is a CSTR.

Parasitic electricity of the AD process is 5% of total biogas production.

Laboratory charges for the RNG quality control are estimated from quotes obtained
for this study. It is estimated that two complete gas analyses will be necessary every
year.

Laboratory charges for the AD process are equal to 8% of operating labour cost.
Pressure to injection point is 60 psig. (Pressure required by UGL. and EGD)

Biogas characterisation

CH,: 55%

CO,: 45%

H,S: 1500ppm
Siloxane: 0 ppm
H,O: saturated
O,: 0%
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3.3.4 WWTP scenario assumptions

Here are the assumptions for this specific scenario.

Input substrate
® No organic waste input.
® Biogas is available but not upgraded.
® Raw biogas is the only input.
® Biogas is free of charge.

General assumptions
® No cost for collection and transport of the substrate is considered.
e Construction approach: full EPC.
® Operating labour hours: 3 hours per day 365 days per year.
® Jtis assumed that the AD process already exists.
® No cost for digestate disposal is considered since it is an existing operating system.

® [Laboratory charges for the RNG quality control are estimated from quotes. It is
estimated that two complete gas analyses will be needed every year.

® DPressure to injection point is 60 psig. (Pressure required by UGL and EGD)

It is important to note that the economic assumptions for the WWTP scenario are similar to
the SSO scenario. This is because it is considered that WWTPs are operated by
municipalities. Therefore, the equity/debt ratio and the interest rate on debt are identical to
those in the SSO scenario.

Biogas characterisation
e CH,55%
e CO,: 45%
e H,S: 250ppm
® Siloxane: 15 ppm
e H,O: saturated
e 0, 0%
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3.4 Landfill scenarios assumptions

Economic assumptions are the same in all three landfill scenarios.

It is assumed that the landfill project would be developed by a third party and not by a
landfill operator. As a result, it is assumed that the developer would pay a royalty for the
landfill gas.

Moreover, since a third party developer is considered, no cost is estimated for operation of
the biogas collection system and the treatment of leachate. However, the gas royalty, which
act as a raw material cost, should cover these costs.

General landfill assumptions

e Landfill is open for 40 years, while only the 20 median years are taken into account.
® No cost for collection and transport of the waste is considered.
¢ Construction approach: full EPC.
e Landfill gas royalty: $2/G]J. [23] [24] [25]
® No gate fee is considered for waste input.
® No capital or operational cost for the biogas collection equipment.
® No capital or operational cost is assumed for the treatment of the leachate.
®  Operating labour for the biogas upgrading system: 8 hours per day 260 days per year.
® Methane generation constant, k (yr'): 0.045 [3]
® Potential methane generation capacity, I, (m’/tonne): 83 [5]
® Methane content: 55%.
® Methane collection efficiency: 75% [0]
® [Laboratory charges for the RNG quality control are estimated from quotes. It is
assumed that three complete gas analyses will be required every year.
® Pressure to injection point (Pressure required by UGL and EGD)
0 Small landfill: 60 psig.
0 Medium landfill: 200 psig.
0 Large landfill: 500 psig.
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3.4.1 Small and medium landfill assumptions

The biogas characterization for this scenario is as follows:

Biogas characterisation
e  Small landfill first year biogas flow rate: 475 m’/hr
®  Medium landfill first year biogas flow rate: 1110m’/hr
e CH,: 55%
o CO, 40%
e H,S: 200 ppm
e Siloxane: 18 ppm
e H,O: saturated
e 0O, 1%
® N, 4%

These scenarios assumed optimal gas collection operation to minimize air infiltration.

3.4.2 Large landfill assumptions

The biogas characterization for this scenario is as follows:

Biogas characterisation
® First year biogas flow rate: 3960 m’/hr
e CH,: 55%
e CO,: 40.4%
e H,S: 200 ppm
e Siloxane: 18 ppm
e H,O: saturated
* 0O, 0.6%
* N, 4%

The large landfill scenario assumed biogas specification differs slightly from other landfill
scenarios because such project would require very stringent gas collection operation to
minimize air infiltration and cost prohibitive oxygen removal processes.

3.5 Operational costs calculation

Assumptions presented in the previous section and process mass balances of each scenario
were used to estimate the operational costs. The costs generated on the first year of the
project are presented in the appendices. These costs will change over time due to inflation.
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3.6 Capital costs calculation

Electrigaz used its proprietary biogas production estimating techniques, models, experience
and Ontario biogas market information to calculate projects capital cost. Upgrading
equipment quotes were obtained from suppliers to estimate capital costs of each scenario.
Equipment installation and integration costs were estimated by Electrigaz. A compression
station is required only in the medium and large landfill scenarios. These capital costs were
evaluated by Electrigaz. All capital cost estimation details and equipment lists are available in
project details of Appendix 1 to 5.

The injection station and pipe capital costs were estimated and provided by EGD and UGL.
The costs are provided by EGD and UGL and are available in Appendix 6. The following
tables shows the total capital costs estimated for every scenario. Four groups of capital costs
are presented: AD process, upgrading process, injection, pipe, compression and interest on
capital incurred during construction time (IDC).

Table 2. Total capital costs for agricultural scenarios

Scenario name Baseline Farm | Large Farm | Coop Farm
IP IP IP

AD process $ 2,252,000 | $ 3,055,000 | $ 4,579,000

Upgrading process $ 1,561,000 | $ 2,030,000 | $ 2,896,000

Injection, pipe, compression | $ 529,930 | $ 529,930 |$ 529,930

IDC $ 105989 |$ 137,032|$ 195,359

Total capital costs $ 4,448,919 | $ 5,751,962 | $ 8,200,289

Table 3. Total capital costs for SSO, industrial and WWTP scenarios
Scenario name SSO Industrial WWTP

IP IP 1P
AD process $ 26093000 | $23278000 | $ -
Upgrading process $ 3713000|% 4163000 | $1977000
Injection, pipe, compression | $ 464930 |$ 487305|$ 464930
IDC $ 1253323|% 1354038]| % 51 005
Total capital costs $ 31524253 | $29282343 | $2 492935

Table 4. Total capital costs for landfill scenarios?

Scenario name Small landfill | Medium landfill | Large landfill
IP HP XHP

- $ -

6 773 000 | $ 13 542 492

2117080 | $ 3364 205

216961 | $ 575409

9107 041 | $ 17 482 106

AD process $ -
Upgrading process $ 4405 000
Injection, pipe, compression | $ 551 680
IDC $ 120967
$ 5077647

AR B B B

Total capital costs

2 Large landfill capital cost consolidates first year capital cost and inflated year-12 re-investment.
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4. Conclusion

Electrigaz used its biogas engineering expertise and best available Ontario biogas market
information to obtain each scenario capital and operational cost.

These costs will be used to obtain RNG production cost and to formulate optimal pricing
for this RNG program.
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Appendix 1: Agricultural scenario details
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Baseline agricultural scenario

Simplified schematic and mass balance of the processes

25,000 t/yr ) )
Primary digester 1,290,000 m*/yr
-m ) Biogas
S0 TS ) Secondary digester, to upgrading
800 m3 =150 m*h

k J| 3 (o]

P i Cutting pump
35 m3
31,130 thyr

Digestate storage
(Already on farm)

1400 m3

8,000 t/yr

Grease trap fat

12% TS

Mixing tank
400 m3

49% TS

Simplified schematic and mass balance of the AD unit of the Baseline agricultural scenario
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Simplified schematic and mass balance of the Baseline agricultural scenario upgrading unit
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Capital cost details

Capital cost of the AD of the Baseline agricultural scenario

Capital costs (Anaerobic digestion)

Total including

Categories Items installation
Pre-treatment and reception tanks $ 117,000
Pasteurizer
Mixing tank
Mixer (2)
Chopper pump
Anaerobic digestion equipment $ 1,191,000

Primary digester tank
Top mounted mixer
Secondary digester
Submersible mixers (2)
Double membrane roof (gas storage)
Digestate pump
Heating equipment $ 336,000
Heat exchanger
Boiler
Hot water pump
Biogas management equipment $ 84,000
Flare
Gas blower
Indirect costs $ 273,000
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)

Contractor profit (Construction management approach) $ 90,000
Contingency $ 161,000
Total cost $ 2,252,000

Capital cost of the upgrading unit of the Baseline agricultural scenario

Capital costs (Upgrading)

Total includin

Categories ltems intallation
Upgrading $ 1,187,000
Compressor
Scrubber
Drying column
Stripper
Water pump
Flashing column
Air blower
Auxiliaries
Indirect costs $ 197,000

Engineering, supervision, project management
Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)

Construction management fees $ 59,000
Contingency $ 118,000
Total cost $ 1,561,000
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First year operational costs of the baseline agricultural scenario

Operational costs

Operating labor $ 43 800
Operating supervision $ 6 570
Process Water $ 151
Electricity $ 124 874
Waste water disposal cost $ 867
Solid digestate disposal cost $ -

Contaminant diposal cost $ -

Injection station O&M $ 5299
Maintenance and repair $ 36 570
Operating supplies $ 29 523
Laboratory charges $ 7 836
Taxes (property) $ 43 429
Insurance $ 43 429
General expenses $ 21019
Total operational cost $ 363 368
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Large agricultural scenario
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Simplified schematic and mass balance of the processes
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Simplified schematic and mass balance of the AD unit of the large agricultural scenario

Drier-Purifier
60 psig
=166 Nm%hr
Biomethane
to injection
CH4:98.1%
CO2:1.5%
{><} 2
H,S : <1 ppm
Scrubber/_\ Chiller N2:<0.3%
% 0,:<0.1%
300 Nmh ’ oottty Stippi = 399 Nm?h
= m r vessel ripping = m r
Raw biogas J 7 w el Stripping air
inlet 7 outlet
CHs : 55% CH4:0.7%
CO;: 45% CO,:33.2%
Nz :52.2%
Compression 0,:13.9%
system 2 - -J/0
LY d H,S: 0.11%
Water saturated
— A
30 I/hr
3 Water blowdown
264 Nm*°/hr
Stripping air
inlet
301/h

Pump

ake-up water

Simplified schematic and mass balance of the large agricultural scenario upgrading unit
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Capital cost of the AD of the large agricultural scenario

Capital cost (Anaerobic digestion)

Total including
Categories ltems installation
Reception and pre-treatment 146 000
Pasteurizer
Mixing tank
Mixers
Feeding pump
Anaerobic digestion 1683 000
Primary digester
Secondary digester
Biogas storage
Heating system 420 000
Heat exchanger
Boiler
Hydronic system
Biogas management 100 000
Flare
Gas safety equipment
Gas blower
Indirect costs 365 000
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)
Construction management fees 122 000
Contingency 219 000
Total cost 3 055 000

Capital cost of the upgrading unit of the large agricultural scenario

Capital cost (Upgrading)

Total including
Categories ltems installation

Upgrading 1551 000

Compressor

Scrubber

Drying column

Stripper

Water pump

Flashing column

Air blower

Auxiliaries
Indirect costs 248 000

Engineering, supervision, project management

Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)
Construction management fees 77 000
Contingency 154 000
Total cost 2 030 000
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First year operational costs of the large agricultural scenario

Operating labor $ 43,800
Operating supervision $ 6,570
Process Water $ 302
Electricity $ 174,121
Waste water disposal cost $ 1,183
Solid digestate disposal cost $ -

Contaminant diposal cost $ -

Injection station O&M $ 5,299
Maintenance and repair $ 42,593
Operating supplies $ 34,943
Laboratory charges $ 7,836
Taxes (property) $ 56,149
Insurance $ 56,149
General expenses $ 22,797
Total operational cost $ 451,743

Cooperative agricultural scenario

Simplified schematic and mass balance of the processes
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12% TS

Mixing tank
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Digestate storage
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Simplified schematic and mass balance of the AD unit of the Cooperative agricultural scenario
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Simplified schematic and mass balance of the Cooperative agricultural scenario upgrading unit
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Capital cost details
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Capital cost of the AD of the Cooperative agricultural scenario

Capital costs (Anaerobic digestion)

Total including
Cateqories Items installation
Pre-treatment and reception tanks $ 188,000
Pasteurizer
Mixing tank
Mixer (2)
Chopper pump
Anaerobic digestion equipment $ 2,640,000
Primary digester tank
Top mounted mixer
Secondary digester
Submersible mixers (2)
Double membrane roof (gas storage)
Digestate pump
Heating equipment $ 482,000
Heat exchanger
Boiler
Hot water pump
Biogas management equipment $ 128,000
Flare
Gas blower
Indirect costs $ 575,000
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)
Contractor profit (Construction management approach) $ 202,000
Contingency $ 364,000
Total cost $ 4,579,000
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Total including

Categories ltems intallation
Upgrading $ 2,209,000

Compressor

Scrubber

Drying column

Stripper

Water pump

Flashing column

Air blower

Auxiliaries
Indirect costs $ 357,000

Engineering, supervision, project management

Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)
Construction management fees $ 110,000
Contingency $ 220,000
Total cost $ 2,896,000

First year operational costs of the Cooperative agricultural scenario

Operating labor $ 43,800
Operating supervision $ 6,570
Process Water $ 453
Electricity $ 222,978
Waste water disposal cost $ 1,577
Solid digestate disposal cost $ -

Contaminant diposal cost $ -

Injection station O&M $ 5,299
Maintenance and repair $ 54,023
Operating supplies $ 45,230
Laboratory charges $ 7,836
Taxes (property) $ 80,049
Insurance $ 80,049
General expenses $ 25,718
Total operational cost $ 573,583
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Appendix 2: SSO scenario details
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Simplified schematic and mass balance of the processes
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Simplified schematic and mass balance of the AD unit of the SSO scenario
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Simplified schematic and mass balance of the upgrading unit of the SSO scenario
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Capital costs details

Capital cost of the AD unit of the SSO scenario

Capital cost (Anaerobic digestion)

Cateqories ltems

Total including
installation

Building and Land
Reception building
Administration building
Pump house
Digestate management building
Land

$ 3 750 000

Reception and pre-treatment
Truck scale
Reception pits
Shredder
Conveyors
Plastic + metal remover
Mixing tank
Mixers
Feeding pump

$ 8 242 000

Odour treatment
Ventillation equipment
Acid scrubber + facilities
Biofilter + facilities

$ 2 203 000

Anaerobic digestion
Primary digesters
Secondary digester
Biogas storage

$ 2724 000

Heating
Heat exchanger
Boiler
Hydronic system

$ 840 000

Digestate management
Digestate pump
Digestate storage
Solid/Liquid separator
Solid handling system

$ 659 000

Biogas management
Flare
Gas safety equipment
Gas blower

$ 389 000

Indirect costs
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)

$ 2820 000

Construction management fees
Contingency

$ 2 424 000
$ 2 042 000

Total cost

$ 26 093 000
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Capital cost of the upgrading unit of the SSO scenario
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Capital cost (Upgrading)

Total including
Cateqgories ltems installation

Upgrading $ 2 732 000

Compressor

Scrubber

Drying column

Stripper

Water pump

Flashing column

Air blower

Thermal oxidizer

Auxiliaries
Indirect costs $ 429 000

Engineering, supervision, project management

Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)
Construction management fees $ 276 000
Contingency $ 276 000
Total cost $ 3713 000

First year operational costs of the SSO scenario

Operational costs

Operating labor $ 481,800
Operating supervision $ 72,270
Process Water $ 3,005
Electricity $ 369,526
Waste water disposal cost $ 32,033
Solid digestate disposal cost $ 188,994
Contaminant diposal cost $ 360,000
Injection station O&M $ 4,649
Maintenance and repair $ 215,378
Operating supplies $ 191,200
Laboratory charges $ 48,376
Taxes (property) $ 302,709
Insurance $ 302,709
General expenses $ 190,960
Total operational cost $ 2,763,609
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Appendix 3: Industrial scenario details
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Simplified schematic and mass balance of the processes
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Simplified schematic and mass balance of the AD unit of the industrial scenario
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Simplified schematic and mass balance of the upgrading unit of the industrial scenario
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Capital cost details
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Capital cost of the AD unit of the industrial scenario

Capital cost (Anaerobic digestion)

Categories Iltems

Total includin
installation

Building and Land
Reception building
Administration building
Pump house
Digestate management building
Land

$ 4950000

Pre-treatment and reception tanks
Truck scale
Reception pits
Shredder
Reception tanks
Mixers
Feeding pumps

$ 1997 000

Odour treatment
Ventillation equipment
Acid scrubber + facilities
Biofilter + facilities

$ 2 377 000

Anaerobic digestion
Primary digesters
Secondary digester
Biogas storage

$ 4748000

Heating
Heat exchanger
Boiler
Hydronic equipment

$ 1226 000

Digestate mangement
Digestate pump
Digestate storage
Solid/Liquid separator
Solid handling equipment
Liquid digestate additionnal storage

$ 1253 000

Biogas management
Flare
Gas safety equipment
Gas blower

$ 471 000

Indirect costs
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)

$ 2425000

Construction management fees
Contingency

$ 2099000
$ 1732000

Total cost

$ 23278000
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Capital costs of the upgrading unit of the industrial scenario

Capital cost (Upgrading)

Total including
Cateqgories ltems installation

Upgrading $ 3175000
Compressor
Scrubber
Drying column
Stripper
Flashing column
Air blower
Thermal oxidizer
Auxiliaries
Indirect costs $ 414 000
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)

Construction management fees $ 287 000
Contingency $ 287 000
Total cost $ 4163000

First year operational costs of the industrial scenario

Operating labor $ 481,800
Operating supervision $ 72,270
Process Water $ 907
Electricity $ 461,193
\Waste water disposal cost $ 241,005
Solid digestate disposal cost $ 404,091
Contaminant diposal cost $ -

Injection station O&M $ 4,873
Maintenance and repair $ 195,765
Operating supplies $ 173,199
Laboratory charges $ 48,376
Taxes (property) $ 279,283
Insurance $ 279,283
General expenses $ 188,682
Total operational cost $ 2,830,727
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Appendix 4: WWTP scenario details
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Simplified schematic and mass balance of the processes
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Simplified schematic and mass balance of the upgrading unit of the WWTP scenario
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Capital cost details
Capital cost of the upgrading unit of the WWTP scenario

Capital cost (Upgrading)

Total including

Categories Items installation
Upgrading $ 1593 000
Compressor
Scrubber
Drying column
Stripper
Water pump

Flashing column
Thermal oxidizer
Air blower
Auxiliaries
Indirect costs $ 176 000
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)

Construction management fees $ 99 000

Contingency $ 109 000

Total cost $ 1977 000

First year operational costs of the WWTP scenario

Operating labor $ 43,800
Operating supervision $ 6,570
Process Water $ 128
Electricity $ 38,640
Waste water disposal cost $ -
Solid digestate disposal cost $ -
Contaminant diposal cost $ -
Injection station O&M $ 4,649
Maintenance and repair $ 21,180
Operating supplies $ 5,772
Laboratory charges $ 11,000
Taxes (property) $ 24,419
Insurance $ 24,419
General expenses $ 17,069
Total operational cost $ 197,647

Economic Study on Renewable Natural Gas Production and Injection Costs in the Natural Gas Distribution Grid in Ontario-Biogas plant costing report

47



Filed: 2018-01-19

EB-2017-0255

Exhibit B.ED.12

Attachment 1

Page 58 of 109
Filed: 2011-09-30
EB-2011-0242
EB-2011-0283
Exhibit B
Tab 1
Appendix 4

INTENTIONALLY BLANK

Economic Study on Renewable Natural Gas Production and Injection Costs in the Natural Gas Distribution Grid in Ontario-Biogas plant costing report

48



Filed: 2018-01-19

EB-2017-0255

Exhibit B.ED.12

Attachment 1

Page 59 of 109
Filed: 2011-09-30
EB-2011-0242
EB-2011-0283
Exhibit B
Tab 1
Appendix 4

Appendix 5: Landfill scenario details
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Small landfill scenario details
Simplified schematic and mass balance of the processes
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Simplified schematic and mass balance of the upgrading unit of the small landfill scenario
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Capital costs details
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Table Capital cost of the upgrading unit of the small landfill scenario

Capital cost (Upgrading)

Total including|
Cateqgories ltems installation

Upgrading $ 3392000

Compressor

Scrubber

Drying column

Stripper

Water pump

Flashing column

Air blower

PSA process (O2/N2 removal)

Thermal oxidizer

Auxiliaries
Indirect costs $ 421 000

Engineering, supervision, project management

Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)
Construction management fees $ 296 000
Contingency $ 296 000
Total cost $ 4405000

First year operational costs of the small landfill scenario

Operational costs

Operating labor $ 83,429
Operating supervision $ 12,514
Process Water $ 484
Electricity $ 113,416
Waste water disposal cost $ 1,892
Landfill gas royalty $ 161,878
Injection station O&M $ 5,517
Maintenance and repair $ 19,680
Operating supplies $ 15,072
Laboratory charges $ 16,500
Taxes (property) $ 49,567
Insurance $ 49,567
General expenses $ 31,238
Total product cost $ 560,753
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Medium landfill scenario details
Simplified schematic and mass balance of the processes
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60 psig
~599 Nm®/hr
Biomethane
to grid
CHy4:95.2%
CO, : 1.4%
H,S : <1 ppm
Scruhber/“\ Chiller N,:3.2
( § 0,:0.16%
1110 Nm%h - ool stropi = 1416 Nm%h
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Raw biogas T Stripping air
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0::1% Compression / 0:14.4%
system . N
1™ 77 H.S : 0.02%
Water saturated
— %,
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Simplified schematic and mass balance of the upgrading unit of the medium landfill scenario
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Capital Cost details
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Capital cost of the upgrading unit of the medium landfill scenario

Capital cost (Upgrading)

Total including
Categories ltems installation

Upgrading $ 5203 000

Compressor

Scrubber

Drying column

Stripper

Water pump

Flashing column

Air blower

PSA process (O2/N2 removal)

Thermal oxidizer (2)

Auxiliaries
Indirect costs $ 672 000

Engineering, supervision, project management

Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)
Construction management fees $ 449 000
Contingency $ 449 000
Total cost $ 6 773 000

Capital cost of the HP compression station for the Medium landfill scenario

Capital cost (Compression station HP, Medium landfill scenario)

Total including

Categories intallation

Compressor (110kW) $ 664,000
Indirect costs $ 93,000

Engineering, supervision, project management

Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)
Contractor profit (EPC construction) $ 67,000
Contingency $ 67,000
Total cost $ 891,000
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First year operational costs of the medium landfill scenario

Operating labor $ 83,429
Operating supervision $ 12,514
Process Water $ 1,118
Electricity $ 297,427
Waste water disposal cost $ 4,389
Landfill gas royalty $ 377,716
Injection station O&M $ 12,261
Maintenance and repair $ 24,663
Operating supplies $ 28,386
Laboratory charges $ 16,500
Taxes (property) $ 88,901
Insurance $ 88,901
General expenses $ 37,060
Total product cost $ 1,073,264
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Large landfill scenario details

Simplified schematic and mass balance of the processes
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Simplified schematic and mass balance of the upgrading unit of the large landfill scenario
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Capital cost details
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Capital cost of the upgrading unit of the large landfill scenario

Capital cost (Upgrading)

Categories Iltems

Total including
installation

Module 1: Booster
Compressor
Heat exchanger

$ 8 028 000

Module 2: H2S removal
Adsorption column

Module 3: Compression
Compressor
Cooler

Module 4: Siloxane/VOC removal
Adsorption column

Module 5: PSA
PSA column

Module 7: Vacuum exhaust
Blower
Thermal oxidizer (2)

Indirect costs $ 895 000
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)
Construction management fees $ 670 000
Contingency $ 670 000

Total cost

$ 10 263 000

Capital cost of the XHP compression station for the Large landfill scenario

Capital cost (Compression station HP, Large landfill scenario)

Total including

Categories intallation

Compressor (400kW) $ 1,550,000
Indirect costs $ 217,000

Engineering, supervision, project management

Legal expenses

Start-up, commissioning

Temporary services (trailers, utilities, etc.)
Contractor profit (EPC construction) $ 155,000
Contingency $ 155,000
Total cost $ 2,077,000
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Year 12 capital cost of the XHP compression station for the Large landfill scenario

Equipment list Upgrading

Total including

Categories ltems installation
Module 1: Booster $ 1922000
Compressor
Heat exchanger
Module 2: H2S removal
Adsorption column
Module 3: Compression
Compressor
Cooler
Module 4: Siloxane/VOC removal
Adsorption column
Module 5: PSA
PSA column
Module 7: Vacuum exhaust
Blower
Indirect costs $ 273 000
Engineering, supervision, project management
Legal expenses
Start-up, commissioning
Temporary services (trailers, utilities, etc.)
Contractor profit (EPC construction) $ 158 000
Contingency $ 158 000
Total cost $ 2511000
Total cost 2024 (inflation included) $ 3 279 492

First year operational costs of the large landfill scenario

Operating labor $ 83,429
Operating supervision $ 12,514
Process Water $ -

Electricity $ 912,223
Waste water disposal cost $ -

Landfill gas royalty $ 1,270,313
Injection station O&M $ 12,872
Maintenance and repair $ 139,658
Operating supplies $ 125,692
Laboratory charges $ 16,500
Taxes (property) $ 136,272
Insurance $ 136,272
General expenses $ 72,577
Total product cost $ 2,918,321
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Appendix 6: EGD and UGL estimated capital and operational
costs of the injection stations
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Capital and operational costs of the injection stations for all scenarios

Capital Cost Summary

Filed: 2011-09-30
EB-2011-0242
EB-2011-0283
Exhibit B

Tab 1

Appendix 4

Enbridge & UGL - Station and Interconnect Costs
Scenario Station ($) Pipe (%) O&M ($lyear) Pipe(rl;]e)ngth Pipe Material Pi(F:\TPSSi)Z € | Pressure (IP/HP)
1 Aggregated AD $ 374,305| $ 113,000| $ 4,873 500 Plastic 4 IP
2 Farm AD $ 351,930 $ 178,000| $ 5,299 1,500 Plastic 4 IP
3 SSO AD $ 351,930 $ 113,000| $ 4,649 500 Plastic 4 IP
4 WWTP AD $ 351,930| $ 113,000 $ 4,649 500 Plastic 4 IP
5 Small Landfill $ 373,680| $ 178,000 $ 5,517 1,500 Plastic 4 IP
6 Medium Landfill $ 376,080 $ 850,000] $ 12,261 5,000 Steel 8 HP (200 psi)
7  Large Landfill $ 437,205( $ 850,000 $ 12,872 5,000 Steel 8| XHP (500psi)
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Appendix 7: Corporate profile
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Electripaz préfie

Electrigaz is the only engineering firm in Canada specialized exclusively in biogas engineering. We don't sell equipment;
we sell unbiased biogas engineering expertise.

Electrigaz services

Electrigaz differentiates itself by providing complete biogas project development services including:

Feasibility studies

Complete biogas plant engineering (construction plans and specifications)
Anaerobic digestion process design

Cost assessments and economic projections

Price sensitivity analysis

Financial modeling

Biogas lab testing

Financial and permitting documentation development

Project planning

Contract negotiations (equipment vendors, utilities, GHG, etc.)
Project management

Site supervision

Plant commissioning

Process optimization

O O OO O OOOOOOoOOoOOoOOo

Electrigaz clients

Agricultural producers
Industrials

Energy developers
Plant builders
Engineering firms
Governments
Municipalities
Universities, etc.

O OO0 o0 0o Oo0Oo

Electrigaz Technologies Inc.

T/F: 819-840-3589
E: info@electrigaz.com W: www.electrigaz.com
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Electripaz t8am

The main strength of Electrigaz is its dynamic and passionate team of professionals dedicated to find solutions to the 21st century
energy and environmental challenges.

Eric Camirand, Eng., President

Mr. Camirand holds a degree in Electrical Engineering from McGill University in Montreal. Throughout his junior years Mr. Camirand
piloted various engineering projects for corporations such as Petro-Canada, Hong Kong Airport Authorities and Canadian Airlines.

As founder and CEO of Cinax Designs, a Vancouver based video compression software development firm, Mr. Camirand led the
company through steady growth that culminated with the merger with Ravisent Technologies of Pennsylvania.

Since then, Mr. Camirand has been active in the renewable energy sector as member of the Quebec caucus for the Canadian Wind
Energy Association and more recently as founder-president of the Biogaz Quebec Association. Being an active biogas promoter, Mr.
Camirand frequently participates in national and international conferences dedicated to green technologies and bioenergy.

Nathalie Garceau, VP Marketing
Nathalie completed a Bachelor's degree in Civil Engineering at Laval University and a
Master's degree in Applied Science at UBC. For several years, Nathalie worked at Sandwell
Engineering where she acquired valuable design, project management and site supervision
experience. Over the years, Nathalie has pursued her practical education in the fields of
agriculture and green marketing.

Frangois Handfield, Jr. Eng., Project Manager

Francgois holds a degree in bio-resources engineering from McGill University in Montreal.
With a strong background in farming, Francois offers down-to-earth practical biogas
engineering solutions to biogas engineering challenges.

Raphaél Duquette, Jr. Eng., Project Manager

Raphael holds a degree in chemical engineering from Université de Sherbrooke. Raphael
brings to Electrigaz considerable process engineering experience acquired while working
for Xstrata Cuivre and Ultramar (refinery).

Natalia Bourenane, MBA, Data analyst

Natalia is a MBA graduate from Université du Québec a Trois-Rivieres. In 2010 she joined
Electrigaz where she used her expertise in research to develop a methodology of organic
waste data collection applicable to every technology of bioenergy production from
biomass.

Patrick Simard, Mechanical Engineering Technician
Patrick is a certified mechanical engineering technician bringing hands on solutions to
Electrigaz engineering team and clients. Patrick is also an accomplished CAD draftsman.

Liesl Fischer, Jr. Eng., Project Manager

Liesl holds a masters degree in chemical engineering, specialized in environment, from the
University of Waterloo. Her master's thesis is about biogas cleaning in biomethanation
systems.

Electrigaz Technologies Inc.
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Electrigaz parthers

Electrigaz and its engineering partners offer over 20 years of applied experience in the field of biogas plant engineering, biogas
utilization (heat, electricity, pipeline & vehicles) and general biogas project planning and realization. With over a hundred biogas
plants built worldwide our group completely understands the challenges of developing biogas plants in emerging markets.

Krieg & Fischer is an experienced engineering firm specialized in the design and
engineering of biogas systems. K&F have designed, built and commissioned hundreds of
biogas plants worldwide.

BioMil AB is a Swedish engineering company with over 30 years of experience in
providing sustainable solutions for the biogas industry. BioMil offers technical consulting
services, environmental and economic analyses of biogas and biomethane systems.
BioMil cumulates numerous reference projects including a wide range of engineering
mandates from preliminary studies and design to construction supervision and project
commissioning.

Macleod Agronomics provides practical, agri-environmental support for Canadian
agricultural development projects. Moreover, the firm offers considerable expertise for
the quantification of greenhouse gas reduction projects. While decreasing the overall
environment footprint of Canadian agriculture is a major goal for MacLeod Agronomics,
a strong focus is also placed on assisting agri-producers and agri-businesses in growing
farm-gate revenues with the adoption of sustainable production practices and systems.

Acesa is an infrastucture and energy consulting group based in Rio de Janeiro, Brazil.
Acesa is focused on the development of bio-refineries and the energetic applications of
biogas in urban and agricultural sectors of the Latin America.

Electrigaz Technologies Inc.
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Realizafitns

2011 > Waste-to-Resources development group (Lépez-

Caceres Eco-Farm), Puerto Rico, USA

Preliminary engineering design report for a co-
digestion biogas plant (manure, dairy residues)
producing electricity for net metering at the Ldpez-
Caceres Eco-Farm.

Waste-to-Resources development group (Nidco),
Puerto Rico, USA

Preliminary engineering design report for a biogas
plant producing electricity for a partially off grid
quarry and using processed source separated organic
residues as feedstock.

Powerbase, Carleton Place, ON, Canada
Due diligence and troubleshooting of six (6) existing
biogas plants.

Gaz Métro (Project Il) Montreal/Riviere-du-Loup, QC
Technical and economic due dilligence of a SSO
municipal biogas project in Riviére-du-Loup.

Stars' Energy Mexico, Baja California Sur, Mexico
Preliminary engineering design and economic analysis
for an anaerobic digestion process treating fish
processing residues, cheese, and farm waste.

Innoventé, St-Patrice-de-Beaurivage, QC, Canada
Technical and economic study on integration and
operation of an anaerobic digestion plant to a
patented composting facility.

L'Oréal, Montréal, QC, Canada
AD biogas production laboratory testing on
pharmaceutical waste.

> Community Energy Partnership Program, Toronto, ON
Analysis and feasibility study for various biogas
projects.

2010 > Nouveau-Brunswick Community College,

Edmundston, NB, Canada
Design and implementation of a small scale biogas
plant for SSO and farm waste.

BC Ministry of Agriculture, Victoria, BC, Canada
Development and validation of a biomass survey
methodology applicable to different bioenergy
technologies.

Earthrenu, Vancouver, BC, Canada, 2009/2011
Feasibility analysis and design of anaerobic
digestion plant using 60, 000 t/y of industrial and
agricultural organic waste. - $16 millions

Enfouissement Champlain, Champlain, QC, Canada
Expert witness in the evaluation of the biogas
production potential of a landfill.

Régie Intermunicipale d'élimination de déchets
solides de Brome-Missisquoi (R.l.E.D.S.B.M.), QC
Technical and economic due diligence of different
anaerobic digestion technologies.

Municipalité de Chambord, QC, Canada

Technical and economic feasibility study of the
anaerobic digestion potential of organic waste for
the municipality of Chambord.

Investeco, Toronto, ON, Canada
Technical and economic due diligence on biogas
technologies and business model viability.

Gaz Métro, Montréal, QC, Canada

Analysis of all potential biomethane projects in
Quebec. Recommendation of approach to qualify
and answer potential biomethane producer
concerns.

Electrigaz Technologies Inc.
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2009 > Happy Acres, Eastsound, WA 2008 > BC Innovation Council, Vancouver, CB
Preliminary design of an anaerobic digestion process Technical review and economic analysis of biogas
for wastewater sludge and grease trap treatment. upgrading technologies to meet natural gas pipeline
specifications.
> BC Bioenergy Network, Vancouver, BC
FeaSIbI|Ity Study — due d”igence review: Agricultural > Concordia University’ Montreall QcC
waste to green energy and fertilizer project. Preliminary engineering and cost assessment of an
anaerobic digester to be located downtown Montreal
> City of Repentigny, QC on the University campus.
Study on the co-digestion of food processing residues
of Lebel Island station's methanisers. > Centre Local de Dé\/e|oppement, Repentigny, QcC
Conceptual, environmental and economic analysis for
> Archibald Dairy Farm, Fredericton, NB the construction of a coop food waste treatment
Anaerobic digestion of dairy cattle manure and plant where biogas is being reused on site.
biosolids for electricity generation at Archibald dairy
farm.

> Acton Farms, Fredericton, NB
Anaerobic digestion of beef cattle manure for
electricity generation.

> McLeod Agronomics, Fredericton, NB
Study for the development of an ethanol pilot plant
using biogas energy in the distillation process.

> Electrigaz (internal project)
Research and development of proprietary online
software for preliminary evaluation of biogas projects.
(http://www.electrigaz.com/kefir/index.php)

> Zhang Project, Hebei Province, Chinea
Organic waste survey and analysis for the construction
of a centralized biogas plant. On site visit of waste
producers and operator. Preliminary design of an
anaerobic digestion plant.

Electrigaz Technologies Inc.
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Realiza%igns

2007 >

2006 >

HSF Foods (MacLeod Agronomics), Frédéricton, NB
Economic analysis and preliminary engineering of an
anaerobic digester for potatoes process industry.

Fromagerie Champétre, Repentigny,QC

Technical and economic feasibility study for a
lactoserum digester and usage possibility of biogas
produced.

BC Bioproducts Association, Vancouver, CB

Evaluation of the potential for a biogas industry in BC
and development of policy recommendations to
enable its development in the Fraser Valley.

Ferme Ashworth, Frédéricton, NB

Preliminary engineering and economic analysis for a
farm based anaerobic digester using manure and
silage as feedstock.

BLT Farms, Ste-Catherine, ON
Technical and economic comparative study of
anaerobic digestion systems for a poultry producer.

Frito-Lay, Amérique du Nord

Preliminary evaluation of waste management of
potatoes chips plant sludge using anaerobic
digestion.

Mobilogaz, Harrington, QC
Design and construction of a 3 m* mobile biogas
plant (10kW).

Ferme Messier, Ham Nord, QC
Technical research to convert heating system " LB
White " to use raw biogas.

2005 > Geonomic BT, Bangalore, Inde

Research and development of a waste treatment
solution for a southern India temple housing 100
elephants.

C3FE Corp, Maine, Etats-Unis

Comparative study of various technologies for
treatment of manure for a 4.5 millions chicken egg
layers farm.

Global Advisors Ltd, New Delhi, Inde
Carbon financing study for 7,500 family digesters in
rural India.

Katani Ltd, Tanzanie, Afrique

Research for the implementation of an R & D pilot
plant for the production of bio-hydrogen from Sisal
fiber plant waste.

Electrigaz Technologies Inc.
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FALKENSTEIN Biogas Plant , Germany

Feedstock: corn silage, wheat silage, sweet sorghum

Digester: steel tank 2 x 3,126 m?

Energy: gas engine 2 x 726 kW

Specials: gas holder above secondary digester, thermophilic operation, heat usage
Services provided: design, preplanning, detailed and final construction plans,
supervision of construction, start-up

INLAND EMPIRE Biogas Plant, USA

Feedstock: manure, waste

Digester: steel tank, 2 x 4,500 m?3

Co-generator: supplied by the gas distribution systems
Specials: biogas feeding into the gas distribution systems
Services provided: detailed final construction plans, tenders,
start-up

BIOENERGIE HEHLEN Biogas Plant, Germany

Feedstock: cornsilage

Digester: concrete tank 2,000 m3

Co-generator: gas engine 536 kW

Specials: gas holder above secondary digester, energy recovery heat, thermophilic
operation

Services provided: design, preplanning, permission, detailed final construction plans,
tenders, supervision of construction, start-up

Mobile Biogas Plant, Quebec, Canada

Feedstock: manure

Digester: fiberglass tank, 2.65 m?3

Energy: modified diesel engine 3kW

Specials: mobile pilot plant, can be used to test agricultural, industrial and municipal
organic waste

Services provided: design, preplanning, detailed and final construction plans,
construction, erection & start-up

Electrigaz Technologies Inc.
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SCHORNBUSCHER BIOGAS GMBH Biogas Plant , Germany

Feedstock: corn, organic industrial waste

Digester: concrete tank, 1.500m3

Co-generator: gas engine, 500 kW

Specials: process water recycling, complete pasteurization

Services provided: design, permission, detailed final construction plans, supervision
of construction, start-up, operation

WIETZENDORF Biogas Plant / Anaerobic WWTP , Germany

Feedstock: potato starch, potato residues

Digester: 4 steel tanks, 2500 m? each

Co-generator: gas engine, 4 x 2,1 MW

Specials: protein recovery, reverse osmosis, retention of biomass through decanter
Services provided: planning of complete biological treatment, gas holder,
dewatering, safety measuring, controlling devices

Biogas Plant, Saskatoon, Canada

Feedstock: manure, potatoes

Digester: steel tank, 2 000 m?

Co-generator: micro turbine, 4 x 30kW

Specials: gas bag above dual purpose tank

Services provided: design, preplanning, permission planning, detailed and final
plannings, supervision of erection, start-up

WIESENAU Il Biogas Plant , Germany

Feedstock: cattle manure, dung, wheat, corn silage

Digester: steel tank 4,300 m3

Co-generator: gas engine, 2 x 526 kW

Specials: extension of existing biogas plant

Services provided: design, preplanning, permission, detailed and final
construction plans, supervision of construction, start-up

Electrigaz Technologies Inc.

T/F: 819-840-3589
E: info@electrigaz.com W: www.electrigaz.com



> Upgrade of organic wastes in food processing industry as
energy efficiency measure.
Annual congress, AQME (Association Québécoise pour la
maitrise de I'énergie) Drummondville, QC, Canada, 2011.

> Favourable conditions for the development of the
biomethane industry in Quebec.
Americana, Montréal, QC, Canada, 2011.

> Perspectives of biogas energy in Quebec.
AQPER (Association québécoise de la production
d’énergie renouvelable), Québec, QC, Canada, 2011.

> Bioenergy feedstock surveying techniques.
Agri-Energy Forum, Pacific Agriculture Show, Abbotsford,
BC, Canada, 2011.

> Biomethane production cost from various sources.
Biocycle, Des Moines, IA, USA, 2010.

> Biogas project development cycle.
Biogas USA, San Francisco, CA, USA, 2010.

> Sector future: biogas energy.
Expo Energie, Montreal, QC, Canada, 2010.

> Production of biomethane from organic waste.
Efficacité énergétique. St-Hyacinthe, QC, Canada, 2010.

> Eastern Canada biogas policy development: myths and
reality.
International Bioenergy Conference, Prince George, BC,
Canada, 2010.

> Panorama of bioenergy solutions.
Forum Bioénegie, Montreal, QC, Canada, 2010.

> Electric cars economic analysis as a solution for
renewable energy in Quebec.
Salon TEQ, Quebec, Canada, 2010.

> Mandatory biomethane mix in the Canadian natural gas
network.
Growing the margins, London, ON, Canada, 2010.

Technical and economic challenges of building a mobile
> biogas plant.
Biocycle, California, CA, USA, 2009.
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GConferences & Publications

> Economic viability of upgrading farm biogas to sell energy
directly to consumers over the natural gas grid.
Growing the margins, London, ON, Canada, 2008.

Prospects of anaerobic digestion potential of organic materiel
and biogas energy valorization for various Canadian markets.
Salon TEQ, Quebec, QC, Canada, 2008.

Anaerobic digestion technologies.
Quebec Liberal Party congress, 2008.

Perspectives for biomethane production and resell in the
Fraser Valley.
BC Agricultural show, BC, Canada, 2008.

Farm based biogas projects in Ontario.
Toronto International Agricultural show, ON, Canada, 2008.

Biogas investment opportunities.
Biofinance conference, Toronto, ON, Canada, 2008.

On farm energy production.
Conférence énergie a la ferme, St-Jean-Richelieu, QC,
Canada, 2008.

Economic viability of upgrading farm biogas for thermal or
automotive applications.
Biocycle conference, WI, USA, 2008.

Biogas principles.
CRAAQ, Methanisation day, QC, Canada, 2007.

Climate change and anaerobic digestion.
APCAS, Air et changements climatiques, Montreal, QC,
Canada, 2007.

Electrigaz Technologies Inc.
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EHlectrinaz CHarts

Stars Energy Mexico

Earth Renu Energy Corp.

BC Bioproducts

City of Repentigny

Concordia University

Municipality of Chambord

Province of British Columbia
Investeco

Innoventé

CLD de la MRC de I'Assomption
College communautaire du Nouveau-Brunswick
L'Oréal

British Columbia Innovation Council
Powerbase energy systems

Gaz Métro

Champétre Cheesery

Massachusetts Institute of Technology
BC Bioenergy Network

MacLeod Agronomics

Community Energy Partnerships Program
Frito Lay

WTR Development group
R.I.E.D.S.B.M.

Kimminic Corporation

Kindele

Enfouissement Champlain

Happy Acres Company

Electrigaz Technologies Inc.
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Electrigaz

Biogas Engineering

Electrigaz Technologies inc.

10301 Ch. Sainte-Marguerite, suite 7

Trois-Rivieres (Quebec)
Canada G9B 6M6

T/F: 819-840-3589
E: info@electrigaz.com
W: www.electrigaz.com
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Economic Study on Renewable Natural Gas Production and
Injection Costs in the Natural Gas Distribution Grid in
Ontario

-RNG program pricing report

Prepared by:

Electrigaz Technologies Inc.

In conjunction with:

Enbridge Gas Distribution Inc.

Union Gas Limited

@ wiongas v

A Spacina Energ

September 2011
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Executive summary
Enbridge Gas Distribution Inc. (EGD) and Union Gas Limited (UGL) are the largest

natural gas distribution utilities in Ontario. They are investigating technical and economic
challenges of establishing a Renewable Natural Gas (RNG) program that would allow both
utilities to provide their customers renewable natural gas. Electrigaz Technologies Inc.
(Electrigaz) was hired by EGD and UGL to provide biogas engineering expertise to perform
financial modeling and price evaluation for this RNG program.

Capital and operational costs were estimated for each scenario using the best available
Ontario biogas market information. These can be found in the Electrigaz Economic Study on
Renewable Natural Gas Production and Injection Costs in the Natural Gas Distribution Grid in
Ontario—Biogas plant costing report. These were used as a basis to evaluate and develop an
appropriate pricing mechanism in this report.

A standardized financial model was developed to evaluate the Return on Equity (ROE) for
each scenario under various RNG price points. EGD and UGL recommended an RNG
price ceiling to balance the need to minimize the impacts on their customer’s bills with the
need of RNG producers to earn a reasonable return on the incremental capital and operating
costs required to enable the market. Simulations were performed to establish the optimal
RNG price points and energy volume thresholds to yield a target 11% ROE.

Based on the analysis performed, two distinct RNG price schedules, one for AD and one for
landfills, are recommended. Within each schedule, two RNG prices are proposed around a
specified energy volume threshold. This means that energy delivered below a set energy
threshold will be paid at a higher price per gigajoule than the energy delivered above that
energy threshold. This two-tiered approach was chosen to address the distinct characteristics
of the anaerobic digestion (AD) and landfill gas (LFG) segments while facilitating the
overarching objectives of simplicity and broad adoptability.

The following table presents recommended energy volume threshold and RNG price points.

RNG pricing

AD Energy Volume Threshold 50 000 GJlyr
AD RNG price below threshold $ 17.00 $/GJ
AD RNG price above threshold $ 11.00 $/GJ
LFG Energy Volume Threshold 150 000 GJlyr
LFG RNG price below threshold $ 13.00 $/GJ
LFG RNG price above threshold $ 6.00 $/GJ

Economic Study on Renewable Natural Gas Production and Injection Costs in the Natural Gas Distribution Grid in Ontario-RNG program pricing report
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The following table presents expected ROE value for each scenatio.

Results Project Cost ROE
AD scenarios
Baseline Farm $ 4,448,919 -
Large Farm $ 5,751,962 10.0%
Coop Farm $ 8,200,289 11.1%
SSO (Municipal) $31,524,253 1.3%
Industrial $ 29,282,343 -
WWTP $ 2,492,935 -
Landfill scenarios
Small landfill $ 5,077,647 10.5%
Medium landfill $ 9,107,041 13.4%
Large landfill $17,482,106 13.6%
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The summary results above represent returns for each segment under the developed
scenarios. In certain cases, the application of the model to a production scenatio resulted in
a negative ROE, indicating that production would not be viable at that price level. Where
ROE:s are negative, no figure is included in the table. Individual biogas projects returns will
vary depending on prevailing market conditions and proponents’ specific operational

characteristics.
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Glossary

Biogas
Biomethane
Digestate

Renewable Natural Gas

Substrate

Abbreviations and units

AD
CGA
CH,
CO,
C:N
CSTR

EPC

FIT

GHG

GJ

H,O

HP injection pressure
hr

H,S

IDC

IP injection pressure
kg

kWe
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Gas produced from anaerobic digestion, mostly
composed of CH, and CO,

Methane extracted from a biogas upgrading system,
also called Renewable Natural Gas (RNG)

Nutrient rich material left following AD consisting
of indigestible material and dead micro-organisms
Biomethane interchangeable with natural gas

Material uploaded into digesters

Anaerobic digestion

Canadian Gas Association
Methane

Carbon dioxide
Carbon/Nitrogen ratio
Complete stirred tank reactor
Day

Engineering, Procurement and Construction
Feed in tariff

Greenhouse gases

Energy unit (Gigajoule)

Water

High pressure (200 psig)

Time unit (Hour)

Hydrogen sulphide

Interest during construction
Intermediate pressure (60 psig)
Mass unit (Kilogram)

Power unit (Kilowatt electrical)
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kWh

LFG

OPA FIT

ppm
PSA
psig
RNG
ROE

S

SSO

t

TS

VS
WWTP
XHP injection pressure
Yr

°C
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Energy unit (Kilowatt-hour)

Volume unit (Litre)

Landfill gas

Volume unit (Cubic meter)

Mass unit (Milligram)

Energy unit (MegaJoule)

Municipal solid waste

Concentration unit (molar percentage)
Nitrogen

Not defined

Volume unit (Normal cubic meter)
Oxygen

Ontario Power Authority

Ontario Power Authority feed in tariff program
Concentration unit (part per million)
Pressure swing adsorption

Pressure unit (pound square inch gauge)
Renewable natural gas

Return on equity

Sulphur

Source separated organics

Mass unit (Tonne)

Total solids

Volatile solids

Wastewater treatment plant

Extra high pressure (500 psig)

Year

Temperature unit (Celsius degree)
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1 Introduction

Enbridge Gas Distribution Inc. (EGD) and Union Gas Limited (UGL) are the largest
natural gas distribution utilities in Ontario. They are investigating technical and economic
challenges of establishing a Renewable Natural Gas (RNG) program that would allow both
utilities to provide their customers renewable natural gas. Electrigaz Technologies Inc.
(Electrigaz) was hired by EGD and UGL to work with the utilities to perform financial
modeling and price evaluation for this RNG program.

In the first phase of this study named: Biogas plant costing report, nine (9) scenarios were
developed and capital and operational costs were obtained for each scenario using the best
available Ontario biogas market information.

These costs are now used in this study to model an optimal RNG program.

1.1 Study objectives

The main objective of the study is to establish an appropriate RNG pricing model that
would enable a viable RNG market in Ontario. The pricing model should balance the need
for RNG producer requirements of a reasonable return on the incremental capital and
operating costs to develop the supply stream and the utilities” customer need for minimal bill
impact.

1.2 Methodology

Electrigaz developed capital and operational costs for each scenario (found in Electrigaz’s
report titled Biogas Plant Costing Repord) and developed a preliminary financial model. The
financial model was reviewed, expanded and validated by the Ultilities and input was
provided on pricing constraints. This updated financial model was then used by Electrigaz,
working together with the Utilities, to evaluate projects Return on Equity (ROE). An ROE
of 11% was chosen as an appropriate target informed by the OPA FIT program.

Various RNG price points were applied to landfill and AD financial models to evaluate
projects potential ROE. RNG pricing simulations were used to determine the optimal

pricing model.

For the purpose of financial modeling, a 20 years project life has been assumed.
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2 Financial model

A financial model was developed to evaluate project return on equity (ROE) given a set of
economic assumptions and RNG pricing model.

The return is calculated using a standard discounted cash flow model. The model takes into
consideration multiple revenues, operating expenses, depreciation, and tax modeling such a
Capital Cost Allowance (CCA). The Ontario tax information was provided by EGD and
UGL. The model calculations were reviewed and approved by EGD and UGL. See
Appendix 1: pro-formas for calculation details.

2.1 Economic assumptions

The following economic assumptions were taken into consideration for the financial
modeling of all scenatios:

Macro-economic references
® Global inflation: 2.25%. [1] [2]
® Capital Cost Allowance (CCA) Class 1 rate: 6%. [3]
e Capital Cost Allowance (CCA) Class 8 rate: 20%. [3]
e (Capital Cost Allowance (CCA) Class 43.2 rate: 50%. [4]
® RNG price escalation factor: 30% of inflation. [2]
® Equity cash flow payable as dividends: 100%.
® Straight-line depreciation on 20 years. [5] [6]

Agricultural and Industrial scenarios assumptions
® A 25% annual gate fee deflation is considered.
e Interest on loan: 7%. [7] [§]
® Equity: 40%. [10]
e Debt: 60%. [10]

SSO and WWTP scenarios assumptions
® No gate fee deflation is considered.
® Interest on loan: 4.5% [9]
®  Equity: 20%.
¢ Debt: 80%.

All landfill scenarios assumptions
® Interest on loan: 7% [7] [8§]
®  Equity: 40%. [10]
®  Debt: 60%. [10]
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2.2 Revenues

Two potential revenues were considered:

1. Gate fees: Revenue collected by the project to treat other people’s organic waste.
Gate fees are proportional to amount of substrates processed. Moreover, gate fees
are prone to waste disposal market fluctuations. In some scenarios gate fee deflation
was considered. See each scenario economic assumptions.

2. RNG: Revenue collected for the selling of RNG. Note that there is an above set
energy threshold revenue and a below energy threshold revenue

2.3 Depreciation

Linear twenty (20) years depreciation was assumed for the entire project capital cost.

2.4 Tax modeling

Capital cost allowance for Class 1, Class 8 and Class 43.2 were taken into consideration for
the accelerated depreciation of assets. Moreover, tax modeling was performed to accurately
represent benefits of CCA, tax loss carry forward, future tax expenses, etc.

Note that land purchase and site work are not included in CCA calculations.

2.5 Return on equity
ROE was calculated using dividends to equity and tax modeling benefits.
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3 RNG Program and Findings

In the first phase of this study, Economic Study on Renewable Natural Gas Production and Injection
Costs in the Natural Gas Distribution Grid in Ontario—Biogas plant costing report, capital and
operational costs were estimated for each scenario using the best available Ontario biogas
market information. Working together with the Utilities, ROE for each scenario under
various RNG price points was evaluated with the financial model. EGD and UGL
recommended an RNG price ceiling to minimize the impact on their respective customers.

Simulations were performed to establish optimal and acceptable RNG price points and
energy volume thresholds to yield a target 11% ROE. Various RNG price points were
applied to landfill and AD financial models to evaluate projects potential ROE.

Based on the analysis performed, two distinct RNG price schedules, one for anaerobic
digestion and one for landfills, are recommended. Within each schedule, two RNG prices are
proposed around a specified energy volume threshold. This means that, on an annual basis,
energy delivered on below a set energy threshold will be paid at a higher price per gigajoule
than the energy delivered above that energy threshold. This two tiered approach was chosen
to address the distinct characteristics of the AD and LFG segments while facilitating the
overarching objectives of simplicity and broad adoptability.

The following table presents recommended energy volume threshold and RNG price points.

Table 1: Recommended energy volume threshold and RNG prices

RNG pricing

AD Energy Volume Threshold 50 000 GJ/yr
AD RNG price below threshold $ 17.00 $/GJ
AD RNG price above threshold $ 11.00 $/GJ
LFG Energy Volume Threshold 150 000 GJlyr
LFG RNG price below threshold $ 13.00 $/GJ
LFG RNG price above threshold $ 6.00 $/GJ

Economic Study on Renewable Natural Gas Production and Injection Costs in the Natural Gas Distribution Grid in Ontario-RNG program pricing report
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The following table presents expected ROE value for each scenario.

Table 2: ROE for each scenario!

Results Project Cost
AD scenarios
Baseline Farm $ 4,448,919
Large Farm $ 5,751,962
Coop Farm $ 8,200,289
SSO (Municipal) $ 31,524,253
Industrial $ 29,282,343
WWTP $ 2,492,935
Landfill scenarios
Small landfill $ 5,077,647
Medium landfill $ 9,107,041
Large landfill $17,482,106

ROE

10.0%
11.1%
1.3%

10.5%
13.4%
13.6%
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It is important to note that the blended price for larger scenarios is significantly lower than
the set above threshold RNG price. For example, in the large landfill scenario the blended
price is approximately $7.5/GJ because the first 150,000 GJ (paid at $13) represent a small

fraction of the energy delivered throughout the year.

The ROE summary results above represent returns for each scenario. Individual biogas
project returns will vary depending on prevailing market conditions and proponents’ specific

operational characteristics.

! Large landfill capital cost consolidates first year capital cost and inflated year-12 re-investment.
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Appendix 1: Pro-formas
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