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Summary

Study Objective
Ontario’s Hybrid Electricity Market
Recent Price Trends

ieso
OP/A

Ontario Power Authority,

Identified Issues
— Wholesale Market Price Fidelity
— Incentive Design of Contracts or Regulations
—  GA Cost Recovery Impact on Future Electricity Costs and Economic Activity

Feedback



Study Objective

IESO and OPA, have coordinated efforts to address electricity
pricing issues in Ontario.

This work reviews the effectiveness of the current hybrid structure,
specifically the pricing and cost recovery mechanisms, in meeting
the government’s energy policy objectives.

Identifies three fundamental aspects that are inter-related, thus
requiring consideration as part of an integrated framework.

Contemplates what, if any,
incremental changes might be
made to promote key policy
objectives to the benefit of the
Province.




The Hybrid Market

* Ontario has a hybrid market structure, consisting of a competitive
wholesale energy market and significant amounts of centrally
procured or regulated supply.

o The wholesale energy market is used to dispatch generation efficiently

and to produce price signals that coordinate the actions of the many
diverse participants.

o Central procurement and regulated prices are used to ensure that key
government energy policy objectives are achieved.




Recent Price Trends

e Recent electricity prices have led commentators to question the
“sensibility” of electricity prices in Ontario.

o The HOEP portion of the energy cost on the customer bill has decreased
significantly, while the Global Adjustment (GA) charge has risen.
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Factors Affecting GA

e GA is the difference between the total payments made to certain
contracted or regulated facilities and any offsetting market revenues.
o There is an inverse relationship between GA and HOEP.

o This creates a moderating effect on the volatility of the all-in
energy price paid by consumers, providing price stability.

* GA costs have increased almost five-fold compared to last year™.

e Low market prices mean reduced wholesale market revenues,
thereby increasing the need for revenue recovery through GA.

e Other factors (outside of HOEP) have also driven GA costs upwards.

Rates paid to QPG regulated nuclear and hydro assets increased by 11 %.

mw»%w»\wmwaww s e

OEFC entered‘mto a Contmgency Support Agreement for Lambton and
Nanticoke fac1ht1es as part of OPG’s carbon d10x1de reduction strategy

3,700 MW of OPA contracted supply has come onlme in the last 12 months.

B

* Jan — Aug 2008: $545M, ]an Aug 2009: $2,562M **()1-2009: $39M , Q2-2009: $141M
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GA Cost Recovery (1)

e Issue: Does the current approach to GA cost recovery encourage
demand response that will reduce the need for costly new capacity?

e A large share of GA costs represent the fixed cost of capacity that
was built to meet demand in a few peak hours.

e However, these fixed costs are currently recovered equally in all
hours based on consumption.

e This means there may not be sufficient incentive to reduce our
system peak demand and avoid the need to build new capacity.

14
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Natural Gas Prices

Natural Gas Prices Rise As More
Expensive Resources Are Produced
Figure 64. Lower 48 wellhead and Henry Hub

spot market prices for natural gas, 1990-2030
(2007 dollars per million Btu)

Prices Vary With Economic Growth
and Technology Progress Assumptions

Figure 65. Lower 48 wellhead natural gas prices
in five cases, 1990-2030 (2007 dollars
per thousand cubic feet)

Average lower 48 wellhead prices for natural gas gen-
erally increase in the reference case, as more expen-
sive domestic resources are used to meet demand.
Prices decline for a brief period after the Alaska pipe-
line begins operation in 2020, but the market quickly
absorbs the additional natural gas supplies from
Alaska, and prices resume their rise (Figure 64).

Henry Hub spot market prices and delivered end-use
natural gas prices generally follow the trend in lower
48 wellhead prices; however, delivered prices also are
subject to variation in average transmission and dis-
tribution rates and resulting margins, as reflected in
the difference between the average delivered price
and the average supply price for natural gas. Some
new pipelines are built to bring supplies to market
and to reach new customers, but the bulk of the pipe-
line system is already in place, and revenue require-
ments for those segments decline as capital is
depreciated. Consequently, transmission and distri-
bution margins for natural gas delivered to the indus-
trial and electric power sectors either remain flat or
decline.

Natural gas distribution rates are determined in large
part by consumption levels per customer, which de-
cline in the residential and commercial sectors over
the projection period. As a result, fixed costs are dis-
tributed over a smaller customer base, leading to
slight increases in transmission and distribution mar-
gins in those sectors. In the transportation sector,
transmission and distribution margins for natural
gas used as fuel in CNG vehicles decline in real terms,
as motor fuels taxes remain constant in nominal
terms.

The extent to which natural gas prices increase in the
AE02009 reference and alternative cases depends on
assumptions about economic growth rates and the
rate of improvement in natural gas exploration and
production technologies. Technology improvements
reduce drilling and operating costs and expand the
economically recoverable resource base.

Technology improvement is particularly important in
the context of growing investment in production of
natural gas from shale formations, which generally
can be produced more efficiently than the natural gas
contained in conventional formations, but which
require relatively high capital expenditures. The
reference case assumes that annual technology im-
provements follow historical trends. In the rapid
technology case, exploration and development costs
per well decline at a faster rate, which allows for more
growth in production. More rapid technology im-
provement puts downward pressure on natural gas
prices, mitigated somewhat by higher levels of con-
sumption than in the reference case. In the slow tech-
nology case, slower declines in exploration and
development costs lead to higher natural gas prices
than in the reference case.

In the AEO2009 high economic growth case, natural
gas consumption grows more rapidly, and natural gas
prices rise more sharply, than in the reference case.
In the low economic growth case, natural gas con-
sumption grows more slowly, and natural gas prices
are lower, than in the reference case (Figure 65).
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Appendix C
Price Case Comparisons

Table C1. Total Energy Supply and Disposition Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
Supply, Disposition, and Prices 2007 2010 2020 2030
Lg:c?l Reference H:,gr?cg“ L;‘g::" Reference H;?:cg“ L;‘:i'cgll Reference H;,gr?c(:"
Production
Crude Oit and Lease Condensate .......... 10.73 12.19 12.19 12.20 11.60 14.06 15.54 11.60 15.96 18.31
Natural Gas Plant Liquids ................ 2.41 2.60 2.58 2.57 2.55 2.57 2.59 2.42 2.61 2.67
DryNatural Gas .. ..oovvvevvaninaenannns 19.84 21.09 20.95 20.88 21.20 22.08 22.47 22.86 24.26 26.04
Coal' . e 23.50 24,22 24.21 24.18 24.89 24.43 24.03 26.18 26.93 26.40
Nuclear POWEr .. .....ovvuiiriiiniennnens 8.41 8.45 8.45 8.45 8.89 8.99 9.10 9.14 9.47 9.57
Hydropower . ......ooevineeniianeceenns 2.46 2.67 2.67 2.67 2.97 2.95 2.95 2.98 2.97 2.98
BIomass® ....iiiieie i 3.23 4.20 4.20 4.23 6.28 6.52 7.50 7.81 8.25 8.63
Other Renewable Energy® . ............... 0.97 1.50 1.54 1.59 1.71 1.74 1.77 2.22 219 2.20
(0] 117 oAU 0.94 0.85 0.85 0.89 1.07 1.07 1.28 1.15 1.15 1.21
b = 72.49 77.77 77.64 77.66 81.15 84.41 87.24 86.37 93.79 98.02
Imports
Crude Ol . .vvoien it 21.90 18.05 17.76 17.59 21.51 16.09 12.08 24.99 15.39 9.64
Liquid Fuels and Other Petroleum® ......... 6.97 6.07 5.59 5.53 7.07 5.67 5.33 7.58 6.33 5.74
Natural Gas .......covvuvrinrnnrvnenenns 4.72 3.27 3.27 3.27 3.90 3.37 3.21 3.27 2.58 2.15
OtherImports® ............covviiinnenn. 0.99 0.89 0.89 0.89 0.57 1.19 1.43 1.12 1.35 1.67
(<) - | 34.59 28.28 27.51 27.28 33.06 26.31 22.05 36.96 25.65 19.19
Exports
Petroleum” ..o v e e s 2.84 2.58 2.56 2.55 2.81 2.90 2.90 3.18 3.17 2.96
Natural Gas ...oovvereneinnnernaverones 0.83 0.70 0.70 0.70 1.48 1.44 1.41 1.97 1.87 1.80
C0al vt e e e, 1.51 2.05 2.05 2.05 1.34 1.33 1.23 1.09 1.08 0.82
Total coovriiiie it 5.17 5.33 5.31 5.30 5.64 5.66 5.54 6.24 6.12 5.57
Discrepancy® .....ciiiiiiincniianaianans 0.01 -0.09 -0.02 0.01 -0.52 -0.39 -0.25 -0.52 -0.25 -0.16
Consumption
Liquid Fuels and Other Petroteum® ......... 40.75 38.73 37.89 37.72 43.21 38.93 36.87 47.48 41.60 38.83
Natural Gas ...o.vvvveneriinenenennones 23.70 23.34 23.20 23.10 23.70 24.09 24.18 24.23 25.04 25.72
[0 T O 22.74 22.92 22.91 22.88 23.93 23.98 23.86 25.99 26.56 26.53
Nuclear POWer .. ......cvvverieiinannnns 8.41 8.45 8.45 8.45 8.89 8.99 9.10 9.14 9.47 9.57
Hydropower . .....ooovinnnenneeennennn 2.46 2.67 2.67 2.67 297 2.95 2.95 2.98 2.97 2.98
Biomass! ... 2.62 2.99 2.99 3.00 4.51 4.58 5.04 5.35 5.51 5.72
Other Renewable Energy® . ............... 0.97 1.50 1.54 1.59 1.71 1.74 1.77 2.22 2.19 2.20
Other' ..o i 0.23 0.21 0.21 0.22 0.17 0.19 0.22 0.21 0.22 0.25
=] - | 101.89 100.80 99.85 99.62 109.09 105.44 10400 117.61 113.56 111.80

Prices (2007 dollars per unit)
Petroleum {(dollars per barrel)
Imported Low Sulfur Light Crude Oil Price™ 72.33 58.61 80.16 91.08 50.43 11545 184.60 50.23 13043 200.42

Imported Crude Oil Price™ .............. 63.83 55.45 77.56 88.31 46.77 112.05 181.18 46.44 12460 197.72
Natural Gas (dollars per miltion Btu)

PriceatHenryHub ............c.o0ut 6.96 6.08 6.66 6.89 6.93 7.43 7.80 8.70 9.25 9.62

Wellhead Price™ ... ....ccoiviiiina. 6.22 5.37 5.88 6.09 6.12 6.56 6.89 7.68 8.17 8.49
Natural Gas (dollars per thousand cubic feet)

Wellhead Price™ .............cooint 6.39 5.52 6.05 6.26 6.29 6.75 7.09 7.90 8.40 8.73
Coal (dollars per ton)

Minemouth Price™ .............ooia 25.82 28.93 29.45 29.75 26.97 27.90 29.13 27.41 29.10 29.85
Coal (dollars per miltion Btu) )

Minemouth Price™ .................... 1.27 1.42 1.44 1.46 1.34 1.39 1.45 1.37 1.46 1.50

Average Delivered Price®™ ............... 1.86 1.94 1.99 2.02 1.89 1.99 2.10 1.96 2.08 2.18
Average Electricity Price
(cents per kilowatthour) .................. 9.1 8.8 9.0 9.1 9.1 9.4 9.7 10.1 10.4 10.6
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Natural gas prices

State portfolio standards increase
renewable generating capacity
Figure 68, Regional growth in nonhydroelectric

renewable electricity generation eapacity,
including end-use capacity, 2008-2035 (gigawatts)

2008
2085 -

i | ! i i

0 5 10 15 20 25 30

Regional additions of renewable generating capacity
depend for the most part on State RPS programs.
As of October 81, 2009, there were mandatory RPS
programs in 30 States and nonbinding renewable
goals in 5 States [84]. From 2008 to 2035, California
installs the most renewable capacity, 22 gigawatts
(Figure 68), primarily new wind capacity but also
including 3.1 gigawatts of distributed PV capacity.
New England installs more than 8 gigawatts of
new wind capacity, representing the second-largest
regional growth of the technology (see Figure F2 in
Appendix F for a map of the regions). Florida and the
Mid-Atlantic account for 80 percent of the dedicated
biomass capacity installed by 2035 in the electric
power sector (mostly later in the period).

Distributed biomass capacity corresponds largely
with the location of cellulosic ethanol plants. Al-
though the Southeast has ample biomass resources,
only small amounts of renewable capacity are in-
stalled in the region’s electric power sector in the
absence of State RPS programs, whereas distributed
biomass capacity increases by more than 6 gigawatts
from 2008 to 2035. Geothermal energy, which is con-
strained geographically by the availability of local
resources, is installed exclusively in the Southwest
and California. The same regions have the greatest
resource potential for large-scale solar capacity, but
because of its high cost only a small amount is
installed. Most of the increase in solar capacity con-
sists of distributed PV, and some States in the North-
east (New Jersey, for example) have mandates or
provide other incentives for PV installations. Approx-
imately 1.6 gigawatts of distributed PV capacity is
installed in the Mid-Atlantic region by 2035.

Natural gas prices rise but remain
attractive relative to oil
Figure 69. Annual average lower 48 wellhead and

Henry Hub spot market prices for natural gas,
1990-2085 (2008 dollars per million Btu)

Henry Hub spot market
8 -
o- 7 Lower 48 wellhead
4 -
2 -
History Projections
1990 2000 2008 2015 2025 2035

Average natural gas prices generally increase in the
Reference case, as higher cost resources are brought
on line to meet demand growth (Figure 69). The price
increase is tempered by improvements in technology.
There is a great deal of uncertainty about the long-
term trend in natural gas prices, however, particu-
larly in light of the growing development of shale gas
resources.

The ratio of low-sulfur light crude oil prices to Henry
Hub natural gas prices on an energy equivalent basis
remains high relative to the historical average
throughout the projection (Figure 70). The ratio is
maintained by growing worldwide demand for trans-
portation fuels and robust North American natural
gas supply relative to demand. Still, increased use of
natural gas as a substitute for petroleum in some
transportation uses and/or as a GTL feedstock could
increase natural gas prices and narrow the ratio.

Figure 70. Ratio of low-sulfur light crude oil price
to Henry Hub natural gas price on an energy
equivalent basis, 1990-2035

3._.,..

Projections

History
1990 2000 2008 2015 2025 2085
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Appendix C
Price Case Comparisons

Table C1. Total Energy Supply, Disposition, and Price Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

Projections
Supply, Disposition, and Prices 2008 215 225 2035
L;::cg'l Reference H:f:cgll L;:{c(:'l Reference H;fr?cg'l Lg:;cc:" Reference H;,gr?cg'l
Production
Crude Oil and Lease Condensate .......... 10.51 11.95 12.41 12.56 10.64 13.22 14.67 9.40 13.50 14.83
Natural Gas Plant Liquids ................ 257 2.32 2.27 222 2.36 2.24 2.26 2.40 2.37 2.35
DryNatural Gas .. ......ccoviiiiieeennnnn 21.14 20.43 19.83 19.39 21.52 21.90 22.96 2464 2392 25.61
Coal' L. 23.86 2297 2331 23.61 24.12 24.36 25.74 2464 2519 27.57
NuclearPower .........covviiiiieinnnn 8.46 8.75 8.75 8.75 9.29 9.29 9.29 9.26 9.41 9.44
Hydropower ........covviveriinsneennnn 246 2.95 2.96 2.96 2.97 2.98 2.96 2.98 2.99 3.01
BiOMass? ... oviiiiit i 3.97 4.63 4.60 4.64 6.32 6.90 8.68 6.78 9.27 12.08
Other Renewable Energy® ................ 1.17 2.55 3.01 3.03 2.68 3.07 3.10 2.88 3.36 3.40
Other' ... ittt 0.10 0.53 0.73 1.18 0.68 0.94 1.39 0.66 0.81 1.07
Total ..oivviennennnncnaronnnsarnanna 74.23 77.08 77.88 78.36 80.58 84.91 91.06 83.65 90.83 99.36
Imports
Crude Ofl ...ttt iiiienss 21.39 22.19 19.66 18.25 25.70 19.21 13.21 29.87 19.34 11.95
Liquid Fuels and Other Petroleum® ......... 6.38 5.79 5.54 5.29 6.35 5.76 4.78 7.29 6.08 4.96
Natural Gas ......covvieevennnnnnnnnns 4.06 3.90 3.59 3.46 4.50 3.94 3.24 3.68 3.49 2.84
Otherimports® .. ........coviiinninn. 0.96 0.79 0.79 0.78 0.59 0.88 1.36 0.47 1.32 1.78
Total ..vvveiveiiiniiaeerraannaanann 32.79 32.67 29.58 27.79 3714  29.80 2258 4131 30.23 21.54
Exports
Petroleum’ .. ... 3.71 3.52 3.53 3.58 3.90 3.91 3.7 4.08 4.12 3.86
Natural Gas ..........coviiiiiiinnnnnnn 1.01 1.17 1.14 1.12 1.80 1.69 1.64 2.16 1.96 1.84
[0 | Y 2,07 1.49 1.49 1.49 1.05 1.20 1.19 0.75 0.79 0.83
Total ..oviiiiniiiivseerserannerennn 6.80 6.18 6.16 6.18 6.76 6.80 6.54 7.00 6.87 6.53
Discrepancy® .....veercreirteiinannenns 0.13 -0.23 -0.30 -0.31 -0.22 -0.35 -0.30 -0.20 -0.32 -0.38
Consumption
Liquid Fuels and Other Petroleum® ......... 38.35  40.88 38.81 37.75 43383 40.14 37.45 47.61 42.02 38.94
Natural Gas ....oovvvvronneeennevnnnnnnn 23.91 23.22 22,35 21.81 24.28 24.24 24.28 26.21 25.56 25.80
Coall e e 22.41 22.05 22,35  22.59 23.41 23.63 24.63 24.10 25.11 26.59
NuclearPower . ........cociininennnnnan 8.46 8.75 8.75 8.75 9.29 9.29 9.29 9.26 9.41 9.44
Hydropower ..........coevveninninnnnnns 2.46 2.95 2.96 2.96 297 2.98 2.96 2.98 2.99 3.01
Biomass" .. ...iiiiii e 3.10 3.21 3.17 3.18 4.52 4,70 5.48 4.89 5.83 7.32
Other Renewable Energy® ................ 1.17 2.55 3.01 3.03 2.68 3.07 3.10 2.88 3.36 3.40
Other' .. 0.24 0.20 0.20 0.20 0.21 0.21 0.22 0.24 0.22 0.25
L 100.09 103.80 101.61 100.27 111.19 108.26 107.41 118.17 11451 114.75
Prices (2008 dollars per unit)
Petroleum (dollars per barrel)
Imported Low Sulfur Light Crude Oil Price™ 99.57 51.59 9452 144.78 51.73 115.09 196.01 51.44 133.22 209.60
Imported Crude Oil Price® .............. 92.61 43.88 86.88 137.01 41.36 10449 18585 41.99 121.37 199.65
Natural Gas (dollars per million Btu)
PriceatHenryHub ............cooiiin 8.86 5.59 6.27 6,78 6.88 6.99 7.39 8.12 8.88 9.49
Wellhead Price™ . ........ ..ottt 7.85 4.94 5.54 5.99 6.08 6.18 6.53 7.18 7.84 8.38
Natural Gas (dollars per thousand cubic feet)
Wellhead Price™ .. ..ot 8.07 5.08 5.70 6.16 6.25 6.35 6.71 7.38 8.06 8.62
Coal (dollars per ton)
Minemouth Price™ ... ... ... ... ... 31.26 29.00 30.38 31.40 26.66 28.19 29.71 26.45 28.10 30.08
Coail (dollars per million Btu)
Minemouth Price™® ... ...........c..... 1.55 1.45 1.52 1.57 1.36 1.44 1.53 1.35 1.44 1.57
Average Delivered Price™ . .............. 2.16 1.99 2.11 2.21 1.95 2,07 221 1.98 2.13 2.28
Average Electricity Price
{cents per kilowatthour) .................. 9.8 8.5 8.9 9.2 9.0 9.3 9.5 9.9 10.2 10.5
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