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VIA EMAIL AND LETTER MAIL

November 30, 2015

Board Secretary,

Ontario Energy Board,

P.O. Box 2319,

Suite 2700,

2300 Yonge Street,

Toronto, Ontario

M4P 1E4

Re: EB-2015-0079 and other similar cases.

Dear Board Secretary:

The Ontario Energy Board has apparently decided to allow LDCs in Ontario to charge consumers a fixed amount per month for local distribution.  That decision is a serious mistake and should be withdrawn forthwith.

I attach hereto a copy of the web page www.xylenepower.com/Electricity%20Rate%20Issues.htm in which I set out the way in which Ontario LDC rates must be structured to enable Ontario to shift away from fossil fuels.  I urge you to study this document and understand its implications before approving the Hydro One and similar rate plans.

I am not a novice in these matters.  I represented the Urban Development Institute at OEB hearings into Ontario Hydro wholesale rates from 1981 to 1994. 

I have a lot of relevant experience with energy storage, load control, fuel switching and climate change related matters.

Please confirm receipt of this letter by return email.

Best Regards,

Charles Rhodes, P. Eng., Ph.D.
XYLENE POWER LTD.
ELECTRICITY RATE ISSUES

By C. Rhodes, P.Eng., Ph.D.
BACKGROUND:
Since the early 1980s the utility rate structure in Ontario has financially driven conversions from electric heating to fossil fuel heating. During the 1990s the resulting loss of electricity load contributed to the Ontario Hydro insolvency. Today in 2015 that whole situation needs to be reversed to reduce fossil fuel consumption without overloading the electricity system. This web page addresses the electricity rate changes needed to accomplish this goal while reducing net energy costs for consumers and increasing net revenue for electricity suppliers.
 
HYDRO ONE NETWORKS INC.:
An issue of immediate concern is that Hydro One Networks Inc. is anticipating receiving approval from the Ontario Energy Board for a residential electricity rate that incorporates a fixed delivery charge per month per consumer. This web page shows that a fixed delivery charge sends the wrong price signal to consumers. In order for Ontario to economically shift away from fossil fuels Ontario consumers must collectively act to raise the load factor of the Ontario electricity system and must be financially incented to improve that load factor via hybrid heating fuel switching, energy storage and load shedding whenever and wherever possible. The fixed delivery charge contemplated by Hydro One severely reduces the load factor enhancement price incentive that can be conveyed to consumers via the end user electricity rate.
On its November 2015 bills Hydro One confirms that about 10% of its customers still do not have functional interval (smart) meters. Hydro One should get its act together and fix the smart meter communication systems within its jurisdiction rather than seeking flat rates from the Ontario Energy Board. Absent functional smart electricity meters it will be impossible for the Ministry of Energy of Ontario to properly implement programs to shift Ontario away from fossil fuels. For 10% of Hydro One customers the electrical energy consumption during any specific period is at best a crude estimate based on manual cumulative kWh meter readings taken many months apart. For these customers Hydro One has no reliable demand profile data.
 
STANDARD ELECTRICITY RATE:
A Standard Electricity Rate is the rate that applies to the highly reliable Standard Electricity Service (SES) that most load customers need and want. Embedded in a Standard Electricity Rate are all the costs of reserve generation, redundant transmission, control, regulation and administration necessary to keep the Standard Electricity Service functioning and highly reliable. Under a Standard Electricity Rate as much power as a load customer reasonably needs is instantly available upon customer demand. 
 
INTERRUPTIBLE ELECTRICITY RATE:
An Interruptible Electricity Rate is a rate that applies to a much less reliable but much lower cost Interruptible Electricity Service (IES) that is only suitable for the subset of load customers that have either hybrid energy systems (eg both electric and oil heating) or processes that are only economically viable with very low cost electrical energy and that can be interrupted without notice and without serious consequences (eg production of electrolytic hydrogen). Interruptible electricity generally comes from practical use of otherwise constrained or exported non-fossil electricity generation that produces little or no revenue. Generally interruptible electricity is readily available close to intermittent generators such as wind farms or seasonal run-of-river hydro electric generators. The Interruptible Electricity Rate must at least recover the marginal cost of providing the Interruptible Electricity Service (IES) and should also provide modest support for the Standard Electricity Rate.
 
ELECTRICITY RATE OBJECTIVES:
Electricity rates should meet four fundamental objectives:
1. Provision of revenue sufficient to regulate, finance, build, operate, maintain, replace and upgrade the highly reliable electricity system;
2. Fair allocation of electricity system costs to each load customer based on that customer's proportionate use of electricity system resources;
3. Provision of cost signals to both generators and customers that encourage efficient use of shared electricity system resources by all parties (eg high power factor, high load factor, low harmonic generation);
4. Provision of cost signals to load customers that incent use of non-fossil electricity in place of fossil fuels at times when the electricity system has available unsold non-fossil electricity generation/transmission/distribution capacity.
 
APPLICATION:
The electricity rates discussed herein apply primarily to Standard Electricity Service (SES) grid customers that are non-dispatched loads. The huge majority of grid customers fall into this category. Such grid customers control their own electricity loads to minimize their costs under the published rate structure and are not subject to direct moment by moment load control by the Independent Electricity system Operator (IESO).

However, there is a subset of grid load customers that choose to meet part of their energy needs via purchase of Interruptible Electricity which is under direct IESO control. There is also be a subset of generators whose output is under direct IESO control for control of total grid power, grid power factor and voltage regulation. These customer and generator categories are essential for reliable electricity system operation but require non-standard rate structures.
 
ELECTRICITY VALUE:
The value of electricity supplied via the Standard Electricity Service (SES) lies not just in the amount of energy supplied but also in reliable supply and delivery of that energy when and where required. These features increase the value of grid supplied electricity as compared to energy from other sources.

Further, if the grid supplied electricity is generated with either renewable energy or nuclear energy the load customer has certainty that he/she is not contributing to CO2 based environmental degradation.
 
DISPLACEMENT OF FOSSIL FUELS:
Energy currently reaches end-use consumers via four routes:
1) Electricity grid;
2) Natural gas pipeline;
3) Liquid fuel (gasoline, oil, propane) tanker trucks;
4) Behind the meter hydro, solar and wind generation.

In the future piped natural gas may be replaced by piped electrolytic hydrogen. However, there is about a 30% energy loss in conversion of electricity into hydrogen. The energy loss in electricity transmission is about 9.2%. Hence, subject to electricity system transmission and distribution capacity limitations, electricity is a more efficient means of delivering energy to customers than is electrolytic piped hydrogen.

Electricity has the further advantages that it can be used to power customer owned heat pumps and to charge lithium ion batteries in electric vehicles. The charge-discharge cycle efficiency of a lithium ion battery is significantly better than the comparable charge-discharge cycle efficiency of a fuel cell. The advantages of hydrogen as a vehicle fuel lie in faster refueling and lower initial vehicle cost.

Thus, subject to electricity system transmission/distribution capacity limitations, the most efficient way of delivering energy to consumers is via electricity. Piped hydrogen might still assist in meeting the peak winter space heating load, but will bear an inherent inefficiency burden at other times. There are also serious public safety issues relating to pure hydrogen because it burns explosively over a wide range of air-fuel ratios. Diluting hydrogen with nitrogen to make it safer makes the hydrogen unsuitable for vehicle propulsion unless the consumer also owns expensive equipment for nitrogen and hydrogen separation.

In order to maximize the energy delivery capacity of the electricity transmission/distribution system the electricity system must be operated at the highest possible load factor. A high load factor can only be achieved by billing customers for peak demand or peak kVA rather than for energy. Note that a reduction in peak demand or peak kVA reduces the maximum possible energy consumption whereas a reduction in energy consumption at off-peak times does not reduce peak demand or peak kVA.

The cost of operating a non-fossil electricity system is approximately proportional to the system's peak KVA delivery capacity. Subject to that capacity constraint the electricity system cost is almost independent of actual customer energy use. Thus, a customers fair share of the total electricity system cost is proportional to that customer's peak kVA during a billing period. The only issues open to discussion are the duration of the sliding average period used to compute the peak kVA (15 minutes, 1 hour, 4 hours) and the length of each billing period (1 day, 1 week, 1 month).

The advantage of a 4 hour averaging period and a one month billing period is that this choice almost eliminates arguments related to load diversity and load transients.

In the event that the available interval electricity meters are not capable of measuring peak kVA the next best parameter for fair allocation of electricity system costs is peak kW demand.

A further advantage of SES customer billing based on peak kVA or peak kW is that electrical energy not actually drawn by SES customers can be profitably sold at a discount to Interruptible Electricity Service (IES) customers. The amount billed to an IES customer should be proportional to the number of interruptible kWh actually supplied. Currently the Province of Ontario is losing about $2 billion per year in foregone IES electricity revenue and Ontario rate payers are losing about another $2 billion per year in excessive fossil fuel purchases due to the failure of the Province of Ontario and the Ontario Energy Board (OEB) to approve an Interruptible Electricity Service (IES) rate. This author is aware that the Ontario Society of Professional Engineers is also seeking an IES rate but is unaware of the OEB progress on this issue.

The electricity system capacity must be expanded several fold in order to displace fossil fuels used in the transportation and heating sectors. Existing load following fossil fuelled electricity generation must be replaced by energy storage and load following non-fossil fuel electricity generation. Financially enabling energy storage requires that effective electricity rates per kWh have sufficient daily variation to provide an adequate return on investment for the owners of the energy storage systems. The required daily rate variation is inherent in a SES electricity rate based on peak demand or peak KVA.

As fossil fuels are replaced by renewable and nuclear energy the costs of non-fossil electricity generation and delivery dominate the cost of fuel. The non-fossil generation, transmission and distribution costs are primarily capacity costs which are almost independent of the actual number of kWh generated and delivered.

In order to incent use of off-peak electricity for displacement of fossil fuels the marginal cost of electricity per kWh must be less than the marginal cost of the displaced fossil fuel per thermal kWh (kWht).

Load customers are characterized by their Load Factor LF which is defined by:
LF = (average power) / (peak power).

Generators are characterized by their capacity factor CF which is defined by:
CF = (average power) / (peak power).

Define:
(Pgp)j = peak output power (plate capacity) of generator j
and
(CF)j = capacity factor of generator j.

Then the average power that generator j supplies to the grid is given by:
(Pgp)j (CF)j
Today most dispatched generators are compensated for capacity instead of for energy. Thus provided that generators operate at their specified capacity factor when dispatched, the payments that dispatched generators receive net of fuel costs are constant and independent of the amount of electricity actually generated. The amount of electricity actually generated depends on the available load. Thus, subject to the peak generation capacity constraint, as the average capacity factor increases the average cost of electricity per kWh decreases.
 
SES RATE ANALYSIS:
Let (Pp)i be the peak monthly power drawn by load i.

Let (Pa)i be the average monthly power drawn by the load i.

Then the load factor (LF)i of the ith customer is:
(LF)i = (Pa)i / (Pp)i
or
(Pa)i = (Pp)i (LF)i

The amount of electrical energy absorbed by customer i in a billing period of duration (Tb - Ta) is:
(Pa)i (Tb - Ta)

Define:
(Ro)i = the electricity cost per kWh at (LF)i = 1.0
To encourage operation at a high load factor the monthly energy bill for customer i should be:
(Ro)i (Pa)i (Tb - Ta) / (LF)i
= (Ro)i (Pp)i (Tb - Ta)

Assume that all Standard Electricity Service customers share the same rate.
Hence:
(Ro)i = Ro = customer cost of electricity per kWh at LF = 1.0

Hence the total energy revenue from all I customers for billing period (Tb - Ta) is:
Total Revenue = Ro (Tb - Ta) Sum{(Pp)i}
Define:
(Rg)j = cost per kW of generation capacity from generator j
and
(Pg)j = contracted generation capacity in kW from generator j

The J generators are paid a monthly capacity bill of:
Capacity Payment = (Tb - Ta) Sum{(Rg)j (Pg)j}
For the grid's energy related income from customers to equal its payments to generators:
Ro (Tb - Ta) Sum{(Pp)i} = (Tb - Ta) Sum{(Rg)j (Pg)j}
or
Ro = Sum{(Rg)j (Pg)j} / Sum{(Pp)i}
The amount of energy actually drawn by customer i in billing period (Tb - Ta) is:
[(Pp)i (LF)i (Tb - Ta)]

The cost of that energy is:
[Ro (Pp)i (Tb - Ta)]
Hence the average cost of energy per KWh is:
[Ro (Pp)i (Tb - Ta)] / [(Pp)i (LF)i (Tb - Ta)]
= [Ro / (LF)i]
Notice that raising a customer's load factor (LF)i decreases his/her average cost of energy per kWh.

Thus economic replacement of fossil fuels with electricity entails operation of dispatched generators at a nearly constant net power output and shifting gross grid power control from generators to loads. A SES customer with a variable power requirement will be financially incented to install sufficient energy storage and/or hybrid heating to convert his variable load into a nearly constant load.

The IES rate rewards customers that provide interruptible load that can be remotely controlled by the IESO to follow seasonal and other uncontrolled changes in the available non-fossil generation.
 
ENERGY SUPPLY AND DELIVERY COSTS:
Due to contracts for generation capacity the total costs of major generation and transmission in Ontario are almost constant, independent of the number of kWh actually generated and transmitted. These costs should be allocated to each customer in proportion to the network generation and delivery capacity used by that customer.
 
ENERGY STORAGE:
If generation and delivery costs are allocated to customers in proportion to generation and delivery resources used by that customer the average cost of electricity per kWh can be reduced by using automatic load control and energy storage at each customer premises to maintain a nearly constant customer load. However, customers will not build and use energy storage if the electricity rate structure is inappropriate. Hence it is essential that the future SES electricity rate financially incent installation and operation of load control and energy storage equipment at every customer premises.
 
ENERGY LIQUIDITY:
Connected to the grid are multitude of parties with different objectives. Parties that will consistently increase electricity consumption at a low electricity price and decrease electricity consumption at a high electricity price are owners of plug-in hybrid vehicles or thermal energy storage systems.

Parties that will consistently attempt to sell most of their electricity output at a high price are owners of hydro electric generators with daily storage.

Parties that will attempt to buy electricity at a low price and sell it at a high price are owners of stationary energy storage systems.

In order to encourage development of these different groups it is necessary to adopt an electricity rate with sufficient dynamic range to allow all of these groups to exist and financially prosper. Thus far the MOE and the OEB have paid little attention to this issue.

A problem with implementation of highly dynamic energy rates is that some parties benefit and others do not. Parties that can take advantage of inexpensive off-peak electricity benefit, but other parties may experience an increase in their average electricity cost. Hence, a highly dynamic electricity rate should be implemented with care. 
 
ELECTRICITY COST COMPONENTS AND COST ALLOCATION:
The electricity cost has seven principal components: fuel, generation, transmission, transmission loss, central energy storage, distribution and administration.

It is convenient to calculate the electricity cost at 100% load factor. In non-fossil energy systems fuel costs are negligible. Fuel and central energy storage can be lumped into the generation cost and the distribution can be lumped with transmission into a common delivery cost, so that the categories reduce to:
generation, delivery and administration.

In a particular year the generation costs are fixed and are independent of the amount of electrical energy actually generated. Generation and delivery costs are presently allocated to residential customers in proportion to the customer's energy consumption. Instead generation and delivery costs should be allocated to residential customers in proportion to the generation, transmission and distribution resources used by each customer.

The best indicator of Generation and Delivery resources used by a load customer with a one month billing period is peak kVA averaged over a four hour interval. In reality the costs of these resources are almost independent of the amount of electrical energy actually transmitted. Delivery costs are presently allocated to large commercial-industrial customers in proportion to the customer's monthly peak kW demand or peak kVA and are allocated to residential customers in proportion to the customer's energy consumption. There is a strong argument that transmission costs should be allocated to generators in proportion to the generators peak output capacity. There is a further strong argument that distribution costs should be allocated to load customers in proportion to each customer's use of distribution resources. Again the best measure of these resources is peak kVA or peak kW averaged over a sliding four hour interval in a one month billing period.

Measurements of transmission and distribution loss within the Hydro One system indicate that the average transmission and distribution loss is about 9.2% of the energy actually absorbed by load customers. In the past in Ontario transmission loss costs were allocated to residential customers in proportion to the customer's energy consumption. In the future, transmission loss costs should be allocated to load customers in proportion to each customer's use of generation, transmission and distribution resources, as indicated by peak kVA averaged over a sliding 4 hour interval.

At this time there is relatively little transmission connected energy storage in Ontario. Where transmission connected energy storage does exist its costs are rolled into either generation costs or transmission costs. However, the presence of more transmission connected energy storage would improve the performance of renewable electricity generation by improving its capacity factor. At present there is no specific allocation of transmission connected storage costs to load customers.

There is potential opportunity for load customers to install behind the meter energy storage, but such energy storage will not be built unless the end user electricity rate is peak demand or peak kVA based. This author points out that in the early 1980s there was a lot of behind the meter thermal energy storage in Ontario in the form of stratified domestic hot water storage but by 2000 most of that storage was decommissioned due to unfavorable utility rates. However, most buildings in Ontario built prior to 1985 have the structural foundations and interior basement space necessary for thermal energy storage.

The distribution and administration are fixed costs which in a particular year are approximately independent of the amount of energy actually consumed by electricity customers. At present these costs are allocated to residential and small business customers in proportion to energy consumption. Distribution costs should be allocated to load customers in proportion to their use of distribution resources, as indicated for a one month billing period by a measurement of sliding peak kVA over a four hour interval.
 
LOAD CUSTOMER COST ALLOCATION:
A load customer's use of generation actually consists of three components. There is power that is converted into heat during the process of transmitting energy from the generator to the load customer. There is power that is absorbed from the grid and converted into heat or other energy forms at the customer's premises. There is power that is reflected back into the grid that is converted into heat within the local distribution system.

The electricity metering and billing system should take into account the total cost of grid resources required to reliably meet all of these power components when the grid is heavily loaded. Thus the customer's cost allocation should be based on transmission losses at a power factor of unity plus the average sum of his/her absorbed power plus his/her reflected power. These measurements should be done at a peak load time using directional interval electricity meters.
 
BILLING PERIOD AND PEAK DEMAND AVERAGING INTERVAL:
Historically the electricity billing period in Ontario was one month. During an average year the cost of electricity generation is very high for about 50 hours per year or for 4 hours per month or for about one hour per week. There are complex statistics involved, which can be summarized by saying that the average contribution of a particular customers load to the peak grid load in any one month billing period can be obtained by averaging the customer's peak demand over a sliding 4 hour interval. Alternatively the contribution of a particular customer's load to the peak grid load in a one week billing period is obtained by measuring the customer's peak demand over a sliding one hour interval.
 
SOLUTION:
The province of Ontario currently uses residential smart meters. These are kWh meters that record and report the kWh of energy absorbed by the customer during each metering interval. With suitable hardware and software enhancements this metering system could be upgraded to record both absorbed and reflected energy during each metering interval. Then the electricity billing system would fairly reward the customer for high load factor, high power factor and appropriate use of behind the meter energy storage.

One of the benefits of generation/transmission/distribution resource based electricity pricing is that an SES customer cannot obtain low cost electricity unless that customer also purchases a balanced amount of higher cost electricity. Hence, there is no transfer of costs between customer classes.
 
ONTARIO ELECTRICITY RATE STRUCTURE SOLUTIONS:
Various parties have advocated that Ontario adopt a distributed electricity generation system with private sector owned generation to minimize risk for the ratepayers. The rate structure of this contemplated system should incorporate either a fossil carbon emissions tax or a non-fossil fuel generation incentive.

Correcting the problems in the Ontario electricity system requires customer owned load control and energy storage equipment, fully functional directional interval metering and peak demand or peak kVA based electricity rates. As of November 2015 about 10% of Hydro One customers still do not have functional interval metering.

There is also merit in offering an Interruptible Electricity Rate for power that can be frequently interrupted without notice under internet based dispatch control by the IESO. Today most Hydro One customers have a high speed internet service, so realizing wireless connections between their internet routers and their electricity meters is technically straight forward, although it will likely entail a meter swap. The large interruptible load available from rural oil fired heating systems could potentially displace expensive constrained generation for grid voltage and frequency stabilization. Other potential applications for such interruptible power are hydrogen production for synthetic hydrocarbon fuel synthesis, electrochemical processing and charging stationary energy storage systems.
 
SUMMARY:
In the past, when the cost of fossil fuels was a major component of the electricity cost, it made some sense to allocate electricity costs to load customers in proportion to electrical energy consumed. Today in Ontario the cost of fossil fuels is a relatively small portion the of the total electricity cost, so electricity costs should be allocated to load customers in proportion to each customer's use of available generation/transmission/distribution resources. With a one month billing period the best measure of such resource use is peak kVA measured over a sliding four hour interval. Where interval kWh meters already exist the next best indicator is peak demand measured over a sliding four hour interval. This cost allocation methodology incents displacement of fossil fuels by electricity at times when surplus renewable and nuclear electricity is available.
 
IMPLEMENTATION:
In view of the potential political complications of such a major electricity rate change this rate change should be implemented immediately only for voluntary adopters and for new end user electricity accounts. Over a long period of time (likely 20 years) almost all electricity accounts in Ontario would voluntarily convert without political fan fare. Consumers would likely take several years to fully comprehend that an Ontario electricity rate based on their fair share of electricity system costs is to their advantage. The new rate would provide early adopters who are prepared to invest in energy storage and load management technology a clear opportunity for reducing their net energy costs. A consumer group that is likely to voluntarily seize upon this opportunity is owners of buildings built prior to 1985 that have internal space and structural provisions for energy storage systems. 
 
This web page last updated November 29, 2015.
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