Appendix A: Fuel Price Forecast
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INTRODUCTION

Since the millennium, the trend for fuel prices has been one of uncertainty and volatility. The
price of crude oil was $25 a barrel in January of 2000. In July 2008 it averaged $127, even
approaching $150 some days. Natural gas prices at the wellhead averaged $2.37 per million Btu
in January 2000. In June 2008, the average wellhead price of natural gas averaged $12.60. Even
Powder River Basin coal prices, which have traditionally been relatively stable, increased by
about 50 percent in 2008. Fuel prices weakened significantly during later in 2008, but remain
high by standards of the 1980s and 1990s.

Fuels are not the only commodities that have experienced a period of very high prices; metals,
concrete, plastics, and other construction materials have all experienced increased prices in the
last few years. Factors contributing to higher commaodity prices in general, and to fuel prices in
particular, include: rapid world economic growth, declining value of the dollar, slow response of
conventional energy supplies to higher prices, continuing conflict in the Middle East, uncertainty
about the direction of climate change policy, and changing commodity market dynamics.

The relative contribution of these factors to increased prices is uncertain, as is the direction of
change for many of them. Conventional sources of oil and natural gas in North America are
expected to be difficult to expand significantly. Growth in supplies, therefore, will increasingly
depend on the development of unconventional sources and liquefied natural gas (LNG) imports.
With the higher natural gas prices of recent years and technological improvements in drilling,
nonconventional supplies of natural gas have expanded rapidly. A significant amount of LNG
import capability has been added and has contributed significant new supplies in times of high
prices. Both of these sources are expanding, but all new investments in energy infrastructure are
controversial. In addition, the investments can be slowed by large uncertainties concerning
energy climate change policies.

At the same time, high prices have also brought about changes on the demand side of the market.
High prices encourage conservation in the sense of using less, and they also create incentives to
invest in energy-efficient technologies. Such responses to high prices set in motion the forces to
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reduce prices. Over time, these cycles are likely to reach higher high points and higher low
points, forming a series of upward-stepping cycles. Investments in new supplies and energy
efficiency also tend to follow these cycles. Expectations that prices will fall from high points in
the cycle make consistent investments in supply and energy efficiency less robust.

Accurately forecasting future fuel prices is an impossible task. The history of such forecasts is
that even long-term forecasts tend to assume that current conditions will, to a large extent,
continue. During periods of high fuel prices, forecasts tend to increase, and during periods of
low prices, they tend to decrease. The Council’s practice has been to recognize the inherent
uncertainty and build power plans that minimize the risk from price forecasts that turn out to be
wrong.

DEALING WITH UNCERTAINTY AND VOLATILITY

In spite of their uncertainty, fuel prices are an important consideration for electricity planning.
Fuel prices affect both the demand for, and the cost of, electricity. As an important determinant
of electricity cost, they also affect the cost-effective amount of efficiency improvement through
the avoided cost of alternative generation resources. The uncertainty and volatility of fuel prices
create risks for the Northwest power system. These risks and others are addressed in the
Council’s electricity planning.

The range of trend forecasts discussed here represents only one aspect of fuel price uncertainty
addressed in the Council’s power plan. The low to high trend forecasts of fuel prices are meant
to reflect current analysis and views on the likely range of future prices, but the plan’s analysis
also considers variations expected to occur around those trends. In the Fifth Power Plan this
additional volatility was only applied to natural gas prices. This was because oil prices are
insignificant as either a demand alternative to electricity or a generation fuel. Coal prices are a
significant determinant of electricity costs because of existing coal-fired generation, and coal is
also a potential future source of energy. However, coal prices had not experienced the same
level of uncertainty and volatility as oil and natural gas prices, and were therefore not considered
to be a major source of risk and uncertainty. The Council is considering adding additional
analysis of coal price risk for the Sixth Power Plan.

The plan reflects three distinct types of uncertainty in natural gas prices: (1) uncertainty about
long-term trends, (2) price excursions due to disequilibrium of supply and demand that may
occur over a number of years, and (3) short-term and seasonal volatility due to such factors as
temperatures, storms, or storage levels. The forecasts discuss only the first uncertainty. Shorter-
term variations are addressed in the Council’s portfolio model analysis.

There are additional uncertainties to the cost of fuel from the effects of climate policies, such as
CO2 costs from taxes or a cap and trade structure. These additional costs are explicitly treated in
the Council’s portfolio model and affect the cost of using various fuels, but are not a part of the
commaodity prices discussed in this document.
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NATURAL GAS

Background

The Council’s forecast of natural gas prices starts with a national level commaodity price, the
average natural gas wellhead price of the lower-48 states. A look at the past behavior of these
prices gives perspective for the forecasts. Figure A-1 shows wellhead natural gas prices (in
constant 2006 dollars per million Btu) from 1980 through 2007. Following deregulation of
natural gas markets in the late 1980s, prices fell to nearly $2.30 and remained near that level for
all of the 1990s. After 2000, prices began to increase rapidly and became highly volatile. By
2007 the wellhead price of natural gas averaged $6, nearly three times the levels of the 1990s. In
some months since 2000, prices have reached over $10 as they responded to the effects of
hurricanes, storage levels, oil prices, and other market effects. With this historical context, it is
difficult to predict future natural gas prices with any certainty.

Figure A-1: Historical Wellhead Natural Gas Price
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The Council’s forecast of natural gas prices is informed by national level forecasts of prices from
other organizations that specialize in analysis of fuel commodity markets. Such forecasts rely on
estimates of the fundamentals of supply, demand, and the transportation capacity to move natural
gas from supply sources to demand locations. Nevertheless, these forecasts are far from stable
over time since they tend to respond to the most recent conditions, which can change drastically.
The variation of forecasts from various organizations helps scale the uncertainty between the
high and low forecasts. However, the range is also informed by analysis of long term trends in
prices and analysis of how prices respond to changing conditions over long periods of time.
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Forecasting future fuel prices is particularly difficult following large changes in markets, which
is the case with the natural gas market since 2000. It requires sorting out temporary influences
from longer-term factors that are expected to persist into the future. For example, regulation of
natural gas supplies dampened the supply response to the growing demand for natural gas in the
early 1980s, leading to rapid price escalation. Regulatory incentives to find new natural gas
supplies, but not increase production from existing supplies, resulted in a slow supply response,
but also created large new supplies in the longer term. When natural gas was deregulated in the
late 1980s, prices collapsed due to the so-called “gas bubble” and remained low throughout the
1990s. During this time, low prices were expected to continue for many years and estimates of
the cost of finding new natural gas were low.

By the end of the 1990s, the more permanent effects of deregulated natural gas supplies were
becoming clear. Companies no longer held large inventories of proven reserves and as excess
reserves declined, prices became more volatile. This volatility was exacerbated by the
development of spot and futures trading markets. Without significant changes to natural gas
market regulation, this volatility is expected to be a long-term feature of these markets. As noted
earlier, that volatility is reflected in the Council’s power plan, but this forecast addresses only a
range of long-term price trends around which such volatility will occur. For example, the
portfolio model includes short periods of time where prices can substantially exceed the high
trend price forecast.

It is important to understand that the collapse of prices in the late 1980s was not all due to a
supply bubble; there was also a significant reduction in natural gas use. During the two decades
prior to 1970, natural gas use had grown rapidly as supplies expanded and natural gas pipeline
expansion made the supplies available to users. However, as natural gas prices escalated during
the 1970s (more than quadrupling), demand for natural gas dropped precipitously. Similarly, as
prices dropped following deregulation and remained low during the 1990s, demand grew, but
failed to return to its previous 1973 high level until 1995. Figure A-2 shows these patterns. Also
evident in Figure A-2 is the moderating effect of recent natural gas price increases on natural gas
use since 2000.
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Figure A-2: Historical Natural Gas Prices and Consumption
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Price Forecasts

U.S. Natural Gas Commodity Prices

There are several characteristics of the recent price increases that have implications for the future
long-term trends in natural gas price. On the supply side, it has become clear that conventional
natural gas supplies are increasingly difficult to expand. This does not mean that supply will not
be able to expand. Recently, there have been significant increases in nonconventional supplies
of natural gas, such as coal-bed methane and shale deposits like the Barnett Shale in North
Texas. It is estimated that such nonconventional supplies of natural gas now account for half of
U.S. natural gas production. Production from nonconventional sources has been made feasible
by improved drilling and production technologies, but these are also more expensive. For
example, development of new shale natural gas supplies is estimated to cost between $7 and $8
dollars per million Btu.

Another factor with implications for the long-term trend of natural gas prices is on the demand
side of the equation. The significant reduction in demand during the 1970s was partly due to the
ability to switch industrial uses of natural gas to alternative fuels. With today’s climate
concerns, the use of oil and coal are becoming constrained and limit the ability of industries
(including power generation) to reduce natural gas use as prices increase. Further, the response
to climate concerns and regulations is expected to increase the demand for natural gas.
Examples include electric vehicles, where the electricity generation is likely to require increased
amounts of natural gas, and biofuels, where natural gas is required to produce ammonia fertilizer
to grow biofuel crops and provide process heat to refine the biofuels.

Cycles will continue in the future as markets develop and respond to changing supply and
demand conditions. However, the view expressed in the central part of the Council’s natural gas
price forecast range is that the trend through these future cycles will be upward. Given that the
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market appears to be starting from a high point in a commodity cycle, most of the forecast range
includes decreases from recent levels. However, trend prices do not fall back to the $2.30
natural gas prices of the 1990s, even in the lowest price forecast.

Figure A-3 shows the range of U.S. wellhead price forecasts proposed for the Sixth Power Plan.
As shown in the graph, natural gas prices doubled between 2000 and the estimated 2008 price.
Not shown is the doubling of prices in 2000 from the previous few years. Thus, 2008 prices are
expected to be four times their levels from 10 years ago.

Figure A-3: U.S. Wellhead Natural Gas Price Forecast Range
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The medium case forecast shows prices declining to $7 (in 2006 prices) by 2015, and then
trending upward slowly, reaching $8.00 by 2030. Note that $7 is a higher natural gas price than
any historical year except 2005, which was affected by Hurricanes Katrina and Rita, and 2008,
which included oil prices that reached nearly $150 per barrel in the early summer months.
Nevertheless, these prices represent the current expectations of many experts in the fuel markets,
including many of the members of the Council’s Natural Gas Advisory Committee.

The high and low forecasts are intended to be extreme views of possible future prices from
today’s context. The high case prices increase to $10 until 2025 and then increase to nearly $12
by 2030. The Council’s forecasts assume that more rapid world economic growth will lead to
higher energy prices, even though the short-term effects of a rapid price increase can adversely
impact the economy. For long-term trend analysis, the stress on prices from increased need to
expand energy supplies is considered the dominant relationship. The high natural gas scenario
assumes rapid world economic growth. This scenario might be consistent with very high oil
prices, high environmental concerns that limit use of coal, limited development of world LNG
capacity, and slower improvements in drilling and exploration technology, combined with the
high cost of other commodities and labor necessary for natural gas development. It is a world
where both alternative sources of energy and opportunities for demand reductions are very
limited.
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The low case assumes slow world economic growth which reduces the pressure on energy
supplies. It is a future where world supplies of natural gas are made available through aggressive
development of LNG capacity, favorable nonconventional supplies and the technologies to
develop them, and low world oil prices providing an alternative to natural gas use. The low case
would also be consistent with a scenario of more rapid progress in renewable electric generating
technologies, thus reducing the demand for natural gas. In this case, the normal increases in
natural gas use in response to lower prices would be limited by aggressive carbon-control
policies. It is a world with substantial progress in efficiency and renewable technologies,
combined with more stable conditions in the Middle East and other oil and natural gas producing
areas.

The intermediate cases are variations on the medium case that are considered reasonably likely to
occur. The medium-high case would contain elements of the high scenario, however not to the
same degree. Similarly, the medium-low case would contain some of the more optimistic factors
described for the low case.

In reality, prices may at various times in the future resemble any of the forecast range. Such
cycles in natural gas prices, as well as shorter-term volatility, are captured in the Council’s
Regional Portfolio Model. Table A-1 shows the range of natural gas price trend forecasts for
selected years. In the Council’s portfolio analysis, however, prices at any given time may fall
anywhere within, or even outside, the range shown in Table A-1.

Table A-1: U.S. Wellhead Natural Gas Price Forecasts (2006 Dollars Per Million Btu)

Low | Medium Low | Medium | Medium High | High
2007 6.06
2010 5.75 6.50 6.75 7.80 8.50
2015 5.00 5.75 7.00 8.25 9.00
2020 4.25 5.50 7.25 8.25 9.50
2025 4.35 6.00 7.50 8.50 10.00
2030 4.45 6.25 8.00 9.40 12.00
Growth Rates
2007-15 -2.36% -0.64% 1.83% 3.94% 5.08%
2007-30 -1.33% 0.14% 1.22% 1.93% 2.89%

Northwest Natural Gas Supplies and Price

Given a forecast of U.S. level commodity prices, the next step is to estimate the cost of natural
gas within the Pacific Northwest region and the rest of the Western United States. This is
necessary because there is significant regional variation in natural gas prices.

Natural gas supplies for the Pacific Northwest come from two sources: the Western Canada
Sedimentary Basin in Alberta and Northeastern British Columbia, and the U. S. Rocky
Mountains. Natural gas from these areas is delivered into the region by two pipelines. The
Williams Northwest Pipeline delivers supplies from the U.S. Rocky Mountains as well as down
from Sumas at the B.C. border. The other pipeline is TransCanada Gas Transmission
Northwest, which brings supplies from Alberta, through the Northwest and on down to the
California border. Figure A-4 illustrates the Northwest’s natural gas delivery system.

A-7
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Figure A-4: Sources of Northwest Natural Gas Supplies
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In the past, the Northwest has been fortunate to be linked to expanding natural gas supply areas
that had limited transmission to other areas. This resulted in natural gas prices in the region that
are lower than most other areas of the country. In recent years, the ability of WCSB to expand
production has decreased and it is projected that imports from that area to the U.S. are unlikely to
be able to meet growing natural gas demand in the future. A more optimistic view of the ability
of Western Canada to continue providing natural gas to the region would recognize that there is
substantial coal bed and shale gas potential in the WSCB that could be developed. Further the
internal demand for natural gas for oil sands development, could be substantially replaced by
liquefaction of petroleum coke (a by product of oil sands refining), development of nuclear
technologies to provide electricity and steam for oil sands production and processing, or
cogeneration of electricity from natural gas use.

The Rocky Mountain supply area is still a growing production area, however, and its prices are
still relatively low. New pipelines from the Rockies to the east are likely to reduce the price
advantage of Rockies natural gas unless supplies expand even faster than pipeline capacity. The
pipeline capacity to bring Rockies gas to the Northwest is constrained and will need to be
expanded for the Northwest to be able to access growing Rockies supplies. There are active
proposals to expand pipeline capacity from the Rockies to the Northwest. The Sunstone pipeline
would bring gas from the Opal hub in Wyoming to Stanfield in eastern Oregon, and the Blue
Bridge project would expand pipeline capacity from Stanfield to western Oregon. Two other
pipeline proposals, Bronco and Ruby, would bring natural gas from Opal to the Oregon-
California border at Malin. There are also proposals for expanding pipelines from the Rockies to
Southern California and to the East.

Liquefied natural gas (LNG) is another potential source of future natural gas supplies. There are
currently three proposed LNG import terminals in the region: Bradwood Landing and Oregon
LNG near the mouth of the Columbia River, and Jordan Cove LNG in Coos Bay, Oregon. Each
of these has the potential to supplement natural gas supplies to the Pacific Northwest in the
future, but it is doubtful if more than one of these proposals will be built. Each would involve
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some pipeline construction and expansion to deliver natural gas into the Northwest’s pipeline
systems.

Another potential for increasing Northwest natural gas supplies is a proposed pipeline to bring
natural gas from Alaska through Canada and into the Pacific Northwest. Alternative proposals
for such a pipeline have been vying for support for several years. At best, completion of an
Alaskan pipeline is probably 10 years in the future.

There is general agreement that natural gas will have to play an important role in electricity
supplies for the Council’s planning horizon. The cost of that natural gas will depend on the
demand for natural gas and the supply and deliverability to the region. The deliverability of
natural gas depends not only on access to supplies and pipeline capacity, but also on storage
capability and other natural gas peaking resources like line pack, LNG storage, and interruptible
demand.

The growing use of natural gas for electricity generation will require increased coordination
between the electricity and natural gas industries. This is particularly true for natural gas used
for peaking generation or ancillary services. Natural gas is currently scheduled on a daily basis,
but electricity is scheduled on an hourly basis with constant adjustment to actual demands
through load following and regulation services. Increasing amounts, and perhaps different
forms, of natural gas flexibility within the day may be required as the use of natural gas increases
for providing flexibility and ancillary services for the electricity sector.

In order to plan for the region’s electricity needs, the Council must forecast natural gas prices,
not only in the Northwest, but also in other areas of the West. To do this, the Council has
developed relationships among the various natural gas pricing hubs in the West. Most relevant
to the Northwest are prices at the AECO-NIT pricing hub in Alberta, the Sumas hub on the
Washington-B.C. border, and the Rocky Mountain hub.

Figure A-5 shows the medium case forecasts for average wellhead prices, and prices at the Henry
Hub, Sumas, AECO, and the Rocky Mountains trading hubs. Henry Hub, Louisiana is the
pricing point for the New York Mercantile Exchange spot and futures markets for natural gas.
Table A-2 shows the values for selected years. Figure A-6 shows the basis differentials between
Henry Hub and the three regional pricing hubs. A negative basis differential means that local
prices are lower than the Henry Hub price. Historical relationships that were estimated among
natural gas pricing hubs are used to predict future basis differentials. Consistent monthly or
seasonal differences are captured in the relationships, but differentials are likely to change over
the future in ways not reflected in these estimates. These changes will relate to pipeline
expansions, shifts in demand, and expansions of supply that will occur at different times and
rates. The forecasts will not capture these shifting factors directly, but the wide range of price
forecasts and variations in those forecasts captured in the Portfolio Model will help measure the
risks posed by such variations.

The forecast basis differentials reflect an expectation that Northwest natural gas prices will
continue to be lower than prices in the Gulf of Mexico (Henry Hub) area. This is consistent with
growing Rocky Mountain production, stable Canadian production, and future pipeline capacity
from Alaska. Development of LNG import capability within the region would also help keep
Northwest supplies robust and prices more moderate, but in reality, these relative prices could
shift in the future. Rapid development of LNG import capacity in the Gulf of Mexico and
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development of shale-based natural gas in Texas, Oklahoma, Arkansas, and the Appalachian
Basin have the potential to shift regional price relationships and possibly reduce the Northwest’s

price advantage.

Figure A-5: Medium Case Natural Gas Price Forecasts at Northwest Hubs
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Table A-2: Medium Case Prices Natural Gas Price Forecasts at Northwest Hubs
(2006 Dollars Per Million Btu)

Wellhead | Henry Hub | AECO | Sumas | Rockies

2007 $6.06 $6.53 $5.67 | $5.78 $5.51
2010 $6.75 $7.32 $6.37 | $7.00 $6.01
2015 $7.00 $7.60 $6.62 | $7.25 $6.24
2020 $7.25 $7.87 $6.86 | $7.50 $6.47
2025 $7.50 $8.15 $7.11 | $7.75 $6.70
2030 $8.00 $8.70 $7.60 | $8.26 $7.16
Growth Rates

2007-15 1.83% 1.90% 1.95% | 2.87% | 1.56%
2007-30 1.22% 1.25% 1.29% | 1.56% | 1.14%
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Figure A-6: Medium Case Basis Differentials From Henry Hub Prices
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Forecasts of natural gas delivered to specific parts of the region are based on the forecasts of hub
prices at Sumas, AECO, and the Rockies plus estimated costs of transporting the fuel via
regional pipelines. Pipeline costs include three general types of cost: capacity charges,
commodity charges, and in-kind fuel costs. Capacity costs are by far the largest component of
the transportation cost, and they are considered to be fixed costs. EXxisting users of natural gas
are assumed to pay rolled-in pipeline capacity costs, but future power plants are assumed to pay
incremental capacity costs, which reflect new pipeline capacity costs that escalate in real terms
over time. The rate of escalation varies with the forecast case. Pipeline commodity and in-kind
fuel charges are small and are a variable cost of natural gas, along with the cost of the gas itself.

Figure A-7 shows the medium case forecast of delivered natural gas prices for east and west of
the Cascade Mountains compared to regional hub and wellhead prices. The cost of delivering
natural gas from regional pricing hubs results in delivered prices that are similar in magnitude to
Henry Hub prices. In addition to delivered natural gas prices for electric generation, the Council
also forecasts retail natural gas prices to residential, commercial, and industrial users. More
detailed price forecasts for each case appear in the appendix tables.
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Figure A-7: Incremental Natural Gas Prices Delivered to Regional Generation Facilities
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OIL

Background

Forecasts of oil prices play a less direct role in the Council’s Power Plan than natural gas prices.
Oil is not a significant fuel for electricity generation, nor is it an important competitor with
electricity in end-use applications. However, oil prices do have an influence on natural gas
prices and other energy sources. The relationship is not exact, but as shown in Figure A-8, crude
oil and natural gas commodity prices do tend to move together in the long-term. Qil is most
significant as a transportation fuel. In that role, oil prices enter into determining delivered coal
prices at various points in the West. This is due to the reliance on diesel fuel to run the trains
that deliver coal from supply areas in Wyoming and Montana.

In the middle of 2008, world oil prices reached the highest level ever recorded. The price of
$150 for a barrel of oil, experienced some days in 2008, was four times the previous highest
average price for a year in 1981. Even adjusting the prices to equivalent year dollars, the prices
in mid-2008 were double the previous peak. However, the $150 prices did not last long. Prices
have recently fallen to below $50 a barrel, but are still well above historical levels.

The factors contributing to these high oil prices are very similar to the factors listed as affecting
high natural gas prices. Strong world economic growth, declining value of the dollar, unrest in
the Middle East, 2005 hurricane damage, and declining domestic oil supplies. The large
increases in oil prices since 2004 have changed many forecasters’ views of the probable range of
future oil prices.

A-12
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Figure A-8: Historical Comparison of Crude Oil and Wellhead Natural Gas Prices
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The oil price forecast proposed here is dramatically different from the forecast included in the
Council’s Fifth Power Plan. The lowest case forecast in this paper is higher than the medium

forecast in the last plan. The entire forecast range, shown in Figure A-9, is much wider,

reflecting increased uncertainty about future oil prices, especially on the high side of the range.

The medium forecast of world oil prices, defined as refiners’ acquisition cost of imported oil,

varies between $65 and $75 dollars per barrel (2006 dollars), somewhat higher than prices at the
end of 2008, which were partially influenced by the global financial crisis and recession. Prices
generally fall following a period of extremely high prices as new sources of supply, substitution

of other energy sources, and reduced demand bring markets into balance. However, as oil

production increases, more expensive sources of oil are required so that over time, prices ratchet

upward. Uncertainty about oil supplies and their costs, the effects of new technologies on

supplies and uses, climate policies, and political factors in oil producing countries create large
uncertainties about future oil prices, and therefore, a large range of price forecasts.

The high price case is unlikely in the long term because of the alternative supplies and reductions
in use that are likely to occur at such high prices. There are still ample supplies of conventional
oil in the world, but its production is currently restricted by turmoil in the Middle East and the
immaturity of the economies of former Soviet Union states. On the demand side, very high oil
prices will stimulate improved efficiency and possibly reduced economic growth. In the years

following the high oil prices of the 1970s and early 1980s, the energy intensity of the U.S.

economy decreased by half, from 18.0 trillion Btu per billion dollars of Gross Domestic Product
(20009%) in 1970, to 8.8 in 2007 (see Figure A-10). As the world continues to tackle the climate
change issue, improved efficiency and expanded use of renewable energy sources will grow and
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further reduce the demand for oil in the long run. Uncertainty about the amount of supply and
demand adjustments and their costs contribute to the wide range of possible future oil prices.

Figure A-9: World Oil Prices: History and Forecast
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Figure A-10: Total U.S. Energy Use Per Dollar of Gross Domestic Product
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The low case is also considered unlikely from today’s perspective even though it is slightly
higher than prices experienced during the 1990s. This scenario might be consistent with rapid

MORTHWEST
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progress in efficiency and renewable resources, combined with a growing ability of the Middle
East and former Soviet Union states to produce their oil resources. In addition, the low case
would require substantial progress in reducing the use of carbon fuels as a result of aggressive
climate change policies.

The medium-low and medium-high cases are variations around the medium forecast. In the past,
the Council has considered these cases to be nearly as likely as the medium case. However,
given the fact that these forecasts are being prepared in the context of a very high price period,
and the historical fact that forecasts done in such time periods tend to overstate future prices, the
medium-low case may be more likely than the medium-high case.

Table A-3 shows the values of the forecast range for selected years. The estimated 2008 value is
based on prices through September and futures market expectations for the rest of the year.

Table A-3: World Oil Price Forecast Range (2006 Dollar Per Barrel)

Low | Medium Low | Medium | Medium High High

2007 $65.29

2008 $90.00

2010 $40.00 $50.00 $60.00 $75.00 $80.00
2015 $45.00 $55.00 $70.00 $80.00 $90.00
2020 $40.00 $53.00 $65.00 $75.00 $92.00
2025 $38.00 $55.00 $70.00 $80.00 $95.00
2030 $40.00 $58.00 $75.00 $95.00 $120.00
Growth Rates

2007-15 -4.54% -2.12% 0.88% 2.57% 4.09%
2007-30 -2.11% -0.51% 0.60% 1.64% 2.68%

As in the case of natural gas, oil commodity prices are used to estimate future oil product prices
at the wholesale and retail level. The refiner wholesale prices of heavy and light oil products are
based on refinery costs and a simple profit maximization calculation. Retail price forecasts are
based on simple historical relationships between wholesale oil product prices (residual and
distillate oils) and retail prices. These prices are shown in the appendix tables.

COAL

Coal Commaodity Prices

Coal is a plentiful energy source in the United States. Coal resources, like natural gas, are
measured in many different forms. The EIA reports several of these.! One measure is
“demonstrated reserve base,” which measures coal more likely to be mined based on seam
thickness and depth. EIA estimates that the 1997 U.S. demonstrated reserve base of coal is 508
billion short tons. Only 275 billion short tons of these resources are considered “recoverable”
due to inaccessibility or losses in the mining process. This is still a large supply of coal relative
to the current production of about 1.1 billion short tons a year.

About half of the demonstrated reserve base of coal, 240 billion short tons, is located in the
West. Western coal production has been growing due to several advantages it has over
Appalachian and interior deposits. Western coal, especially Powder River Basin coal, is cheaper

1 U.S. Energy Information Administration, U.S. Coal Reserves: 1997 Update, February 1999.
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to mine due to its relatively shallow depths and thick seams. More important, Western coal is
lower in sulfur content. Use of low-sulfur coal supplies has been an attractive way to help
utilities meet increased restrictions on sulfur dioxide emissions under the 1990 Clean Air Act
Amendments that took effect on January 1, 2000. The other characteristic that distinguishes
most Western coal from Eastern and interior supplies is its Btu content. Western coal is
predominately sub-bituminous coal with an average heat content of about 17 million Btu’s per
short ton. In contrast, Appalachian and interior coal tends to be predominately higher grade
bituminous coal with heat rates averaging about 24 million Btu per short ton. Another drawback
of some Western coal is a relatively high arsenic content, which will require more expensive
treatment for removal under stricter environmental rules.

Western coal production in 2007 was 612 million short tons, with 74 percent of that production
coming from Wyoming (454 million short tons). The second largest state producer was Montana
at 43 million tons. Colorado, New Mexico, North Dakota and Utah produced between 24 and 36
million short tons each, and Arizona produced about 8 million short tons.?

Productivity increases have been rapid, especially in Western coal mines. As a result, mine-
mouth coal prices have decreased over time. In constant dollars, Western mine-mouth coal
prices declined by an average of 1.6 percent per year between 1985 and 2005. Expiring higher-
priced long-term contracts have also contributed to declining coal prices.

Most of the coal used in the Pacific Northwest comes from the Power River Basin in Wyoming
and Montana. As noted above, the cost of Power River Basin coal is very low relative to other
coal. Figure A-11 shows historical coal cost from various supply areas. Additional forecast
details are shown in the appendix tables.

2 U.S. Energy Information Administration, Annual Coal Report, September 2008.
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Figure A-11: Coal Price Trends from Major Supply Areas
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Coal Price Forecast

The forecast cost of coal to the Pacific Northwest is based on projected Powder River Basin coal

prices. These forecasts are simple price growth rate assumptions from 2010 to 2030 with

varying degrees of recovery from recent price increases by 2010. Table A-4 demonstrates these

assumptions. Figure A-12 shows the resulting forecast range.

Table A-4: Coal Price Assumptions (2006 Dollars Per Million Btu)

Low | Medium Low | Medium | Medium High | High
2007 $0.56
2010 $0.52 $0.58 $0.64 $0.70 $0.83
2015 $0.51 $0.58 $0.66 $0.73 $0.88
2020 $0.50 $0.58 $0.68 $0.76 $0.93
2025 $0.48 $0.57 $0.69 $0.79 $0.99
2030 $0.47 $0.57 $0.71 $0.83 $1.05
Growth Rates
2007-15 -1.29% 0.32% 1.98% 3.33% 5.65%
2007-30 -0.78% 0.05% 1.01% 1.67% 2.73%
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Figure A-12: Range of Powder River Basin Coal Price Forecasts
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The price of coal delivered to northwest electric generators and industries is very dependent on
transportation distances and costs. In addition, delivered costs may have very different time
trends from mine-mouth costs due to long-term coal supply contracts. Figure A-13 shows
Pacific Northwest delivered industrial and utility sector coal prices from 1976 to 2005.> Coal
prices increased during the late 1970s with other energy prices, but after the early 1980s declined
steadily until 2000 when they increased slightly in response to increased commodity prices and
increased use, both domestically and for export. On average, regional industrial coal prices
decreased at an annual rate of 3 percent between 1980 and 2005. Regional utility coal prices
have followed a similar pattern of decline, although utility prices were delayed a few years in
following industrial prices downward. This may have been due to longer-term coal contracts for
the coal-fired electric generating plants.

Delivered coal prices to utilities in various locations of the Northwest and West are forecast
based on the commaodity price forecast. These forecasts are based on a simple relationship of the
distance in miles from the Power River Basin to various locations, the cost of unit train shipment
of coal per ton-mile, and an adjustment of the shipment cost to reflect the forecast of changes in
transportation diesel fuel, a significant factor in the shipment costs.

® U.S. Energy Information Administration
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Appendix A: Fuel Price Forecast

Figure A-13: Utility and Industrial Coal Prices in the Pacific Northwest
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Appendix Al: Medium Case Fuel Price Forecast
Tables

Table Al1-1: Natural Gas Prices at Key Hubs and Northwest Generators

2006$/MMBtu
Medium Case
Henry Hub Natural | AECO | Sumas | West-Side | East-Side
Year Gas Price Price Price | Delivered | Delivered
2005 7.95 6.98 7.08 7.70 7.58
2006 6.72 5.84 5.95 6.56 6.42
2007 6.53 5.67 5.78 6.38 6.24
2008 8.51 7.44 8.09 8.77 8.04
2009 7.70 6.71 7.34 8.07 7.33
2010 7.32 6.37 7.00 7.79 7.02
2011 7.38 6.42 7.05 7.91 7.12
2012 7.43 6.47 7.10 7.97 7.22
2013 7.48 6.52 7.15 8.03 7.27
2014 7.54 6.57 7.20 8.08 7.32
2015 7.60 6.62 7.25 8.14 7.37
2016 7.65 6.66 7.30 8.19 7.44
2017 7.71 6.71 7.35 8.24 7.49
2018 7.76 6.76 7.40 8.29 7.55
2019 7.82 6.81 7.45 8.35 7.60
2020 7.87 6.86 7.50 8.40 7.65
2021 7.93 6.91 7.55 8.46 7.70
2022 7.98 6.96 7.60 8.51 7.76
2023 8.04 7.01 7.65 8.56 7.81
2024 8.09 7.06 7.70 8.62 7.86
2025 8.15 7.11 7.75 8.67 7.91
2026 8.26 7.21 7.85 8.77 8.01
2027 8.36 7.30 7.95 8.88 8.11
2028 8.48 7.40 8.05 8.98 8.22
2029 8.59 7.50 8.15 9.09 8.32
2030 8.70 7.60 8.26 9.19 8.43
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Table Al1-2: Wellhead and Retail Natural Gas Prices

2006%/MMBtu
Medium Case
Regional Retail Natural Gas Prices

U.S. Wellhead Utility
Year Prices Residential | Commercial | Industrial | Average
2005 7.36 12.66 11.16 8.26 7.64
2006 6.23 11.53 10.03 7.12 6.49
2007 6.06 11.36 9.86 6.95 6.31
2008 7.83 13.13 11.63 9.12 8.40
2009 6.50 11.80 10.30 8.19 7.67
2010 6.75 12.05 10.55 8.02 7.35
2011 6.80 12.10 10.60 8.07 7.43
2012 6.85 12.15 10.65 8.12 7.49
2013 6.90 12.20 10.70 8.18 7.55
2014 6.95 12.25 10.75 8.23 7.60
2015 7.00 12.30 10.80 8.28 7.65
2016 7.05 12.35 10.85 8.33 7.70
2017 7.10 12.40 10.90 8.38 7.75
2018 7.15 12.45 10.95 8.43 7.81
2019 7.20 12.50 11.00 8.48 7.86
2020 7.25 12.55 11.05 8.53 7.91
2021 7.30 12.60 11.10 8.58 7.96
2022 7.35 12.65 11.15 8.63 8.02
2023 7.40 12.70 11.20 8.68 8.07
2024 7.45 12.75 11.25 8.74 8.12
2025 7.50 12.80 11.30 8.79 8.17
2026 7.60 12.90 11.40 8.89 8.27
2027 7.70 13.00 11.50 8.99 8.37
2028 7.80 13.10 11.60 9.09 8.48
2029 7.90 13.20 11.70 9.19 8.58
2030 8.00 13.30 11.80 9.30 8.69
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Table A1-3: World Oil Prices and Retail Oil Product Prices
2006$/MMBtu
Medium Case

Industrial Average | Commercial | Commercial Average Average Utility Utility
World Oil Residual Industrial Residual Distillate Oil | Commercial | Residential Residual Distillate

Year Prices Qil Price Industrial Qil Price Qil Price Price Qil Price Qil Price Qil Price Qil Price
2005 50.40 6.95 12.55 12.25 7.22 12.04 11.90 14.94 0.00 11.56
2006 59.02 8.22 14.20 13.89 8.49 13.69 13.55 16.60 0.00 13.22
2007 65.29 9.15 15.41 15.08 9.41 14.90 14.74 17.80 0.00 14.42
2008 90.00 12.80 20.16 19.77 13.06 19.65 19.47 22.55 0.00 19.18
2009 55.00 7.63 13.43 13.12 7.90 12.92 12.78 15.82 0.00 12.45
2010 60.00 8.37 14.39 14.07 8.63 13.88 13.73 16.79 0.00 13.41
2011 61.88 8.64 14.75 14.43 8.91 14.24 14.09 17.15 0.00 13.77
2012 63.82 8.93 15.12 14.80 9.20 14.61 14.46 17.52 0.00 14.14
2013 65.81 9.22 15.51 15.18 9.49 15.00 14.85 17.90 0.00 14.52
2014 67.87 9.53 15.91 15.57 9.80 15.39 15.24 18.30 0.00 14.92
2015 70.00 9.84 16.31 15.97 10.11 15.80 15.65 18.71 0.00 15.33
2016 68.97 9.69 16.12 15.78 9.96 15.61 15.45 18.51 0.00 15.13
2017 67.96 9.54 15.92 15.58 9.81 15.41 15.25 18.32 0.00 14.94
2018 66.96 9.39 15.73 15.39 9.66 15.22 15.06 18.12 0.00 14.74
2019 65.97 9.25 15.54 15.21 9.52 15.03 14.88 17.93 0.00 14.55
2020 65.00 9.10 15.35 15.02 9.37 14.84 14.69 17.75 0.00 14.37
2021 65.97 9.25 15.54 15.21 9.52 15.03 14.88 17.93 0.00 14.55
2022 66.96 9.39 15.73 15.39 9.66 15.22 15.06 18.12 0.00 14.74
2023 67.96 9.54 15.92 15.58 9.81 15.41 15.25 18.32 0.00 14.94
2024 68.97 9.69 16.12 15.78 9.96 15.61 15.45 18.51 0.00 15.13
2025 70.00 9.84 16.31 15.97 10.11 15.80 15.65 18.71 0.00 15.33
2026 70.97 9.99 16.50 16.16 10.25 15.99 15.83 18.90 0.00 15.52
2027 71.96 10.13 16.69 16.34 10.40 16.18 16.02 19.08 0.00 15.71
2028 72.96 10.28 16.88 16.53 10.55 16.37 16.21 19.28 0.00 15.90
2029 73.97 10.43 17.08 16.73 10.70 16.57 16.40 19.47 0.00 16.09
2030 75.00 10.58 17.28 16.92 10.85 16.76 16.60 19.67 0.00 16.29
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Table Al1-4: Coal Price Forecasts

2006$/MMBtu
Medium Case
Selected Regional Electricity Generation Coal Prices
Western Regional
Minemouth Industrial West East
Year Price Price WA/OR WA/OR | Idaho | Montana | Utah | Wyoming
2005 0.48 211 1.40 1.22 0.82 0.78 0.67 0.58
2006 0.54 2.08 1.43 1.25 0.87 0.83 0.72 0.64
2007 0.56 2.09 1.45 1.27 0.89 0.85 0.75 0.66
2008 0.82 2.45 1.74 1.55 1.15 1.12 1.00 0.92
2009 0.64 1.98 1.45 1.28 0.94 0.90 0.81 0.73
2010 0.64 2.17 1.52 1.35 0.97 0.93 0.82 0.74
2011 0.65 2.15 1.52 1.34 0.97 0.93 0.83 0.74
2012 0.65 2.15 1.52 1.35 0.97 0.93 0.83 0.75
2013 0.65 2.16 1.52 1.35 0.97 0.94 0.83 0.75
2014 0.66 2.16 1.53 1.35 0.98 0.94 0.84 0.75
2015 0.66 2.16 1.53 1.36 0.98 0.94 0.84 0.76
2016 0.66 2.15 1.53 1.35 0.98 0.95 0.84 0.76
2017 0.67 2.15 1.53 1.36 0.99 0.95 0.84 0.76
2018 0.67 2.16 1.53 1.36 0.99 0.95 0.85 0.76
2019 0.67 2.16 1.54 1.36 0.99 0.96 0.85 0.77
2020 0.68 2.16 1.54 1.37 1.00 0.96 0.85 0.77
2021 0.68 2.18 1.55 1.37 1.00 0.96 0.86 0.78
2022 0.68 2.18 1.55 1.38 1.00 0.97 0.86 0.78
2023 0.69 2.18 1.56 1.38 1.01 0.97 0.87 0.78
2024 0.69 2.19 1.56 1.38 1.01 0.97 0.87 0.79
2025 0.69 2.19 1.56 1.39 1.01 0.98 0.87 0.79
2026 0.70 2.20 157 1.39 1.02 0.98 0.88 0.79
2027 0.70 2.20 1.57 1.39 1.02 0.98 0.88 0.80
2028 0.70 2.20 1.57 1.40 1.02 0.99 0.88 0.80
2029 0.71 2.21 1.58 1.40 1.03 0.99 0.89 0.80
2030 0.71 2.21 1.58 1.41 1.03 0.99 0.89 0.81
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Appendix A2: Low Case Fuel Price Forecast
Tables

Table A2-1: Natural Gas Prices at Key Hubs and Northwest Generators

2006$/MMBtu
Low Case
Henry Hub
Natural Gas AECO Sumas West-Side | East-Side
Year Price Price Price Delivered Delivered
2005 7.95 6.98 7.08 7.70 7.58
2006 6.72 5.84 5.95 6.56 6.42
2007 6.53 5.67 5.78 6.38 6.24
2008 8.46 7.39 8.04 8.72 7.99
2009 7.07 6.15 6.77 7.49 6.76
2010 6.22 5.38 6.00 6.77 6.02
2011 6.04 5.22 5.84 6.67 5.90
2012 5.87 5.07 5.68 6.53 5.80
2013 5.71 4.92 5.53 6.37 5.65
2014 5.55 4.78 5.38 6.22 5.50
2015 5.39 4.64 5.24 6.08 5.36
2016 5.21 4.48 5.08 5.91 5.21
2017 5.04 4.33 4,93 5.75 5.05
2018 4.88 4.18 4,77 5.60 4,92
2019 472 4.04 4.63 5.45 477
2020 4.56 3.90 4.49 5.30 4.63
2021 4,58 3.92 4,51 5.32 4.65
2022 4.61 3.94 4,53 5.34 4.67
2023 4.63 3.96 455 5.36 4.69
2024 4.65 3.98 457 5.38 471
2025 4.67 4.00 4,59 5.40 473
2026 4.69 4.02 4.61 5.42 4,75
2027 4,72 4.04 4,63 5.44 4,76
2028 4.74 4.06 4.65 5.46 478
2029 4.76 4.08 4.67 5.48 4.80
2030 478 4.10 4.69 5.50 4.82
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Table A2-2: Wellhead and Retail Natural Gas Prices

2006%/MMBtu
Low Case
U.S Wellhead Regional Retail Natural Gas Prices
Year Price Residential | Commercial | Industrial | Utility Average
2005 7.36 12.66 11.16 8.26 7.64
2006 6.23 11.53 10.03 7.12 6.49
2007 6.06 11.36 9.86 6.95 6.31
2008 7.78 13.08 11.58 9.07 8.35
2009 5.50 10.80 9.30 7.49 7.09
2010 5.75 11.05 9.55 7.01 6.33
2011 5.59 10.90 9.39 6.85 6.20
2012 5.44 10.74 9.24 6.69 6.06
2013 5.29 10.59 9.09 6.54 5.91
2014 5.14 10.45 8.94 6.39 5.76
2015 5.00 10.30 8.80 6.24 5.61
2016 4.84 10.14 8.64 6.08 5.46
2017 4.69 9.99 8.49 5.92 5.30
2018 4.54 9.84 8.34 5.77 5.15
2019 4.39 9.69 8.19 5.62 5.00
2020 4.25 9.55 8.05 5.48 4.86
2021 4.27 9.57 8.07 5.50 4.88
2022 4.29 9.59 8.09 5.52 4.90
2023 4.31 9.61 8.11 5.54 4.92
2024 4.33 9.63 8.13 5.56 4.94
2025 4.35 9.65 8.15 5.58 4.96
2026 4.37 9.67 8.17 5.60 4.98
2027 4.39 9.69 8.19 5.62 5.00
2028 4.41 9.71 8.21 5.64 5.02
2029 4.43 9.73 8.23 5.66 5.04
2030 4.45 9.75 8.25 5.68 5.06
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Table A2-3: World Oil Prices and Retail Oil Products Prices

2006$/MMBtu
Low Case
Industrial Average Commercial | Commercial Average Average Utility Utility
World Oil Residual Industrial Residual Distillate Commercial Residential Residual Distillate

Year Prices Qil Price Industrial Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price
2005 50.40 6.95 12.55 12.25 7.22 12.04 11.90 14.94 0.00 11.56
2006 59.02 8.22 14.20 13.89 8.49 13.69 13.55 16.60 0.00 13.22
2007 65.29 9.15 15.41 15.08 9.41 14.90 14.74 17.80 0.00 14.42
2008 90.00 12.80 20.16 19.77 13.06 19.65 19.47 22.55 0.00 19.18
2009 45.00 6.15 11.51 11.22 6.42 11.00 10.87 13.90 0.00 10.52
2010 40.00 5.41 10.55 10.27 5.68 10.04 9.91 12.94 0.00 9.56
2011 40.95 5.55 10.73 10.45 5.82 10.22 10.10 13.12 0.00 9.74
2012 41.93 5.70 10.92 10.64 5.96 10.41 10.28 13.31 0.00 9.93
2013 42.93 5.84 11.11 10.83 6.11 10.60 10.47 13.50 0.00 10.12
2014 43,95 6.00 11.31 11.02 6.26 10.80 10.67 13.70 0.00 10.32
2015 45.00 6.15 11.51 11.22 6.42 11.00 10.87 13.90 0.00 10.52
2016 43,95 6.00 11.31 11.02 6.26 10.80 10.67 13.70 0.00 10.32
2017 42.93 5.84 11.11 10.83 6.11 10.60 10.47 13.50 0.00 10.12
2018 41.93 5.70 10.92 10.64 5.96 10.41 10.28 13.31 0.00 9.93
2019 40.95 5.55 10.73 10.45 5.82 10.22 10.10 13.12 0.00 9.74
2020 40.00 5.41 10.55 10.27 5.68 10.04 9.91 12.94 0.00 9.56
2021 39.59 5.35 10.47 10.20 5.62 9.96 9.84 12.86 0.00 9.48
2022 39.19 5.29 10.39 10.12 5.56 9.88 9.76 12.78 0.00 9.41
2023 38.79 5.23 10.31 10.04 5.50 9.80 9.68 12.71 0.00 9.33
2024 38.39 5.17 10.24 9.97 5.44 9.73 9.61 12.63 0.00 9.25
2025 38.00 5.12 10.16 9.89 5.38 9.65 9.53 12.56 0.00 9.18
2026 38.39 5.17 10.24 9.97 5.44 9.73 9.61 12.63 0.00 9.25
2027 38.79 5.23 10.31 10.04 5.50 9.80 9.68 12.71 0.00 9.33
2028 39.19 5.29 10.39 10.12 5.56 9.88 9.76 12.78 0.00 9.41
2029 39.59 5.35 10.47 10.20 5.62 9.96 9.84 12.86 0.00 9.48
2030 40.00 5.41 10.55 10.27 5.68 10.04 9.91 12.94 0.00 9.56
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Table A2-4: Coal Price Forecasts

2006$/MMBtu
Low Case
Western Regional Selected Regional Electricity Generation Coal Prices
Minemouth | Industrial West East
Year Prices Price WA/OR | WA/OR | lIdaho Montana | Utah | Wyoming
2005 0.48 211 1.40 1.22 0.82 0.78 0.67 0.58
2006 0.54 2.08 1.43 1.25 0.87 0.83 0.72 0.64
2007 0.56 2.09 1.45 1.27 0.89 0.85 0.75 0.66
2008 0.82 2.45 1.74 1.55 1.15 1.12 1.00 0.92
2009 0.52 1.83 1.31 1.15 0.81 0.78 0.69 0.61
2010 0.52 1.98 1.37 1.20 0.84 0.80 0.70 0.62
2011 0.52 2.02 1.39 1.21 0.84 0.80 0.70 0.61
2012 0.52 2.02 1.39 1.21 0.84 0.80 0.69 0.61
2013 0.51 2.01 1.38 1.21 0.83 0.80 0.69 0.61
2014 0.51 2.01 1.38 1.21 0.83 0.79 0.69 0.61
2015 0.51 2.01 1.38 1.20 0.83 0.79 0.69 0.60
2016 0.51 1.99 1.37 1.20 0.82 0.79 0.68 0.60
2017 0.50 1.99 1.37 1.19 0.82 0.78 0.68 0.60
2018 0.50 1.99 1.36 1.19 0.82 0.78 0.68 0.60
2019 0.50 1.98 1.36 1.19 0.82 0.78 0.68 0.59
2020 0.50 1.98 1.36 1.19 0.81 0.78 0.67 0.59
2021 0.49 1.98 1.36 1.18 0.81 0.78 0.67 0.59
2022 0.49 1.98 1.36 1.18 0.81 0.77 0.67 0.59
2023 0.49 1.98 1.35 1.18 0.81 0.77 0.67 0.58
2024 0.49 1.98 1.35 1.18 0.80 0.77 0.66 0.58
2025 0.48 1.97 1.35 1.18 0.80 0.77 0.66 0.58
2026 0.48 1.98 1.35 1.17 0.80 0.76 0.66 0.58
2027 0.48 1.97 1.35 1.17 0.80 0.76 0.66 0.57
2028 0.48 1.97 1.34 1.17 0.80 0.76 0.65 0.57
2029 0.47 1.97 1.34 1.17 0.79 0.76 0.65 0.57
2030 0.47 1.97 1.34 1.16 0.79 0.75 0.65 0.57
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Appendix A3: Medium-Low Case Fuel Price

Forecast Tables
Table A3-1: Natural Gas Prices at Key Hubs and Northwest Generators
2006%/MMBtu
Medlo Case
Henry Hub
Natural Gas | AECO | Sumas | West-Side | East-Side
Year Price Price Price Delivered Delivered
2005 7.95 6.98 7.08 7.70 7.58
2006 6.72 5.84 5.95 6.56 6.42
2007 6.53 5.67 5.78 6.38 6.24
2008 8.48 7.41 8.06 8.74 8.01
2009 7.53 6.56 7.19 7.92 7.18
2010 7.04 6.12 6.75 7.53 6.77
2011 6.87 5.97 6.59 7.44 6.65
2012 6.70 5.81 6.44 7.30 6.55
2013 6.54 5.67 6.29 7.14 6.40
2014 6.37 5.52 6.14 7.00 6.26
2015 6.22 5.38 6.00 6.85 6.11
2016 6.16 5.33 5.94 6.80 6.07
2017 6.11 5.28 5.89 6.75 6.02
2018 6.05 5.23 5.84 6.70 5.99
2019 6.00 5.18 5.79 6.65 5.94
2020 5.94 5.13 5.74 6.60 5.89
2021 6.05 5.23 5.84 6.70 5.99
2022 6.16 5.33 5.94 6.80 6.09
2023 6.27 5.42 6.04 6.90 6.19
2024 6.38 5.52 6.14 7.01 6.29
2025 6.49 5.63 6.25 7.11 6.40
2026 6.55 5.68 6.30 7.16 6.45
2027 6.60 5.72 6.35 7.22 6.50
2028 6.66 5.77 6.40 7.27 6.55
2029 6.71 5.82 6.45 7.32 6.60
2030 6.77 5.87 6.50 7.37 6.65
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Table A3-2: Wellhead and Retail Natural Gas Prices

2006%/MMBtu
Medlo Case
U.S Wellhead Regional Retail Natural Gas Prices
Year Price Residential | Commercial | Industrial | Utility Average
2005 7.36 12.66 11.16 8.26 7.64
2006 6.23 11.53 10.03 7.12 6.49
2007 6.06 11.36 9.86 6.95 6.31
2008 7.80 13.10 11.60 9.09 8.37
2009 6.25 11.55 10.05 8.01 7.52
2010 6.50 11.80 10.30 7.77 7.10
2011 6.34 11.65 10.14 7.61 6.96
2012 6.19 11.49 9.99 7.45 6.82
2013 6.04 11.34 9.84 7.30 6.67
2014 5.89 11.20 9.69 7.15 6.52
2015 5.75 11.05 9.55 7.01 6.38
2016 5.70 11.00 9.50 6.95 6.33
2017 5.65 10.95 9.45 6.90 6.28
2018 5.60 10.90 9.40 6.85 6.23
2019 5.55 10.85 9.35 6.80 6.18
2020 5.50 10.80 9.30 6.75 6.13
2021 5.60 10.90 9.40 6.85 6.23
2022 5.69 11.00 9.50 6.95 6.33
2023 5.79 11.10 9.60 7.05 6.43
2024 5.90 11.20 9.70 7.16 6.54
2025 6.00 11.30 9.80 7.26 6.64
2026 6.05 11.35 9.85 7.31 6.69
2027 6.10 11.40 9.90 7.36 6.74
2028 6.15 11.45 9.95 7.41 6.79
2029 6.20 11.50 10.00 7.46 6.85
2030 6.25 11.55 10.05 7.52 6.90
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Table A3-3: World Oil Prices and Retail Oil Product Prices

2006$/MMBtu
Medlo Case
Industrial Average Commercial | Commercial Average Average Utility Utility
World Oil Residual Industrial Residual Distillate Commercial Residential Residual Distillate

Year Prices Qil Price Industrial Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price
2005 50.40 6.95 12.55 12.25 7.22 12.04 11.90 14.94 0.00 11.56
2006 59.02 8.22 14.20 13.89 8.49 13.69 13.55 16.60 0.00 13.22
2007 65.29 9.15 15.41 15.08 9.41 14.90 14.74 17.80 0.00 14.42
2008 90.00 12.80 20.16 19.77 13.06 19.65 19.47 22.55 0.00 19.18
2009 50.00 6.89 12.47 12.17 7.16 11.96 11.82 14.86 0.00 11.48
2010 50.00 6.89 12.47 12.17 7.16 11.96 11.82 14.86 0.00 11.48
2011 50.96 7.03 12.65 12.36 7.30 12.14 12.01 15.05 0.00 11.67
2012 51.94 7.18 12.84 12.54 7.44 12.33 12.20 15.24 0.00 11.86
2013 52.94 7.32 13.03 12.73 7.59 12.52 12.39 15.43 0.00 12.05
2014 53.96 7.47 13.23 12.92 7.74 12.72 12.58 15.62 0.00 12.25
2015 55.00 7.63 13.43 13.12 7.90 12.92 12.78 15.82 0.00 12.45
2016 54,59 7.57 13.35 13.05 7.84 12.84 12.70 15.75 0.00 12.37
2017 54,19 7.51 13.27 12.97 7.78 12.76 12.63 15.67 0.00 12.29
2018 53.79 7.45 13.20 12.89 7.72 12.69 12.55 15.59 0.00 12.21
2019 53.39 7.39 13.12 12.82 7.66 12.61 12.47 15.52 0.00 12.14
2020 53.00 7.33 13.05 12.74 7.60 12.53 12.40 15.44 0.00 12.06
2021 53.39 7.39 13.12 12.82 7.66 12.61 12.47 15.52 0.00 12.14
2022 53.79 7.45 13.20 12.89 7.72 12.69 12.55 15.59 0.00 12.21
2023 54,19 7.51 13.27 12.97 7.78 12.76 12.63 15.67 0.00 12.29
2024 54,59 7.57 13.35 13.05 7.84 12.84 12.70 15.75 0.00 12.37
2025 55.00 7.63 13.43 13.12 7.90 12.92 12.78 15.82 0.00 12.45
2026 55.59 7.71 13.54 13.23 7.98 13.03 12.89 15.94 0.00 12.56
2027 56.18 7.80 13.66 13.35 8.07 13.15 13.01 16.05 0.00 12.67
2028 56.78 7.89 13.77 13.46 8.16 13.26 13.12 16.17 0.00 12.79
2029 57.39 7.98 13.89 13.58 8.25 13.38 13.24 16.28 0.00 12.90
2030 58.00 8.07 14.01 13.69 8.34 13.50 13.35 16.40 0.00 13.02
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Table A3-4: Coal Price Forecasts

2006$/MMBtu
Medlo Case
Western Regional Selected Regional Electricity Generation Coal Prices
Minemouth | Industrial West East
Year Prices Price WA/OR | WA/OR | lIdaho Montana | Utah | Wyoming
2005 0.48 211 1.40 1.22 0.82 0.78 0.67 0.58
2006 0.54 2.08 1.43 1.25 0.87 0.83 0.72 0.64
2007 0.56 2.09 1.45 1.27 0.89 0.85 0.75 0.66
2008 0.82 2.45 1.74 1.55 1.15 1.12 1.00 0.92
2009 0.58 1.91 1.38 1.22 0.88 0.84 0.75 0.67
2010 0.58 2.07 1.45 1.27 0.90 0.86 0.76 0.68
2011 0.58 2.08 1.45 1.28 0.90 0.86 0.76 0.68
2012 0.58 2.08 1.45 1.27 0.90 0.86 0.76 0.68
2013 0.58 2.08 1.45 1.27 0.90 0.86 0.76 0.68
2014 0.58 2.08 1.45 1.27 0.90 0.86 0.76 0.67
2015 0.58 2.08 1.45 1.27 0.90 0.86 0.76 0.67
2016 0.58 2.07 1.44 1.27 0.90 0.86 0.76 0.67
2017 0.58 2.07 1.44 1.27 0.90 0.86 0.76 0.67
2018 0.58 2.07 1.44 1.27 0.90 0.86 0.76 0.67
2019 0.58 2.07 1.44 1.27 0.90 0.86 0.75 0.67
2020 0.58 2.07 1.44 1.27 0.89 0.86 0.75 0.67
2021 0.58 2.07 1.44 1.27 0.90 0.86 0.75 0.67
2022 0.58 2.07 1.44 1.27 0.89 0.86 0.75 0.67
2023 0.57 2.07 1.44 1.27 0.89 0.86 0.75 0.67
2024 0.57 2.07 1.44 1.27 0.89 0.86 0.75 0.67
2025 0.57 2.07 1.44 1.27 0.89 0.86 0.75 0.67
2026 0.57 2.07 1.44 1.27 0.89 0.86 0.75 0.67
2027 0.57 2.07 1.44 1.27 0.89 0.85 0.75 0.67
2028 0.57 2.07 1.44 1.26 0.89 0.85 0.75 0.67
2029 0.57 2.07 1.44 1.26 0.89 0.85 0.75 0.67
2030 0.57 2.07 1.44 1.26 0.89 0.85 0.75 0.67
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Appendix A4: Medium-High Case Fuel Price

Forecast Tables
Table A4-1: Natural Gas Prices at Key Hubs and Northwest Generators
2006%/MMBtu
Medhi Case
Henry Hub
Natural Gas AECO Sumas West-Side | East-Side
Year Price Price Price Delivered Delivered
2005 7.95 6.98 7.08 7.70 7.58
2006 6.72 5.84 5.95 6.56 6.42
2007 6.53 5.67 5.78 6.38 6.24
2008 8.59 7.51 8.16 8.85 8.11
2009 8.34 7.28 7.92 8.66 7.91
2010 8.48 7.41 8.06 8.87 8.08
2011 8.58 7.49 8.14 9.03 8.21
2012 8.67 7.58 8.23 9.13 8.36
2013 8.77 7.67 8.32 9.23 8.45
2014 8.87 7.76 8.41 9.32 8.54
2015 8.98 7.85 8.51 9.42 8.63
2016 8.98 7.85 8.51 9.43 8.65
2017 8.98 7.85 8.51 9.43 8.65
2018 8.98 7.85 8.51 9.43 8.66
2019 8.98 7.85 8.51 9.44 8.66
2020 8.98 7.85 8.51 9.44 8.66
2021 9.03 7.90 8.56 9.49 8.71
2022 9.09 7.95 8.61 9.55 8.77
2023 9.14 8.00 8.66 9.60 8.82
2024 9.20 8.05 8.71 9.66 8.87
2025 9.25 8.10 8.76 9.71 8.93
2026 9.44 8.27 8.93 9.90 9.11
2027 9.64 8.44 9.11 10.08 9.29
2028 9.84 8.62 9.29 10.27 9.47
2029 10.04 8.80 9.47 10.46 9.66
2030 10.25 8.99 9.66 10.66 9.85
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Table A4-2: Wellhead and Retail Natural Gas Prices

2006%/MMBtu
Medhi Case
U.S Wellhead Regional Retail Natural Gas Prices
Year Price Residential | Commercial | Industrial | Utility Average
2005 7.36 12.66 11.16 8.26 7.64
2006 6.23 11.53 10.03 7.12 6.49
2007 6.06 11.36 9.86 6.95 6.31
2008 7.90 13.20 11.70 9.19 8.47
2009 7.50 12.80 11.30 8.91 8.26
2010 7.80 13.10 11.60 9.09 8.42
2011 7.89 13.19 11.69 9.18 8.53
2012 7.98 13.28 11.78 9.27 8.64
2013 8.07 13.37 11.87 9.36 8.73
2014 8.16 13.46 11.96 9.46 8.83
2015 8.25 13.55 12.05 9.55 8.92
2016 8.25 13.55 12.05 9.55 8.93
2017 8.25 13.55 12.05 9.55 8.93
2018 8.25 13.55 12.05 9.55 8.93
2019 8.25 13.55 12.05 9.55 8.93
2020 8.25 13.55 12.05 9.55 8.93
2021 8.30 13.60 12.10 9.60 8.98
2022 8.35 13.65 12.15 9.65 9.04
2023 8.40 13.70 12.20 9.70 9.09
2024 8.45 13.75 12.25 9.75 9.14
2025 8.50 13.80 12.30 9.81 9.20
2026 8.67 13.98 12.47 9.98 9.37
2027 8.85 14.15 12.65 10.16 9.55
2028 9.03 14.33 12.83 10.34 9.74
2029 9.21 14.52 13.01 10.53 9.93
2030 9.40 14.70 13.20 10.72 10.12

A4-2

FOMWER FLAMN



Table A4-3: World Oil Prices and Retail Oil Product Prices

2006$/MMBtu
Medhi Case
Industrial Average Commercial | Commercial Average Average Utility Utility
World Oil Residual Industrial Residual Distillate Commercial Residential Residual Distillate

Year Prices Qil Price Industrial Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price
2005 50.40 6.95 12.55 12.25 7.22 12.04 11.90 14.94 0.00 11.56
2006 59.02 8.22 14.20 13.89 8.49 13.69 13.55 16.60 0.00 13.22
2007 65.29 9.15 15.41 15.08 9.41 14.90 14.74 17.80 0.00 14.42
2008 90.00 12.80 20.16 19.77 13.06 19.65 19.47 22.55 0.00 19.18
2009 65.00 9.10 15.35 15.02 9.37 14.84 14.69 17.75 0.00 14.37
2010 75.00 10.58 17.28 16.92 10.85 16.76 16.60 19.67 0.00 16.29
2011 75.97 10.72 17.46 17.11 10.99 16.95 16.79 19.86 0.00 16.48
2012 76.96 10.87 17.65 17.29 11.14 17.14 16.98 20.05 0.00 16.67
2013 77.96 11.02 17.84 17.48 11.29 17.33 17.17 20.24 0.00 16.86
2014 78.97 11.17 18.04 17.68 11.44 17.53 17.36 20.43 0.00 17.06
2015 80.00 11.32 18.24 17.87 11.59 17.73 17.56 20.63 0.00 17.25
2016 78.97 11.17 18.04 17.68 11.44 17.53 17.36 20.43 0.00 17.06
2017 77.96 11.02 17.84 17.48 11.29 17.33 17.17 20.24 0.00 16.86
2018 76.96 10.87 17.65 17.29 11.14 17.14 16.98 20.05 0.00 16.67
2019 75.97 10.72 17.46 17.11 10.99 16.95 16.79 19.86 0.00 16.48
2020 75.00 10.58 17.28 16.92 10.85 16.76 16.60 19.67 0.00 16.29
2021 75.97 10.72 17.46 17.11 10.99 16.95 16.79 19.86 0.00 16.48
2022 76.96 10.87 17.65 17.29 11.14 17.14 16.98 20.05 0.00 16.67
2023 77.96 11.02 17.84 17.48 11.29 17.33 17.17 20.24 0.00 16.86
2024 78.97 11.17 18.04 17.68 11.44 17.53 17.36 20.43 0.00 17.06
2025 80.00 11.32 18.24 17.87 11.59 17.73 17.56 20.63 0.00 17.25
2026 82.80 11.73 18.77 18.40 12.00 18.26 18.09 21.17 0.00 17.79
2027 85.69 12.16 19.33 18.95 12.43 18.82 18.64 21.73 0.00 18.35
2028 88.69 12.60 19.91 19.52 12.87 19.40 19.22 22.30 0.00 18.92
2029 91.79 13.06 20.50 20.11 13.33 19.99 19.81 22.90 0.00 19.52
2030 95.00 13.53 21.12 20.72 13.80 20.61 20.42 23.52 0.00 20.14
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Table A4-4: Coal Price Forecasts

2006$/MMBtu
Medhi Case
Western Regional Selected Regional Electricity Generation Coal Prices
Minemouth | Industrial West East
Year Prices Price WA/OR | WA/OR | lIdaho Montana | Utah | Wyoming
2005 0.48 211 1.40 1.22 0.82 0.78 0.67 0.58
2006 0.54 2.08 1.43 1.25 0.87 0.83 0.72 0.64
2007 0.56 2.09 1.45 1.27 0.89 0.85 0.75 0.66
2008 0.82 2.45 1.74 1.55 1.15 1.12 1.00 0.92
2009 0.70 2.08 1.52 1.36 1.00 0.97 0.87 0.79
2010 0.70 2.25 1.59 141 1.03 0.99 0.89 0.80
2011 0.71 2.21 1.58 1.40 1.03 0.99 0.89 0.81
2012 0.72 2.21 1.58 1.41 1.04 1.00 0.89 0.81
2013 0.72 2.22 1.59 1.42 1.04 1.00 0.90 0.82
2014 0.73 2.22 1.60 1.42 1.05 1.01 0.91 0.82
2015 0.73 2.23 1.60 1.43 1.05 1.02 0.91 0.83
2016 0.74 2.23 1.60 1.43 1.06 1.02 0.92 0.83
2017 0.75 2.23 1.61 1.44 1.06 1.03 0.92 0.84
2018 0.75 2.24 1.62 1.44 1.07 1.03 0.93 0.85
2019 0.76 2.24 1.62 1.45 1.08 1.04 0.93 0.85
2020 0.76 2.25 1.63 1.45 1.08 1.04 0.94 0.86
2021 0.77 2.27 1.64 1.46 1.09 1.05 0.95 0.86
2022 0.78 2.27 1.64 1.47 1.10 1.06 0.95 0.87
2023 0.78 2.28 1.65 1.48 1.10 1.06 0.96 0.88
2024 0.79 2.29 1.66 1.48 1.11 1.07 0.97 0.88
2025 0.79 2.29 1.66 1.49 111 1.08 0.97 0.89
2026 0.80 2.31 1.67 1.50 1.12 1.08 0.98 0.90
2027 0.81 2.31 1.68 1.50 1.13 1.09 0.99 0.90
2028 0.81 2.32 1.69 1.51 1.13 1.10 0.99 0.91
2029 0.82 2.33 1.69 1.52 1.14 1.10 1.00 0.92
2030 0.83 2.33 1.70 1.52 1.15 1.11 1.01 0.92
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Appendix A5: High Case Fuel Price Forecast

Table A5-1: Natural Gas Prices at Key Hubs and Northwest Generators

Tables

2006$/MMBtu
High Case
Henry Hub
Natural Gas AECO Sumas West-Side | East-Side
Year Price Price Price Delivered Delivered
2005 7.95 6.98 7.08 7.70 7.58
2006 6.72 5.84 5.95 6.56 6.42
2007 6.53 5.67 5.78 6.38 6.24
2008 8.70 7.60 8.26 8.95 8.22
2009 8.69 7.59 8.24 8.99 8.23
2010 9.25 8.10 8.76 9.59 8.79
2011 9.36 8.20 8.86 9.75 8.93
2012 9.47 8.29 8.96 9.87 9.08
2013 9.58 8.39 9.06 9.98 9.18
2014 9.69 8.49 9.16 10.08 9.28
2015 9.80 8.59 9.26 10.19 9.39
2016 9.91 8.69 9.36 10.30 9.50
2017 10.02 8.79 9.46 10.41 9.60
2018 10.13 8.89 9.56 10.51 9.71
2019 10.24 8.99 9.66 10.62 9.82
2020 10.36 9.09 9.76 10.73 9.92
2021 10.46 9.18 9.86 10.84 10.02
2022 10.57 9.28 9.96 10.95 10.13
2023 10.68 9.38 10.06 11.05 10.23
2024 10.79 9.48 10.16 11.16 10.34
2025 10.91 9.58 10.27 11.27 10.45
2026 11.32 9.95 10.64 11.66 10.82
2027 11.74 10.33 11.03 12.06 11.22
2028 12.18 10.72 11.43 12.47 11.62
2029 12.64 11.13 11.84 12.90 12.05
2030 13.11 11.56 12.28 13.35 12.48
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Table A5-2: Wellhead and Retail Natural Gas Prices

2006%/MMBtu
High Case
U.S Wellhead Regional Retail Natural Gas Prices
Year Price Residential | Commercial | Industrial | Utility Average
2005 7.36 12.66 11.16 8.26 7.64
2006 6.23 11.53 10.03 7.12 6.49
2007 6.06 11.36 9.86 6.95 6.31
2008 8.00 13.30 11.80 9.30 8.57
2009 8.00 13.30 11.80 9.29 8.58
2010 8.50 13.80 12.30 9.81 9.13
2011 8.60 13.90 12.40 9.90 9.25
2012 8.70 14.00 12.50 10.01 9.37
2013 8.80 14.10 12.60 10.11 9.48
2014 8.90 14.20 12.70 10.21 9.58
2015 9.00 14.30 12.80 10.31 9.68
2016 9.10 14.40 12.90 10.41 9.79
2017 9.20 14.50 13.00 10.51 9.89
2018 9.30 14.60 13.10 10.62 10.00
2019 9.40 14.70 13.20 10.72 10.10
2020 9.50 14.80 13.30 10.82 10.21
2021 9.60 14.90 13.40 10.92 10.31
2022 9.70 15.00 13.50 11.02 10.41
2023 9.80 15.10 13.60 11.13 10.52
2024 9.90 15.20 13.70 11.23 10.62
2025 10.00 15.30 13.80 11.33 10.73
2026 10.37 15.68 14.17 11.71 11.11
2027 10.76 16.06 14.56 12.10 11.50
2028 11.16 16.46 14.96 12,51 11.91
2029 11.57 16.87 15.37 12.93 12.33
2030 12.00 17.30 15.80 13.37 12.77
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Table A5-3: World Oil Prices and Retail Oil Product Prices

2006$/MMBtu
High Case
Industrial Average Commercial | Commercial Average Average Utility Utility
World Oil Residual Industrial Residual Distillate Commercial Residential Residual Distillate

Year Prices Qil Price Industrial Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price Qil Price
2005 50.40 6.95 12.55 12.25 7.22 12.04 11.90 14.94 0.00 11.56
2006 59.02 8.22 14.20 13.89 8.49 13.69 13.55 16.60 0.00 13.22
2007 65.29 9.15 15.41 15.08 9.41 14.90 14.74 17.80 0.00 14.42
2008 90.00 12.80 20.16 19.77 13.06 19.65 19.47 22.55 0.00 19.18
2009 70.00 9.84 16.31 15.97 10.11 15.80 15.65 18.71 0.00 15.33
2010 80.00 11.32 18.24 17.87 11.59 17.73 17.56 20.63 0.00 17.25
2011 81.91 11.60 18.60 18.23 11.87 18.09 17.92 21.00 0.00 17.62
2012 83.86 11.89 18.98 18.60 12.16 18.47 18.29 21.37 0.00 17.99
2013 85.86 12.18 19.36 18.98 12.45 18.85 18.67 21.76 0.00 18.38
2014 87.90 12.49 19.76 19.37 12.75 19.25 19.07 22.15 0.00 18.77
2015 90.00 12.80 20.16 19.77 13.06 19.65 19.47 22.55 0.00 19.18
2016 90.40 12.85 20.24 19.84 13.12 19.73 19.54 22.63 0.00 19.25
2017 90.79 12.91 20.31 19.92 13.18 19.80 19.62 22.71 0.00 19.33
2018 91.19 12.97 20.39 20.00 13.24 19.88 19.69 22.78 0.00 19.40
2019 91.60 13.03 20.47 20.07 13.30 19.96 19.77 22.86 0.00 19.48
2020 92.00 13.09 20.54 20.15 13.36 20.03 19.85 22.94 0.00 19.56
2021 92.59 13.18 20.66 20.26 13.45 20.15 19.96 23.05 0.00 19.67
2022 93.19 13.27 20.77 20.37 13.53 20.26 20.08 23.17 0.00 19.79
2023 93.79 13.36 20.89 20.49 13.62 20.38 20.19 23.28 0.00 19.90
2024 94.39 13.44 21.00 20.60 13.71 20.49 20.31 23.40 0.00 20.02
2025 95.00 13.53 21.12 20.72 13.80 20.61 20.42 23.52 0.00 20.14
2026 99.54 14.21 21.99 21.58 14.47 21.48 21.29 24.39 0.00 21.01
2027 104.31 14,91 22.91 22.49 15.18 22.40 22.20 25.30 0.00 21.93
2028 109.29 15.65 23.87 23.43 15.91 23.36 23.15 26.26 0.00 22.88
2029 114.52 16.42 24.87 24.43 16.69 24.36 24.15 27.27 0.00 23.89
2030 120.00 17.23 25.93 25.47 17.49 25.42 25.20 28.32 0.00 24.94
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Table A5-4: Coal Price Forecasts

2006$/MMBtu
High Case
Western Regional Selected Regional Electricity Generation Coal Prices
Minemouth | Industrial West East
Year Prices Price WA/OR | WA/OR | lIdaho Montana | Utah | Wyoming
2005 0.48 211 1.40 1.22 0.82 0.78 0.67 0.58
2006 0.54 2.08 1.43 1.25 0.87 0.83 0.72 0.64
2007 0.56 2.09 1.45 1.27 0.89 0.85 0.75 0.66
2008 0.82 2.45 1.74 1.55 1.15 1.12 1.00 0.92
2009 0.82 2.21 1.65 1.48 1.12 1.09 0.99 0.91
2010 0.83 2.37 1.71 1.53 1.15 1.11 1.01 0.92
2011 0.84 2.34 1.71 1.53 1.16 1.12 1.01 0.93
2012 0.85 2.35 1.72 1.54 1.17 1.13 1.02 0.94
2013 0.86 2.36 1.73 1.55 1.18 1.14 1.03 0.95
2014 0.87 2.37 1.74 1.56 1.19 1.15 1.04 0.96
2015 0.88 2.38 1.75 1.57 1.20 1.16 1.05 0.97
2016 0.89 2.38 1.75 1.58 1.21 1.17 1.06 0.98
2017 0.90 2.39 1.76 1.59 1.22 1.18 1.08 0.99
2018 0.91 2.40 1.78 1.60 1.23 1.19 1.09 1.00
2019 0.92 241 1.79 1.61 1.24 1.20 1.10 1.01
2020 0.93 2.42 1.80 1.62 1.25 1.21 1.11 1.03
2021 0.94 2.44 1.81 1.63 1.26 1.22 1.12 1.04
2022 0.95 2.45 1.82 1.65 1.27 1.23 1.13 1.05
2023 0.96 2.46 1.83 1.66 1.28 1.25 1.14 1.06
2024 0.98 2.47 1.84 1.67 1.30 1.26 1.15 1.07
2025 0.99 2.48 1.85 1.68 1.31 1.27 1.17 1.08
2026 1.00 2.51 1.87 1.70 1.32 1.28 1.18 1.09
2027 1.01 2.53 1.89 1.71 1.33 1.30 1.19 1.11
2028 1.02 2.54 1.90 1.72 1.35 1.31 1.20 1.12
2029 1.04 2.55 1.91 1.73 1.36 1.32 1.22 1.13
2030 1.05 2.56 1.92 1.75 1.37 1.33 1.23 1.14

A5-4

FOMWER FLAMN



Appendix A6: Fuel Price Forecasting Model
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INTRODUCTION

This paper describes the fuel price forecasting model that is used for the Council’s Sixth Power
Plan. The model consists of several worksheets linked together in an EXCEL “workbook”. The
Excel model is in Q\TM\FUEL\MODF\FUELMOD?7(2) for the draft forecasts in December
2008.

The model includes forecasts of natural gas, oil, and coal prices. These prices are forecast for
fuel commaodity prices, wholesale, and retail level prices. Retail fuel prices for various demand
sectors are derived from forecasts of basic energy commodity prices; that is, the average
wellhead price of natural gas, the world price of oil, and Powder River Basin (PRB) minemouth
coal prices. These energy commaodity prices are forecast by several organizations that specialize
in energy market forecasting. Thus basic energy commodity price trends can be based on a
variety of forecasts which helps define a range of possible futures based on much more detailed
modeling and analysis than the Council has the resources to accomplish alone. The prices of oil,
natural gas, and coal are not explicitly linked to one another. Rather, the relationships should be
considered by the analyst in developing fuel price scenarios.

Retail prices are derived from the basic energy commaodity prices. The approach for doing this
varies by type of fuel and region. Where possible these additional costs, or markups, are based
on historical relationships among energy costs to various geographic areas and economic sectors.

The degree of detail devoted to each fuel depends on its relative importance to electricity
planning. For example, natural gas is a very important determinant of both electricity demand
and the cost of electricity generation from gas-fired plants. As a result, the natural gas
forecasting approach is significantly more detailed than oil or coal. Oil plays a smaller role in
competition with electricity use and for electricity generation and receives less attention. Coal
plays little role in determining electricity demand, but is an important fuel for electricity
generation. Itis treated briefly in the model using assumed annual growth rates of minemouth
prices in the PRB, which is the primary source of coal for the region. The delivered price of coal
to various locations is estimated based on distance and an estimated cost per ton-mile for unit
coal trains escalated for changes in the cost of diesel fuel.

These Commodity price forecasts are developed in a separate workbook called “Fuel Price FC
Develop.xlIs” and then copied into the fuel price model. WOPFC, NGFC, and COALFC are tabs
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in the FUELMOD7(1) Excel Workbook where forecasts of world oil prices, natural gas wellhead
prices, and PRB coal prices, respectively, are entered.

Historical regional retail price data for each fuel are kept on separate Excel files called OIL.XLS,
GAS.XLS, and COAL.XLS. These spreadsheets contain historical retail price data by state and
consuming sector from the “State Energy Price and Expenditure Report” compiled by the U.S.
Energy Information Administration (EIA). In addition, they contain consumption data from the
“State Energy Data Report”, also published by EIA. State level prices are weighted by
consumption levels to estimate regional prices. The spreadsheets convert the prices to constant
or real dollars.

In FUELMOD7(2), the tab labeled “Deflation” contains implicit deflators for U.S. Gross
Domestic Product (GDP). In cell D5, the user can specify what year constant dollars the
forecasts will be expressed in. Labels for columns throughout the model are created here and
used for reference in other tabs.

MAIN is the tab in FUELMOD7(2) where a model forecast is set up. The scenario (L, ML, M,
MH, or H) is selected from a drop down menu in cell B2. The forecast for the chosen scenario is
selected by the model from the WOPFC, NGFC, and COALFC tabs. Commaodity prices feed
into the further tabs that develop regional wholesale and retail fuel prices. Main also compares
the model estimates of industrial residual oil prices, interruptible gas prices, and coal prices: a
burner-tip cost comparison. Other parameters and scenario varying assumptions also appear in
this tab. The varying scenario parameters and their cell locations are as follows:

Scenario Name B2
Wellhead Natural Gas Price B9:B59
World Oil Price C9:C59
Real Growth Rate of Incremental Pipeline Costs H68:L68
Firm Natural Gas Supply Share H70:L70

The separate tabs in FUELMOD7(2) are described in the Appendix, which is a printout of the
first tab (“DOC”) in the model. The model structure is described in more detail below for each
fuel type.

Natural Gas Model

The natural gas price forecasting component is far more detailed than the oil or coal components.
This is not only because natural gas is currently the strongest competitor to electricity, but also
because of the lack of reliable historical price information for large industrial and electric utility
gas purchases.

There are twelve separate worksheets for natural gas price model. These worksheets are
described in the “DOC” tab of FUELMOD?7(2), which is reproduced as Attachment A6-1 to this
documentation.

Commodity Prices

The forecasts start from forecasts of average annual lower-48 wellhead natural gas prices.
Annual wellhead prices are converted to monthly wellhead prices using an econometric
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relationship that estimates systematic monthly patterns in prices. Monthly wellhead prices are
comverted to Henry Hub spot prices using another econometric relationship. Basis differentials
from the Henry Hub prices to various pricing hubs in the West are then estimated based on
Henry Hub prices. The pricing hubs included in the model are AECO-NIT in Alberta, Sumas at
the B.C. and Washington border, U.S. Rocky Mountains, Permian, and San Juan.

The commodity price equations were reestimated by Chris Collier in the summer of 2008.1 The
original equations were estimated for the Fifth Power Plan by Terry Morlan.2 The latter included
equations for prices to electricity generators discussed in the next section.

Seasonal variations were captured in the hub price equations by including Fourier series in some
of the equations. The Fourier series equations that were used in the regressions are:

S1 =SIN((2*3.14159*1 *Month)/12)
S$2= SIN((2*3.14159*2 *Month)/12)
C1= COS((2*3.14159*1 *Month)/12)
C2= COS((2*3.14159*2 *Month)/12)

Where Month = what number of month in the year is it. Example: January =1, February=2,...,
Dec.=12

Annual Wellhead to Monthly Wellhead

The first step in the forecasting process was to find a relationship between annual wellhead
prices and monthly wellhead prices that would provide the ability to forecast monthly wellhead
price. The U.S. Energy Information Administration (EIA) provides wellhead data (both monthly
and annually) since 1973, but when determining relationships only data starting from January
1989 was used. In January 1989, deregulation of the natural gas market occurred which allowed
prices to more accurately reflect natural gas market forces. When running a regression in order to
determine the relationship between the annual and monthly prices the Fourier series played an
important role. Table A6-1 shows the estimated equation and fit statistics.

The estimated relationship is used to determine monthly wellhead prices is:
Wellhead Monthly=-.00497+ 1.000651 * Annual Wellhead + C1 * 0.201547+ C2 * 0.131491

Where:  Wellhead Monthly = The monthly wellhead price of natural gas
Annual Wellhead = The annual wellhead price of natural gas
C1 = A fourier series with highest value in winter
C2 = A fourier series with low values in shoulder months

This equation results in a better estimation of monthly wellhead prices, given a forecast of
annual wellhead prices. There were no dummy variables included in this regression because the

1 Chris Collier. “Natural Gas Forecast”. August 2008.

2 “Developing Basis Relationships Among Western Natural Gas Pricing Points”. Northwest Power and
Conservation Council. 2004.
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annual wellhead prices is an average of the twelve months in the year therefore, any one time
events are already picked up.

Table A6-1: Monthly Wellhead Price as a Function of Annual Wellhead Price

Regression Statistics
Multiple R 0.954957
R Square 0.911943
Adjusted R Square 0.910763
Standard Error 0.58542
Observations 228
ANOVA
df SS MS F Significance F

Regression 3 795.0336287 | 265.0112 | 773.2671 7.4532E-118
Residual 224 76.76843926 | 0.342716
Total 227 871.802068

Coefficients | Standard Error t Stat P-value Lower 95% Upper 95%
Intercept -0.00497 0.07830 -0.0635 95% | -0.159262805 0.149319
Annual Wellhead 1.000651 0.02086 | 47.96393 0% 0.959538585 1.041763
C1(Fourier Series) 0.201547 0.05483 | 3.675874 0% 0.093498869 0.309594
C2(Fourier Series) 0.131491 0.05483 | 2.398173 2% 0.023443069 0.239539

Monthly Wellhead to Monthly Henry Hub Spot Price

Unlike the majority of natural gas hubs in the United States, Henry Hub is traded on the New
York Mercantile Exchange (NYMEX) and is the most important natural gas trading hub in the
United States. Data for Henry Hub spot prices is very accessible and Henry Hub prices factor
into regional natural gas prices because Henry Hub is the main hub in the United States. That
being, it was imperative that to find a close relationship between monthly wellhead prices and
monthly Henry Hub spot prices.

When attempting to find a relationship between Monthly Wellhead Prices and Monthly Henry
Hub Spot Prices, two dummy variables were used. The first dummy variable is a replication of
the dummy variable used to adjust for outlier months. The second dummy variable used in order
to adjust for the prices increases caused by Hurricanes Katrina and Rita in 2005.

The estimated relationship is:
HH=.1237 + 1.1029 * Wellhead monthly + 1.3809 * D1 + 1.5201 * D2

Where:  HH = the Henry Hub Spot Price
D1 = Dummy Variable for Outlier Months: Outlier Months are: 1,2,3 1996; 11,12,
2000; 1, 2001; 2, 3, 2003
D2= Dummy Variable for Extreme Weather Katrina: Katrina months are:
8,9,10,11,12, 2005
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Table A6-2 shows regression results. The value of the R-squared indicates that the equation is
able to explain 97 percent of the month to month variation of the Henry Hub prices about their

mean.

Table A6-2: Henry Hub Spot Price as a Function of Wellhead Price

Regression Statistics

Multiple R 0.98644074
R Square 0.97306534
Adjusted R Square | 0.97270461
Standard Error 0.3892528
Observations 228
ANOVA

df SS MS F Significance F
Regression 3 1226.145 | 408.7152 | 2697.474 1.85E-175
Residual 224 33.93997 | 0.151518
Total 227 1260.085

Coefficients | Standard Error t Stat P-value Lower 95% Upper 95%

Intercept -0.12372615 0.053171 | -2.32695 2% -0.228505 | -0.018946975
Wellhead Monthly 1.10296041 0.015038 | 73.34706 0% 1.0733272 1.132593579
D1(Outliers) 1.38094005 0.141527 | 9.757431 0% 1.1020454 1.659834715
D2 (Katrina) 1.52019919 0.18272 | 8.319845 0% 1.1601298 1.880268532

AECO

The AECO- NIT trading hub is located in southeast Alberta, Canada and is the primary trading
hub for natural gas produced in the Western Canada Sedimentary Basin (WCSB). Prices at the
AECO trading hub tend to be lower than natural gas prices at Henry Hub because the WSCB has
been a growing supply area with limited pipeline capacity to export natural gas. AECO plays an
important roll in northwest natural gas prices because a large portion of the region’s natural gas

supply comes from the WCSB.

AECO price data was not available before January of 1995. Since that time AECO prices
averaged $.86 less than Henry Hub Prices. The relationship between AECO and Henry Hub
prices are estimated from January 1995 to December 2007. The equation is:

AECO = -0.5305+ 0.89564 * Henry Hub -1.44438 * D1 - 0.79599 * D2+ 0.3425 * D3

Where:

Henry Hub = Henry Hub natural gas price;
D1= Dummy Variable due to harsh winter months (Months are 1,2,3, 12, 1996);
D2= Dummy Variable for Hurricane Katrina (Months are 8,9,10,11,12, 2005; 1,

2006);

AECO = natural gas price at the AECO-NIT hub;

D3 = Dummy for the opening of the Alliance pipeline in December 2000 (All months
after December 2000).
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The addition of the Alliance Pipeline capacity is estimated to have raised AECO prices an
average of $.34. This is assumed to affect future prices therefore; D3 is carried over into the
forecasting period. Table A6-3 shows the detailed estimation results.

Table A6-3: AECO Prices as a function of Henry Hub Prices

Regression Statistics
Multiple R 0.984038
R Square 0.968331
Adjusted R Square 0.967492
Standard Error 0.411699
Observations 156
ANOVA
df SS MS F Significance F

Regression 4 782.5753 | 195.6438 | 1154.269 4.653E-112
Residual 151 25.59389 | 0.169496
Total 155 808.1692

Coefficients | Standard Error t Stat P-value Lower 95% Upper 95%
Intercept -0.5305 0.07774 | -6.82408 0% | -0.684101754 -0.3769
Henry Hub 0.89564 0.024143 | 37.09798 0% 0.847939198 0.943341
D1(Winter) -1.44438 0.244074 -5.9178 0% | -1.926623922 -0.96214
D2(Hurricane) -0.79599 0.219869 | -3.62029 0% | -1.230403991 -0.36157
D3 Pipeline 0.342524 0.100763 | 3.399292 0% 0.143436072 0.541613

Rockies

The U.S. Rocky Mountain area is another major source of natural gas supplies to the Pacific
Northwest. The natural gas hub used in this analysis is named Opal. It is the main hub located in
the Rocky Mountain area and supplies natural gas to the east and the west. The Rockies are a
rapidly growing supply area and many new pipeline proposals, if implemented, will greatly
affect natural gas prices. Since the deregulation of the natural gas market in 1989, Rockies
prices averaged $.80 less than Henry Hub prices. Recently, new pipeline proposals have been
announced in an attempt to move growing Rocky Mountain natural gas supplies out of that
region.

When estimating the relationship between Rockies and Henry Hub prices the same dummy
variables as used in the earlier fuel price forecasting model were included, but an additional
dummy variable incorporated to adjusted for the depressed Rockies prices that occurred during
2007 due to pipeline capacity constraints. The pipeline capacity constraint created an excess
supply of natural gas causing a disconnect between the two hubs and significantly depressing
Rockies prices because of excess supply. Also, in this relationship the Fourier series picked up
consistent monthly patterns that were significant.

The estimated equation relating Rockies natural gas prices to Henry Hub prices is as follows:

Rockies = -0.0603 + 0.829485 * Henry Hub +.1279 * S1+ .0981 * C1 - 1.7675 * D1 + .2176 *
D2 -1.01625 * D3 - 2.2327 * D4

Ab6-6

FOWER PLAN




Where:  Rockies = The Rocky Mountain natural gas price at Opal;
Henry Hub= Henry Hub natural gas price;
S1 = Fourier series (see page 3);
C1 = Fourier series (see page 3);
D1 = Dummy for months 1, 2, 3 1996;
D2 = Dummy for months in 1998 through 2001;
D3 = Dummy for depressed Rockies prices in 2002-03;
D4 = Dummy for depressed Rockies prices in 2007 for pipeline constraints
(Months: 3, 4,5, 6,7,8,9, 10, 11, 2007).

Table A6-4 shows the detailed estimation results. The Rockies are important to monitor because
prices will vary with the growth in supply relative to additions to the pipeline capacity to move
natural gas out of the region.

Table A6-4: Rockies as a Function of Henry Hub Prices
Regression Statistics

Multiple R 0.978661
R Square 0.957777
Adjusted R
Square 0.956433
Standard Error 0.400115
Observations 228
ANOVA
df SS MS F Significance F
Regression 7 798.9267 | 114.1324 | 712.917 2.3E-147
Residual 220 35.22026 | 0.160092
Total 227 834.147

Coefficients | Standard Error t Stat P-value Lower 95% Upper 95%

Intercept -0.06029 0.051794 | -1.16398 25% -0.16236 0.041789
Henry Hub 0.829485 0.011997 | 69.13946 0% 0.80584 0.853129
S1 0.127993 0.037871 | 3.379753 0% 0.053358 0.202629
C1 0.098133 0.038034 | 2.58014 1% 0.023175 0.17309
D1(1996) -1.7675 0.235826 | -7.49495 0% -2.23227 -1.30273
D2(98-01) 0.217687 0.066249 | 3.28587 0% 0.087122 0.348251
D3(2002-03) -1.01625 0.109772 | -9.25786 0% -1.23259 -0.79991
D4(2007) -2.23276 0.144406 | -15.4617 0% -2.51736 -1.94817
San Juan

The San Juan market area is focused on Colorado and New Mexico. The San Juan prices tend to
be similar to Rockies prices in relation to Henry Hub prices. However, the San Juan prices were
not affected in 2007 by pipeline capacity constraints which caused the depression of the Rockies
prices. When determining the relationship between San Juan prices and Henry Hub prices the
same dummy variables were used in the earlier fuel price forecasting model.

The estimated equation for the San Juan natural gas price as a function of the Henry Hub price is
shown below. The detailed estimation statistics are shown in Table A6-5.
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San Juan = 0.1701+ 0.8243 * HH - 1.9103 * D1 + 0.5721 * D2 - 0.40914 * Drockies + 0.0747 *

S2+0.0786 * C1

Where:

San Juan = the San Juan price for natural gas

HH = the Henry Hub prices for natural gas
D1 = when Henry Hub prices were abnormally high
D2 =a dummy adjusting for the energy crisis (DRockies is a dummy adjusting for

pipeline capacity constraint during 2002 and early 2003)

Table A6-5: San Juan Price as a Function of Henry Hub Prices

Regression Statistics
Multiple R 0.988726
R Square 0.97758
Adjusted R
Square 0.976971
Standard Error 0.30209
Observations 228
ANOVA
df SS MS F Significance F

Regression 6 879.3847 | 146.5641 | 1606.039 3.3E-179
Residual 221 20.16804 | 0.091258
Total 227 899.5527

Coefficients | Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 0.170197 0.036777 | 4.627815 0% 0.097718 0.242675
HH 0.82437 0.008732 | 94.4071 0% 0.807162 0.841579
D1(1996) -1.91035 0.177006 | -10.7926 0% -2.25919 -1.56152
D2(2000-2001) 0.572165 0.181015 | 3.160868 0% 0.215428 0.928902
Drockies -0.40914 0.076544 | -5.34521 0% -0.55999 -0.25829
S2 0.074781 0.028426 | 2.630784 1% 0.018762 0.130801
C1 0.078688 0.02875 | 2.736927 1% 0.022028 0.135348

In 2003 when the regressions for the fuel price forecasting model were run, San Juan prices
averaged $.37 below Henry Hub prices. Since 2003, the difference between the two hubs has
become larger. From 2003-2007, San Juan prices averaged $ 1.01 less than Henry Hub prices,
but the gap between the two hubs has since retreated. Using the estimated equation from 2008-
2030 San Juan prices averaged $.88 less than Henry Hub prices.

Permian

The Permian basin pricing point is located in West Texas and supplies natural gas for Arizona
and Southern California. Similar to San Juan hub prices, Permian basin prices averaged $ .20
less than Henry Hub prices during 1998-2003, but since 2003 Permian basin prices have
averaged roughly $.75 less than Henry Hub spot prices. In this relationship, the same two
dummy variables were used as in the earlier fuel price forecasting model but with the addition of
a fourier series to capture regular cyclical patterns.
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The estimated equation for the Permian Basis natural gas price as a function of the Henry Hub
price is shown below. The detailed estimation statistics are shown in Table A6-6.

Permian = 0.1782 + 0.8552 * Henry Hub + 0.0601 * S2 + 0.5228 * D1 - 1.2478 * D2

Where: Permian = the Permian natural gas price
Henry Hub = the Henry Hub spot price
S2 = a Fourier series (see page 2)
D1 = a dummy variable for abnormal Henry Hub prices
D2 = a dummy variable for depressed Rockies prices due to the Kern River pipeline
expansion

Table A6-6: Permian Price as a function of Henry Hub Prices
Regression Statistics

Multiple R 0.994125
R Square 0.988285
Adjusted R
Square 0.988074
Standard Error 0.224765
Observations 228
ANOVA
df SS MS F Significance F

Regression 4 950.3557 237.5889 | 4702.928 5.2E-214
Residual 223 11.26582 0.050519
Total 227 961.6215

Coefficients | Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 0.178285 0.027076 6.584636 0% 0.124928 0.231643
Henry Hub 0.855245 0.006455 132.4937 0% 0.842525 0.867966
S2 0.060191 0.021149 2.846038 0% 0.018513 0.101869
D1 (1996) 0.522843 0.067973 7.691945 0% 0.388892 0.656794
D2 (2003) -1.24789 0.131264 -9.50667 0% -1.50656 -0.98921

During 2008-2030, the estimated equation forecasts Permian prices to be on average $ .64 below
Henry Hub prices.

Sumas

The estimated equation for the Sumas hub is different from the rest of the relationships that were
found because Sumas prices are assumed to be related to prices at AECO and the Rockies. The
Sumas natural gas hub is located in Sumas, Washington and has been an important factor in
regional prices. It is the entry point for WCSB gas from British Columbia into Western
Washington. Since Sumas is the entry point for WCSB gas, it is expected that Sumas prices will
have a close relationship with AECO prices. Sumas hub prices will also be related to Rockies
prices since the Williams pipeline connects Sumas and the Rockies region. The equation below
was estimated on monthly data from January 1995 to December 2007 on a monthly basis, but
some outlier observations in the data were left out. Due to depressed Rockies prices in 2007, a
dummy variable was added to adjust for that one time event. Specifically, November 1996

MNORTHWEST
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through January 1997 and the same months in the 2000-2001 energy crisis were left out of the

estimate.

The estimated equation for the Sumas hub natural gas price as a function of the Rockies and
AECO prices is shown below. The detailed estimation statistics are shown in Table A6-7.

Sumas = 0.0140 + 0.1462 * Rockies + 0.8812 * AECO + 1.0570 * D1 +6.6626 * D3 + .7950 *

D4

Where:

Sumas = the Sumas natural gas price

Rockies = the Rockies natural gas price
AECO = the AECO natural gas prices
D1 = a dummy variable for the winter of 1996-97

D3 = a dummy for November and December 2000

D4 = a dummy for depressed Sumas prices since 2007

Table A6-7: Sumas Price as a Function of AECO and Rockies Prices

Regression Statistics
Multiple R 0.989085
R Square 0.978289
Adjusted R 0.977565
Square
Standard Error 0.38353
Observations 156
ANOVA
df SS MS F Significance F

Regression 5 994.193758 | 198.8388 1351.77 8.7E-123
Residual 150 22.06426511 | 0.147095
Total 155 1016.258023

Coefficients | Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 0.014037 0.060378078 0.23249 | 0.816474 -0.10526 0.133339
Rockies 0.146183 0.050933668 | 2.870066 | 0.004697 0.045543 0.246823
Aeco 0.881218 0.046601013 | 18.90985 | 1.52E-41 0.789139 0.973297
D1 1.056978 0.237214521 4.45579 | 1.63E-05 0.588265 1.525691
D3 6.662592 0.276408041 | 24.10419 | 1.88E-53 6.116436 7.208748
D4 0.794977 0.185935755 | 4.275546 | 3.38E-05 0.427585 1.162368

Electric Generator Prices

The Aurora Model uses estimates of the price that will be paid by electric generators for natural
gas. These prices are organized by supply areas that mostly coincide with states in the West.
The exceptions are California and Nevada, which are divided into north and south, and the
Pacific Northwest is divided into 4 areas that don’t coincide with state boundaries.
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The data for natural gas prices to electric generators by state is from the Energy Information
Administration. For several states in the West this data is thin and not representative of market
price relationships. In these cases, equations that attempt to relate state electric generator natural
gas prices to a nearby trading hub’s prices fail. Reasonably good relationships were attained for
Arizona, New Mexico, Colorado, and Nevada. Separate electric generator natural gas prices
were available for northern and southern California from Natural Gas Week, and reasonable
relationships were estimated for those. The estimated equation for Nevada is used for Southern
Nevada, and Northern Nevada is estimated using a method described later in the Appendix.

The methods for the Pacific Northwest areas are discussed in a later section.

California South

Southern California gets its natural gas supplies from the Permian area and, since 1992, from the
Rockies. The opening of the Kern River Pipeline in 1992 brought Rockies natural gas to
Southern California and changed the pricing. The equation below was estimated on data since
April 1992 and excludes the period of the West Coast energy crisis in 2000-01 from the
observations. Table A6-7 shows the detailed regression results.

CA_S=0.328 + 0.782 * PERM + 0.203 * ROCK - 0.737 * D96SCA

Where: CA_S the Southern California natural gas price to utilities

D96SCA = dummy for the first half of 1996
PERM and ROCK = Permian and Rockies natural gas prices

Table A6-7: Southern California Price as a Function of Permian and Rockies Prices

Dependent Variable: CA_S
Method: Least Squares
Date: 04/15/04 Time: 13:23
Sample: 1992:04 2000:08 2001:08 2003:11
Included observations: 129
Variable Coefficient | Std. Error t-Statistic Prob.
C 0.327675 | 0.058711 5.581203 0.0000
PERM 0.781839 | 0.043682 17.89829 0.0000
ROCK 0.203339 | 0.052878 3.845470 0.0002
D96SCA -0.736620 | 0.101784 | -7.237071 0.0000
R-squared 0.944423 Mean dependent var 2.655116
Adjusted R-squared 0.943090 S.D. dependent var 0.959815
S.E. of regression 0.228972 Akaike info criterion -0.079915
Sum squared resid 6.553538 Schwarz criterion 0.008762
Log likelihood 9.154506 F-statistic 708.0507
Durbin-Watson stat 0.767842 Prob(F-statistic) 0.000000

California North

Northern California receives natural gas from the WCSB and from the Rockies. The following
equation was estimated on data from January 1995 through November 2003. The period of the
West Coast energy crisis was omitted from the observations. Figure A6-8 shows the detailed
regression results.

CA_N=0.436 + 0.581 * AECO + 0.463 * ROCK
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Where:  CA_N = the Northern California natural gas price
AECO and ROCK are as defined earlier

Table A6-8: Northern California Price as a Function of AECO and Rockies Prices

Dependent Variable: CA_N
Method: Least Squares
Date: 04/15/04 Time: 13:46
Sample: 1995:01 2000:10 2001:07 2003:11
Included observations: 99
Variable Coefficient Std. Error t-Statistic Prob.
C 0.435619 0.090815 4.796752 0.0000
AECO 0.581218 0.061551 9.442896 0.0000
ROCK 0.463417 0.076812 6.033145 0.0000
R-squared 0.906084 Mean dependent var 2.665657
Adjusted R-squared 0.904128 S.D. dependent var 1.148937
S.E. of regression 0.355748 Akaike info criterion 0.800648
Sum squared resid 12.14947 Schwarz criterion 0.879288
Log likelihood -36.63210 F-statistic 463.0958
Durbin-Watson stat 0.687154 Prob(F-statistic) 0.000000

Nevada

Utility natural gas price data was only available for the entire state of Nevada, but the north
would not be significantly influenced by Permian prices and the south not by AECO prices.
Nevada is likely dominated by Southern Nevada (the Las Vegas area); and Southern Nevada is
similar to Southern California. It can receive natural gas from the Permian basin or the Rockies.
Northern Nevada is likely to be affected by AECO and Rockies, and AECO prices did show
significance in the estimated equations for Nevada. The details of the equation below are
contained in Table A6-9. The months from June 2001 through October 2002 were eliminated
from the estimation. The equation is used for only Southern Nevada. Northern Nevada prices
are estimated using the methods described in a later section.

NV =0.798 + 0.468 * PERM + 0.370 * AECO - 0.869 * D96_97

Where: NV = utility natural gas prices in Nevada
AECO and PERM are as defined earlier
D96 97 = a dummy variable for November/December, 1996 and January, 1997
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Table A6-9: Nevada Price as a Function of Permian and Rockies Prices

Dependent Variable: NV
Method: Least Squares
Date: 04/21/04 Time: 16:10
Sample: 1995:01 2000:10
Included observations: 70
Variable Coefficient Std. Error t-Statistic Prob.
C 0.798370 0.086816 9.196139 0.0000
PERM 0.468088 0.068439 6.839446 0.0000
AECO 0.370051 0.065829 5.621396 0.0000
D96 97 -0.869152 0.151518 -5.736297 0.0000
R-squared 0.894748 Mean dependent var 2.462147
Adjusted R-
squared 0.889964 S.D. dependent var 0.666755
S.E. of regression 0.221174 Akaike info criterion -0.124293
Sum squared resid 3.228570 Schwarz criterion 0.004192
Log likelihood 8.350259 F-statistic 187.0230
Durbin-Watson
stat 1.391586 Prob(F-statistic) 0.000000

Arizona

Arizona can access natural gas from the Permian and San Juan Basins via the El Paso and
Transwestern pipelines. Arizona utility prices of natural gas are therefore based on the prices in
these basins. The equation estimated is as follows:

AZ =1.003 + 0.309 * PERM + 0.596 * SJ + 2.06 * D96_97
Where: AZ = the Arizona price of natural gas to electric utilities
PERM and SJ = Permian and San Juan prices
D96 97 = a dummy variable for Nov. and Dec. 1996 and Jan. 1997

The detailed estimation results are shown in Table A6-10
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Table A6-10: Arizona Price as a Function of Permian and San Juan Prices

Dependent Variable: AZ
Method: Least Squares
Date: 04/19/04 Time: 14:15
Sample: 1989:01 2003:08
Included observations: 176
Variable Coefficient Std. Error t-Statistic Prob.
C 1.002582 0.080535 12.44894 0.0000
PERM 0.308772 0.127064 2.430056 0.0161
SJ 0.596317 0.139524 4.273942 0.0000
D96 97 2.061088 0.262927 7.839012 0.0000
R-squared 0.853227 Mean dependent var 3.195625
Adjusted R-
squared 0.850667 S.D. dependent var 1.157051
S.E. of regression 0.447126 Akaike info criterion 1.250512
Sum squared resid 34.38652 Schwarz criterion 1.322569
Log likelihood -106.0451 F-statistic 333.2937
Durbin-Watson
stat 1.224515 Prob(F-statistic) 0.000000
New Mexico

The situation in New Mexico is very similar to Arizona. The equation below determines New

Mexico prices based on Permian and San Juan prices. Table A6-11 shows the detailed

estimation results.

NM = 0.546 + 0.598 * PERM + 0.300 * SJ

Where NW = New Mexico natural gas prices and other variables are a defined earlier

Table A6-11: New Mexico Price as a Function of Permian and San Juan Prices

Dependent Variable: NM
Method: Least Squares
Date: 04/19/04 Time: 14:36
Sample: 1989:01 2003:08
Included observations: 176
Variable Coefficient Std. Error | t-Statistic Prob.
C 0.546146 0.038924 | 14.03098 0.0000
PERM 0.597776 0.061494 | 9.720824 0.0000
SJ 0.299599 0.067418 | 4.443900 0.0000
R-squared 0.957544 Mean dependent var 2.738460
Adjusted R-
squared 0.957054 S.D. dependent var 1.044997
S.E. of regression 0.216560 Akaike info criterion -0.204998
Sum squared resid 8.113411 Schwarz criterion -0.150955
Log likelihood 21.03979 F-statistic 1950.921
Durbin-Watson
stat 0.974070 Prob(F-statistic) 0.000000

Colorado

The equation for Colorado is as follows, with the detailed estimation results shown in Table A6-

12.
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CO=1.163+0.730 * SJ - 0.899 * D_ROCKIES + 3.755 * D05_97

Where CO = the Colorado natural gas price to electric utilities
D05 97 = a dummy for May 1997
And other variables are as defined earlier
Table A6-12: Coloado Price as a Function of San Juan Prices
Dependent Variable: CO
Method: Least Squares
Date: 04/15/04 Time: 11:08
Sample: 1989:01 2003:08
Included observations: 176
Variable Coefficient Std. Error t-Statistic Prob.
C 1.162658 0.070299 16.53879 0.0000
SJ 0.730307 0.027868 26.20580 0.0000
D ROCKIES -0.898657 0.135828 -6.616119 0.0000
D05 97 3.754979 0.391006 9.603368 0.0000
R-squared 0.817955 Mean dependent var 2.834136
Adjusted R-
squared 0.814779 S.D. dependent var 0.905629
S.E. of regression 0.389758 Akaike info criterion 0.975884
Sum squared resid 26.12874 Schwarz criterion 1.047940
Log likelihood -81.87775 F-statistic 257.6064
Durbin-Watson
stat 1.492502 Prob(F-statistic) 0.000000
Other Areas

For some areas included in the Aurora model, it was not possible to estimate meaningful

relationships between natural gas prices to utilities and trading hub prices. These areas included
Utah, Wyoming, Northern Nevada, British Columbia, Alberta, and the Pacific Northwest areas.

This is due to the nature of the utility gas price data, which is thin and displays little relationship
to trading hub markets.

For these areas, the model uses estimated historical differentials or estimates of pipeline costs to
estimate delivered costs to the demand areas. The methods for each area are described below.

Rocky Mountain States

The current method for calculating utility natural gas prices in Utah, Wyoming, Northern

Nevada, Alberta and British Columbia assumes a starting differential for each area from its most
likely pricing hub (See Table A6-13). The pipeline reservation cost is assumed to be $.50 for
existing customers. For new power plants these costs are assumed to be $.62 and escalate over
time reflecting real pipeline capacity cost growth. This growth in incremental pipeline fixed
costs amounts to a 32 percent increase over existing rolled-in cost by 2030. The rate of real
growth in pipeline capacity costs after 2007 varies by forecast scenario (See Table A6-14).
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Table A6-13: Starting Pipeline Delivery Costs by State (2000$/MMBtu)

State Hub
Utah Rockies
Wyoming Rockies
Northern Nevada AECO
British Columbia Sumas
Alberta AECO

Table A6-14: Escalation of Incremental Pipeline Capacity Cost Post 2006 (%/Yr.)

Scenario Escalation Rate
Low -01%
Medium Low 0.1%
Medium 0.3%
Medium High 0.5%

| High 0.7 % |

Pacific Northwest Areas

There are four separate areas modeled for the Pacific Northwest. These include Western Oregon
and Washington, Eastern Oregon and Washington, Southern Idaho, and Western Montana. The
delivery cost of natural gas to these areas is based on more detailed estimates of pipeline delivery
costs from pricing hubs in the Northwest. The estimation of natural gas cost to the four PNW
areas are based on the following relationships to market trading points. In the case of Western
Oregon and Washington the related trading hub is assumed to be Sumas. In the case of Eastern
Oregon and Washington (including Northern Idaho) and Western Montana it is assumed to be
AECO. Southern Idaho is related to prices in the Rocky Mountains. The calculation takes the
following general form.

Delivered Cost = Hub Price / (1 - in-kind fuel charge) + pipeline capacity reservation cost / plant
capacity factor + pipeline commodity charge

Where:  The in-kind fuel charge is a percent of the purchase price. Pipeline capacity cost is
calculated for both existing and incremental capacity cost, which includes real growth
that varies by scenario. The pipeline commodity charge is a variable cost per million
Btu of fuel shipped.

The values used for pipeline delivery and capacity cost are described below. The assumption in
the plan is that new power plants are likely to be required to subscribe to incrementally priced
pipeline capacity. It was also assumed that these costs would escalate in real terms over time as
shown in Table A6-14.

Tables A6-15a and A6-15b show the various transportation components, their column number in
the COMPONENTS worksheet, and the current value or range of values in the model. Tables
A6-16a and A6-16b show which adjustments are applied to calculate the various industrial and
electric utility gas price forecasts from the national wellhead forecast. The “a” tables are for the
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West side of Oregon and Washington, and the “b” tables are for the East side of Oregon and
Washington and Northern Idaho. Estimates for Southern Idaho are based on the Western Oregon
and Washington delivery costs (Northwest Pipeline), and Western Montana estimates are based
on the Eastern Oregon and Washington delivery costs from AECO.

Table A6-15a: Natural Gas Delivery Cost from Sumas to West-Side PNW

Components Constant Costs
Cost Component Column (2000$/MMBtu) Scenario Variant
L ML M MH H

Pipeline Capacity

Firm Rolled-In B $.33

Firm Incremental C $51in2012 +growth | -1% | 1% | 3% | 5% | .7%

Capacity release D $.28
Plant Capacity Factor cf 85 Percent
Pipeline Commodity E $.03
Pipeline Fuel $D$42 1.99 %
LDS Distribution

Firm F $.20

Interruptible Adj. K - $.05
Firm Supply Premium G 0%
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Table A6-16a: Cost Adjustments Applied for Specific West-Side Natural Gas Prices.

Equation Natural Gas Product Calculation

Industrial Sector

[1] Pipeline Firm Sumas/(1-D42)+(B/cf+E+G+F)*cd
[2] Pipeline Interruptible Equation[1] + K
[3] LDC Served Wellhead Price + average historical retail difference

Utility Sector

[4] Existing Firm Sumas/(1-D42)+(B/cf+E+G)*cd
[5] New Firm Sumas/(1-D42)+(C/cf+E+G)*cd
[6] Interruptible Equation[4] + K
Variable Fuel Costs
[7] New firm e.g. Sumas/(1-D47)+(E*cd
Fixed Fuel Costs
[8] New firm e.g. [(f*G)+(C*cd) * hr*8.76/( 1000)

cd is conversion from 2000$ to year dollars of the forecast (2006$ currently)

hr is the heat rate of a gas-fired power generation plant

cf is the capacity factor of a gas-fired power generation plant

f is the share of fuel supply that is purchase on a firm basis

(Capital letters correspond to the Components Column in Table A6-15a.)

The formulas shown in Tables A6-15a and A6-15b may need some translation. For example,
equation [5] shows how the incremental cost of firm pipeline capacity on the west side of the
region is calculated. It starts with the price at Sumas and increases it to account for the in-kind
fuel charge of 1.99 percent on Northwest Pipeline which is contained in cell $D$42. Then the
firm incremental pipeline capacity costs (column C) (divided by the capacity factor of the power
generating plant), the pipeline commodity charge (column E), and any firm supply premium
(column G) are added to the cost. These latter charges are contained in the model in year 2000
dollars so they can be converted to the year dollars chosen for the forecast, in this case, 2006
dollars. The term “cd” is a conversion factor from 2000 to 2006 year dollars. The values in
Tables A6-15a and A6-15b have already been converted to 2006 dollars.

The calculation of generator firm incremental natural gas prices is shown a different way in
Tables A6-17a and A6-17b.
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Table A6-15b:

Natural Gas Delivery Cost from AECO to East-Side PNW

Markup Constant Costs
Cost Component Column (2006$/MMBtu) Scenario Variant
L ML M MH H

Pipeline Capacity

Firm Rolled-In 0 $.32

Firm Incremental P $.47in 2020+ growth | -1% | 1% | 3% | 5% | .7%

Capacity Release Q $.33
Plant Capacity Factor 85 Percent
Pipeline Commodity R $.01
Pipeline Fuel $D$43 1.91 %
LDS Distribution

Firm S $.20

Interruptible Adj. X - $.05
Firm Supply Premium T 0%

Table A6-16b: Cost Adjustments Applied for Specific East-Side Natural Gas Prices.

Equation Natural Gas Product Calculation
Utility Sector
[9] Existing Firm AECO/(1-D43)+(O/cf+R+T)*cd
[10] New Firm AECO/(1-D43)+(P/cf+r+t)*cd
[11] Interruptible Wellhead Price + average historical difference
Variable Fuel Costs
[12] New firm e.g. AECO/(1-D43) + R * cd)
Fixed Fuel Costs
[13] New firm e.g. [(F*T)+(P*cd)]*hr*8.76/( 1000)
cd is conversion from 2000$ to year dollars of the forecast (2006$ currently)
hr is the heat rate of a gas-fired power generation plant
cf is the capacity factor of a gas-fired power generation plant
f is the share of fuel supply that is purchase on a firm basis

(Capital letters correspond to the Components Column in Table A6-16b.)
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Table A6-71a: Derivation of West-Side Firm Utility Gas Price

2006%/MMBtu
Derivation of West-Side Firm Utility Gas Price
Medium 2006$/MMBtu
11/21/2008
US Wellhead | Henry Hub Sumas Sumas Firm Pipeline | Incremental Pipeline Utility Gas Total
Price Price Delta Price Supply Fuel Transport Commodity Price Delivery
Premium | Charge Cost Charge Cost
(+) (+) (+) (+) (+)
2005 7.36 7.95 -0.87 7.08 0.00 0.14 0.45 0.03 7.70 0.63
2006 6.23 6.72 -0.77 5.95 0.00 0.12 0.45 0.03 6.56 0.60
2007 6.06 6.53 -0.75 5.78 0.00 0.12 0.45 0.03 6.38 0.60
2008 7.83 8.51 -0.43 8.09 0.00 0.16 0.49 0.03 8.77 0.69
2009 6.50 7.70 -0.36 7.34 0.00 0.15 0.55 0.03 8.07 0.73
2010 6.75 7.32 -0.32 7.00 0.00 0.14 0.62 0.03 7.79 0.79
2011 6.80 7.38 -0.33 7.05 0.00 0.14 0.69 0.03 7.91 0.86
2012 6.85 7.43 -0.33 7.10 0.00 0.14 0.70 0.03 7.97 0.88
2013 6.90 7.48 -0.34 7.15 0.00 0.15 0.70 0.03 8.03 0.88
2014 6.95 7.54 -0.34 7.20 0.00 0.15 0.70 0.03 8.08 0.88
2015 7.00 7.60 -0.35 7.25 0.00 0.15 0.71 0.03 8.14 0.88
2016 7.05 7.65 -0.35 7.30 0.00 0.15 0.71 0.03 8.19 0.89
2017 7.10 7.71 -0.36 7.35 0.00 0.15 0.71 0.03 8.24 0.89
2018 7.15 7.76 -0.36 7.40 0.00 0.15 0.71 0.03 8.29 0.89
2019 7.20 7.82 -0.36 7.45 0.00 0.15 0.71 0.03 8.35 0.90
2020 7.25 7.87 -0.37 7.50 0.00 0.15 0.72 0.03 8.40 0.90
2021 7.30 7.93 -0.37 7.55 0.00 0.15 0.72 0.03 8.46 0.90
2022 7.35 7.98 -0.38 7.60 0.00 0.15 0.72 0.03 8.51 0.91
2023 7.40 8.04 -0.38 7.65 0.00 0.16 0.72 0.03 8.56 0.91
2024 7.45 8.09 -0.39 7.70 0.00 0.16 0.73 0.03 8.62 0.91
2025 7.50 8.15 -0.39 7.75 0.00 0.16 0.73 0.03 8.67 0.92
2026 7.60 8.26 -0.40 7.85 0.00 0.16 0.73 0.03 8.77 0.92
2027 7.70 8.36 -0.41 7.95 0.00 0.16 0.73 0.03 8.88 0.92
2028 7.80 8.48 -0.42 8.05 0.00 0.16 0.73 0.03 8.98 0.93
2029 7.90 8.59 -0.43 8.15 0.00 0.17 0.74 0.03 9.09 0.93
2030 8.00 8.70 -0.44 8.26 0.00 0.17 0.74 0.03 9.19 0.94
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Table A6-17b: Derivation of East-Side Firm Utility Gas Price

2006%/MMBtu
Derivation of East-Side Firm Utility Gas Price
2006$/MMBtu
AECO AECO Firm Pipeline |Incremental Pipeline Utility Gas Total
Delta Price Supply Fuel Transport Commodity Price Delivery
Premium Charge Cost Charge Cost

(+) (+) (+) (+) (+)
2005 -0.97 6.98 0.00 0.13 0.45 0.01 7.57 0.60
2006 -0.88 5.84 0.00 0.11 0.45 0.01 6.41 0.57
2007 -0.87 5.67 0.00 0.11 0.45 0.01 6.24 0.57
2008 -1.08 7.44 0.00 0.14 0.45 0.01 8.04 0.61
2009 -0.99 6.71 0.00 0.13 0.48 0.01 7.33 0.62
2010 -0.95 6.37 0.00 0.12 0.52 0.01 7.02 0.65
2011 -0.96 6.42 0.00 0.12 0.56 0.01 7.11 0.70
2012 -0.96 6.47 0.00 0.12 0.62 0.01 7.22 0.75
2013 -0.97 6.52 0.00 0.12 0.62 0.01 7.27 0.75
2014 -0.97 6.57 0.00 0.13 0.62 0.01 7.32 0.75
2015 -0.98 6.62 0.00 0.13 0.62 0.01 7.37 0.75
2016 -0.99 6.66 0.00 0.13 0.63 0.01 7.43 0.77
2017 -0.99 6.71 0.00 0.13 0.63 0.01 7.48 0.77
2018 -1.00 6.76 0.00 0.13 0.64 0.01 7.55 0.78
2019 -1.00 6.81 0.00 0.13 0.64 0.01 7.60 0.79
2020 -1.01 6.86 0.00 0.13 0.64 0.01 7.65 0.79
2021 -1.02 6.91 0.00 0.13 0.65 0.01 7.70 0.79
2022 -1.02 6.96 0.00 0.13 0.65 0.01 7.75 0.79
2023 -1.03 7.01 0.00 0.13 0.65 0.01 7.80 0.79
2024 -1.03 7.06 0.00 0.13 0.65 0.01 7.86 0.80
2025 -1.04 7.11 0.00 0.14 0.65 0.01 7.91 0.80
2026 -1.05 7.21 0.00 0.14 0.66 0.01 8.01 0.80
2027 -1.06 7.30 0.00 0.14 0.66 0.01 8.11 0.81
2028 -1.07 7.40 0.00 0.14 0.66 0.01 8.21 0.81
2029 -1.08 7.50 0.00 0.14 0.66 0.01 8.32 0.82
2030 -1.10 7.60 0.00 0.15 0.66 0.01 8.42 0.82
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Fixed and Variable Natural Gas Costs

The Council’s resource planning models require utility gas prices in terms of their fixed and variable
components. For the Pacific Northwest, the model forecasts these based on the components
described in Table A6-17a and A6-17b. Natural gas prices at regional hubs, pipeline fuel costs, and
pipeline commaodity charges are variable costs. That is, they can be avoided if electricity is not
generated. The major fixed cost for natural gas is the pipeline reservation charge. It accounts for
most of the transportation cost of natural gas. The pipeline reservation cost is divided by the plants
capacity factor, currently set to .85, to get the correct cost per million Btu of fuel consumed. The
other fixed cost is any premium that must be paid to secure firm gas supply. This is currently set to
zero in the forecasts. Fixed costs are expressed in dollars per kilowatt per year, instead of dollars per
million Btu.

The forecasts of natural gas prices to electric generators outside of the Pacific Northwest also have
to be expressed in terms of fixed and variable costs. However, for these areas to forecasting
approach does not explicitly include the components relied on to calculate the Pacific Northwest
fixed and variable costs. The natural gas prices in these areas relied on either estimated equations of
relationships to pricing hubs, or on average differences in costs observed historically. However,
these differences include more than just pipeline transportation costs. Some differences for example
are negative reflecting various market forces. A different approach is required in these cases.

To calculate the fixed and variable components of the non-PNW a little different assumption had to
be made. In order to simplify the process, and not end up with zero capital costs for regions with
state electric generators prices lower than hub prices, it was assumed that the fixed costs of pipeline
capacity was the same for all areas. For existing generators, it was assumed to be $.50. For
incremental generators is was assumed to be $.62, escalating at the scenario varying rates shown in
Table A6-14.

Retail Prices

Residential and commercial sector retail natural gas prices are based on historical prices compared to
wellhead prices. For historical years the difference between wellhead prices and retail prices are
calculated. For forecast years, the projected difference is added to the wellhead price forecast. The
differences, or markups, can be projected from historical trends, other forecasting models, or
judgement.

Gas prices for small industrial gas users that rely on local gas distribution companies to supply their
gas are forecast in the same manner as residential and commercial users. However, large firm or
interruptible customers, whether industrial or electric utility, must be handled with a different
method. This is because there is no reliable historical price series for these gas users to base a
simple markup on. For these customers, the difference between wellhead and end user prices is built
up from a set of transportation cost components appropriate to the specific type of gas use. These
components for four areas of the Northwest are developed in the worksheet COMPONENTS.

To forecast the firm and interruptible prices for industrial gas users that secure their own supplies
and transportation, calculations similar to those for power generators are used. Industrial firm gas
users have been assumed to pay rolled-in rates. Interruptible users pay interruptible pipeline
capacity charges. It is also assumed that industrial users will have to pay either firm or interruptible
distribution charges to a local gas distribution company. As discussed above, gas prices for
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industrial gas users that obtain their gas supplies through their local distribution company can be
forecast from national wellhead prices and historical relationships to reported retail prices. All of
the specific adjustments that are applied to the other industrial and utility users are captured
implicitly by this method.

Oil Model

The oil price forecasting model first estimates the refiner price of distillate and residual oil based on
the assumed world price for crude oil. This is done using a very simple model of refinery
economics3. Retail prices of oil products for the industrial, residential, and commercial sectors are
then calculated by adding markups based on the historical difference between calculated refiner
wholesale prices and actual retail prices.

The simple model of refiner economics considers the cost of crude oil, the cost of refining crude
oil into heavy and light oil products, and the value of those products in the market. It assumes that
refiners will decide on their production mix so that their profits will be maximized. That is, the
difference between the revenue received from sale of products and the costs of crude oil and refining
it into products will be maximized.

The underlying assumptions are as follows:

Refining costs:

Simple refining

- $2.15 per barrel in 2000 dollars.

- Saudi light yields 47 % heavy oil.

- 3 percent energy penalty.
Complex refining

- $5.38 per barrel in 2000 dollars.

- yield 100 percent light oil.

- 12 percent energy penalty, about 6-8 percent above simple refining.
Desulpherization

- $3.91 per barrel in 2000 dollars.

- 4 to - 8 percent energy penalty.

- Assumed not to be necessary in NW.

Profit Equations:
Simple refinery
Revenue = .47H + .53L

Cost = C+.03C+215
Profit = (.47H + .53L) - (C +.03C + 2.15)
Where: A7 is residual oil output share.

3 This refinery model evolved from the old Council fuel price forecasting method developed by Energy Analysis and
Planning, Inc. That company has evolved into Economic Insight Inc.
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.53 is distillate oil output share.

H is residual oil wholesale price.

L is distillate oil wholesale price.

C is cost of crude oil

.03 is the energy penalty for simple refining.
2.15 is the refining cost per barrel.

Complex refinery

Revenue = L
Cost = C+.12C +5.38
Profit =L-(C+.12C +5.38)

Equilibrium Condition:  Profit from heavy products equals profit from light products at
the margin.

A47H+ 53L-C-.03C-2.15 =L-C-.12C-5.38

Solve for product prices:

ATH+ 53L-L = .03C-.12C-5.38 + 2.15
A7(H-L) = -.09C - 3.23
(H-L) = -.1915C - 6.8723
Using L = C+.12C +5.38 gives
H = -.1915C - 6.8723 + C +.12C + 5.38

H = .9285C - 1.5133 (Equation for residual oil price as
a function of crude oil price.)

The simple refinery model thus gives the estimates of residual oil (heavy) and distillate oil (light)
prices based on the assumed crude oil prices. Distillate wholesale prices equals 112 percent of the
crude oil price plus $5.38 (in 2000 dollars) per barrel. Residual oil wholesales price equals 93
percent of the crude oil price less $1.51

Historically based markups are added to get retail prices for residual and distillate oil for the
commercial, industrial and utility sectors. The two oil products prices and then consumption
weighted to get an average oil price for the sector. The residential sector does not use residual oil so
only a distillate retail price is calculated.

Coal Model

The coal model consists of two tabs in FUELMOD7(1). One tab calculates total coal costs at
various locations in the West. A second tab calculates only the variable costs of coal for electricity
generation.

Coal costs delivered to the Northwest, for example, are based on PRB minemouth prices with
delivery costs added. PRB minemouth price forecasts are based on the last year of available prices,
adjusted to an estimated trend level starting point a few years into the forecast period. These trend
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levels vary by forecast case. Once estimated trend levels are reached a simple annual real price
growth rate is added, which also varies by forecast case.

Total delivered costs are estimated for industrial coal users in the Northwest, and for electricity
generation in various areas of the West. Industrial prices are based on historical differences between
Northwest industrial coal prices and PRB minemouth prices. In the forecast these differences are
escalated for diesel fuel cost increases. Electricity generation coal costs are estimated for areas in
WECC based on distance from the PRB, unit car rail costs per ton-mile, and an escalation factor for
diesel fuel costs.

Currently the coal prices are forecast in 2000 constant dollars. The prices in the COALFC tab are
entered in 2000 dollars, and the regional coal prices are estimated in 2000 dollars and then converted
to the year dollars of the other forecasts. In the Sixth Power Plan these are 2006 constant dollars.
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ATTACHMENT A6-1
-GUIDE TO FUEL PRICE FORECASTING MODEL PAGES

DOC- -- -Describes files in the forecast model

Deflation- -- -The Deflation worksheet contains implicit GDP deflators and uses them to generate
a series of conversion factors to convert from nominal to 2000 dollars. It is set up to enter the
year-dollars the user wants the model to work in and creates a conversion factor (cd) to convert
from 20008 to the chosen year dollars. It also create labels that are put in various places in the
model to reflect the year dollars being used.

NGFC- ---Contains historical wellhead natural gas prices in various units, and the forecast range
of wellhead prices. The forecast of natural gas prices must be done in the year dollars chosen for
the reports in the Deflation tab. The forecasts, as well as oil and coal forecasts, are developed in a
separate spreadsheet called "Fuel Price FC Develop 090308.xls".

WOPFC- ---Contains historical world oil prices in various units, and the forecast range of world oil
prices. The world oil prices are defined as refiners acquisition prices of imported oil. As in the case
of the wellhead gas price forecast, the forecast of world oil prices must be done in the year dollars
chosen for the reports in the Deflation tab.

COALFC----Contains forecasts of Wyoming/Montana fuel prices for a short historical period and
low through high forecasts for prices. Coal price forecasts, unlike natural gas and oil, must be
done in year 2000 dollars.

MAIN- -- -MAIN is where most of the controls for a forecast run are set. Cell B2 contains a drop
down menu for choice of the forecast scenario. When the user picks a scenario, the worksheet
inserts the appropriate natural gas, oil, and coal prices from the NGFC, WOPFC, and COALFC
tabs. Cell E3 contains the run date. At the bottom of the worksheet, is a section where scenario
varying parameters are chosen to fit the scenario. The right side of the worksheet contains a
summary of burner-tip prices for oil, natural gas, and coal.

NG West Annual- ---This worksheet develops forecasts of natural gas prices at various pricing
points throughout the West. The major pricing hubs (orange highlights) are averages of values
calculated in the NG West Monthly tab. Equations then relate annual major hub prices to prices in
specific WECC locations. The year dollars are automatically adjusted in this worksheet, including
changes to the parameters in the basis equations.

Basis Equations----This tab contains econometric relationship among natural gas pricing hubs at
Henry Hub and various points in the West. It includes an equation to convert annual wellhead
prices to monthly wellhead prices, and an equation to estimate monthly Henry Hub prices based
on the monthly wellhead price forecast. It includes assumed values for differentials where
equations are not estimated

NGWest Monthly----This tab creates monthly Hub prices from the U.S. wellhead price forecast
using the equations in the Basis Equations tab.

COMPONENTS----This worksheet develops delivered natural gas prices for Pacific Northwest large
users. The delivery costs are built up from shipping cost components. Price estimates are
developed for firm and interruptible customers, and for existing and new customers. New
customers are expected to pay incremental pipeline capacity costs. These delivered prices are
developed separately for the West and East sides of the PNW.
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HistRetail----This contains historical prices for retail natural gas and oil products. The prices run
from 1980 to 2005. These prices are used to calibrate markups from wholesale fuel prices to retail
prices by sector (used in RES_COM, INDUST, and OILMOD) for input to the demand forecasting
models.

RES_COM- -- -This sheet calculates Residential & Commercial retail natural gas prices for the
residential and commercial sectors. Retail prices are estimated from wholesale prices using
markup assumptions that come form the HistRetail worksheet

INDUST- -- -This sheet calculates delivered industrial natural gas prices for industrial consumers.
It includes estimates for direct purchasers from the pipeline, both firm and interruptible, and also
for industrial users that purchase from the LDC (Local Distribution Company).

NWUTIL- -- -This worksheet develops natural gas prices for electric generators in four subareas of
the PNW. There are estimates for Existing firm supplies, for new incremental supplies, and for
interruptible supplies. The costs are separated into fixed and variable costs using the components
contained in the COMPONENTS worksheet.

Aurora Monthly- -- -Develops monthly fixed and variable natural gas prices for electric generators
at Aurora Model pricing points throughout the West (WECC).

C$ NWUtil- -- -This sheet displays the derivation of utility delivered natural gas prices. It is more
easily understood than the NWUTIL sheet.

GASSUM- ---Summary table for gas price forecasts, linked to the individual

-- sector worksheets.

OILMOD- ---The oil model estimates refiner cost of residual and distillate products based on the
refiner acquisition cost of imported oil from the WOPFC worksheet. The refiner product prices are
based on a very simple profit maximization model of refiner operations. The worksheet goes on to
estimate sectoral retail prices for distillate and residual oil based on markups from the historical
relationships in the HistRetail worksheet.

OilSum----This sheet contains a summary of the oil price forecasts.

COAL(Total)- ---This sheet contains a coal price forecasting model. The basic forecast of price is
for PRB minemouth price, which is simply based on alternative growth rates that are specified for
each forecast case in the MAIN tab. The model then calculates delivered coal prices for each
Western Aurora model region. Delivered prices are based on a standard cost per ton-mile of
commodity using a unit train, combined with the estimated number of miles from mine mouth to
an particular area. The percent change in diesel prices weighted by the share share of delivery
cost that is due to the propulsion energy requirements (25%), adjusts the delivery costs so that
they roughly reflect changes in oil prices.

COAL(Variable)----Same as COAL(Total) except that only inlcudes variable delivery costs.

Tables--Develops tables to be included in forecast document appendices

Graphs--Miscellaneous graphs to assess the forecast and describe results

NOTE: Columns with Red block at top need to be input during forecast period.
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Appendix B: Economic Forecast
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ROLE OF THE ECONOMIC FORECAST

A 20-year forecast of demand for electricity is one of the requirements of the Northwest Power
Act (Public Law 96-501, Sec. 4(e)(3)(D) ). A detailed demand forecast is used in planning future
conservation potential, electricity market clearing price projections, as well as in the Council’s
own resource risk assessments. To better capture the impact of future uncertainties, the Council
develops a forecast of future demand for energy that identifies not just one trend but a range of
trends. The demand forecast range is determined by a consistent set of assumptions about
uncertainties in future economic and demographic activities in the region, the trajectory of fossil
fuel and electricity prices, and legislative and market responses to climate change.
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The figure below depicts the Council’s power planning process. The planning process starts
with economic and demographic assessments and then adds fuel and electricity price forecasts to
create a forecast for electricity demand. The demand forecast looks at energy use by sector to
predict monthly load for electricity generators. The Northwest load forecast, along with the
forecast for load outside the Northwest, is used in forecasting wholesale electricity prices.
Northwest load is used in the Council’s Regional Portfolio Model (RPM) to create least-cost,
low-risk resource options for the region.

The demand forecast is also used extensively to develop the conservation supply curves. The
key economic drivers for the conservation supply curves are identical to the economic drivers of
the demand forecast.

Council’'s Power
Planning Process

Demographic

Economic & Demand Forecasting System
Forecasts J

Residential [Commercial| Industrial | Irrigation

Fuel Price
Forecasts

Total Electricity Use

Conservation
“— Programs and
Costs

| Supply - Demand Balance E'e;rt"g‘é”y
Generating
Resources and |- J I

Costs Resource Supply
(Cost and Amount)

:=Northwest
Power and

i Conservation
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BACKGROUND

Economic Growth Assumptions

The national economic models driving the regional forecast of the draft Sixth Power Plan were
updated as of the first quarter 2009. Given the long-term nature of the Council’s power plan, the
current recession and impact of the federal economic stimulus package were not modeled in
detail. However, pace of economic activity was reduced to capture impact of recession on energy
consumption. Also, over the next 20 years, economic policy initiatives responding to climate
change will affect the regional economy and regional demand for energy. These policy changes
have not been explicitly incorporated into the Council’s economic assumptions or demand
forecast for electricity.
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Many things determine the load forecast, and energy demand is influenced by both long-term
and short-term factors. Long-term variables may be economic circumstances, life-style choices,
demographic changes, or socio-economic trends that take decades to develop and fade. Energy
demand is also affected by short-term factors, such as weather conditions or changes in income.
The combination of all these conditions determines the demand for energy.

ECONOMIC DRIVERS OF RESIDENTIAL DEMAND

The number of dwellings is a key driver of energy demand in the residential sector. Residential
demand begins with the number of units, including single family, multifamily, and manufactured
homes. This demand is forecast to grow at 1.3 percent annually from 2010-2030. The current
(2008) stock of 5.7 million homes is expected to grow to 7.6 million by 2030, or approximately
83,000 new homes per year.

Another factor affecting residential demand for electricity is life-style trends. As more homes
are linked to the internet and the saturation rate for air-conditioning appliances and electronic
equipment increases, demand for electricity in the residential sector increases. Over 80 percent
of all new homes in the region now have central air conditioning. This compares to 7-8 percent
of housing stock with central air conditioning in the 1980s. Another change is the growth rate in
home electronics, which has been phenomenal at over 6 percent per year since 2000, and which
IS expected to continue to increase.

In the residential sector, electricity demand is driven by space heating and cooling, as well as
refrigeration, cooking, washing, and a new category called Information, Communication and
Entertainment (ICE). This new category includes all portable devices that must be charged, such
as laptop computers and cell phones, as well as larger, more energy-intensive televisions and
gaming devices. As the regional population grows, and with it the number of homes, demand for
these services and appliances will also increase. The energy efficiency of appliances as dictated
by state and federal standards, which appliances consumers buy, and how they use them, affect
energy demand, as well.

The “number of homes” category is driven by regional population, house size, and composition
of the population. The region’s population increased from about 8.9 million in 1985 to about 13
million by 2007, and is projected to grow to over 16 million by 2030 at an annual rate of 1.3
percent.

The following figure reflects the expected population change in each of the four states.

FOMWER FLAMN



Figure B-1: Population Forecast (000)
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Table B-1: Population in the Region (000)

Annual Growth rates’
State 1985 | 2007 | 2010 | 2015 | 2030 | 1985-2007 | 2010-2030
ID 993 1,504 1,603 1,746 2,195 1.9% 1.6%
MT 821 959 989 1,032 1,135 0.7% 0.7%
OR 2,674 | 3,754 3,920 4,178 4,826 1.6% 1.0%
WA 4406 | 6,480 6,731 7,100 8,170 1.8% 1.0%
4 states | 8,894 | 12,698 | 13,244 | 14,056 | 16,326 1.6% 1.1%

Table B-2: Composition of Regional Population (000)

1985 | 2007 | 2010 | 2015 | 2030
Population Age 0 thru 19 2,673 | 3,339 | 3,414 | 3,540 | 3,954
Population Age 20 thru 64 | 5,161 | 7,776 | 8,043 | 8,369 | 9,266
Population Age 65 & Older | 1,060 | 1,583 | 1,787 | 2,148 | 3,107

! Important note: This appendix uses average annual growth rates as summary figures when comparing the historic
and forecast periods for many economic drivers and fuel prices. The average annual growth rate is sensitive to the
base year values used in calculating the annual growth rates. For a more accurate picture of the year-by-year growth
in economic drivers and prices, additional information for each state is available from the companion Excel
worksheet available from Council’s website. This companion data can provide a more accurate picture of historic

and future growth.
MORTHWEST
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Figure B-2: Composition of Population Forecast (000)
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Population

The region’s population is changing and reflects demographic shifts seen throughout the United
States. In 1985, 30 percent of the region’s population was younger than 19. This age group has
been growing at about 1 percent per year, but it is forecast to grow more slowly for the next two
decades, at around 0.7 percent annually. As a percentage of the total population, it is projected
to represent about 24 percent of the population by 2030. This generation represents consumers
who have grown up with ICE technologies, the fastest-growing segment of residential electricity
demand.

The 20-t0-64 year-old age group, representing the working group, has grown from about 5
million in 1985 to about 7.7 million in 2007, and is projected to grow to over 9 million by 2030.
This age group has been growing at 1.9 percent per year, but its growth rate is expected to be
significantly reduced as more and more baby boomers retire. This demographic category plays a
critical role in regional employment, demand for homes, major capital equipment, and goods and
services.

The fastest-growing population segment is people over 64, the “retirees.” They represented about
12 percent of the population in 1985, and by 2030 they are expected to represent about 20
percent of the region’s population. This segment is expected to grow almost 3 percent per year
over the next 20 years, at almost three times the growth rate of the total population. This trend
has affected the commercial sector in many ways, and the increase in the number of businesses
catering to elders is one example. In 2005, the Bureau of Labor Statistics and county business
patterns show there were over 3,200 businesses in the region offering elder care services. Such
businesses had more than 100,000 employees and occupied about 60 million square feet of
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space. If the current trends continue, by 2030 an additional 50 million square feet of space
would be needed for elder care. The demand from this business is tracked in the commercial
section of the model. However, the region lacks a good understanding of the demand from this
particular market segment, so the Sixth Power Plan recommends pursuing better data on the
energy consumption pattern of this sector.

Housing Stock

While the regional population has been increasing, the number of occupants per household has
been declining. In 1985, the average household size was about 2.95 persons per household, and
by 2030 it is expected to go down to 2.6 persons per household, resulting in the number of homes
growing at a faster rate than the population.

Figure B-3: Declining Household Size (People per Household)
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While the number of occupants per household has declined, the square footage of homes has
been increasing. According to the U.S. Bureau of Census’s annual survey of new homes, the
average single-family house completed in 2007 had 2,521 square feet, 801 more square feet than
homes in 1977. Going back to the 1950s, the average square footage of a new single-family
home was about 983 square feet. Over the past five decades, the average home size has grown
by more than 250 percent. In 2007, 38 percent of new single-family homes had four or more
bedrooms, almost twice the number of bedrooms in most homes built 20 years ago. In addition,
90 percent of these new homes had air conditioning. These changes have meant an increased
demand for space conditioning and lighting.
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Figure B-4: Growing Average Size of New Single Family Homes
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The increase in the average size of homes has not been limited to single-family residences. The
average square footage of multi-family units completed and built for sale in 2007 was 1,577
square feet, 217 square feet more than in 1999. It is difficult to predict the future trends in house
size. However, if the movement toward a more sustainable lifestyle gains momentum, housing
size may decline as the number of single-occupant households increases and the population ages.

In absolute terms, the number of single-family housing has been growing at a faster pace than the
overall population. Between 1985 and 2007, the population grew at 1.6 percent per year and the
number of homes grew at 1.9 percent per year. As incomes increased and as more people
purchased homes, the number of households grew at a rate faster than the rate of population
growth.
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Figure B-5: Number of Single-Family Homes (000) Stock
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Figure B-6: Number of Multi-Family Homes (000) Stock
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A housing sub-sector that has not been growing as fast is manufactured housing. The factors
determining demand for this type of housing are income, price of land, and the number of
newlywed and low-income populations. Manufactured homes tend to be less-expensive housing
options, so an increase in per capita income in the region has slowed demand for these homes.
The price of manufactured housing has also increased, although significantly less than stick-built
homes.
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Figure B-7: Number of Manufactured Homes (000) Stock
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Although manufactured housing typically represents about 10 percent of new homes in the
region, they represent about 30 percent of electrically heated new homes. Recognizing this high
percentage of electrically heated homes, the Manufactured Housing Acquisition Program was
established in 1992. The incentive program, supported by the Council, the Bonneville Power
Administration, state energy offices, electric utilities, and manufacturers, paid manufacturers the
incremental cost to add efficiency measures to each new home. New manufactured homes
peaked in 1995 after this program ended. For now, the stock of manufactured homes is projected
to increase, although at a slower rate.
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Figure B-8: New Manufactured Homes per Year
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The overall composition of housing stock has been changing to favor multi-family homes.
Single-family homes (defined as a detached single-family home or a multi-plex unit of up to 4
units) has been losing market share. Single-family homes represented 75 percent of homes in the
region in 1985, but by 2007 they represented 72 percent of housing stock. By 2030, the forecast
is for single-family homes to decline to about 71 percent. Multi-family homes (defined as
housing with greater than four units) represented 16 percent of residential housing stock in 1985,
17 percent by 2007, and is projected to be about 20 percent by 2030. Manufactured homes have
had a 9-10 percent market share and are projected to retain this status.

Table B-3: Average Annual Number of New Homes

1985-2000 | 2001-2008 | 2010-2030
Single-Family
Idaho 7,390 12,544 13,148
Montana 2,070 3,620 3,702
Oregon 14,459 17,789 18,124
Washington 28,237 32,364 27,069
Four State Total 52,157 66,317 62,043
Multi-Family
Idaho 901 1,423 1,504
Montana 551 1,001 1,347
Oregon 5,660 4,510 6,086
Washington 12,762 9,206 10,188
Four State Total 19,873 16,141 19,126
Manufactured Home
Idaho 1,818 870 837
Montana 1,161 775 714
Oregon 4,983 2,424 2,404
Washington 5,609 3,138 3,157
Four State Total 13,571 7,208 7,111

Each year during 1985-2008, an average of 54,000 new single-family, 19,500 multi-family, and
12,000 new manufactured homes were added to the existing stock. Starting in 2000, each year
has seen a dramatic increase in new single-family home additions. Rising income levels in the
region and the increased availability of credit caused a shift from multi-family to single-family
home ownership. In 2005, more than 87,000 new single-family homes were added in the region.
This increase in the number of single-family houses caused a substantial increase in the price of
housing. In the 2010-2030 period, the Council anticipates a return to more historic levels of
growth. A slow down in new single-family home additions is already evident. The forecast
predicts an increase in multi-family homes in the region. The impact of the current recession on
new residential construction was incorporated in the revised forecast using Global Insight’s
short-term economic forecast of March 2009.
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Figure B-9: New Single Family Home Additions
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Figure B-10: New Multi-family Additions
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In summary, the key driver for demand for electricity consumption in the residential sector is the
number of residential units. The following table presents the existing residential units for select
years.
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Table B-4: Historic and forecast residential units (1000s)

Regional Summary 1985 | 2007 | 2015 | 2020 | 2030
Single Family 2,767 | 4,066 | 4,534 | 4,850 | 5,436
Multi Family 571 984 | 1,107 | 1,208 | 1,408
Other Family 329 585 649 681 752

Personal Income

Personal income is another economic driver of energy demand. Energy consumption is elastic,
so a decline in personal income causes a short-term reduction in demand. Regional personal
income, both in total and on a per-capita basis, has been on the upswing and is projected to
continue, although at a slower rate. The following table shows the growth rate, in constant
dollars, for personal income in the four states. It should be noted that the impact of the 2008
recession has not been incorporated into these personal income projections.

Table B-5: Growth Rate Personal Income (2000 constant dollars)

1985-2007 | 2010-2030
Idaho 3.9% 3.1%
Montana 2.7% 2.4%
Oregon 3.3% 2.9%
Washington 3.8% 2.9%
Four State- Total 3.6% 2.9%

Figure B-11: Personal Income
(Billions in 2000 constant dollars)
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Number of Energy-using Appliances in the Average Residence

Energy-using appliances also affect energy demand in the residential sector, and the penetration
rate of appliances is a key driver of demand. One group of devices that has experienced
significant growth in the residential sector has been home electronics (ICE). Very few sources
track the penetration rate of this end-use at the regional level, so the following analysis draws on
national-level data.
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Information Communication and Entertainment

The explosive growth of these devices has been global, fueled in part by the rapid expansion of
the Internet. In a not too distant past, the typical appliances in a typical home consisted of one or
two refrigerators; a water heater; perhaps a freezer; some form of space-heating appliance; a
cooking appliance; lighting fixtures; and, rarely, an air-conditioning unit. Entertainment
appliances were usually limited to a color television and a stereo system.

An average home today has all these appliances, as well as a whole range of ICE devices. Some
ICE devices provide services that were once performed outside the home, such as printing
pictures or reports. Other ICE devices connect people to the outside world and social networks,
and some ICE devices provide entertainment. ICE devices, to a great extent, have removed the
boundary between office work and home life. The line between home and work life is
increasingly less pronounced as more and more people are able to conduct office work from
home.

ICE end-uses are numerous and vary from household to household, depending on the life-style
and demographic characteristics of the household. The following table is a partial list of ICE
end-uses. The consumption figures are estimates and combine the various duty cycles of the
devices.

Table B-6: Partial Listing of ICE Devices and Estimated Annual Consumption®

Home Office/Communication Home Entertainment

Devices KWh/year Devices KWh/year
Desktop PC 264 Home Theater systems 115
Laptop PC 74 TV- CRT 126
Monitors 68 TV-LCD 108
Inkjet Printer 21 TV-Plasma 281
Laser Printer 97 TV-Projection 237
Scanners 45 Digital Cable box 159
Copiers 51 Digital Satellite Receiver 125
Broadband Devices 79 Digital Video Recorder 264
Home Router 53 DVD players 34
Chargers 13.1 Game Systems

U.S. national shipment data for 1997-2006 show that the shipment of laptop computers increased
at an annual rate of 16 percent.®> For the same period, desk top computer shipments increased at
a rate of 3 percent annually. Meanwhile, the traditional analog color television was declining at
13 percent per year. In 1997, about 400,000 digital televisions (LCD, plasma, and projection)
were shipped, and by 2006 the volume of shipment reached over 21 million units.

At the same time that the number and type of home televisions were increasing, television screen
size also increased. For example, in 1999, over 83 percent of residential televisions were less
than 32 inches, and about 5 percent were larger than 46 inches. In 2008, over 30 percent of

Pacific Gas and Electric Company, Emerging Technologies Program Application Assessment Report #0513
Consumer Electronics: Market Trends, Energy Consumption, and Program Recommendations
2005-2010, Issued: December 2006

® Appliance Magazine data for U.S. manufacturers
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televisions are now over 46 inches and only 14 percent are less than 32 inches. As screen size
increases, so does energy consumption. A 32-inch or less television consumes about 172
kilowatt hours per year compared to the 283 (or more) kilowatt hours that televisions with 46-

inch or wider screens consume.

Figure B-12: Growth in Computer Sales
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Table B-7: Annual Growth Rate in Shipment of Entertainment Equipment
1997-2006
Home Theater-In-a-Box 23%
LCD, Digital, Plasma, Projection TV 69%
Satellite Systems 17%
Televisions, Black & White (Monochrome) -14%
Televisions, Color, Analog -13%
Figure B-13: Annual Shipment of TVs and Satellite Systems
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Demand for Air Conditioning

Residential air conditioning has grown rapidly in the region. The market penetration of air
conditioning by Northwest homeowners was relatively low, about 10-20 percent, during the
1980s and 1990s. Air conditioning use has been increasing significantly in recent years. This
shift in demand can be attributed to warmer summer temperatures, reduced prices of air-
conditioning units, and the number of new people moving into the region who are accustomed to
using air-conditioning in their previous homes. The following table shows that in 2000, about
40,000 room air conditioning units were shipped to the region. Five years later, the figure had
increased to about 140,000. State-specific figures are not available at this writing, but if the
national trends are any indication, the volume of room air conditioning units in 2006 would show
a significant increase.

Table B-8: Shipment of Room Air Conditions to the Region (number)

2000 2001 2002 2003 2004 2005 Annual Growth Rate
Idaho 5,300 | 5,400 | 7,500 | 13,000 | 13,600 | 9,998 14%
Montana 4,200 | 4,900 | 8,000 | 12,400 | 15,300 | 7,926 14%
Oregon 15,800 | 17,300 | 21,100 | 39,800 | 58,700 | 55,469 29%
Washington 16,200 | 27,300 | 32,600 | 45,300 | 90,700 | 66,163 33%

The increase in room air-conditioning has not been a regional phenomenon. Similar trends can
be seen in national figures. Between 1997 and 2006, room air-conditioning sales grew at an
annual rate of 11 percent, almost 10 times the population growth rate. Sales increased from
about 4 million units in 1997 to about 10 million units in 2006. The sales volume for room air-
conditioning depends on summer temperatures, which is evident from the high sales volume in
2006--one of the hottest years on record.

Figure B-14: Recent Trends in Nationwide Shipment of Room Air Conditioners °
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> -Association of Home Appliance Manufacturers data. 2007 and 2008 are forecasts.
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ECONOMIC DRIVERS OF THE COMMERCIAL SECTOR

The key economic driver for the commercial sector’s energy demand is the square footage
needed for commercial enterprises. In modeling this sector, the space requirement of thousands
of business activities was calculated and aggregated into 17 different building types.

Methodology in Estimating Commercial Floor Space Requirements

The key driver for the commercial sector is the stock square footage required to conduct business
activities in designated building types. To calculate this square footage, a simple model was
developed that uses the number of employees per business activity and median square footage
per building type. The following analytic steps were taken:

1. The number of establishments® and employees in 2005 (at 6-digit NAICS’ code level)
was obtained from the Bureau of Labor Statistics. This enabled a detailed investigation
of the type of business activities and the number of employees for each business type.
Each business activity was assigned one of the 17 commercial building types used in load
forecasting and conservation assessment.

2. The median square footage per main-shift employees (the hours of 8 a.m.-5 p.m.) for
various business activities reported as part of Commercial Building Energy Consumption
Surveys (CBEC) was obtained from the Department of Energy.

3. CBEC micro data (individual site data) for 1992-2003 for more than 21,000 buildings
was used to calculate the median square footage per employee and the number of hours
of operation for various establishments.

4. The percent of “major” occupation categories engaged in a business activity (at 4-digit
NAICS) was obtained from the Bureau of Labor Statistics.
http:/stat.bls.gov/oes/home.htm

5. An estimate of existing floor space stock and the demolition rate by building type was
obtained from the Commercial Building Stock Analysis (NEEA 2004).

6. Floor space additions for each building type for 2002-2005 was obtained from F.W.
Dodge and used to augment the 2001 building floor space stock to create an assessment
of the existing floor space in 2005. This floor space stock was reduced by calculated
demolitions during 2002-2005.

7. Aninitial estimate of 2005 square footage requirements for each business activity was
estimated using the following factors:

a. The assigned building type

b. Median square footage per employee

c. Number of employees

d. Percent of business activity engaged in an occupation

8. The estimated 2005 floor space stock for each business activity was adjusted so that the
total square footage for that building type is close to the benchmark floor space stock in
2005.

® Establishment - A single physical location where business is conducted or where services or
industrial operations are performed.

" NAICS - North American Industrial Classification System
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Future floor space requirements were forecast by applying the annual growth rate in
employment in each business activity to Global Insight’s forecast (at state, and 4-digit
NAICS code level), and to the 2005 floor space requirements for that business activity.
10. For each year, the new floor space requirements across business activities were
aggregated by building type, and for each building type, a portion of floor stock is
estimated to be demolished.

11. To capture the construction projects that are partially complete for 2006-2009, the
Council replaced its model’s estimate for the square footage additions with those reported
by F.W. Dodge for construction projects in the pipeline.

12. For years 2006-2030, the estimated commercial floor space stock is fed into the demand
forecasting model.

Figure B-15: Analytic Steps in Forecasting Floor Space for Each State
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The Northwest Energy Efficiency Alliance’s (NEEA) market research report® estimated that in
2001 the total commercial floor space in the Pacific Northwest was 2.4 billion square feet.
Taking these estimates, and the new floor space additions for 2001-2005 from F.W. Dodge, staff
estimated the commercial building stock in the region to be about 2.7 billion square feet in 2005.
Roughly 300 million square feet were added between 2001 and 2005 and an estimated 60 million
square feet were demolished.

Load Forecasting model

8 «Assessment of the Commercial Building Stock in the Pacific Northwest” March 2004,
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Table B-9: 2005 Commercial Building Stock (1,000,000 SQF)

Idaho | Montana | Oregon Washington Total
Office (3 types) 27 34 104 340 504
Retail (4 types) 29 25 156 289 500
K-12 26 21 38 152 237
University 13 8 20 77 118
Hotel 16 25 52 69 162
Hospital 7 5 20 37 68
Hospital Other (Elder Care) 17 10 32 75 133
Restaurant 3 4 15 25 48
Grocery 8 6 9 32 55
Grocery Other 3 2 4 13 22
Warehouse 26 19 131 156 331
Assembly 17 11 43 130 202
Other 36 21 82 251 391
Total 230 192 705 1,645 2,772

Square Footage Per Employee

Using the Department of Energy’s Commercial Building Energy Consumption survey data
(micro-data from a national survey of over 21,000 commercial buildings surveyed between 1992
and 2003), we estimate the median square footage per employee for various business activities.
A graphic example of the initial square footage per employee used in the model (from CBECS
1999) is shown here.

Figure B-16: Median square footage per employee
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Mote: "Mercantile (ALLY includes both "Retail (Cther Than Mall)" and "Enclosed and Strip Malls";
"Health Care (ALLY includes both "Inpatient Health" and "Outpatient Healtkh".

* Relative Standard Error (RSE) greaster than 50 percent or fewer than 20 buildings sampled.
Source: Energy Information Administration, 1333 Commercial Buildings Energy Consumption Survey

Calibration to Benchmark Year Stock

The floor space estimates were then compared with the actual floor space figures by state and
building type for 2005. The 2001 commercial building stock assessment had categorized a large
portion of the building stock, nearly 20 percent, to the “other” category. To better understand the
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nature of this category of buildings, a detailed model was developed to estimate floor space
requirements for various business activities. Through this analysis, the amount of floor space
that was designated as “other” was reduced and assigned to the appropriate floor space types for
“office,” “warehouse,” or “assembly.” This enables us to have a better estimate of the
conservation potential of these commercial enterprises and the demand forecast for the region.

Table B-10 shows the estimated share of building stock before and after the detailed analysis of
business activities. Other building types now represent about 5 percent of building stock. An
increase in the share of office, warehouse, and assembly buildings can be observed.

Table B-10: Percent of Commercial Floor Space by Building Type

Initial Market Final Market

Segmentation Segmentation
Office 18.2% 24.1%
Retail 18.0% 18.1%
Hospital 2.5% 2.5%
Hospital Other 4.8% 4.8%
Hotel 5.9% 6.3%
Restaurant 1.7% 1.8%
Grocery 2.0% 2.0%
Grocery Other 0.8% 0.8%
K-12 8.6% 8.9%
University 4.3% 4.4%
Warehouse 11.9% 12.0%
Assembly 7.3% 9.2%
Other 14.1% 5.1%

Other sources of information used for verifying the results of the analysis were the grocery and
supermarket data that NEEA had purchased. This data confirmed that grocery store square
footage developed by our model was within 2 percent of actual floor space data.

Forecasting Commercial Floor Space Requirements

A model forecasting the square footage requirements of the commercial sector was developed
and calibrated to the known square footage data for 2005. Then, using Global Insight’s business
demographic forecast of employment, the Council was able to forecast the square footage
requirement for commercial buildings. The following figures show the historic and forecast
commercial employment totals in the region, and then broken down by major business activity.
Between 2010 and 2030, the overall commercial employment is expected to grow at an annual
rate of 1.1 percent, with total commercial employment growing from 5.1 million in 2007 to about
6.5 million by 2030.
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Figure B-17: Commercial Employment Projection (thousands)
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Changing Composition of Commercial Sector

The employment market share of business activities in the commercial sector has not been

constant. Over the past 10 years, some business sectors have increased their market share, while
other sectors experienced a declining market share. For example, businesses engaged in health
care, information technologies, professional and technical services, and wholesale trade services
have increased their market share, while government and retail trade have reduced their market
share. The historic and forecast trends are presented in the following table.
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Table B-11: Percent Market Share of Employment

1997 | 2007 | 2030
Businesses with Increasing Employment Market Share
Health Care and Social Assistance 10.8 | 11.7 | 125
Administrative and Support and Waste Management 5.4 6.1 9.7
Information 2.9 3.1 3.7
Construction 6.4 7.4 7.8
Professional, Scientific, and Technical Services 5.1 5.5 7.4
Wholesale Trade 5.5 5.0 5.4
Businesses with Declining or stable Market Share
Government Employees 21.3 | 20.0 | 18.0
Retail Trade 13.8 | 13.1 | 10.7
Accommodation and Food Services 9.6 9.4 7.8
Transportation and Warehousing 3.9 3.4 3.5
Other Services (except Public Administration) 4.4 3.9 3.5
Finance and Insurance 4.0 4.1 3.4
Real Estate and Rental and Leasing 2.2 2.2 1.9
Arts, Entertainment, and Recreation 1.6 1.7 1.7
Educational Services 1.5 1.7 1.6
Management of Companies and Enterprises 1.4 1.4 1.3
Utilities 0.4 0.3 0.2
Total Employment in Commercial Activities (000) 4,222 | 5,117 | 6,531

To establish the relationship between floor space requirements and the number of employees,
data from the Commercial Building Stock Analysis (NEEA 2004) was used to estimate the
existing floor space stock and the demolition rate by building type in 2004. It was then used to
estimate the commercial floor space stock in 2005. The following figures show the estimated
commercial floor space stock in 2005. These estimates, along with the data on the number of
employees, were used to forecast floor space requirements.

Table B-12: Commercial Floor Space Stock 2005 (millions SQF)

Building type Idaho | Montana | Oregon | Washington | Total
Office 29 36 100 340 505
Retail 29 26 155 290 500
hospital 7 5 20 37 68
Hospital Other 17 9 32 75 133
Hotel 18 27 57 72 173
Restaurant 4 5 15 24 48
Grocery 8 6 10 32 56
Mini Marts 3 2 4 13 22
K-12 27 21 38 152 238
University 13 9 20 78 121
Warehouse 35 21 131 272 457
Assembly 25 31 95 155 305
Other 11 9 31 56 107
Total 225 207 708 1,596 2,735
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Figure B-18: Regional Commercial Floor Stock Market Share (2005)
Regional Commercial Floor Stock Market Share - 2005
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The floor space stock in each year is the sum of new floor space additions and retirements from
the floor space in that year. The forecast for floor space additions for each state and the region is
shown in the following figure. The Council’s Sixth Power Plan forecasts about 900 million
square feet of new floor space. A large portion of this will be in warehouse space, office space,
K-12 schools, and elder care facilities.

Table B-13: 2010-2030 New Commercial Floor Space Additions (millions of SQF)

Idaho Montana Oregon Washington Region
Large Off 6.87 5.63 17.38 64.12 94.00
Medium Off 3.10 2.54 7.83 28.89 42.35
Small Off 3.63 2.97 9.19 33.90 49.69
Big Box-Retail 2.11 1.37 8.46 10.13 22.06
Small Box-Retail 3.89 2.53 15.62 18.70 40.75
High End-Retail 0.97 0.63 3.91 4.68 10.19
Anchor-Retail 1.88 1.22 7.54 9.03 19.67
K-12 6.62 4.73 6.71 34.33 52.39
University 3.99 1.62 4.98 20.18 30.78
Warehouse 24.61 8.33 65.04 177.32 275.30
Supermarket 0.89 0.52 1.05 3.03 5.48
Mini Mart 1.20 0.33 0.55 2.51 4.59
Restaurant 2.06 1.31 4.48 6.55 14.40
Lodging 3.96 1.86 7.02 9.38 22.23
Hospital 2.50 0.84 5.50 7.73 16.57
Other Health* 10.06 4.40 11.06 39.17 64.68
Assembly 21.30 8.44 31.60 31.45 92.79
Other 8.42 6.35 17.56 23.37 55.70
Total 108.05 55.63 225.47 524.46 913.61

*- elder care facilities
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Commercial Floor Space Additions

The overall pattern of floor space additions for the commercial sector is presented in the
following graph. A quick review of the historic data shows the cyclical nature of commercial
floor space additions. The sharp increase in late 1980s is followed by a significant slow down in
the early 1990s. The late 1990s indicate a sharp increase in new construction activities. The
2000-2002 recession slowed construction activities. In 2005, another wave of commercial
construction took place. Due to the long construction time for commercial activities, it would
typically take a year or two for construction activities to reflect the economy. The slow down in
construction activities due to the current recession would be reflected in the level of new
commercial construction activities after a few years. The current forecast indicates that it would
be at least 2011-2012 before commercial construction activities increase.

The long-term forecast projects a slow down in floor space additions, from 60 million square feet
per year to about 40 million square feet. The forecast for future floor space additions does not
show a wide swing in construction activities in the sector. However, there are different patterns
of floor space additions, depending on the building category.

Figure B-19: Total Commercial Floor Space Additions (Northwest Region)
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Patterns of Commercial Floor Space Additions

Commercial floor space additions typically show a cyclical pattern of overbuilding followed by
high occupancy and demand for more space. This is especially true for the more speculative
building types such as office or retail. A brief review of commercial floor space additions for
1987-2030 shows the different patterns of floor space additions for office, retail, warehouse, K-
12 schools, and elder care facilities. An increase in office space additions, declining retail space
requirements, substantial increases in new warehouse space, and declining K-12 school floor
space requirements are forecast.

Millions of square feet
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Office space requirements suggest a decline in new office space additions for 2012-2014,
followed by a stable period from 2015-2019. Starting with 2020, the Council forecasts an
escalation of commercial office construction activities.

Figure B-20: Pattern of Office Space Addition
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A decrease in retail floor space requirements and new retail space additions are expected to
decline over the forecast period. This decrease reflects slower population growth and the move
to e-commerce. Retail space additions peaked in 2005-2006. In the 2010-2030 period, retail
commercial floor space is forecast to average around 4 million square feet per year.

A decrease in retail space requirement is off-set by an increase in demand for warehouse space.
The increase in warehouse space reflects the expanding market for e-commerce.
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Figure B-21: Pattern of Retail Space Addition

Figure B-22: Pattern of Warehouse Floor Space Addition
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Appendix B: Economic Forecast Draft Sixth Power Plan

The demand for the schools and elder care are driven by the demographic changes facing the
region. Population in the region is growing at a slower rate and a larger population is at
retirement age. The pattern of floor space additions for K-12 schools reflects the declining share
of the under 19 population. Between 1985 and 2007, the regional population of this age group
increased by 666,000. But between 2010 and 2030, this population group is forecast to grow by
about 540,000 people. The floor space requirement forecast for K-12 schools is expected to
decline in two steps. From 2011-2018 the forecast for floor space additions is for about 3-4
million square feet per year. From 2020-2030, the forecast goes down to less than 2 million
square feet per year.

Figure B-23: Pattern of Floor Space Addition for K-12 Schools
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The elderly population, 65 and older, is increasing from about one million in 1985 to about 1.5
million in 2007, and to over 3 million by 2030. This more than doubling of population is
forecast to increase the demand for special elder care facilities. In the 2011-2018 period, new
floor space for these facilities is forecast to increase by about 3.5-4.0 million square feet per
year. After 2020, the forecast for new floor space drops to 2.5 to 3.0 million square feet per year.
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Appendix B: Economic Forecast Draft Sixth Power Plan
Figure B-24: Pattern of Floor Space Addition for Elder Care Facilities
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Commercial floor space stock is projected to increase from 2.9 billion square feet to about 3.9
billion square feet over the 2007-2030 period. Sectors showing the greatest increase in floor
space additions are large office, warehouse, and other health (elder care) facilities. Warehouse
floor space shown here does not include self-storage facilities or warehouses associated with
manufacturing facilities.
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Table B-14: Regional Commercial Floor Space Stock (millions sqf)
2007-2030 | Market share

Regional Summary 1985 2007 2015 | 2020 | 2030 Addition 2007-2030
Large Office 190 266 303 321 369 103 10%
Medium Office 49 120 136 145 166 46 4%
Small Office 90 141 160 170 195 54 5%
Big Box-Retail 20 125 139 143 152 27 3%
Small Box-Retail 171 231 257 264 280 49 5%
High End-Retail 44 58 64 66 70 12 1%
Anchor-Retail 98 111 124 127 135 24 2%
K-12 155 248 280 294 312 64 6%
University 77 123 139 147 159 36 4%
Warehouse 170 349 452 515 641 292 28%
Supermarket 43 55 57 58 60 5 0%
Mini Marts 5 22 24 25 27 5 0%
Restaurant 36 48 55 58 63 15 1%
Lodging 116 169 184 188 196 27 3%
Hospital 39 67 77 81 87 20 2%
Other Health
( Elder Care) 85 144 172 188 215 71 7%
Assembly 123 211 252 272 312 101 10%
Other 240 420 457 471 496 76 7%
Total 1,751 | 2,908 | 3,332 | 3,533 | 3,935 1027 100%

ECONOMIC DRIVERS FOR INDUSTRIAL SECTOR DEMAND

Demand for energy in the industrial sector is driven by the demand for goods and products
produced in the region. Historically, demand for electricity in the industrial sector was
dominated by a few large energy-intensive industries. However, the regional mix of industries
has been changing toward less electricity and energy-intensive industries, and the region’s
industries now resemble the rest of the country. The following figure tracks total energy use per
dollar of GDP (constant dollars) for the nation and the Northwest. Since 1960, there has been a
trend toward less energy use in this sector. During the 1980s and 1990s, industries in the
Northwest used significantly more energy for every dollar of output they produced. Since 2002,
however, the intensity of energy use for both the region and nation has been identical.
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Figure B-25: Change in National and Regional Energy Intensity
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Projected Employment Growth

The demand forecast model tracks 21 distinct industries. The demand for energy consumed in
each industry is forecast using the estimated growth in the product output in that industry.
Output in each industry is forecast based on the projected employment in the industry and the
average productivity of employees. Productivity is measured in terms of dollars of output per
number of employees. Industrial employment has been on the decline, but that decline is
projected to slow. The following figure shows the number of industrial employees for 2000,
2002, 2007, and 2030. Industrial employment peaked at about 730,000 in 2000, but it declined
significantly during the 2000-2002 period to about 650,000. Industrial employment has been
growing slowly; by 2007 it reached 650,000, and by 2030 it is forecast to go slightly above the
year 2000 employment level. The composition of industrial employment is also forecast to
change: lumber, apparel, rubber, and transportation industries are projected to lose employment,
while food, fabricated metals, and printing industries are forecast to experience an increase in
employment. In total, industrial employment is forecast to grow at an average annual rate of 0.3
percent per year for the 2007-2030 period.
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Table B-15: Number of Industrial Employment

2007-2030
Industry 2000 2002 2007 2030 Change
Food & Tobacco 91,458 87,078 87,184 91,119 3,935
Lumber 77,229 68,820 69,190 59,211 (9,978)
Paper 25,091 22,513 20,622 21,520 897
Textiles 5,853 5,119 4,351 4,594 243
Apparel 7,610 6,413 6,259 3,067 (3,193)
Leather 1,518 1,591 1,570 420 (1,151)
Furniture 23,065 21,074 23,756 33,267 9,511
Printing 103,422 98,275 111,067 | 174,656 63,589
Chemicals 14,002 13,140 13,618 14,077 459
Fabricated Metals 45,474 40,124 47,439 57,990 10,552
Petroleum Products 3,785 4,079 3,979 3,059 (920)
Rubber 20,846 18,584 19,920 14,951 (4,969)
Stone, Clay, etc. 18,283 17,116 20,596 23,381 2,784
Machines & Computer 139,945 119,982 116,760 110,113 (6,648)
Transport Equipment 112,824 93,113 98,204 64,236 (33,968)
Electric Equipment 8,381 7,238 8,851 11,043 2,192
Other Manufacturing 30,197 29,628 32,259 48,695 16,436
Total 728,983 653,887 685,625 | 735,398 49,773

Figure B-26: Employment in Manufacturing Sectors (number)
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Industrial Output

Industrial output is calculated using industrial employment and output per employee (defined as
productivity). The U.S. Bureau of Labor Statistics tracks labor productivity, measured as dollars
of output (constant dollars) per unit of labor. The following figure shows the labor productivity
index. In most industries, gains in labor productivity have been in excess of 2 percent, with

MORTHWEST
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some industries, such as machines and computers, exceeding 10 percent per year. In this
analysis, long-term productivity in the manufacturing of machines and computers was capped to
3 percent, reflecting the productivity of a matured industry.

Figure B-27: National Growth Rate of Labor Productivity 1997-2005
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It should be noted that if information on regional labor productivity were available, it would have
been used in this analysis. Also, it should be noted that Council staff is currently reviewing a
recently completed bottom-up industrial analysis, and the finding from that analysis will be

incorporated in the final Sixth Power Plan.

The following table shows the dollar value of industrial output, which drives demand for this
sector.
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Table B-16: Regional Industrial Output (billions of $2000)

1985 2007 2015 2020 2030
Food & Tobacco 4.15 5.20 6.31 7.19 8.65
Textiles 0.07 0.21 0.28 0.38 0.65
Apparel 0.23 0.16 0.15 0.14 0.12
Lumber 9.79 4.52 5.94 6.09 6.11
Furniture 0.27 1.19 1.69 2.13 3.30
Paper 2.76 3.08 4.00 4.78 6.38
Printing 2.44 1.25 1.65 1.95 2.90
Chemicals 1.42 1.58 2.01 2.39 3.15
Petroleum Products 0.55 1.39 1.62 1.80 1.97
Rubber 0.27 1.44 1.70 1.89 2.12
Leather 0.04 0.05 0.04 0.04 0.02
Stone, Clay, etc. 0.53 1.79 2.18 2.48 3.21
Aluminum 0.32 0.45 0.54 0.64 0.97
Fabricated Metals 1.20 3.46 4.55 5.25 6.62
Machines & Computer 2.43 42.62 47.70 55.46 74.41
Electric Equipment 0.36 0.95 1.32 1.62 2.36
Transport Equipment 6.32 11.81 15.30 16.20 18.53
Other Manufacturing 0.38 1.92 3.03 4.02 7.17
Agriculture 4.93 12.80 16.64 19.83 27.62

Two other sectors are included in the industrial demand for electricity: custom data centers and
direct service industries. The demand for electricity from direct service industries is based on
projections provided in the BPA White Book 2008 and data from the Chelan Public Utility
District. Detailed discussions on the methodology and forecast for both custom data centers and
direct service industries are in the demand forecast appendix C.

ECONOMIC DRIVERS FOR OTHER SECTORS

Irrigation

Demand for electricity for irrigation is linked to agricultural output. A forecast of agricultural
output in constant dollars is provided in a state forecast conducted in October, 2008, by Global
Insight. Agricultural output in the region is forecast to increase from about $13 billion in 2007 to
about $20 billion in 2020, and about $28 billion by 2030.

Transportation

In the current analysis, demand for electricity in the transportation sector is limited to public
transportation, such as the Tri-met transportation system or electric buses. The economic driver
for this mode of transportation is personal income in the region. The regional income is forecast
to grow at an annual rate of 2.9 percent per year, from $399 billion dollars (2000 constant
dollars) in 2007 to $763 billion dollars (2000 constant dollars) in 2030.

As part of the sensitivity analysis, the Council will estimate the demand for electricity from plug-
in hybrid electric vehicles (PHEV). The key economic driver for the demand for PHEV is the
forecast demand for new vehicles, a percentage of which is assumed to be plug-in hybrids. A
forecast of new vehicles is provided by Global Insight’s October 2008 regional forecast. The
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market share of PHEVs will depend on consumer consideration of the PHEV purchase price,
available incentives, cost of gasoline, and the price of alternative vehicles. A discussion of
demand for plug-in hybrid electric vehicles is in the demand forecast appendix C.

OTHER ASSUMPTIONS

Electricity Prices

Another factor affecting demand for electricity is its price. There are significant differences in
electricity prices across the region and among different utilities in the region. To analyze these
price differences, the Council used published historic average prices for electricity and other
fuel. The average price of electricity is calculated for each sector and each state as the ratio of
revenue from the sale of electricity (in megawatt hour sales) to that sector.

Historically, electricity prices in the Northwest have been lower than the national average. This
lower price had attracted more energy-intensive industries to the region. However, since the
energy crisis in 2000, the price of electricity has been on the rise both regionally and nationally.
In the Northwest, it has been growing at a higher rate compared to the nation.

Figure B-28: Comparison of NW Regional Electricity Price to US Average Price
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The average electricity price in the nation was about 50-80 percent higher than the regional
average price during the1990-2000 period. The difference between these prices narrowed after
the energy crisis of 2000-2001, and the region experienced a dramatic loss of industrial load.
However, the difference between regional and national prices is growing again due to the
increase in oil and gas prices. The national price of electricity has been increasing at a higher
rate than the regional price, resulting in a growing discrepancy between regional and national
prices.
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Figure B-29: Difference Between National and Regional Average Price of Electricity
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Variations in Price by Sector

The average price of electricity varies across sectors. Typically, residential customers pay a
higher price (in part due to higher distribution costs allocated to the residential sector) while
commercial and industrial customers typically pay lower rates.

Figure B-30: Average Price of Electricity by Sector
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The growth rate of electricity prices across sectors has not been constant over time. During
1990-2000, rate increases were fairly modest. In the late 1990s and early 2000s, the need for
new capacity, plus the increase in fuel prices, contributed to an increase in the growth rate of the
average price of electricity. During 1990-2000, the nominal price of electricity grew at an
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average annual rate of 2 percent, with industrial prices growing at a higher rate. Adjusted for
inflation, the price of electricity was flat between 1990 and 2000. Since 2000, the growth rate
for electricity prices (adjusted for an average inflation rate of 2.5 percent) has been increasing at
about twice the inflation rate, growing at an average annual rate of 5.2 percent. The real growth
in regional electricity prices was about 3 percent, and nationally around 1.2 percent.

Table B-17: Average Annual Growth Rate in Electricity Prices

Northwest Residential Commercial Industrial All sectors
1990-2000 1.7 1.1 2.6 2.0
2000-2008 4.4 4.6 4.5 5.2

us

1990-2000 0.5 0.1 -0.2 0.4
2000-2008 3.2 34 4.4 3.7

Forecast of Electricity Prices

Typically, the price of electricity is determined through a regulatory approval process, with
utilities bringing a rate proposal to their regulatory body, board of directors or city council, to
seek approval of future rates. Rates are dependant on the anticipated cost of serving customers
and the level of sales. Sales are determined either for a future period or for a past period. The
approved rates should cover the variable and fixed-cost components of serving the customers.

The methodology used for forecasting future electricity prices in the Sixth Power Plan is similar
to the methodology used for forecasting other fuel prices such as gas, oil, and coal. A fuel price
forecast starts with a national or regional base price and then modifies the base price through the
addition of delivery charges to calculate regional prices. In forecasting retail electricity prices, a
similar approach is used. Starting with a forecast of the wholesale price at the Mid-C,
transmission and delivery charges, plus other incremental fixed costs that are not reflected in
market clearing, are added. Examples of these incremental fixed costs include the cost of
conservation investments or the cost of meeting renewable portfolio standards (RPS).

Electricity Price Estimation Methodology
A three-step process was used to calculate the retail electricity prices for each state.

Step 1: For each state, the average price of electricity in 2007, measured as the average revenue
per megawatt hour of sales, is calculated. The 2007 wholesale market price for Mid-C market is
calculated. The difference between the average retail price of electricity and the wholesale price
at Mid-C is treated as a proxy for transmission and distribution cost additions.

Note that the transmission and distribution charges calculated here are simply proxies for the
actual transmission and distribution charges (shown in the following table under the column
labeled -Proxy Non-generation costs). At this point, it is assumed that these charges will stay
constant in real terms over the forecast horizon.

B-35

FOMWER FLAMN



Table B-18: Components of Retail Rate

Average Retail Price of Wholesale Price Forecast Proxy Non-generation
Electricity 2007 for Mid C * 2007 Costs 2007
State $/MWH $/MWH $/MWH
IDAHO 50.63 45.34 5.03
MONTANA 75.06 45.34 29.46
OREGON 69.96 45.34 24.36
WASHINGTON 64.12 45.34 18.52

*- based on Aurora run 6th Plan 03-13-2008 RPS HCAPTL HD

Step 2: The forecast of wholesale market prices for 2008-2030, derived from the Council’s
production costing model “AURORA™™,” is used as the base wholesale price for electricity.
The AURORA™ model produces wholesale market clearing prices for a given forecast load and
fuel prices, taking into account the operating characteristics of generation plants and the
transmission system in the western United States. The AURORA*™ model produces wholesale
price forecasts for many markets in the West. For the retail electricity price analysis, the Mid-C
wholesale price forecast was selected as the base market hub.

The following graph shows the forecast electricity price at Mid-C for the scenario that is
currently used to calculate retail electricity rates. Wholesale prices at Mid-C are projected to
grow at an average annual rate of 3.3 percent for the 2010-2030 period. For a more detailed
discussion on wholesale price forecast, please see appendix D of the 6™ Plan.

Figure B-31: Wholesale Price of Electricity at Mid C

Wholesale Prices At MidC (2006%)
(6th Plan O_6P_11112008 RPS3_HD)
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Step 3: Calculate additional costs to meet RPS standards.
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RPS targets vary by state. In order to calculate additional electricity rate increases incurred by
utilities for added resources to meet RPS targets, it is assumed that the costs of committed RPS
resources are already reflected in the rates. Therefore, any additional costs would be due to the
new RPS resources.

To estimate new RPS resource requirements, state or utility RPS obligations for a given year are
calculated. The RPS obligation is calculated as the load forecast multiplied by the RPS target
percent. If the committed RPS is above incremental RPS, no new RPS resources would be built
in that year; otherwise, new RPS resources are built.

There are different resource mix options for new RPS resources that need to be built. The
following table shows the Council’s current assumption on how the uncommitted/new RPS
resources are going to be built.

Table B-19: Assumed Market Share of New RPS Resources

Montana Oregon Washington
Biomass 25.0 percent 20.0 percent 20.0 percent
Geothermal 10.0 percent
Hydro
Solar Photovoltaic
(Load-side) 5.0 percent 5.0 percent
Solar Thermal
Wind 75 percent 65.0 percent 75.0 percent

Each renewable generation technology has its own set of costs, including transmission and
integration costs. At the moment, however, incremental transmission costs are not included in
this analysis.

Interaction of RPS and Conservation: Conservation achievements reduce loads, and by
reducing a utility’s load, a utility’s RPS target is likewise reduced. In this analysis, we
calculated the rate impact of RPS with and without incremental conservation. Preliminary
analysis indicates that, given current load forecasts and committed RPS, the region can meet RPS
requirements without any new RPS resources in significant amounts until 2012.
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Table B-20: Cumulative New RPS Qualifying Resources Needed (MWa)
With 200 MWa /
Without Conservation | Yr Conservation target

MT OR WA MT OR WA
2008 0 0 0 0 0 0
2009 0 0 0 0 0 0
2010 1 0 0 0 0 0
2011 | 16 0 0 15 0 0
2012 | 31 0 0 30 0 0
2013 | 38 23 6 37 2 0
2014 | 46 34 144 44 3 108
2015 | 54 48 324 52 4 272
2016 | 54 59 490 52 5 419

2017 | 55 180 662 52 115 568

2018 | 56 515 839 53 439 720

2019 | 56 583 1023 53 494 876

2020 | 57 654 1214 54 551 1035
2021 | 58 746 1243 54 626 1049
2022 | 59 836 1272 55 698 1063
2023 | 60 929 1302 55 772 1078
2024 | 61 1027 1334 56 850 1095
2025 | 62 1130 1368 57 931 1115
2026 | 63 1164 1403 58 953 1134
2027 | 64 1196 1441 58 972 1158
2028 | 65 1231 1479 59 994 1182
2029 | 66 1267 1518 60 1018 1206
2030 | 67 1305 1559 61 1044 1232

To calculate the effect on rates, above-market costs for RPS resources are calculated and are
assumed to be recovered from target customers. For each state, using Mid-C market prices from
step 1 and the levelized total cost of renewable generation technologies, total above-market costs
are calculated and recovered from qualified ratepayers. For Montana, the above-market costs are
recovered from Northwest customers. For the state of Washington, the RPS is applicable to 84
percent of state load, and must be met by both public and private utilities. For the state of
Oregon, three different target rates are given, and the above-market costs are recovered from
these target customers.

The following table shows the average rate impact of RPS with and without conservation targets.
The average rate increase from RPS for the 2010-2030 period is about 1$/MWh for Montana, $3
dollarssyMWH for Oregon, and about $2 per MWH for Washington, averaged over a 20-year
period. On an annual basis, incremental cost increases are higher, as shown in the following
table. The average rate increase for consumers in these states is similar regardless of whether or
not conservation was achieved. Conservation targets lower the growth of new load but they do
not significantly lower the RPS requirements.
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Table B-21: Rate Impact from meeting RPS (2006 $/MWH)

Without Conservation | With Conservation
MT OR WA MT OR | WA
2008 0.00 0.00 0.00 - - -
2009 0.00 0.00 0.00 - - -
2010 0.02 0.00 0.00 | 0.01 - -
2011 0.50 0.00 0.00 | 0.49 - -
2012 0.94 0.00 0.00 | 0.95 - -
2013 1.14 0.22 0.02 | 1.15 | 0.02 -
2014 1.30 0.32 0.50 | 1.33 | 0.03 | 0.40
2015 1.45 0.43 1.05 | 1.49 | 0.04 | 0.95
2020 1.41 4.46 3.13 | 1.46 | 4.19 | 3.01
2025 1.37 6.84 3.17 | 1.44 | 6.55 | 3.03
2030 1.34 7.11 3.25 | 1.42 | 6.78 | 3.10
Average
2010-2030 | 1.14 3.47 196 | 1.18 | 3.22 | 1.86

Step 4: Calculate additional costs to meet conservation targets.

The next step in the analysis includes the incremental cost of conservation programs. However,
this step of the analysis cannot be completed until the conservation target levels are known. The
calculation of incremental costs of meeting conservation targets will be conducted after
determining the optimized conservation-acquisition targets.

Forecast for Electricity Prices by Sector

The estimated price of electricity by sector is presented in the following tables. For the
residential sector, the annual real growth rate in electricity prices is expected to be in the 1.5-2.0
percent per year for the 2010-2030 period. It should be noted that these forecasts are at the state
level, and within each state, some electric utility rates may be higher or lower than the figures
presented here. Also, some utilities may have significantly higher rate increases than these
average state-wide figures would indicate.

Table B-22: Price of Electricity for Residential Customers ($2006/MWH)

Oregon | Washington | Idaho | Montana
1985 74 60 68 74
1990 67 62 69 77
1995 70 63 68 77
2000 69 60 63 76
2005 75 68 65 84
2010 79 70 61 85
2015 85 76 66 92
2020 93 83 71 96
2030 114 101 88 114
Annual Growth
1985-2000 -0.3% 0.0% -0.3% 0.1%
2000-2007 2.9% 3.9% 0.3% 2.7%
2010-2030 1.8% 1.8% 1.9% 1.5%
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Table B-23: Price of Electricity for Commercial Customers ($2006/MWH)
Oregon | Washington | Idaho | Montana

1985 81 57 65 67
1990 67 56 60 65
1995 64 59 57 638
2000 60 55 50 61
2005 67 65 56 77
2010 70 63 49 77
2015 76 69 54 84
2020 84 76 58 88
2030 105 94 76 106
Annual Growth

1985-2000 -1.3% -0.2% -1.2% -0.4%
2000-2007 3.2% 3.6% -0.3% 3.5%
2010-2030 2.0% 2.0% 2.2% 1.6%

Table B-24: Price of Electricity for Industrial Customers ($2006/MWH)
Oregon | Washington | Idaho | Montana

1985 56 34 42 40
1990 44 34 37 40
1995 44 38 36 44
2000 42 39 37 47
2005 50 44 40 50
2010 47 45 36 55
2015 53 51 41 61
2020 61 57 46 66
2030 82 75 63 83
Annual Growth

1985-2000 -1.3% 0.6% -0.6% 0.7%
2000-2007 4.8% 3.2% -0.1% 8.1%
2010-2030 2.8% 2.6% 2.8% 2.1%

Other Fuel Prices

The demand for electricity is not only affected by the price of electricity, but also the price of
alternative fuels. If the price of electricity relative to natural gas is decreasing, one would expect
the consumption of electricity to increase and natural gas to decrease. Consumers could
substitute natural gas for electricity, and or decrease their demand for natural gas. Consumer’s
fuel choices are influenced by relative fuel prices. Demand for electricity is affected by the
competition between alternative fuels.

This section covers the current assumptions for the retail prices of natural gas and electricity.
For each fuel, a base price and a regional delivery charge is calculated. The base, or wholesale
commaodity, price for each fuel is from the Council’s fuel price forecast, discussed in Appendix
A. Delivery charges vary by sector and state. Historic and forecast prices for the three main
kinds of fuel are shown in the following table. To put the fuel on a comparable basis, prices are
shown in constant 2006 dollars per million Btu.
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Table B-25: Oregon Sector Level Fuel Prices ($2006/mmBTU)
2010-2030
Sector and Fuel 1985 | 2000 | 2007 | 2010 | 2020 | 2030 | growth rate

Residential Electricity 21.72 | 20.22 | 24.64 | 23.14 | 27.30 | 33.35 1.8%
Residential Natural Gas | 10.65 | 9.24 | 13.67 | 14.48 | 15.20 | 19.63 1.5%
Residential Oil 11.08 | 11.57 | 21.20 | 22.68 | 19.43 | 26.59 0.8%
Commercial Electricity 23.68 | 17.60 | 21.91 | 20.50 | 24.63 | 30.67 2.0%
Commercial Natural Gas | 9.60 | 7.37 | 11.56 | 12.36 | 12.91 | 16.99 1.6%
Industrial Electricity 16.33 | 12.23 | 16.94 | 13.87 | 17.94 | 23.96 2.8%
Industrial Natural Gas 7.36 | 5.61 | 868 | 9.48 | 9.79 | 13.39 1.7%

Table B-26: Washington Sector Level Fuel Prices ($2006/mmBTU)
2010-2030
Sector and Fuel 1985 | 2000 | 2007 | 2010 | 2020 | 2030 | growth rate

Residential Electricity 17.64 | 17.64 | 23.07 | 20.53 | 24.27 | 29.56 1.8%
Residential Natural Gas | 10.05 | 8.06 | 13.50 | 14.31 | 15.02 | 19.42 1.5%
Residential Qil 12.29 | 13.02 | 20.33 | 21.80 | 18.48 | 25.50 0.8%
Commercial Electricity 16.73 | 16.11 | 20.62 | 18.48 | 22.20 | 27.49 2.0%
Commercial Natural Gas | 8.30 | 6.78 | 12.04 | 12.84 | 13.43 | 17.59 1.6%
Industrial Electricity 9.86 | 11.36 | 14.16 | 13.10 | 16.77 | 22.04 2.6%
Industrial Natural Gas 7.25 | 451 | 954 | 10.33 | 10.71 | 14.45 1.7%

Table B-27: Idaho Sector Level Fuel Prices ($2006/mmBTU)
2010-2030
Sector and Fuel 1985 | 2000 | 2007 | 2010 | 2020 | 2030 | growth rate

Residential Electricity 19.95 | 18.53 | 18.90 | 17.90 | 20.69 | 25.93 1.9%
Residential Natural Gas | 10.40 | 7.19 | 11.04 | 11.85 | 12.35 | 16.34 1.6%
Residential Oil 11.54 | 10.39 | 21.32 | 22.79 | 19.56 | 26.74 0.8%
Commercial Electricity 19.15 | 14.55 | 14.21 | 14.31 | 17.06 | 22.30 2.2%
Commercial Natural Gas | 8.59 | 6.27 | 10.27 | 11.07 | 11.51 | 15.37 1.7%
Industrial Electricity 12.18 | 10.70 | 10.60 | 10.64 | 13.35 | 18.58 2.8%
Industrial Natural Gas 6.83 | 460 | 894 | 9.74 | 10.07 | 13.71 1.7%

Table B-28: Montana Sector Level Fuel Prices ($2006/mmBTU)
2010-2030
Sector and Fuel 1985 | 2000 | 2007 | 2010 | 2020 | 2030 | growth rate

Residential Electricity 21.80 | 22.32 | 26.94 | 24.89 | 28.15 | 33.39 1.5%
Residential Natural Gas 7.63 | 691 | 9.73 | 10.53 | 10.93 | 14.70 1.7%
Residential Oil 1254 | 9.85 | 19.69 | 21.16 | 17.79 | 24.70 0.8%
Commercial Electricity 19.77 | 17.98 | 22.83 | 22.60 | 25.84 | 31.08 1.6%
Commercial Natural Gas | 8.07 | 6.76 | 9.54 | 10.34 | 10.72 | 14.46 1.7%
Industrial Electricity 11.63 | 13.64 | 23.53 | 16.02 | 19.20 | 24.42 2.1%
Industrial Natural Gas 7.46 | 851 | 9.58 | 10.38 | 10.76 | 14.50 1.7%

On average, the growth rate in fuel prices is anticipated to be slower in the forecast period than
they were historically, in part due to extraordinary high prices experienced in 2008. Natural gas
price increases are expected to be lower in the forecast period than they were in the historic
period. However, the year-by-year increase in prices presents a more accurate picture of change
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in the cost of fuel. The year-by-year data on fuel prices is available in the companion Excel
workbook. The following graphs show the historic and forecast fuel prices for each state.

Figure B-32: Oregon Sectoral Fuel Prices ($ 2006/)MMBTU)
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Appendix B: Economic Forecast Draft Sixth Power Plan

Figure B-33: Washington Sectoral Fuel Prices ($ 2006)MMBTU)
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Appendix B: Economic Forecast Draft Sixth Power Plan
Figure B-34: State of Idaho Sectoral Fuel Prices ($ 2006/MMBTU)
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$2006 /MMBTU

Figure B-35: State of Montana Sectoral Fuel Prices ($ 2006/MMBTU)
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Table B-29: Growth Rate in Retail Electricity Price

Price of Electricity

(2006 $/ MWH) 1985-2007 | 2000-2007 | 2010-2030
Oregon-Single Family 0.6% 2.9% 1.8%
Oregon-Commercial -0.4% 3.2% 2.0%
Oregon-Industrial 0.2% 4.8% 2.8%
Washington-Single Family 1.2% 3.9% 1.8%
Washington-Commercial 1.0% 3.6% 2.0%
Washington-Industrial 1.7% 3.2% 2.6%
Idaho-Single Family -0.2% 0.3% 1.9%
Idaho-Commercial -1.3% -0.3% 2.2%
Idaho-Industrial -0.6% -0.1% 2.8%
Montana-Single Family 1.0% 2.7% 1.5%
Montana-Commercial 0.7% 3.5% 1.6%
Montana-Industrial 3.3% 8.1% 2.1%
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SUMMARY OF ECONOMIC DRIVERS FOR THE SIXTH
POWER PLAN

The following summary table shows the annual growth rate for the historic and forecast period
for each state and the region. In general, the key economic drivers reflect a slow down in
economic growth for 2010-2030.

Table B-30: Historic and Forecast of Annual Growth Rate by Sector

Oregon Washington Idaho Montana Region

1985- 2010- |1985- 2010- |1985- 2010- |1985- 2010- ]1985- |2010-

Sector Business/Building type 2007 2030 J2007 2030 |2007 2030 2007 2030 ]2007 ]2030
Residential Single Family 1.6% 1.3%] 1.9% 12%| 2.4% 21%] 09% 1.1%| 1.8%] 1.3%
(Number of Multi Family 24% 1.8%] 2.6% 15%] 25% 2.1%] 1.6% 2.1%] 2.5%] 1.6%
household stock) Other Family 3.0% 1.1%] 2.7% 1.1%] 25% 0.9%] 1.9% 0.9%] 2.7%] 1.0%
Commercial Large Office 2.0% 12%] 13% 1.4%|] 57% 1.6%] 0.3% 1.3%| 1.5%| 1.4%
(square footage Medium Office 46% 1.2%| 3.9% 1.4%| 8.6% 1.6%| 2.7% 1.3%| 4.1%| 1.4%
Stock) Small Office 25% 12%| 1.8% 1.4%| 6.3% 1.6%| 0.7% 1.3%] 2.1%] 1.4%
Big Box-Retail 8.6% 0.9%] 8.6% 0.6%] 13.0% 1.0%] 8.6% 0.9%| 8.8%| 0.7%

Small Box-Retail 1.1% 0.9%] 13% 0.6%] 45% 1.0%] 1.2% 0.9%| 1.4%| 0.7%

High End-Retail 1.1% 0.9%] 1.0% 0.6%] 45% 1.0%] 1.2% 0.9%| 1.2%] 0.7%

Anchor-Retail 0.4% 0.9%| 0.4% 0.6%] 42% 1.0%|] 05% 0.9%] 0.6%] 0.7%

K-12 35% 0.7%| 1.9% 0.9%| 3.3% 0.9%| 1.1% 0.9%] 2.2%] 0.9%

University 3.6% 1.0%| 1.8% 1.0%] 29% 1.2%| 1.8% 0.7%] 2.1%] 1.0%

Warehouse 2.6% 18%| 4.3% 33%|] 3.9% 3.0%| 1.3% 1.7%] 3.3%] 2.7%

Supermarket 0.6% 0.5%] 0.9% 0.4%] 3.2% 0.5%] 1.0% 0.4%| 1.1%| 0.4%

Mini Mart 6.4% 0.6%| 6.2% 0.8%] 9.2% 15%| 6.6% 0.6%] 6.7%] 0.9%

Restaurant 1.1% 1.2%| 1.4% 1.1%| 3.7% 2.1% 1.0% 1.3%] 1.4%] 1.2%

Lodging 1.6% 0.6%] 22% 0.6%] 24% 1.0%] 0.7% 0.3%| 1.7%] 0.6%

Hospital 3.7% 1.1%] 19% 0.9%] 3.0% 1.5%] 23% 0.7%] 2.5%| 1.0%

Other Health 3.6% 12%| 2.0% 1.8%| 2.1% 2.0%| 29% 1.7%] 2.4%] 1.7%

Assembly 3.6% 23%| 2.1% 0.9%| 3.2% 35%| 1.7% 2.5%] 2.5%] 1.6%

Other 3.7% 0.8%| 23% 0.4%| 3.4% 0.9%| 15% 1.2%] 2.6%] 0.6%

Industrial Food & Tobacco 2.0% 2.6%| 0.9% 2.1%| -05% 1.5%| 1.4% 2.5%] 1.0%] 2.2%
(output) Textiles 1.6% 5.4%] 7.1% 52%| 13.9% 6.3%]| 16.1% 8.0%| 4.8%] 5.5%
Apparel -1.7% -0.8%] -1.3% -1.9%| -2.6% -2.3%| -4.6% 2.9%| -1.6%]| -1.4%

Lumber -4.0% 0.8%] -2.9% 1.7%| -2.8% 1.6%| -2.8% 0.8%| -3.4%] 1.2%

Furniture 7.7% 4.1%| 6.5% 55%| 81% 4.7%| 6.4% 4.6%] 7.1%] 4.9%

Paper 0.1% 2.7%] 0.8% 3.8%] 0.2% 0.5%] 0.7% 4.9%| 0.5%| 3.4%

Printing -2.2% 2.9%| -3.2% 4.7%| -3.6% 2.3%| -5.6% 2.4%| -3.0%] 3.9%

Chemicals 5.4% 3.3%| -1.3% 2.9%| 0.4% 25%| 3.0% 5.9%] 0.5%] 3.1%

Petroleum Products -25% 1.9%] 6.3% 14%| 3.3% 54%| -2.7% 2.5%| 4.3%] 1.5%

Rubber 9.3% 15%| 9.4% 1.7%|] 1.3% 2.0%| 9.3% 2.9%] 7.9%] 1.6%

Leather 2.1% -3.9%| 2.1% -5.1%| -0.3% -6.4%| -5.3% -3.7%] 1.4%] -4.5%

Stone, Clay, etc. 5.9% 2.6%| 6.2% 2.9%| 4.7% 32%| 24% 2.6%] 5.7%] 2.8%

Aluminum 40% 1.0%] 13% 4.4% -4.6%  3.8%] 1.5%] 3.8%

Other Primary Metals 4.0% 5.0%] 13% 4.4%|] 12.0% 7.8%] -4.6% 3.8%| 3.1%| 5.0%

Fabricated Metals 3.7% 2.8%] 6.0% 2.9%|] 5.0% 4.2%] 6.8% 4.2%| 4.9%| 3.0%
Machines & Computer |15.8% 2.1%] 7.6% 3.1%| 19.0% 3.1%| 14.9%  3.6%| 13.9%| 2.5%

Electric Equipment 0.9% 4.3%] 8.0% 4.0%] 2.3% 3.6%] -19% 4.7%| 4.6%| 4.1%

Transport Equipment 27% 4.0%| 28% 1.2%| 9.3% 3.0% 58% 5.1%] 2.9%] 1.5%

Other Manufacturing 8.3% 59%| 6.6% 5.9%|12.2% 7.4%| 8.3% 6.6%] 7.6%] 6.1%

Mining Mining 49% 2.0%] 42% -0.1%] 7.1% 53%] 3.7% 2.5%| 3.9%| 2.8%
Agriculture Agriculture 43% 4.9%] 38% 2.1%| 3.8% 3.7%| 6.9% 3.0%| 4.4%| 3.5%
Transportation * Passenger 3.3% 2.9%| 38% 2.9%| 3.2% 3.1% 27%  2.4%] 3.6%] 2.9%
Freight 3.1% 3.7%| 3.3% 3.4%| 56% 5.6%| 24% 2.9%] 3.3%] 3.8%

Off Road 1.4% 05%] 1.4% -1.0%] -05% -0.4%] 1.7% 0.8%] 1.5%] -0.3%
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ALTERNATIVE ECONOMIC SCENARIOS

Because future economic conditions are highly uncertain, the forecasts encompass a wide range
of possibilities for future economic growth. The demand forecast includes three alternative sets
of economic drivers. Inthe medium case, discussed earlier, the key economic drivers project a
healthy regional economy (albeit with a slower growth path than in the recent past). In addition
to the Plan case, two alternative scenarios are considered, one representing a low-economic-
growth scenario and the other a high-growth projection of the future.

The low-growth scenario reflects a future with slow economic growth, weak demand for fossil
fuel, declining fuel prices, a slow down in labor productivity, and a low inflation rate. On the
other hand, the high-case scenario assumes faster economic growth, stronger demand for energy,
higher prices for fossil fuel, sustained growth in labor productivity, and a higher inflation rate.

In all scenarios it is assumed that climate change concerns, demand for cleaner fuel, and a
national cap-and-trade or a CO2 tax push fuel prices higher. Cost of CO2 emissions is assumed
to start at $8 dollars per tons in 2012 and climb to about $27 dollars by 2020 and by the end of
forecast period, 2030, to reach $47 dollars per ton.

To estimate the low and high range for each key variable for each year, the base value for the
driver was multiplied by an annual factor that increases the value (for the high case) or reduces it
(for the low case). For example, if the medium case value for new floor space additions for
warehouses were 100,000 square feet, for the low-growth scenario the 100,000 square feet is
lowered by 9 percent, and for the high-growth scenario it is increased by 20 percent. The 9
percent and 20 percent figures are averages; the actual percentage values used in the model vary
by year. The following two figures show the range of percent change from the medium case
scenario for each commercial building type and each industry. Similar methodology is used in
developing each key economic driver.

Figure B-36: Range of Percent Change from Medium Case - for Commercial Buildings
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Figure B-37: Range of Percent Change from Medium Case- for Industrial Sectors
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The average annual growth rates presented above are summary values. The demand forecasting
system, however, uses the year-by-year values rather than the annual average values. The source
of the range forecast used in the Sixth Power Plan, is Global Insight’s long-term national

forecast, October 2008.

The following table shows the growth rate for each sector at a more aggregate level. The price

range for oil, natural gas, and coal are based on the Council’s Sixth Power Plan.

Table B-31: Historic, Medium Case and Alternative Growth Rates

1985-2007 2010-2030 2010-2030 2010-2030
Key economic driver Medium
for each sector Actual Low Case Case High Case
Population 1.6% 0.6% 1.1% 2.2%
Residential Units 1.9% 0.6% 1.3% 2.2%
Commercial Floor space 2.3% 0.9% 1.5% 1.9%
Manufacturing Output $ 4.1% 2.3% 3.0% 3.9%
Agriculture Output $ 4.4% 3.0% 3.9% 5.0%
Light Vehicle Sales 0.5% 1.4% 2.2%

Medium

Electricity Prices Low Case Case High Case
Inflation rate 2.2% 3.5% 1.9% 1.7%
Average Annual growth
rate in Price(2008-2030)*
Oil Prices 1.7% -1% 1% 2.0%
Natural Gas Prices 1.8% -1.3% 0.9% 1.7%
Coal Prices -4.8% -0.5% 0.5% 1.2%

* Fuel price assumptions are consistent with the Council’s fuel price and electricity price

forecast.

Additional Details: A companion Excel workbook containing details on the economic drivers is
available from Council’s website.
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Appendix C: Demand Forecast
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ENERGY DEMAND

Background

It has been 26 years, a mere generation, since the Council released its first power plan in 1983.
Since then, the region’s energy environment has undergone many changes. In the decade prior
to the Northwest Power Act, regional electricity load was growing at 3.5 percent per year and
load (excluding the direct service industries) grew at an annual rate of 4.3 percent. In 1970,
regional load was about 11,000 average megawatts, and during that decade demand grew by
about 4,700 average megawatts. During the 1980s, load growth slowed significantly but
continued to grow at about 1.5 percent per year, experiencing load growth of about 2,300
average megawatts. In the 1990s, another 2,000 average megawatts was added to the regional
load, making load growth in the last decade of 20" century about 1.1 percent. Since 2000,

FOMWER FLAMN



regional load has declined. As a result of the energy crisis of 2000-2001 and the recession of
2001-2002, regional load decreased by 3,700 average megawatts between 2000 and 2001. Loss
of many of the aluminum and chemical companies that were direct service industries contributed
to this load reduction. Since 2002, however, regional load has been on an upswing, growing at
an annual rate of 2.5 percent. This growth has been driven by increasing demand from
commercial and residential sectors. Figure C-1 and Table C-1 track the regional electricity sales
from 1970-2007.

Figure C-1: Total and Non-DSI Regional Electricity Sales (MWa)
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Table C-1: Total and Non-DSI Regional Electricity Sales

Annual Growth Total Sales Non DSI
1970-1979 4.1% 5.2%
1980-1989 1.5% 1.7%
1990-1999 1.1% 1.5%
2000-2007 -0.8% 0.5%
2002-2007 2.5% 2.2%

The dramatic decrease in the growth of electricity demand shown in Table C-1 was not due to a
slowdown in economic growth in the region. The region added more population and more jobs
between 1980 and 2000 than it did between 1960 and 1980. The decrease in demand was the
result of a move to less energy-intensive activities. As shown in Table C-2, electric intensity in
terms of use per capita increased between 1980 and 1990, but has been declining since 1990.
This shift reflects industry changes, increasing electricity prices, and regional and national
conservation efforts.

C-2
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Table C-2: Changing Electric Intensity of the Regional Economy

Non-DSI Electricity Use Per Capita
Year (MWa / Thousand Persons)
1980 1.64
1990 1.71
2000 1.61
2006 151

For the most part, the upswing in load since 2002 has been due to growth in residential- and
commercial-sector sales. By the end of 2007, the residential sector had added about 888 average
megawatts to load, the commercial sector 285 average megawatts, while the industrial sector lost
337 megawatts.

In the past two decades, the region’s population has grown from roughly 9 million in 1985 to
more than 12.6 million in 2007. This growth rate surpasses the national population growth rate
by almost 40 percent. Typically, this level of increase in population would put significant
pressure on the electricity demand. However, due to regional conservation investments and a
shift to less energy-intensive industries, the region’s demand for electricity has remained stable.
For example, during the years 1990-2007, the U.S. population grew at an annual rate of 0.9
percent, while residential demand for electricity grew at 2.4 percent. In the Northwest, the
average growth rate in population was 1.3 percent, while the residential demand for electricity
grew at an annual rate of 1.4 percent, a full percentage point below the national average. Similar
patterns can be observed in the commercial sector.

Demand Forecast Methodology

When the Council was formed, growth in electricity demand was considered the key issue for
planning. The region was beginning to see some slowing of its historically rapid growth of
electricity use, and it began to question the future of several proposed nuclear and coal
generating plants. To respond to these changes, it was important that the Council’s demand
forecasting system (DFS) be able to determine the causes of changing demand growth and the
extent and composition of future demand trends. Simple historical trends, used in the past, were
no longer reliable indicators of future demand.

In addition, the Northwest Power Act requires the Council to consider conservation a resource,
and to evaluate it along with new generation. So, the DFS analysis also needs to support a
detailed evaluation of energy efficiency improvements and their effects on electricity demand.

Rather than identifying trends in aggregate or electricity consumption by sector, the Council
developed a forecasting system that incorporates end-use details of each consuming sector
(residential, commercial, industrial). Forecasting with these models requires detailed separate
economic forecasts for all the sectors represented in the demand models. The models also
required forecasts of demographic trends, electricity prices, and fuel prices.

As Western electricity systems became more integrated through deregulated wholesale markets,
and as capacity issues began to emerge, it became clear that the Council needed to understand
the pattern of electricity demand over seasons, months, and hours of the day. The load shape
forecasting system (LSFS) was developed to do this. The model identifies what kinds of
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equipment are contributing to demand and how much electricity they are using, which helps
build the hourly shape of demand.

These new detailed approaches of the DFS and LSFS were expensive and time consuming to
develop, and were not used in the Fifth Power Plan. Although the Northwest Power Act still
requires a 20-year forecast of demand, changes in the electricity industry have meant a greater
focus on the short-term energy landscape. Rather than large-scale nuclear and coal plants,
popular in the early 1980s, other resources that do not take as long to plan and develop are being
chosen and built, so the need to analyze their impact on the power system is critical. In addition,
the Council’s centralized planning role is less clear as a restructured wholesale electricity market
relies more on competitively developed resources.

The focus of the Council’s power planning activity now includes evaluating the performance of
more a competitive power market, and how the region should acquire conservation in this new
market. The Council is also concerned about the ability of competitive wholesale power markets
to provide adequate and reliable power supplies, which has implications for demand forecasting.

One of the most significant issues facing the region’s power system today is that the pattern of
electricity demand has changed. The question is not only if we have energy to meet annual
demand, but whether we have adequate capacity to meet times of peak demand. The Pacific
Northwest now resembles the rest of the West, which has always been capacity constrained. The
region can now expect peak prices during Western peak demand periods. In response, the Sixth
Power Plan is focused on shorter-term electricity demand.

Additionally, the region is no longer independent of the entire Western U.S. electricity market.
Electricity prices and the adequacy of supply are now determined by West-wide electricity
conditions. The Council uses the AURORA® electricity market model, which requires
assumptions about demand growth for all areas of the Western-integrated electricity grid.

Given all these changes, the demand forecast needs to be able to analyze short-term, temporal
patterns of demand and expanded geographic areas. As well, any forecast must address the
effect of energy-efficiency improvements on the power system. Finding new ways to assess
conservation potential, or to encourage its adoption without explicit estimates of the electricity
likely to be saved, is a significant issue for regional planning.

Previous Council forecasts for individual sectors have been quite accurate. The level of
residential consumption was overestimated by an average of 0.6 percent. Commercial
consumption was underestimated by an average of 0.9 percent, and industrial consumption,
excluding direct service industries (DSI), was overestimated by an average of 3.6 percent. Long-
term forecasts did not depart seriously from actual electricity consumption, so the Fifth Power
Plan relied on earlier forecast trends for non-DSI electricity demand. However, the Sixth Power
Plan updates the demand forecasting system.

New Demand Forecasting Model for the Sixth Plan

The 2000-2001 Western energy crisis created renewed interest in demand forecasting, and the
Northwest’s changing load shape has created a particular concern about capacity supply. In
order to forecast these peaks, the Council relies on end-use forecasting models. For its Sixth
Power Plan, the Council selected a new end-use forecasting and policy analysis tool. The new
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demand forecasting system (DFS), based on the Energy 2020 model, generates forecasts for
electricity, natural gas, and other fuel.

The Energy 2020 model is fully integrated and includes fuel, sectors, and end-use load. The
Council uses Energy 2020 to forecast annual and peak load for electricity as well as for other
fuel. The following flow-chart provides an overview of the Energy 2020 model.

Figure C-2: Overview of Council’s Long Term Forecasting Model
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The DFS is calibrated to total demand for electricity, natural gas, oil, and a range of other fuel.
The data for calibration is obtained from the Energy Information Administration’s State Energy
Demand System (SEDS). Annual consumption data for each sector and state is available for
years 1960-2006. To add the year 2007, additional information from monthly electricity sales
reports for electricity, natural gas, and oil consumption was used. The Energy 2020 model used
detailed information from the previous version of the DFS to create a bridge between the old
Council modeling system and the new modeling system.

The basic version of Energy 2020 was expanded to make sure that the DFS can meet the needs of
conservation resource planning. The number of sectors and end-uses was increased. In the
residential sector, three building types, four different space-heating technologies, and two
different space-cooling technologies were tracked. Demand was tracked for electricity for 12
end-uses in the residential sector. New end-uses were added, like information, communication,
and entertainment (ICE) devices, which in earlier forecasts did not have a major share of
electricity consumption in homes. Technology trade-off curves were updated with new cost and
efficiency data.
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In the commercial sector, the model was expanded to forecast load for 18 different commercial
building types. Forecasts for commercial floor space development made sure that the economic
drivers of the demand forecast for electricity and the economic drivers for the conservation
resource assessment were identical.

The industrial sector of the model was updated with new regional energy consumption data. The
work on the industrial sector is ongoing and the results of a recent analysis on industrial demand
for electricity will be added to the demand forecast.

The load shape forecasting system was updated with the best available data on end-use load
shape to forecast peak demand, including monthly peaks. This will enable the Council to
demonstrate a closer link among the demand forecasting system, the hydro modeling, and the
Regional Portfolio Model (RPM).

Demand Forecast

The Council’s medium or “Plan” case predicts electricity demand to grow from about 19,000
average megawatts in 2007 to 25,000 average megawatts by 2030. The average annual rate of
growth over that period in this forecast is about 1.3 percent per year. This level of growth does
not take into account expected demand reductions due to new conservation measures. This rate
is consistent with the Council’s Fifth Power Plan growth rate, which was projected to grow by
1.4 percent per year from 2000 to 2025. The winter peak demand for power is projected to grow
from about 34,000 megawatts in 2010 to around 37,000 megawatts by 2030, at an average annual
growth rate of 0.75 percent. The summer peak demand for power is projected to grow from
28,000 megawatts in 2010 to 35,000 megawatts by 2030, at an annual growth rate of 1.1%.

Total non-DSI consumption of electricity is forecast to grow from about 18,000 average
megawatts in 2007 to over 19,000 average megawatts by 2010 and close to 25,000 average
megawatts by 2030. This is an average annual growth rate of 1.3 percent for the years 2010-
2030. The following table shows the forecast for each sector in the medium case. Each sector’s
forecast is discussed in separate subsections of this appendix.

Table C-3: Medium Case Sector Forecast of Annual Energy MWa

Growth Growth
2007 Rate Rate
Actual 2010 2020 2030 2010-2020 2010-2030

Residential 7,432 7,554 8,452 9,765 1.1% 1.3%
Commercial 6,106 6,537 8,201 8,767 2.3% 1.5%
Industrial Non-DSI 3,725 3,648 3,952 4277 0.8% 0.8%
DSI 764 693 818 818 1.7% 0.8%
Irrigation 802 728 781 958 0.7% 1.4%
Transportation 64 65 83 94 2.5% 1.9%
Total Non-DSI 18,130 18,531 21,470 23,860 1.5% 1.3%
Total 18,893 19,224 22,288 24,678 1.5% 1.3%

The medium case electricity demand forecast predicts that the region’s electricity consumption
will grow, absent any conservation, by about 5,500 average megawatts by 2030, an average
annual increase of over 270 average megawatts. The projected growth reflects increased
electricity use by the residential and commercial sectors and reduced growth in the industrial
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sector, particularly by energy-intensive industries. Higher electricity and natural gas prices have
had a tremendous impact on the region’s industrial makeup. As a result of the 2000-2001 energy
crisis and the recession of 2001-2002, the region lost about 3,500 megawatts of industrial
demand, which it has not regained. The region is projected to surpass the 2000 level of demand
by 2013. However, the depth of the 2008 recession may delay this recovery.
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25,000

20,000
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15,000 *

10,000
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Figure C-3: Sixth Power Plan Range of Demand Forecasts (MWa)
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Comparing the Fifth Power Plan projections with actual consumption, regional demand was in
the range of the plan’s medium to medium-high forecast. The Sixth Power Plan forecasts are
lower than the Fifth Power Plan; by 2025 the two forecasts differ by about 2000 average

megawatts.
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Figure C-4: Comparison of Fifth and Sixth Demand Forecast
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Residential Sector Demand

History

Demand for electricity in the residential sector grew from 5,350 average megawatts in 1986 to
about 7,400 average megawatts in 2007. Although residential demand for electricity has been
increasing, the per capita consumption of electricity in the residential sector was declining or
stable until about 2005 when per capita electricity consumption began to grow. Improved
building codes and more efficient appliances helped to keep the consumption level down. Per
capita consumption (adjusted for weather) for the region, as well as the overall trend, is shown in
the following graph.

C-8
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The drop in residential per capita consumption of electricity is even more significant when
considering the tremendous increase in home electronics that did not even exist 25 years ago.
The demand for information, communication, and entertainment (ICE) appliances has sky-
rocketed and is expected to continue. The following graph shows the share of residential sector
electricity consumption by end-use. The share of air-conditioning and ICE doubles between
2008 and 2030.
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Figure C-6: Breakdown of Residential Electricity Consumption by End-use
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Residential Demand Forecast

For the medium case scenario, residential electricity consumption is forecast to grow by 1.3
percent between 2010 and 2030. This growth rate is consistent with the levels anticipated in the
Fifth Power Plan, which estimated the growth rate for the residential sector to be 1.36 percent per
year between the years 2000 and 2025. The draft Sixth Power Plan predicts that for 2008-2030,
residential sector demand will increase by an average of about 100 megawatts per year. This
forecast does not incorporate the effect of new conservation investments.

Figure C-6 compares the medium and high range of the residential consumption forecast to
historical data and the forecasts from the Council’s Fifth Power Plan. The draft Fifth Power Plan
medium case residential demand forecast for 2010 is 36 average megawatts higher than the Sixth
Power Plan’s forecast for that same year. By 2025, the medium case residential forecast is 250
average megawatts lower than the forecast level in the Fifth Power Plan for the same year.

Note: There is a companion Excel workbook with the load forecasts under the Fifth and Sixth
Power Plans.

Figure C-7: Forecast Residential Electricity Sales
Compared to Fifth Plan Forecasts
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Commercial Sector Demand

History

Electricity demand in the commercial sector has increased regionally and nationally. In 1986,
demand in the commercial sector of the region was about 4,000 average megawatts and by 2007
this sector required more than 6,000 average megawatts. Electricity intensity in the sector has
also increased. Electricity intensity in the commercial sector is measured in kilowatt hours used
per square foot. In 1997, the commercial sector’s average electricity intensity was about 10.6
kilowatt hours per square foot. By 2003, it had increased to about 11.6 kilowatt hours per square
foot. Since 2003, however, the intensity of electricity use in the commercial sector has been
declining or has remained stable. The commercial sector also includes street lighting, traffic
lights and load from municipal public facilities such as sewer treatment facilities.

Figure C-8: Electricity Intensity in the Commercial Sector
(KWh/SQF)

11.8
11.6
11.4 A

11.2 /

11 AW ——

10.8 Av/

10.6 7$~*—/

104

10.2

10 T T T T T T T T T T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Commercial Demand Forecast

Commercial sector electricity consumption is forecast to grow by 1.5 percent per year between
2010 and 2030. During this period, demand is expected to grow from 6,500 average megawatts
to about 8,800 average megawatts. This rate of increase is higher than the 1.18 percent per year
that was forecast in the Fifth Power Plan. The following figure illustrates the forecast.

Compared to the Fifth Power Plan forecast of commercial electricity use, the Sixth Power Plan
trends have been adjusted upward to reflect underestimations of commercial demand. The
forecast for 2025 is about 1,600 average megawatts higher than the 2025 medium forecast in the
Fifth Power Plan. On average, this sector’s predicted demand adds about 120 average megawatts
per year during 2010 and 2030.
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Figure C-9: Forecast Commercial Electricity Sales Compared to the Fifth Plan Forecasts
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Non-DSI Industrial Sector

Industrial electricity demand is difficult to confidently forecast. It differs from residential and
commercial sector demand where energy is used mostly for buildings and is reasonably uniform
and easily related to household growth and employment. By contrast, industrial electricity use is
extremely varied, and demand tends to be concentrated in relatively few very large, often
specialized, uses instead of spread among many relatively uniform uses.

The non-DSI industrial sector demand is dominated by pulp and paper, food processing,
chemical, primary metals other than aluminum, and lumber and wood products industries. Many
of these industries have declined or are experiencing slow growth. These traditional resource-
based industries are becoming less important to regional electricity demand forecasts, while new
industries, such as semiconductor manufacturing, are growing faster and commanding a growing
share of the industrial-sector load.

In the draft Sixth Power Plan, non-DSI industrial consumption is forecast to grow at 0.8 percent
annually. Electricity consumption in this sector is forecast to grow from 3,700 average
megawatts in 2007 to 4,300 in 2030. The non-DSI industries’ demand peaked in 1999 reaching
4,000 average megawatts. Starting with the 2000-2001 energy crisis and the recession that
followed, non-DSI consumption went down to about 3,700 average megawatts by the start of
2008.
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Figure C-10: Forecast Industrial Non-DSI Electricity Sales Compared To the Fifth Plan
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Custom Data Centers

The non-DSI industrial load sector includes custom data centers. These centers are also known
as data “farms” and “service centers” and support Internet services like the well-known
Amazon.com or Google.com. These businesses do not manufacture a tangible product, but
because they are typically on an industrial rate schedule and because of their size, they are
categorized as industrial load. The region currently provides about 300 average megawatts to
these types of businesses. The demand for services from this sector is forecast to increase by
about 7 percent per year. However, there are many opportunities to increase energy efficiency in
custom data centers. As a result, the demand forecast for these centers is adjusted to an annual
growth rate of about 3 percent. Background and additional assumptions on custom data centers
is presented at the end of this appendix.
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Figure C-11: Projected Load (MW) from Custom Data Centers
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Aluminum (DSIs)

Historically, direct service industries (DSIs) have been industrial plants that purchased their
electricity directly from the Bonneville Power Administration. They have played an integral role
in the development of the region’s hydroelectric system, for this industrial sector grew as the
region’s hydroelectric system grew. The vast majority of companies in this category are
aluminum smelters. When all of the region’s 10 aluminum smelters were operating at capacity,
they could consume about 3,150 average megawatts of electricity. However, after the power
crisis of 2000-2001, many smelters shut down permanently. Currently, only a few pot lines
operate in the region, consuming about 750 megawatts of power. In the Fifth Power Plan, the
Council developed models to forecast electricity consumption by DSI customers. In the draft
Sixth Power Plan, a simplified forecast assumes that DSI consumption will be stable at around
818 average megawatts for the forecast period. This total includes power provided by Chelan
County PUD to Alcoa’s Intalco plant.
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Figure C-12: Forecast DSI Electricity Sales Compared to the Fifth Plan Forecasts
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Irrigation

Regional irrigation load is relatively small compared to the residential, commercial, and
industrial sectors. Irrigation averaged about 740 average megawatts per year between 1986 and
2007 with little trend development discernable among the wide fluctuations that reflect year-to-
year weather and rainfall variations. The electricity consumption in this sector is forecast to
grow at 1.4 percent annually for the forecast period, slightly above its historic 1986-2007 growth
rate. The main factor influencing demand for irrigation is precipitation. The main economic
driver for this sector is the demand for agricultural products requiring irrigation. Agricultural
output is forecast to grow at an average annual rate of 3-4 percent in the 2010-2030 period.
Demand for electricity for food product manufacturing (fruits, meats, and dairy) is included in
the industrial sector forecast.
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Figure C-13: Irrigation Class, Electricity Sales Compared to the Fifth Power Plan
Forecasts
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The historic growth rate for the years 1986-2007 was about 0.95 percent per year. In the draft
Sixth Power Plan, the irrigation sector is forecast to grow at an annual rate of 0.7 percent for
2010-2020, and at faster growth rate between 2020-2030. If projected increases in summer
temperatures are realized, the need for irrigation to support agricultural crops could increase.

Regional data on irrigation load has been difficult to obtain. An action item for the Sixth Power
Plan might be to establish a reporting mechanism to the Council so that irrigation load can be
followed more frequently and accurately.

Transportation Demand

The use of electricity in the transportation sector, consisting mainly of mass transit systems in
major metropolitan cities in the region, typically has been estimated to be about 60 average
megawatts. The plug-in electric vehicle could be a growing segment of this sector. The
Council’s preliminary analysis indicates that demand from plug-in electric vehicles could add
100-550 average megawatts to regional electricity use. In the sensitivity section of the draft
Sixth Power Plan, the effect of plug-in electric vehicles will be included in the analysis.

Demand History and Forecast by State
In the past, the Council’s demand forecast was available at the regional level. In the draft Sixth

Power Plan, state-level forecasts are also available. A brief review of the historic growth rate
and forecast growth rate for each state is presented in the following graph and table. Demand
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has been growing faster in Oregon and Idaho compared to Washington and Montana. The 2000-
2001 energy crisis and the closure of DSIs in Washington, Montana, and Oregon caused a
substantial drop in industrial load. Residential demand for electricity has been growing at an
average annual rate of 1.4-2.2 percent per year. Commercial demand has been growing at 0.4-
2.2 percent per year. Industrial demand has had a negative growth rate in all states except Idaho.
Idaho industrial load has been growing at 2.7 percent per year in the 1986-2007 period.
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Figure C-14: Historic and Forecast Demand for Electricity (MWa)
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Table C-4: Average Annual Growth Rate' in Demand for Electricity

Oregon Washington | Idaho | Western Montana | Region
1986-2007 1.64% 0.63% 2.32% -0.73% 1.64%
2010-2020 1.56% 1.46% 1.46% 1.48% 1.56%
2010-2030 1.24% 1.17% 1.59% 1.28% 1.24%

Monthly Pattern of Demand

Demand is not evenly distributed throughout the year. In the Northwest, demand for electricity
is higher in the winter and summer and lower in spring and fall. The historic demand for
electricity for the region shows a “W”-shaped profile. Approximately 9-10 percent of annual

! Caution is warranted when interpreting the average annual growth rate. The average annual growth rate is
sensitive to medium year values. Additional information on annual demand for each state is available in the
companion Excel worksheet available on the Council’s website, and will provide a more accurate picture of historic

and future growth.

MNORTHWEST
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electricity in the region is consumed in the winter months of January and December. In the
shoulder months (March through June, and September through November) monthly energy
consumption is about 8 percent. In summer months, it is slightly above 8 percent. Similar
patterns can be observed in each one of the four states, with electricity demand in Idaho slightly
higher in summer and slightly lower than the regional average in winter months.

Figure C-15: Monthly Pattern of Demand for Electricity
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Table C-5: Monthly Pattern of Demand for Electricity

ID MT OR WA Region
Dec 9% 9% 9% 9% 9%
January 9% 10% 10% 10% 10%
July 10% 8% 8% 8% 8%
Aug 9% 8% 8% 8% 8%

In order to make sure there are sufficient resources available to meet demand, it is necessary to
forecast the timing of peak load.

REGIONAL PEAK LOAD

As discussed in Appendix B of the draft Six Power Plan, the temporal pattern of demand and its
peaks are becoming more important. The region was once constrained by average annual energy
supplies. Today, the region is more likely to be constrained by sustained-peaking capability.
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To better forecast the temporal pattern of demand and hourly load, generators may have to
development of two sets of models:

e A short-term load forecasting model that projects 3-5 years into the future on an hourly
basis. The short-term model is used for the resource adequacy analysis.

e A long-term load forecasting model that projects 20 years into the future on a monthly
basis.

This appendix discusses the long-term forecasting model.

Seasonal Variation in Load

Regional load has significant seasonal variability driven by temperature changes. Although the
Northwest is a winter-peaking region, there can be a significant range in winter load. lIllustrating
this, the following graph measures three examples of load. The dashed line shows the daily
average megawatts of energy under normal weather conditions. Winter daily energy demand is
about 28,000 megawatts, and summer average demand is about 24,000 megawatts. With normal
weather, the peak-hour load in winter reaches over 33,000 megawatts, and the summer peak
increases to about 28,000 megawatts. If weather conditions are extreme, then the hourly load
can increase substantially and has reached more than 41,000 in winter and more than 30,000 in
the summer.

Figure C-16: Range of Variation in Load
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Demand Versus Load

The demand forecast figures presented earlier were for customer demand and did not include
transmission and distribution losses. This energy loss from transmission and distribution varies
depending on temperature conditions and the mix of sectors. Higher temperatures means a
greater loss of energy. Transmission and distribution losses also increase as the regional load
shifts to the residential or commercial sector. Large industrial customers like the DSIs typically
have lower losses because they can receive power at the transmission level. The following table
shows the projected annual load and sales for the region.
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Table C-6: Annual Demand and Loads (MWa)

Annual Demand | Annual Load Annual Demand | Annual Load
2009 18,861 21,261 2020 22,288 25,124
2010 19,224 21,670 | 2021 22,482 25,342
2011 19,803 22,322 2022 22,677 25,563
2012 20,405 23,000 | 2023 22,884 25,796
2013 20,742 23,381 2024 23,111 26,051
2014 20,969 23,637 2025 23,352 26,323
2015 21,186 23,881 2026 23,599 26,601
2016 21,399 24,122 2027 23,851 26,885
2017 21,616 24,367 2028 24,108 27,175
2018 21,834 24,613 | 2029 24,381 27,482
2019 22,062 24,870 | 2030 24,678 27,817

Resource Adequacy and Peak Forecast

To make sure adequate resources are available to meet load under the range of variations shown
in Table C-6, regional resource adequacy guidelines have been established. These guidelines do
not focus on peak load for a single hour, but rather use the concept of a sustained-peak period
(SPP). Sustained-peak period is defined as an 18-hour period over three consecutive days. The
sustained-peak load for adequacy assessment is determined in the short-term forecasting model.
A discussion on the development and application of short-term can be found in the Resource
Adequacy Forum, February 5, 2007 Technical Committee Meeting.

Peak Load Forecast Methodology (Long-term Model)

One approach to forecasting temporal demand is to use historical monthly and hourly patterns.
In the Fourth Power Plan, the Council used an extremely detailed hourly electricity demand
forecasting model to estimate future hourly demand patterns. The methodology used in the draft
Sixth Power Plan is similar to the Fourth Power Plan approach, in which the detailed hourly
demand for numerous end-uses and sectors built the model’s load profile.

In the draft Sixth Power Plan, monthly demand patterns for specific end-uses were used to create
a cumulative regional load forecast. Hourly load profiles for each end-use were mapped against
the system load profile and an end-use specific load shape factor (LSF) was calculated. This
tells us which end-use is contributing to the peak and by how much. The calculation for LSF is
done on a monthly basis. This method allows the Council’s model to make specific forecasts for
end-uses that are increasing like air conditioning or ICE technologies.

The load shape factors currently used by the Council were gathered from the best available data,
but they should be updated. An action item for the Sixth Power Plan is to update the load shape
for various end-uses.

2 http:/iwww.nweouncil.org/energy/resource/meetings/2007/02/20507%20Tech%20Short%20 Term%20L oads.pdf
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Regional Peak Load Forecasts

The regional peak load is expected to grow from about 34,000 megawatts in 2010 to around
42,000 megawatts by 2030 at an average annual growth rate of 1.0 percent. With no climate
change scenarios, the region is expected to remain winter peaking until near the end of the
planning horizon. Figure C-17 shows the forecast peak load for winter and summer months
under different scenarios. Note that the estimated peak load for 2007 reflects the actual peak
temperatures for 2007. However, the peak load forecasts for 2010, 2020, and 2030 are based on
normal weather conditions. The forecast of peak load suggests that the region’s winter and
summer peak loads become close by the end of forecast period, about 3,000 MW apart. The
growth rate for the summer peak is higher than the winter peak. The growth rate for the winter
peak is 1.0 percent per year compared to the summer peak growth rate of 1.5 percent.

Table C-7: Total Summer and Winter Peak Load Forecasts MW

Growth Rate Growth Rate
2007 2010 2020 2030 2010-2020 2010-2030
Medium - Winter 33,908 34,243 | 38,842 | 41,885 1.3% 1.0%
Medium - Summer 28,084 28,976 | 34,313 | 38,630 1.7% 1.5%

Figure C-17: Peak Load Demand for Electricity (MW)
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The growth rate of summer and winter peak load depends on the growth rate of the economy in
general. In the high-growth scenario, the summer peak grows at 1.8 percent per year. In the
low-growth scenario, the summer peak grows at 1.1 percent per year. The winter peak load in
the region could increase from about 34,000 megawatts in 2007 to about 46,000 megawatts in
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2030. The summer peak load is forecast to grow at a faster rate, 1.1-1.8 percent per year,
increasing from about 28,000 megawatts in 2007 to about 43,000 megawatts by 2030.

Table C-8: Total Summer and Winter Peak Load Forecasts MW

Growth Rate Growth Rate
2007 2010 2020 2030 2010-2020 2010-2030
Low - Winter 33,908 | 33,795 | 37,109 | 39,060 0.9% 0.7%
Low - Summer 28,084 | 28,229 | 32,462 | 35,357 1.4% 1.1%
Medium - Winter 33,908 | 34,243 | 38,842 | 41,885 1.3% 1.0%
Medium - Summer 28,084 | 28,976 | 34,313 | 38,630 1.7% 1.4%
High - Winter 33,908 | 35,416 | 41,481 | 46,552 1.6% 1.4%
High - Summer 28,084 | 30,232 | 36,876 | 43,413 2.0% 1.8%

Residential Sector

Peak load for the residential sector during the winter season is estimated to increase from about
19,700 megawatts in 2007 to about 23,000 megawatts by 2030, an annual growth rate of about
0.8 percent per year. This growth rate is slower than forecast growth rate for energy demand in
the residential sector. During the summer peak, high demand by the residential sector is
anticipated to increase by 0.8-2.2 percent per year, depending on the economic growth scenario.

Table C-9: Residential Summer and Winter Peak Load Forecasts MW

Growth Rate Growth Rate
Residential 2007 2010 2020 2030 2010-2020 2010-2030
Low - January 19,721 | 19,797 | 20,925 | 22,708 0.6% 0.7%
Low - July 8,438 8,960 | 10,427 | 13,082 1.5% 1.9%
Medium - January 19,721 | 19,688 | 21,400 | 23,128 0.8% 0.8%
Medium - July 8,438 8,921 | 10,604 | 13,257 1.7% 2.0%
High - January 19,721 | 20,000 | 22,353 | 24,611 1.1% 1.0%
High - July 8,438 9,032 | 10,979 | 13,918 2.0% 2.2%

Commercial Sector

Peak load for the commercial sector during the winter season is estimated to increase from about
5,700 megawatts in 2007 to about 8,500 megawatts by 2030, an annual growth rate of 1.7
percent per year. The summer season peak loads in this sector are projected to grow from 9,000
megawatts in 2007 to about 13,000 megawatts in 2030, or about 1.5 percent per year. This
growth rate is consistent with the growth rate in the annual energy use forecast for this sector.

Table C-10: Commercial Summer and Winter Peak Load Forecasts MW

Growth Rate | Growth Rate
Commercial 2007 | 2010 2020 2030 2010-2020 2010-2030
Low - January 5,705 | 5,875 | 7,252 | 7,400 2.1% 1.2%
Low - July 9,035 | 9,221 | 11,336 | 11,600 2.1% 1.2%
Medium - January | 5,705 | 6,142 | 7,903 | 8,522 2.6% 1.7%
Medium - July 9,035 | 9,644 | 12,182 | 13,040 2.4% 1.5%
High - January 5,705 | 6,699 | 8,810 | 9,777 2.8% 1.9%
High - July 9,035 | 10,396 | 13,254 | 14,470 2.5% 1.7%
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Industrial Sector

The load profile of the industrial sector is typically flat, with little hourly or seasonal variation.
In the winter, the estimated industrial sector contribution to the electricity system’s peak is
anticipated to be about 4,900 megawatts in 2007, increasing to about 5,500 megawatts by 2030.
During the summer season, the industry’s contribution to the region’s peak use is slightly greater
than its contribution to winter peak demand because the regional summer peak usually occurs
during mid-day working hours, whereas the system winter peak occurs during either early
morning or early evening.

Table C-11: Industrial Summer and Winter Peak Load Forecasts MW

Growth Rate | Growth Rate
Industrial 2007 2010 | 2020 | 2030 2010-2020 2010-2030
Low - January 4,933 | 4511 | 4,771 | 4,632 0.6% 0.1%
Low - July 7,720 | 7,098 | 7,439 | 7,585 0.5% 0.3%
Medium - January 4,933 | 4,728 | 5,190 | 5,543 0.9% 0.8%
Medium - July 7,720 | 7,336 | 8,011 | 8,921 0.9% 1.0%
High - January 4,933 | 4,916 | 5,733 | 7,079 1.5% 1.8%
High - July 7,720 | 7,557 | 8,778 | 11,037 1.5% 1.9%

Irrigation Sector

Agricultural crops are not irrigated in the winter, so the irrigation sector does not contribute to
the winter system peak. However, this sector can contribute significantly to the system peak in
the summer. The estimated contribution of the irrigation sector to the 2007 summer peak was
about 2,400 megawatts. Peak-load demand is projected to grow to about 2,900 megawatts by
2030.

Table C-12: Irrigation Summer and Winter Peak Load Forecasts MW

Growth Rate Growth Rate

Irrigation 2007 2010 2020 2030 2010-2020 2010-2030
Low - January - - - -

Low - July 2,412 2,176 2,237 2,539 0.3% 0.8%
Medium - January - - - -

Medium - July 2,412 2,196 2,359 2,886 0.7% 1.4%
High - January - - - -

High - July 2,412 2,229 2,545 3,402 1.3% 2.1%

Street Lighting and Public Facilities

This sector consists of street lighting, traffic lights, and water and sewer facilities. The energy
forecast for this sector is typically combined with the commercial sector demand. In 2007, this
sector contributed an estimated 837 megawatts to the summer peak and by 2030, this sector’s
share of summer peak is projected to grow to about 1,000 megawatts. This sector is projected to
grow at 1.1 percent per year between 2010 and 2030.
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Table C-13: Irrigation Summer and Winter Peak Load Forecasts MW

Growth Rate | Growth Rate
2007 | 2010 | 2020 | 2030 | 2010-2020 2010-2030
Low - January 780 | 815 914 | 1,008 1.2% 1.1%
Low - July 837 873 979 | 1,079 1.1% 1.1%
Medium - January | 780 815 914 | 1,008 1.2% 1.1%
Medium - July 837 873 979 | 1,079 1.1% 1.1%
High - January 780 815 914 | 1,008 1.2% 1.1%
High - July 837 873 979 | 1,079 1.1% 1.1%
Low - January 780 815 914 | 1,008 1.2% 1.1%

ELECTRICITY DEMAND GROWTH IN THE WEST

Electricity demand is analyzed not only by sector but by geographic region. The Council’s
AURORA*™ electricity market model requires energy and peak load forecasts for 16 areas, four
of which are forecast by the Council’s demand forecast model and 12 for other areas in the
Western U.S., Canada, and Mexico. Council staff projected both energy and peak demand
growth in nine of these 12 areas (those in the U.S.) based on 2008-2017 forecasts submitted to
the FERC (EIA Form 714) by electric utilities. The forecast for Alberta for the same years was
based on the forecast by the Alberta Electric System Operator (AESO).® The Council’s forecast
for British Columbia was based on a forecast BC Hydro submitted to the Western Electricity
Coordinating Council (WECC) for the period 2010-2017, supplemented by data from the British
Columbia Transmission Corporation (BCTC)* for 2007 and interpolation for 2008 and 2009.
The forecast load for northern Baja California in Mexico was based on the forecast submitted to
WECC for 2010-2017, the 2006 load previously used by AURORA, and interpolated values for
2007-20009.

AURORA requires area load projections for each year to 2053, so Council staff extended the
forecasts past 2017 by calculating a rolling average of most areas for the past five years. For the
Arizona and New Mexico areas, the load from 2021 through 2027 was projected to grow at the
same rate as the projected population growth in each state. After 2027, load was projected to
continue to grow at the 2027 rate. The load for northern Baja California was similarly projected,
except that the population growth rate for New Mexico was used for 2021-2027 (population
projections for Baja California were unavailable).

% http://www.aeso.ca/downloads/Future_ Demand and_Energy Outlook (FC2007 - December 2007).pdf
* http:/ivww.bctc.com/NR/rdonlyres/C6E06392-7235-4F39-ADCD-D58A70D493C7/0/2006controlareaload.xls
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Table C-14: Naming Convention for Aurora Areas

Area Name Short Area Name
Pacific NW Eastside PNWE
California North CAN
California South CAS
British Columbia BC
Idaho South IDS
Montana East MTE
Wyoming wy
Colorado CO
New Mexico NM
Arizona AZ
Utah uT
Nevada North NVN
Alberta AB
Mexico Baja CA North BajaN
Nevada South NVS
Pacific NW Westside PNWW

AURORA’s model information covers a large and diverse area. Figure C-18 shows the 2010
projected demand for energy.

Figure C-18: 2010 Projected Electricity Load by AURORA Area (MWa)
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Figure C-19 shows the 2008-2027 projected growth rates for demand in the 16 geographic areas.
The figure shows the projected growth rates for areas that are expected to experience demand
increases of less than 1 percent and areas that are forecast to experience demand increases of
nearly 4 percent. The highest projected rates of change are the geographic areas of Alberta,
Canada, and northern Baja California, followed by Arizona and southern Nevada. The lowest
rates are for northern California, southern California, and northern Nevada, all anticipated to
grow at less than 1 percent by 2027. The four Pacific Northwest areas have projected load
growth rates in the mid-range of the WECC area, at about 1.6 percent by 2030. These areas
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include: the eastern portions of Oregon and Washington, the northern part of Idaho (PNWE),
southern Idaho (IDS), eastern Montana (MTEa), and the western portions of Oregon and
Washington (PNWW).

Figure C-19: Per Cent Annual Growth 2008-27 by AURORA Area (MWa)
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Figure C-20: 2010 Projected Peak Load by AURORA Area (MW)
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Figure C-18 shows the 2010 projected peak load by AURORA area. The figure demonstrates a
wide range in projections of peak demand among geographic areas. It is important to note that
these projections are non-coincident (individual utility) peaks, and while six of the areas (PNWE,
BC, MTEa, WY, AB, and PNWW, totaling about 51,000 megawatts) are winter peaking, the rest
of WECC, totaling about 114,000 megawatts, are summer-peaking areas. The WECC area as a
whole is summer peaking.
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SPECIAL TOPICS

This section describes the impact of custom data centers and plug-in hybrid electric vehicles
(PHEV) on demand. The effects of PHEV on demand will be treated as a sensitivity analysis.

Estimating Electricity Demand in Data Centers

Background on Trends in Data Center Load

A brand new load type has emerged as recently as 2000. Large data centers have been attracted
to the Northwest because of its low electricity prices and moderate climate, meaning fewer
storms and power interruptions.

What is a Data Center?

"Data center" is a generic term used to describe a number of different types of facilities that
house digital electronic equipment for Internet-site hosting, electronic storage and transfer, credit
card and financial transaction processing, telecommunications, and other activities that support
the growing electronic information-based economy.” In general, data centers can be categorized
into these two main categories:

e Custom data centers, such as Google, Yahoo, and Microsoft sites in the Grant County
PUD and Northern Wasco County PUD. These data centers are typically very large,
consisting of thousands of servers and representing a significant demand for power. They
are usually sited close to transmission facilities and are typically charged industrial retail
rates by their local utility.

e Hidden data centers, like those in business offices, may include a small separate office or
closet with a few servers, or larger server facilities with hundreds of servers. These data
centers are called “hidden data centers” because they are part of existing commercial
businesses. They are usually in urban settings and are typically charged commercial
retail electric rates by their local utility.

Tracking load from data centers (especially custom data centers) is important because their
growth rate has been swift, and their size generally creates a large demand. The Council
currently estimates that the region has about 300 average megawatts of connected load used by
custom data centers, and another 300 average megawatts of load that can be attributed to hidden
data centers. If national projected trends for non-custom servers holds true, the load from these
data centers can increase by 50 percent by the year 2011.

National Picture: Research conducted nationally for the EPA® in 2005 shows that electricity
sales for servers and data centers was about 6,200 average megawatts or about 1.5 percent of
total U.S. retail electricity sales. This estimated level of electricity consumption is more than the
electricity consumed by the nation’s color televisions, and is similar to the amount of electricity
consumed by approximately 5.8 million average U.S. households (or about 5 percent of the total
U.S. housing stock). The energy use of the nation’s servers and data centers in 2006 is estimated

> http://www.gulfcoastchp.org/Markets/Commercial/DataCenters

® Report to Congress on Server and Data Center Energy Efficiency Public Law 109-431
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to be more than double the electricity consumed for this purpose in 2000. The power and
cooling infrastructure that supports IT equipment in data centers also uses significant energy, and
accounts for 50 percent of the total electricity consumption of these centers. Among the different
types of data centers, the nation’s largest (enterprise-class facilities used by the banking industry
or the airline industry) and most rapidly growing data centers use more than one-third (38
percent) of the electricity from this sector.

This total does not yet include the load of larger custom server sites. No detailed estimates for

load from these types of data centers exist. However, Lawrence Berkeley Labs conservatively
estimates the demand of these sites to be about 900 average megawatts nationally. In total, 1.7
percent of national retail electric sales can be attributed to servers and data centers.

Regional Picture: To estimate the total load for servers and data centers in the region, the
Council assumed that the region’s demand from these sites is similar to the nation’s demand. To
verify this assumption, the percent of each state’s gross state product generated by information-
intensive industries (such as Internet-service providers and financial institutions) was calculated.
Then, the same percentage at the national level was calculated and the two figures compared.
The analysis showed that the information-intensive industries’ contribution to the GSP is similar
to the contribution of the same industries nationally. The region as a whole is similar to the
nation in the contribution of information-intensive industries to the regional economy. The
analysis showed that in the Northwest, 1.47 percent of total electricity sales, or about 285
average megawatts, can be attributed to servers and data centers.

This estimate excludes custom data centers attracted to the region by access to fiber optic
networks, low electricity prices, and a moderate climate. The Council contacted utilities serving
these customers for more information. Preliminary estimates put the custom data centers’
consumption at about 300 average megawatts of connected load. Typically, custom data centers
project their future peak power requirements and the local utility then sizes the distribution
facilities to those requirements. Conversations with utilities indicate that the full load would
occur over several years rather than immediately.

Future Trends: Nationally, electricity sales to server operations have grown suddenly and
rapidly. By 2010, the number of total U.S. installed servers is expected to increase from 5.6
million in 2000 to over 15 million servers. This phenomenal sales growth highlights the impact
of servers and data centers on demand. But there are also many opportunities to reduce this
sector’s demand. In the EPA study mentioned earlier, three different energy-efficiency scenarios
were explored:

e The “improved operation” scenario includes energy-efficiency improvements beyond
current efficiency trends that are essentially operational changes and require little or no
capital investment. This scenario represents the “low-hanging fruit” that can be harvested
simply by operating the existing capital stock more efficiently. An example of low-
hanging fruit is isolating hot and cold isles in the data center, thus reducing air-
conditioning demand. Potential savings from this category of improved energy
efficiency: 30 percent.

e The “best practice” scenario represents the efficiency gains that can be obtained through
the more widespread adoption of practices and technologies used in the most energy-
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efficient facilities in operation today. Potential savings from this category of improved
energy efficiency: 70 percent.

e The “state-of-the-art” scenario identifies the maximum energy-efficiency savings that
could be achieved using available technologies. This scenario assumes that U.S. servers
and data centers will be operated at the maximum possible energy efficiency using only
the most efficient technologies and the best management practices available. Potential
savings from this category of improved energy efficiency: 80 percent.

Figure C-21: National Forecast for Demand from Data Centers
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If regional trends follow national trends, load from non-custom servers will increase from its
current 285 average megawatts to about 570 average megawatts. Load for custom data centers
may also double by 2010. However, there are indications that this projected doubling may not
occur. Growth-limiting factors include technological improvements like the use of
“virtualization” (using one server to do the job of many), the use of alternative storage
technologies, better power management, as well as other limiting factors such as access to water
for cooling needs, limitations on tax incentives, and limitations on below-market electricity rates.

Conservation Opportunities: Significant conservation opportunities may be available,
depending on the type of data center. For example, installing the proper size of cooling
equipment can significantly reduce consumption. Cooling technologies for server equipment
may help the industry maintain, rather than increase, the cost of custom data centers. Currently,
we do not have a good baseline assessment of the installed cooling equipment in hidden and
custom data centers. An action item for the Sixth Power Plan would be to establish such a
baseline.
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Methodology for Estimating Custom Data Center Loads

Load for non-custom (hidden) data centers is imbedded in the commercial sector load forecast
and is not separately estimated. Load for custom data centers is forecast separately using the
following method:

Load for this type of data center in 2008 was estimated. Two trends were then considered. The
first trend reflects the increase of demand for services from this sector at a rate of 3 -10 percent
per year (3 percent for a low-growth scenario, 7 percent for a medium-growth scenario, and 10
percent for a high-growth scenario). The second trend is the potential improvement in energy
efficiency in data centers. Three alternative scenarios for potential improvement in energy
efficiency were considered. The medium growth scenario assumed that improvements in energy
efficiency start at about 1 percent per year in 2012, increasing gradually to 7 percent per year by
2026. The low-growth scenario assumed that energy-efficiency improvements would be on a
slower trajectory, starting at about 1 percent in 2015, and ramping up to about 3 percent by 2022.
The high-growth scenario assumed a more rapid growth path for energy-efficiency
improvements, starting at 1 percent per year in 2012, increasing to 7 percent by 2020, and 10
percent by 2026. The combination of load growth factors and improvement in energy efficiency
result in a flat load growth for the data centers in the later parts of the forecast period. The
assumed improvements in energy efficiency presented here are market-driven and are not
considered as part of the Council’s conservation potential.

The year-by-year growth in demand and improvement in efficiency for the medium case scenario
is shown in the following table. The following graph shows the projected load for alternative
energy efficiency and load-growth scenarios. It is assumed that the current estimated connected
load of 300 average megawatts would be sufficient to meet the load from custom data centers
until 2012.
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Table C-15: Medium Case Trends in Data Center Loads

Growth in Demand | Increase in Efficiency Load MWa
2008-2011 0% 0% 300
2012 7% -1% 318
2013 7% -1% 337
2014 7% -2% 354
2015 7% -2% 372
2016 7% -3% 386
2017 7% -3% 402
2018 7% -4% 414
2019 7% -4% 426
2020 7% -5% 435
2021 7% -5% 444
2022 7% -6% 448
2023 7% -6% 453
2024 7% -6% 457
2025-2030 7% -6% 462

Figure C-22: Projected Load (MW) from Custom Data Centers

600

500

400

MW Load ——0—¢ - — —o—o —o

l"_‘-.‘_

100 —&® | ow Case
=== Medium Case
High Case

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Future Trends for Plug-in Hybrid Electric Vehicles

Background

Concern for the environment and volatile gasoline prices have created unprecedented interest in
alternative fuel and hybrid vehicles. Hybrid vehicles have been available in the U.S. market
since 2000 in limited quantities. The hybrid vehicles offered today are powered by internal-
combustion engines, with batteries that recharge during driving, and an electric motor to assist
with power demand. Hybrids do not need to be plugged in, yet they deliver exceptional mileage
compared to their gas-only counterparts. Hybrids are considered environmentally friendly
alternatives to traditional internal-combustion vehicles.
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Hybrid vehicle sales did not increase substantially until after 2004. According to R. L. Polk and
Co., nationwide sales of new hybrid vehicles increased from about 84,000 in 2004 to about
200,000 in 2005; to 250,000 in 2006; and to about 350,000 in 2007. However, in 2008, hybrid
vehicle sales were plagued by the same problems as conventional vehicles sales. In 2008, new
hybrid vehicle sales declined for the first time due to the housing crisis, credit crunch, and

declining fuel prices. Cumulative sales for January through September 2008 were 2 percent
lower than the comparable period in 2007.

Figure C-23: Nationwide Sales of Hybrids 2004-Sep 2008
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Source: R. L. Polk and Co. Hybrid Car Sales, September 2008

Hybrid vehicles usually cost more than comparable conventional vehicles, but they produce
significantly lower CO2 emissions. To reduce the lifetime cost of these vehicles, state, federal,
and local governments have offered incentives in the form of direct reduced fees (such as
registration fees) and tax credits. In the Northwest, Oregon and Washington offer tax incentives
for PHEV purchases. Government agencies in Washington, Oregon, and Idaho are required to
reduce the petroleum consumption of their fleets by increasing the fuel economy of the vehicles
they purchase, and by reducing the number of miles driven by each employee. In the state of
Washington, beginning January 1, 2009, new passenger cars, light-duty trucks, and medium-duty
passenger vehicles that are dedicated alternative fuel vehicles (AFVs) are exempt from the state
sales and use taxes. Washington agencies must take all reasonable actions to achieve a 20
percent reduction in petroleum use in all state and privately owned vehicles used for state
business by September 1, 2009. In Oregon, the Department of Energy offers two income tax
credits for alternative and hybrid vehicles for both residents and business owners. Oregon

residents are eligible for a residential energy tax credit of up to $1,500 toward the purchase of
qualified AFVs.
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Potential Effects on Electricity Demand

Factory-made plug-in hybrid electric vehicles are not currently available to the public.
Consumer demand for hybrid vehicles can give us a window into the potential demand for plug-
in electric vehicles. More information about marketplace acceptance of these vehicles is needed
to be able to forecast their effect on the region’s demand. A “what if” analysis was conducted to
get an estimate of their potential effect on electricity demand.

According to R. L. Polk and Co., there is a strong relationship between the customer’s previously
owned vehicle and the size and type of a newly purchased hybrid vehicle, including plug-in
hybrids. To analyze the effect of plug-in electric vehicles on electricity demand, the Council
used Global Insight’s October 2008 forecast scenarios for the total number of new light vehicles.
The following table shows the projected new light vehicle sales in the four Northwest states.
Three growth rates in new light vehicles and three for penetration rates were considered.

Table C-16: Projected New Light Vehicles (000)

Case 1 Case 2 Case 3
2010 481 606 560
2011 513 620 591
2012 537 627 616
2013 543 632 629
2014 548 636 641
2015 561 639 659
2016 564 640 673
2017 565 643 90
2018 571 649 706
2019 568 658 718
2020 560 665 730
2021 553 669 749
2022 549 675 755
2023 545 681 762
2024 543 688 774
2025 543 696 791
2026 543 704 806
2027 543 710 819
2028 542 717 837
2029 543 724 856
2030 543 732 878

The penetration rate for plug-in electric vehicles will be limited. The case 1 scenario assumes a
0.5 percent penetration rate for 2010. By 2030, it is assumed that 28 percent of new light
vehicles will be plug-in hybrids. In the high-penetration scenario, case 3, it is assumed that 39
percent of new vehicles will be plug-in electric by 2030. In the low-penetration scenario, case 1,
plug-in electric vehicles are assumed to represent 9 percent of the new car market by 2030.
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Table C-17: Penetration Rate and Cumulative Number of PHEVs in the Region (000)
Casel |Case2 | Case3 | Casel | Case2 | Case3

2010 | 0.2% 0.5% 0.5% 1 3 3

2011 | 0.3% 0.8% 0.8% 2 7 8

2012 | 0.3% 1.0% 1.0% 4 13 14
2013 | 1.0% 3.0% 4.5% 9 31 42
2014 | 1.7% 5.0% 7.5% 19 61 90
2015 | 2.3% 7.0% | 10.5% 32 104 157
2016 | 3.0% 9.0% | 13.5% 49 159 244
2017 | 4.0% | 12.0% | 18.0% 71 235 359
2018 | 4.7% | 14.0% | 21.0% 98 324 496
2019 | 53% | 16.0% | 24.0% 128 426 654
2020 | 6.0% | 18.0% | 27.0% 162 541 833

2021 | 6.7% | 20.0% | 30.0% 199 669 1034
2022 | 7.3% | 22.0% | 33.0% 239 811 1257
2023 | 8.0% | 24.0% | 36.0% 282 966 1502
2024 | 8.7% | 26.0% | 39.0% 329 1135 1770
2025 | 9.3% | 28.0% | 39.0% 380 1320 2042
2026 | 9.3% | 28.0% | 39.0% 431 1506 2316
2027 | 9.3% | 28.0% | 39.0% 481 1694 2593
2028 | 9.3% | 28.0% | 39.0% 532 1884 2873
2029 | 9.3% | 28.0% | 39.0% 583 2077 3155
2030 | 9.3% | 28.0% | 39.0% 633 2272 3441

Figure C-24: Assumed Market Penetration Rates for New PHEV
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Plug-in hybrid electric vehicles were assumed to have an average energy requirement of 0.3
KWh/mile. The analysis focused on a composite of three types of cars: a compact sedan, a mid-
size sedan, and a mid-size SUV ranging from 0.26 to 0.46 KWh/mile to create a “typical” PHEV.
For this composite vehicle, a Lithium-ion battery sized to 10 kilowatt hours is assumed to power
the vehicle. It was also assumed that the energy efficiency of the vehicle would improve at a rate
of 5 percent per year.
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These vehicles are assumed to travel 33 miles per day, the current average. The battery recharge
profile for PHEVs is important in order to estimate their demand on the electric grid. It was
assumed that 95 percent of cars would be charged between 7 p.m. and 7 a.m., and 5 percent of
the vehicles would be charged between 8 a.m. and 6 p.m. Recharging at 110 volt, 15 amp was
assumed to take eight hours or less; at 220 volt, 30 AMP, the vehicle would be charged in less
than two hours. The current average efficiency of gasoline-powered fleet vehicles is assumed to
be 20.2 MPG and improving to 35 MPG by 2020. Based on these assumptions, electricity
demand for each scenario was projected. The following figure shows the annual energy and
peak and off-peak demand requirements of plug-in hybrid vehicles in the Northwest.

Given these assumptions, plug-in electric vehicles are forecast to increase the regional load
between 100 to 550 average megawatts by 2030. The increase in load would be gradual and
would have a minimal impact on regional load in the first 5 to 10 years of introduction into the
market. Their impact on system load would be greater during off-peak hours, given the recharge
assumption. It is projected that off-peak loads would increase by 200-1,000 megawatts. The
impact of PHEVs on system peak is projected to be much smaller, 5-25 megawatts, given the
assumption that only 5 percent of vehicles will recharge during the peak period.

Figure C-25: Projected Load from Plug-in Hybrid Vehicles
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Figure C-26: Project Off-peak Load from Plug-in Hybrid Vehicles

1,200
1,000 -
—
~
800 el
>
600 /
400 —®— Case 1
—— Case 2
— —Case 3
200 ———
—
N N

FEF ST SIS IS TSI LS

C-36

FOMWER FLAMN



Appendix D: Electricity Price Forecast
Preliminary Draft
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INTRODUCTION

The Council prepares and periodically updates a 20-year forecast of wholesale electric power
prices. This forecast is used to establish benchmark capacity and energy costs for conservation
and generating resource assessments for the Council’s power plan. The forecast establishes the
mean value electricity market price for the Council’s portfolio risk model and is used for the
ProCost model used by the Regional Technical Forum to assess the cost-effectiveness of
conservation measures. The Council’s price forecast is also used by other organizations for
assessing resource cost-effectiveness, developing resource plans and for other purposes.

The Council uses the AURORA™® Electric Market Model* to forecast wholesale power prices.
AURORA™® provides the ability to incorporate assumptions regarding forecast load growth,
future fuel prices, new resource costs, capacity reserve requirements, climate control regulation
and renewable portfolio standard resource development into its forecasts of future wholesale
power prices. The forecasting model, once updated and otherwise set up for the forecast, is also
used to support the analysis of issues related to power system composition and operation, such as
the effectiveness of greenhouse gas control policies.

A preliminary forecast is prepared early in the development of the power plan to guide resource
assessments and to provide an initial basis for the demand forecast and the portfolio analysis.
The preliminary forecast described in this appendix. Prior to adoption of the final plan, the

! The AURORA™ Electric Market Model, available from EPIS, Inc (http://www.epis.com/).

FOWER FLAN



forecast will be rerun using the final fuel price forecast, assumptions regarding resources,
demand forecast and portfolio recommendations.

FINDINGS

Load serving entities in the Pacific Northwest depend on the wholesale marketplace to match
their customer’s ever changing demand for electricity with an economical supply. The wholesale
power market promotes the efficient use of the region’s generating resources by assuring that the
resources with the lowest operating cost are serving the demand in the region. In the long-run,
the performance of the wholesale power market, and the prices determined in the marketplace,
largely depend on the balance between the region’s generating resources and demand for
electricity. On the supply-side, there are three primary factors that are likely to influence the
wholesale power market over the current planning period: (1) the future price of natural gas; (2)
the future price of carbon dioxide (CO,) allowances associated with climate control regulation;
and (3) the future path of renewable resource development associated with the region’s
Renewable Portfolio Standards (RPS).

Natural gas-fired generating units are often the marginal generating unit, and determine the
wholesale price of electricity during most hours of the year. The cost of natural gas fuel is the
major component of the variable cost of operation for a combined-cycle plant and therefore the
largest component of the marginal cost of electricity for any hour that a combined-cycle plant is
on the margin. To establish a plausible range for the future long-term trend of wholesale power
prices in the Pacific Northwest, the Council has forecast wholesale power prices using its low,
medium, and high forecasts of fuel prices described in Appendix A.

The Council’s forecast of expected CO2 allowance prices begins in 2012 at a price of $8 per
short ton of CO, emitted, increases to $27 per ton in 2020, and to $47 per ton in 2030.
Uncertainties regarding future climate control regulation and its impact on future resource
development in the region are discussed more fully in Chapter 10.

Three of the four Northwest states (Montana, Oregon and Washington) have enacted renewable
portfolio standards. There has been a rapid pace of renewable resource development in Pacific
Northwest in recent years and the region’s utilities appear to be well positioned to meet their
RPS targets. The Council has forecast an expected build-out of renewable resources associated
with state RPS and British Columbia energy policy in the western U.S. as a whole. By 2030, the
cumulative capacity of the RPS build-out includes: 17,000 MW from wind plants; 4,000 MW
from concentrating solar plants; 3,000 MW from solar photovoltaic plants; and roughly 1,000
MW each from geothermal, biomass, and small hydro plants.

Under “medium” fuel price and carbon dioxide (CO2) emission price assumptions, wholesale
power prices at the Mid-Columbia trading hub are projected to increase from $45 per megawatt-
hour (MWh) in 2010 to $85 per MWh in 2030. For comparison, Mid-Columbia wholesale
power prices averaged $56 per MWh in 2008 (in real 2006 dollars). Figure D-1 compares the
forecast range of Mid-Columbia wholesale power prices to actual prices during the 2003 through
2008 period.
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Figure D-1: Forecast Range of Annual Mid-Columbia Wholesale Power Prices
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The Council’s wholesale power price forecasts are projections of the long-term trend of future
wholesale power prices. Short-term electricity price risk, due to such factors as disequilibrium of
supply and demand, and seasonal volatility due to hydro conditions are not reflected in the long-
term trend forecasts. This short-term price volatility is modeled in the Regional Portfolio Model
that the Council uses to inform its development of the Power Plan.

Pacific Northwest electricity prices tend to exhibit a seasonal pattern associated with spring
runoff in the Columbia River Basin. The Council’s forecast of monthly on-peak and off-peak
wholesale power prices exhibits an average seasonal hydroelectric trend during each year of the
planning period. Figure D-2 shows the medium forecast of Mid-Columbia monthly on-peak and
off-peak power prices. The forecast show a narrowing of the difference between on-peak and
off-peak power prices over the planning period. Table D-1 shows the forecast values for selected
years.
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Figure D-2: Medium Forecast of Mid-Columbia Wholesale Power Prices
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Table D-1: Forecast of Mid-Columbia Wholesale Power Prices

On-Peak Off-Peak Average
Actual 2008 62.00 49.00 56.00
2010 54.00 33.00 45.00
2015 61.00 50.00 56.00
2020 70.00 62.00 66.00
2025 80.00 73.00 77.00
2030 89.00 81.00 85.00
Growth Rates

2010-2020 2.61% 6.30% 3.93%
2020-2030 2.43% 2.62% 2.51%

The range of trend forecasts discussed here represents only one aspect of the uncertainty

addressed in the Council’s power plan. The low to high trend forecasts are meant to reflect

current analysis and views on the likely range of future prices, but the plan’s analysis also

considers variations expected to occur around those trends. The plan reflects three distinct types
of uncertainty in wholesale electricity prices: (1) uncertainty about long-term trends, (2) price
excursions due to disequilibrium of supply and demand that may occur over a number of years,
and (3) short-term and seasonal volatility due to such factors as temperatures, storms, or storage

levels. These forecasts discuss only the first uncertainty. Shorter-term variations are addressed
in the Council’s portfolio model analysis.
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APPROACH AND ASSUMPTIONS

The Council uses the AURORA*™® Electric Market Model to forecast wholesale electricity
prices for the Pacific Northwest.? The AURORA*™ model projects future wholesale power
market prices based on model inputs that determine the underlying supply and demand
conditions in the future. Key inputs to the AURORA*™ model include forecasts of future
electricity demand, inventories of existing electricity generating plants, forecasts of construction
costs for new electricity generating plants, and forecasts of future fuel prices for electricity
generating plants. Given the forecast of future electricity demand and the set of drivers of future
electricity supply, the model then uses economic logic to project future resource additions and
market-clearing wholesale electricity prices.

Many of the inputs to the AURORA*™ model are described in chapters or appendices of Sixth
Power Plan. Chapters 2 and 3 of the Plan describe the demand forecast. Chapter 6 describes the
new generating resources assumptions. This section of Appendix D describes inputs to the

The forecast is developed in a two-step process. First, using AURORA*™ long-term resource
optimization logic, a forecast of resource additions and retirements is developed. In the second
step, the forecasted resource mix is then dispatched on an hourly basis to serve forecast loads.
The variable cost of the most expensive generating plant or increment of load curtailment needed
to meet load for each hour of the forecast period establishes the forecast price.

The Council recently updated its AURORA*™ software to version 8.4.

The Council updated many of the key inputs used in the AURORA*™ model for the electricity
price forecast. [Recognize that the electricity price forecast does not yet incorporate draft plan
resources for the PNW]

Demand Growth

To forecast future wholesale price of electricity, we need to know the regional demand for
electricity as well as demand from other regions in the Western U.S., Canada and Mexico that
form the WECC region. Electricity demand is analyzed not only by sector but by geographic
region. The Council’s AURORAXxmp electricity market model requires energy and peak load
forecasts for 16 areas, four of which are forecast by the Council’s demand forecast model and 12
for other areas in the Western U.S., Canada, and Mexico. Council staff projected both energy
and peak demand growth in nine of these 12 areas (those in the U.S.) based on 2008-2017
forecasts submitted to the FERC (EIA Form 714) by electric utilities. The forecast for Alberta
for the same years was based on the forecast by the Alberta Electric System Operator (AESO).3
The Council’s forecast for British Columbia was based on a forecast BC Hydro submitted to the
Western Electricity Coordinating Council (WECC) for the period 2010-2017, supplemented by
data from the British Columbia Transmission Corporation (BCTC)4 for 2007 and interpolation
for 2008 and 2009. The forecast load for northern Baja California in Mexico was based on the
forecast submitted to WECC for 2010-2017, the 2006 load previously used by AURORA, and
interpolated values for 2007-20009.

2 Available from EPIS, Inc. (www.epis.com).
® http://www.aeso.ca/downloads/Future_Demand _and_Energy Outlook (FC2007_- December 2007).pdf
* http:/ivww.bctc.com/NR/rdonlyres/C6E06392-7235-4F39-ADCD-D58A70D493C7/0/2006controlareaload.xls
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AURORA requires area load projections for each year to 2053, so Council staff extended the
forecasts past 2017 by calculating a rolling average of most areas for the past five years. For the
Arizona and New Mexico areas, the load from 2021 through 2027 was projected to grow at the
same rate as the projected population growth in each state. After 2027, load was projected to
continue to grow at the 2027 rate. The load for northern Baja California was similarly projected,
except that the population growth rate for New Mexico was used for 2021-2027 (population
projections for Baja California were unavailable).

Firm Capacity Standards

The AURORA*™ model provides the capability to perform long-term system expansion studies.
Each study provides a build-out of system resources that is optimized to economically supply
energy to the system while maintaining a firm capacity standard. The firm capacity standard
represents a requirement that a region’s generating resources provide enough firm capacity to
meet the region’s peak demand plus a specified margin for reliability considerations. The model
uses two input parameters to simulate achievement of a region’s firm capacity standard. The
first parameter is a planning reserve margin target specified for each region. The second
parameter is a firm capacity credit specified for each type of generating resource.

Planning Reserve Margin Targets

The Council has configured AURORA*™ to simulate power plant dispatch in 16 load-resource
zones that make up the WECC electric reliability area. Reserve margin targets can be specified
for each load-resource zone, for an aggregation of load-resource zones called an operating pool,
or for both. The Council has specified planning reserve margin targets for two operating pools:
(1) the Pacific Northwest region, which has 4 load-resource zones; and (2) the California
Independent System Operator (CAISO), which has 2 load-resource zones. The remaining 8
load-resource zones are given individual reserve margin targets.

For the CAISO and 8 stand-alone zones, the planning reserve margin target was set at 15 percent.
For the Pacific Northwest, the Council configured AURORA*™ to reflect the capacity standard
of the Pacific Northwest Power Supply Adequacy Forum. The adequacy forum has determined
that reserve margin targets of 25 percent in winter and 19 percent in summer correspond to an
overall system loss-of-load probability of 5 percent. These reserve margin targets cannot,
however, be input directly into AURORA*™.

The adequacy forum targets reflect a specific set of resource and load assumptions that cannot be
easily replicated in AURORA*™. For example, the adequacy forum winter reserve margin target
is based on consideration of the highest average demand for a three-day 18-hour sustained peak
period, while the AURORA ™ targets are based on consideration of the single highest hour of
demand. For electricity price forecasting purposes, the Council converted the adequacy forum’s
multiple-hour capacity reserve margin targets to an equivalent single-hour target. Adjustments
were also made to reflect consistent treatment of spot market imports, hydro conditions and
flexibility, and independent power producer generation. The equivalent single-hour winter
capacity reserve margin for the Northwest is 18 percent. Conversion of the adequacy forum’s
capacity reserve margin targets does not reflect a change in the adequacy standard, but rather an
adjustment to approximate the complex Northwest standards using the simpler reserve
parameters available in AURORA*™. Both the forum’s target and the target used in
AURORA*™ reflect an overall loss-of-load probability of 5 percent for the Northwest.
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Firm Capacity Credit

The second input parameter used to simulate achievement of a region’s firm capacity standard is
the firm capacity credit specified for each type of generating resource. The firm capacity credit
is often referred to as resource type’s peak contribution or its expected availability at the time of
peak demand. For a generating resource that is fully dispatchable, the peak contribution is
determined by its expected forced outage rates. The Council uses a firm capacity credit for coal-
fired and natural-gas fired resources in the range of 90 to 95 percent of installed capacity. For
variable wind and solar resources, the Council has estimated the expected output at the time of
peak demand. The Council uses a firm capacity credit of 5 percent for wind resources adopted
by the Reliability Forum, and an provisional value of 30 percent for solar resources. For the
Pacific Northwest’s hydro resources, the Council uses a winter single-hour firm capacity credit
of 82 percent on installed capacity for east-side hydro and 83 percent for west-side hydro. 95
percent is used for other load resource areas.

The firm capacity credits for Pacific Northwest hydro resources are based on sustained peaking
studies conducted for the Pacific Northwest Power Supply Adequacy Forum. Figure D-3 shows
the January peaking capability of Pacific Northwest east-side hydro resources as a function of
monthly energy output. On the horizontal axis, the average monthly energy output of these
hydro resources can be seen to range from 11,000 to 24,000 average megawatts. On the vertical
axis, the curve at the top of the chart represents the two-hour sustained peak output of these
hydro resources across the range of monthly output (or stream flow conditions). For example,
given 1929 modified streamflows and a monthly energy output of 12,000 MWa, the east-side
hydro resources would be expected to provide roughly 22,000 MW of firm capacity over a two-
hour peak period.

Fig D-3: PNW East Hydro
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The Council has calculated the two-hour sustained firm capacity credit for both east-side and
west-side hydro resources by month for each of the 69 calendar years in the Pacific Northwest
streamflow record. Figure D-4 shows the two-hour firm capacity credit for east-side hydro
resources by month. For hydro modeling in AURORA*™, the Council uses the January values
of 82 percent of installed capacity for east-side hydro resources and 83 percent for west-side
hydro resources.

Figure D-4: PNW Eastside Hydropower, 69-Year Average
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Pacific Northwest Hydro Modeling

Pacific Northwest modified streamflow data is available for the period September 1928 through
August 1998. The Council uses its GENESYS model to estimate the hydroelectric generation
that would be expected from this streamflow record given today’s level of river system
development and environmental protection. To simulate Pacific Northwest hydroelectric
generation in AURORA*™ | annual average capacity factors are calculated for the hydro
resources located in three load-resource zones: Pacific Northwest Eastside; Pacific Northwest
Westside; and Idaho South . Figure D-5, shows the annual capacity factors of the Pacific
Northwest Eastside hydro resources given the modified streamflow record for the period January
1929 through December 1997. The 69-year average capacity factor is 44 percent of nameplate
capacity.
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Figure D-5: Annual capacity factor of Pacific Northwest Eastside hydropower resources
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Figure D-6: Monthly Shape of Regional Hydro Output, 69 Year Avg.
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State Renewable Portfolio Standards

Renewable resource portfolio standards targeting the development of certain types and amounts
of resources have been adopted by eight states within the WECC; four (Colorado, Oregon,
Montana, and Washington ) since adoption of the Fifth Power Plan. In addition, British
Columbia has adopted an energy plan with conservation and renewable energy goals equivalent
to an aggressive RPS. The key characteristics of the state renewable portfolio standards and the
B.C. Energy Plan are summarized in Table 3.
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As discussed later in this paper, forced development of low variable-cost renewable resources
can have potentially significant effects on wholesale power prices. Thus, assumptions must be
made regarding the types of renewable resources that will be developed and the success in
achieving the targets. For the Fifth Power Plan power price forecast, states that had enacted
renewable portfolio standards were assumed to meet 75 percent of their target levels of
renewable resource development.® Additional resources corresponding to the estimated levels of
development from the Oregon and Montana system benefit charge programs were also included.
Because of much greater public concern regarding greenhouse gas control, expanded initiatives
for renewable resource development, prospects for even more aggressive RPS in some states,
and indications that utilities will be able to achieve the initial target levels of development in
many RPS states, 100 percent achievement of RPS targets was assumed for the base case of this
forecast. Furthermore, because of the potentially significant effect of RPS acquisitions on
wholesale prices, a more thorough assessment of the expected resource development effects of
the various state RPS efforts was undertaken for this forecast.

Fuel Prices

The Council forecasts the cost of coal delivered to each load-resource zone defined in its
electricity market model. The delivered coal cost is the sum of the mine-mouth price of Powder
River Basin (PRB) coal, plus the variable cost of transporting PRB coal to each load-resource
zone. The Council issued its current forecast of PRB coal prices on September 11, 2007. The
variable costs of transportation are based on average transportation rates for PRB coal and
average shipment distances from Wyoming to each load-resource zone.

Natural gas prices from the Council’s recently revised fuel price forecast are used for this power
price forecast. With the exception of ldaho and Montana, the assumptions used to convert
natural gas commodity prices into delivered load-resource area prices for AURORA*™ are those
used for the Fifth Power Plan. The approaches used to estimate Idaho and Montana natural gas
prices were revised to better reflect the factors controlling gas prices in those two states.

Carbon Dioxide Emission Prices

A number of industrialized nations are taking action to limit the production of carbon dioxide
and other greenhouse gasses. Within the United States, a number of states, including
Washington and Oregon, have initiated efforts to control carbon dioxide production. It appears
that the Region could see control policy enacted at the federal, West-wide, or state level.

It is unlikely that reduction in carbon dioxide production can be achieved without cost.
Consequently, future climate control policy can be viewed as a cost risk to the power system of
uncertain magnitude and timing. A cap and trade allowance system appears to have been a
successful approach to SO2 control and may be used again for CO; production control.
Alternatively, a carbon tax has the benefit of simpler administration and perhaps fewer
opportunities for manipulation. It is also unclear where in the carbon production chain — the
source, conversion, or use — a control policy would be implemented. It is unclear what share of
total carbon production the power generation sector would bear or what would be done with any

® States with enacted legislation at the time of the Fifth Power Plan include: Arizona, California, Nevada, and New
Mexico.
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revenues generated by a tax or trading system. It is unclear which ratepayer sector will pay for
which portion of any costs associated with a control mechanism.

The Council’s studies use a fuel carbon content tax as a proxy for the cost of CO, control,
whatever the means of implementation. When considered as an uncertainty, studies represent
carbon control policy as a penalty (dollars per ton CO,) associated with burning natural gas, oil,
and coal.

The CO; allowance cost values used for this forecast are described in Appendix I.

Carbon Dioxide Emission Performance Standards

As described in Chapter 10, California, Montana, Oregon and Washington have established
carbon dioxide emission performance standards for new baseload generating plants. The intent
of the Oregon and Washington standards is to limit the CO, production of new baseload facilities
to that of a contemporary combined-cycle gas turbine power plant fuelled by natural gas (about
830 IbCO2/MWHh). The California standard is less restrictive, allowing production of 1100
IbCO2/MWh - a level that would allow baseload operation of many of the simple-cycle
aeroderivative gas turbines installed in that state, or alternatively, require sequestration of about
50% of the CO2 production of a coal-fired plant. Although the 1100 IbCO2/MWh California
standard was adopted by Washington as the initial standard, it seems likely that the Washington
standard will be reduced in administrative review to a level approximating 830 IbCO2/MWh as
the legislation clearly states that the standard is intended to represent the average rate of
emissions of new natural gas combined-cycle plants. The Montana standard does not set an
explicit carbon dioxide production limit, but rather mandates capture and sequestration of 50
percent of the carbon dioxide production of any new coal-fired generating facility subject to
approval of the state Public Service Commission. Additionally, the BC Energy Plan requires any
new interconnected fossil fuel generation in the province to have zero net greenhouse gas
emissions.

The BC Energy Plan requirement was approximated in AURORA*™ by limiting new coal-fired
resource options within the BC load-resource area to integrated gasification combined-cycle
(IGCC) plants with CO, separation and sequestration.® The four state performance standards, in
effect preclude new coal-fired plants serving utilities within the four states (investor-owned
utilities only in Montana), unless the facility can be provided with carbon separation and
sequestration for 40 to 50 percent of the uncontrolled carbon dioxide production of the plant. The
state performance standards are difficult to simulate because contractual paths are not modeled in
AURORA*™_ The state performance standards were approximated by limiting new coal-fired
resource options within the California, Oregon, and Washington load-resource areas to IGCC
plants with CO, separation and sequestration and by constraining new conventional coal resource
options in peripheral areas to amounts sufficient only to meet native load. In addition, new
conventional coal was precluded in Idaho because of the current moratorium on conventional
coal development in that state. The Montana policy that new coal plants capture and sequester
50 percent of CO, emissions was not incorporated in this study.

® Because the cost and performance estimates for the technology have not yet been developed by Council staff, new
combined-cycle units available to the B.C. load-resource area did not include CO, separation and sequestration.
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Initial runs showed some new economically driven coal resource development in some load-
resource areas not subject to performance standards. However, subsequent runs incorporating
the revised carbon allowance cost forecast showed no new coal development within the entire

WECC area. Coal-fired units were subsequently removed from the available set of new
resources to expedite later runs.

WHOLESALE POWER PRICE FORECASTS

The Council’s forecast of Mid-Columbia trading hub electricity prices, levelized for the period
2010 through 2029, is $62.40 per megawatt-hour (in year 2006 dollars).” This is a 60 percent
increase from the base case forecast of the Fifth Power Plan (levelized value of $38.90 per

megawatt-hour). Table D-2 shows the forecast values for selected years.

Table D-2: Forecast of Mid-Columbia Wholesale Power Prices ($2006)

On-Peak Off-Peak Average
Actual 2008 62.00 49.00 56.00
2010 54.00 33.00 45.00
2015 61.00 50.00 56.00
2020 70.00 62.00 66.00
2025 80.00 73.00 77.00
2030 89.00 81.00 85.00
Growth Rates

2010-2020 2.61% 6.30% 3.93%
2020-2030 2.43% 2.62% 2.51%

The following figure shows actual average monthly on- and off-peak prices (in $2006) at the
Mid-Columbia trading for the period 2003 through 2008.

" All dollar values appearing in this paper are in year 2006 dollars unless otherwise indicated.
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Figure-D-7: Actual 2003 -2008 Mid-Columbia Wholesale Power Prices
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The monthly data exhibit a wide range of variation. The highest average on-peak price for the
period was nearly $113 per MWh in December 2005. The lowest average on-peak price was $24
per MWh in April 2006. Annual average Mid-C prices ranged from a low of $41.50 per MWh in

2003toah

igh of $60.00 per MWh in 2005.

Figure D-8: Comparison of Actual and Forecast Mid-Columbia Wholesale Power Prices

120.00
100.00 /‘
80.00
ey
= /—-Q
s
& 60.00
©O
o
o
N R_/
40.00 N\
Y7
=& Actual Index
—&—High Forecast
20.00 )
—#—Medium Forecast
—o—Low Forecast
0.00 — .
O PP L DO O DI D HLO A DO O DA D D0 N DO D
P I LS REFFEIFIIIFIFIIIIIIPPIIIPIPPFPE PP O
S S S SIS SO OSME SIE  S S S S SM AU S S S S S S S S S Sl
Time Period

FOMWER FLAMN



Uncertainty regarding future CO2 emissions prices and future natural gas prices could
dramatically change the long-term trend forecast for wholesale power prices. We attempted to
bracket the future trajectory of Mid-Columbia wholesale power prices using scenario analysis.
We modeled high and low fuel price cases and high and low CO2 emissions price cases. We did
not consider the potential combination of these sensitivity cases. Explain the input ranges???

Figure D-9: High and Low Mid-Columbia Wholesale Power Price Forecasts
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Underlying Market Fundamentals

Another way to assess the reasonableness of the wholesale power price forecast is to examine the
underlying supply and demand fundamentals. Figure D-10 show the underlying annual energy
load-resource balance for the Western Electricity Coordinating Council area.® Existing resources
are shown at the bottom, “forced” RPS resource additions (discussed above) are shown as the
middle wedge, and finally, modeled resource additions are shown at the top.

® The load-resource balance is based on the economic dispatch of the resources, not the theoretical availability the
resources.

MORTHWEST
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Appendix D: Electricity Price Forecast Draft Sixth Power Plan
Figure D-10: WECC Annual Energy Load-Resource Balance
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The modeled resource additions are comprised primarily of natural gas-fired combined-cycle
combustion turbines. The combined-cycle turbines not only help to fill the WECC’s energy
deficit, but also satisfy the targeted planning reserve margins. The model’s selection of
resources capable of making significant contributions to meeting peak hour demand is partly due
to fact that a significant part of the energy requirement is being met by “forced” RPS resources
that tend to make a low contribution to meeting peak hour demand.

Figure - 2?2 show the underlying capacity load-resource balance by year for the Western
Electricity Coordinating Council area. The figure shows the small contribution of “forced” RPS
resource additions and the large contribution of “modeled” resource additions towards meeting
peak hour demand.

It also shows that the model has built to a capacity surplus on a WECC wide basis. This is due to
our configuration of the planning reserve margin targets. The configuration forces the model to
meet planning reserve margin targets at the level of individual load-resource zones and pools. In
other words, the model adds resources, in part, to fill capacity deficits at the zone and pool

levels. At the WECC wide level, the sum of resource capacity contributions is greater than the
need due to non-coincident hourly peaks.
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Appendix D: Electricity Price Forecast Draft Sixth Power Plan
Figure D-11: WECC Annual Capacity Load-Resource Balance
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The modeled addition of natural gas-fired combined-cycle combustion turbines has a significant
impact on the forecasted energy load-resource balance for the Pacific Northwest. At the sub-
WECC level, energy imports and exports become an important consideration. Figure - ???
shows the underlying annual energy load-resource balance for the Northwest load-resource
pool.® Existing resources, assuming normal hydro conditions, are shown at the bottom, “forced”
RPS resource additions are shown as the middle wedge, and finally, energy imports from other
zones and modeled resource additions comprise the top two wedges. In the model, the region’s
current energy and capacity surpluses put it in the position of being able to take advantage of the
excess capacity built in other areas of the WECC to meet future energy needs. This is a logical
model result, it is not a recommended resource portfolio for the region.

® The load-resource balance is based on the economic dispatch of the resources, not the theoretical availability the

resources.
NORTHWEST
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Appendix D: Electricity Price Forecast Draft Sixth Power Plan
Figure D-12: Pacific Northwest Annual Energy Load-Resource Balance
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Forecast of Retail Electricity Prices

Typically, the price of electricity is determined through a regulatory approval process, with
utilities bringing a rate proposal to their regulatory body, board of directors or city council, to
seek approval of future rates. Rates are dependant on the anticipated cost of serving customers
and the level of sales. Sales are determined either for a future period or for a past period. The
approved rates should cover the variable and fixed-cost components of serving the customers.

The methodology used for forecasting future electricity prices in the Sixth Power Plan is similar
to the methodology used for forecasting other fuel prices such as gas, oil, and coal. A fuel price
forecast starts with a national or regional base price and then modifies the base price through the
addition of delivery charges to calculate regional prices. In forecasting retail electricity prices, a
similar approach is used. Starting with a forecast of the wholesale price at the Mid-C,
transmission and delivery charges, plus other incremental fixed costs that are not reflected in
market clearing, are added. Examples of these incremental fixed costs include the cost of
conservation investments or the cost of meeting renewable portfolio standards (RPS).

Retail Rates Estimation Methodology
A three-step process was used to calculate the retail electricity prices for each state.

Step 1: For each state, the average price of electricity in 2007, measured as the average revenue
per megawatt hour of sales, is calculated. The 2007 wholesale market price for Mid-C market is
calculated. The difference between the average retail price of electricity and the wholesale price
at Mid-C is treated as a proxy for transmission and distribution cost additions.
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Note that the transmission and distribution charges calculated here (shown in the following table
under the column labeled -Proxy Non-generation costs) are simply proxies for the actual
transmission and distribution charges. At this point, it is assumed that these charges will stay
constant in real terms over the forecast horizon.

Table D-3: Components of Retail Rate

Average Retail Price of Wholesale Price Forecast for Proxy Non-generation
Electricity 2007 Mid C * 2007 costs 2007
State $/MWH $/MWH $/MWH
IDAHO 50.63 45.34 5.03
MONTANA 75.06 45.34 29.46
OREGON 69.96 45.34 24.36
WASHINGTON 64.12 45.34 18.52

*- based on Aurora run 6th Plan 03-13-2008 RPS HCAPTL HD

Step 2: The Interim Base Case forecast of wholesale market prices for 2008-2030, is used as the
base wholesale price for electricity. The AURORA*™ model produces wholesale price forecasts
for many markets in the West. For the retail electricity price analysis, the Mid-C wholesale price
forecast was selected as the base market hub.

The following graph shows the forecast electricity price at Mid-C for the scenario that is
currently used to calculate retail electricity rates. Wholesale prices at Mid-C are projected to
grow at an average annual rate of 3.3 percent for the 2010-2030 period.

Figure D-13: Wholesale Price of Electricity at Mid C

Wholesale Prices At MidC (2006%)
(6th Plan O_6P_11112008 RPS3_HD)
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Step 3: Calculate additional costs to meet RPS standards.
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RPS targets vary by state. In order to calculate additional electricity rate increases incurred by
utilities for added resources to meet RPS targets, it is assumed that the costs of committed RPS
resources are already reflected in the retail rates in 2007. Therefore, any additional costs would
be due to the new RPS resources.

To estimate new RPS resource requirements, state or utility RPS obligations for a given year are
calculated. The RPS obligation is calculated as the load forecast multiplied by the RPS target
percent. If the committed RPS is above incremental RPS, no new RPS resources would be built
in that year; otherwise, new RPS resources are built.

There are different resource mix options for new RPS resources that need to be built. The
following table shows the Council’s current assumption on how the uncommitted/new RPS
resources are going to be built.

Table D-4: Assumed Market Share of New RPS Resources

Montana Oregon Washington
Biomass 25.0 percent 20.0 percent 20.0 percent
Geothermal 10.0 percent
Hydro
Solar Photovoltaic 5.0 percent 5.0 percent
(Load-side)
Solar Thermal
Wind 75 percent 65.0 percent 75.0 percent

Each renewable generation technology has its own set of costs, including transmission and
integration costs. At the moment, however, incremental transmission costs are not included in
this analysis.

Interaction of RPS and Conservation: Conservation achievements reduce loads, and by
reducing a utility’s load, a utility’s RPS target is likewise reduced. In this analysis, we
calculated the rate impact of RPS with and without incremental conservation. Preliminary
analysis indicates that, given current load forecasts and committed RPS, the region can meet RPS
requirements without any new RPS resources in significant amounts until 2012.

Table D-5: Cumulative New RPS Qualifying Resources Needed (MWa)

Cumulative New RPS Qualifying Resources Needed (MWa)

Without With 200 MWa /Yr Conservation

Conservation target

MT OR WA MT OR WA
2008 0 0 0 0 0 0
2009 0 0 0 0 0 0
2010 1 0 0 0 0 0
2011 16 0 0 15 0 0
2012 31 0 0 30 0 0
2013 38 23 6 37 2 0
2014 46 34 144 44 3 108
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2015 54 48 324 52 4 272
2016 54 59 490 52 5 419
2017 55 180 662 52 115 568
2018 56 515 839 53 439 720
2019 56 583 1023 53 494 876
2020 57 654 1214 54 551 1035
2021 58 746 1243 54 626 1049
2022 59 836 1272 55 698 1063
2023 60 929 1302 55 772 1078
2024 61 1027 1334 56 850 1095
2025 62 1130 1368 57 931 1115
2026 63 1164 1403 58 953 1134
2027 64 1196 1441 58 972 1158
2028 65 1231 1479 59 994 1182
2029 66 1267 1518 60 1018 1206
2030 67 1305 1559 61 1044 1232

To calculate the effect on rates, above-market costs for RPS resources are calculated and are
assumed to be recovered from target customers. For each state, using Mid-C market prices from
step 1 and the levelized total cost of renewable generation technologies, total above-market costs
are calculated and recovered from qualified ratepayers. For Montana, the above-market costs are
recovered from Northwest customers. For the state of Washington, the RPS is applicable to 84
percent of state load, and must be met by both public and private utilities. For the state of
Oregon, three different target rates are given, and the above-market costs are recovered from
these target customers.

The following table shows the average rate impact of RPS with and without conservation targets.
The average rate increase from RPS for the 2010-2030 period is about 1$/MWh for Montana, $3
dollarssyMWH for Oregon, and about $2 per MWH for Washington, averaged over a 20-year
period. On an annual basis, incremental cost increases are higher, as shown in the following
table. The average rate increase for consumers in these states is similar regardless of whether or
not conservation was achieved. Conservation targets lower the growth of new load but they do
not significantly lower the RPS requirements.

Table D-6: Rate Impact from meeting RPS (2006 $/MWH)

Without Conservation | With Conservation

MT |OR |WA |MT |OR | WA
2008 0.00 |0.00 |0.00 |- - -
2009 0.00 |0.00 |0.00 |- - -
2010 0.02 |0.00 |0.00 |0.01 |- -
2011 0.50 |0.00 |0.00 |0.49 |- -
2012 0.94 |0.00 |0.00 |0.95 |- -
2013 114 022 |0.02 |1.15|0.02 |-
2014 1.30 [0.32 |0.50 |1.33 |0.03 |0.40
2015 1.45 (043 |1.05 |1.49 |0.04 |0.95
2020 141 446 |3.13 |1.46 |4.19 |3.01
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2025 137 |6.84 317 |1.44 |6.55 |3.03
2030 134 [ 711 |3.25 [1.42 |6.78 | 3.10
Average 1.14 | 347 |19 |1.18 |3.22 | 1.86
2010-2030

Step 4: Calculate additional costs to meet conservation targets.

The next step in the analysis includes the incremental cost of conservation programs. However,
this step of the analysis cannot be completed until the conservation target levels are known. The

calculation of incremental costs of meeting conservation targets will be conducted after

determining the optimized conservation-acquisition targets.
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Table D-7: Mid-Columbia Wholesale Power Price Forecast (20063/MWh)

Month On-peak Off-peak Flat Month On-peak Off-peak Flat
Jan-2020 69.29 63.37 66.81 Jan-2025 78.29 74.78 76.82
Feb-2020 69.74 64.37 67.45 Feb-2025 81.22 75.88 78.93
Mar-2020 69.03 63.59 66.63 Mar-2025 79.32 74.64 77.26
Apr-2020 65.95 61.13 63.91 Apr-2025 75.39 71.61 73.79
May-2020 63.91 52.75 58.99 May-2025 71.58 64.53 68.62
Jun-2020 65.58 50.90 59.38 Jun-2025 74.61 63.06 69.47
Jul-2020 68.09 55.72 62.90 Jul-2025 77.99 66.50 73.18
Aug-2020 73.24 62.56 68.53 Aug-2025 84.53 74.32 80.03
Sep-2020 71.97 65.81 69.37 Sep-2025 83.94 76.50 80.80
Oct-2020 72.56 66.46 70.00 Oct-2025 83.76 77.16 80.99
Nov-2020 73.87 68.47 71.47 Nov-2025 83.89 78.35 81.43
Dec-2020 72.56 68.15 70.71 Dec-2025 83.49 79.10 81.65
Jan-2021 71.61 65.06 68.72 Jan-2026 81.22 76.36 79.18
Feb-2021 71.08 67.38 69.50 Feb-2026 84.22 77.91 81.51
Mar-2021 71.98 65.96 69.45 Mar-2026 81.16 77.24 79.43
Apr-2021 67.72 63.15 65.79 Apr-2026 77.56 74.09 76.09
May-2021 65.14 55.20 60.76 May-2026 73.56 67.40 70.84
Jun-2021 67.71 53.73 61.81 Jun-2026 77.47 64.08 71.82
Jul-2021 70.11 57.21 64.70 Jul-2026 79.95 68.42 75.12
Aug-2021 76.41 65.21 71.47 Aug-2026 87.19 76.57 82.51
Sep-2021 74.25 67.76 71.51 Sep-2026 85.88 78.50 82.76
Oct-2021 74.74 68.06 71.79 Oct-2026 85.56 79.27 82.92
Nov-2021 76.45 70.95 74.13 Nov-2026 87.09 81.00 84.38
Dec-2021 74.68 70.14 72.77 Dec-2026 85.50 81.36 83.77
Jan-2022 73.86 68.09 71.32 Jan-2027 83.21 78.74 81.24
Feb-2022 73.50 69.87 71.95 Feb-2027 86.38 80.37 83.80
Mar-2022 73.43 67.47 70.93 Mar-2027 83.48 78.87 81.55
Apr-2022 69.58 65.11 67.69 Apr-2027 79.27 75.92 77.85
May-2022 67.00 58.04 63.05 May-2027 75.01 68.99 72.36
Jun-2022 69.99 56.30 64.21 Jun-2027 78.66 66.60 73.57
Jul-2022 72.02 60.18 66.80 Jul-2027 81.93 70.29 77.05
Aug-2022 78.30 67.55 73.79 Aug-2027 90.39 78.72 85.25
Sep-2022 75.83 69.78 73.27 Sep-2027 87.11 80.53 84.33
Oct-2022 77.36 70.65 74.40 Oct-2027 87.69 81.47 84.95
Nov-2022 79.25 72.81 76.53 Nov-2027 89.89 82.74 86.87
Dec-2022 76.07 72.58 74.61 Dec-2027 87.87 82.93 85.80
Jan-2023 75.72 70.65 73.48 Jan-2028 86.03 82.14 84.32
Feb-2023 76.31 71.61 74.30 Feb-2028 89.39 82.41 86.42
Mar-2023 75.69 70.73 73.61 Mar-2028 85.66 80.62 83.55
Apr-2023 70.93 67.82 69.55 Apr-2028 81.21 78.15 79.85
May-2023 69.19 59.97 65.33 May-2028 78.52 69.08 74.56
Jun-2023 72.30 58.64 66.53 Jun-2028 81.25 69.36 76.23
Jul-2023 74.57 62.26 69.14 Jul-2028 84.61 73.17 79.57
Aug-2023 80.57 69.87 76.08 Aug-2028 94.19 81.25 88.77
Sep-2023 78.02 71.94 75.46 Sep-2028 89.41 82.47 86.48
Oct-2023 80.44 73.35 77.31 Oct-2028 90.97 83.94 87.87
Nov-2023 81.65 75.34 78.99 Nov-2028 93.25 85.14 89.83
Dec-2023 78.12 74.53 76.54 Dec-2028 91.05 85.40 88.56
Jan-2024 77.04 71.51 74.72 Jan-2029 89.45 83.48 86.95
Feb-2024 79.01 74.13 76.93 Feb-2029 91.30 84.18 88.25
Mar-2024 78.11 72.95 75.84 Mar-2029 86.84 82.27 84.92
Apr-2024 72.93 68.59 71.10 Apr-2029 83.79 79.88 82.05
May-2024 70.34 61.06 66.45 May-2029 78.83 72.44 76.15
Jun-2024 71.41 59.86 66.28 Jun-2029 81.63 68.41 76.05
Jul-2024 76.12 64.29 71.16 Jul-2029 85.66 74.30 80.65
Aug-2024 82.55 71.66 77.98 Aug-2029 97.98 83.20 91.78
Sep-2024 81.15 74.10 78.02 Sep-2029 92.58 84.24 88.87
Oct-2024 81.24 74.76 78.52 Oct-2029 92.64 84.42 89.20
Nov-2024 81.34 76.22 79.17 Nov-2029 93.54 85.82 90.28
Dec-2024 81.31 76.35 79.13 Dec-2029 94.38 86.74 91.01
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Appendix E: Conservation Supply Curve
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OVERVIEW

This Appendix provides an overview of the Council general methodology for estimating the
conservation resource potential in the region and describes the major sources of information used
to prepare that analysis. It also provides links to spreadsheets containing the detailed input
assumptions and specific source data used for each of the measures in the Council’s conservation
supply curves.

The Council estimates costs and savings for over 1400 measures. These costs and savings are
used to develop supply curves of conservation potential available by year. The supply curves
represent the amount of conservation available at different cost levels. Costs are expressed as
TRC Net levelized costs so they can be compared to the costs of power purchases and the costs
of new resource development.! The Council uses an in-house model called ProCost to calculate
TRC Net levelized cost. The following sections describe the “global” inputs and methodology
used by the Council in its assessment of regional conservation resource potential.

Cost-Effectiveness Methodology Used in the Portfolio Analysis Model

As with all other resources, the Council uses its Resource Portfolio Model (RPM) to determine
how much conservation is cost-effective to develop.? The RPM is designed to compare
resources, including conservation on a “generic” level. That is, it does not model a specific
combined cycle gas or wind project nor does it model specific conservation measures or
programs. In the case of conservation, the model uses two separate supply curves. These supply
curves, one for discretionary resources and a second for lost opportunity resources, depict the
amount of savings achievable at varying costs. The savings in these two supply curves are
allocated to “on-peak” and “off-peak” periods for each quarter of the year to capture the daily
and seasonal effect of changes in wholesale market prices on the value of conservation. This
allocation of savings to time periods is a summation of the time-based shape of the collective
savings of the individual measures in each of these supply curves.

The cost-effectiveness methodology used in the conservation assessment considers the time-
based value of the savings, and the non-power system costs and benefits of each conservation
measure to estimate how much of the identified savings potential is cost-effective based on an
estimate of forecast power prices and forecast value of transmission and distribution capacity
deferred. Run time constraints limit the number of conservation programs the RPM can

L “TRC Net Levelized Cost” is computed based on all costs minus all benefits regardless of which sponsor incurs the cost or
accrues the benefits. TRC Net Levelized Cost includes all applicable costs and all benefits. In addition to energy system costs
and benefits, TRC Net Levelized Cost includes non-energy, other-fuel, O&M, periodic-replacement and risk-mitigation benefits
and costs. TRC Net Levelized Cost corresponds to TRC B/C ratios with regard to the costs and benefits included. Benefits are
subtracted from costs, then levelized over the life of the program.

2 The Act defines regional cost-effectiveness as follows: "Cost-effective”, when applied to any measure or resource referred to in
this chapter, means that such measure or resource must be forecast to be reliable and available within the time it is needed, and to
meet or reduce the electric power demand, as determined by the Council or the Administrator, as appropriate, of the consumers of
the customers at an estimated incremental system cost no greater than that of the least-cost similarly reliable and available
alternative measure or resource, or any combination thereof. (Emphasis added). Under the Act the term "system cost" means an
estimate of all direct costs of a measure or resource over its effective life, including, if applicable, the cost of distribution and
transmission to the consumer and such quantifiable environmental costs and benefits as are directly attributable to such measure
or resource. The Council has interpreted the Act’s provisions to mean that in order for a conservation measure to be cost-
effective the discounted present value of all of the measure’s benefits should be compared to the present value of all of its costs.
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consider. The RPM cannot consider individual programs for every measure and every specific
load shape, and perform a measure-specific benefit-cost ratio for each sub-component of
conservation. So the Council simplifies the set of conservation measures available to the
portfolio model. The Council uses “adjusted” levelized costs to incorporate the transmission and
distribution system benefits for the aggregate benefits of the collective set of conservation
measures. The Council adjusts the levelized costs of the measures to reflect the transmission and
distribution value of the collective savings in both the lost-opportunity and discretionary supply
curves. The RPM compares this supply curve of available conservation and adjusted levelized
costs to the model’s “estimates” of forecast short-term power market prices. The RPM then tests
how much conservation to develop, along with other resources, that provides least-cost and least
risk plans.

The Costs of Conservation

The costs included in the Council’s analyses are the sum of the total installed cost of the
measure, and any operation and maintenance costs, or savings, associated with ensuring the
measure’s proper functioning over its expected life. If the use of an electric efficiency measure
increases or decreases the use of another fuel, such as improving the efficiency of lighting in a
commercial building may increase the use of natural gas for heating, the cost or savings of these
impacts are included in the analysis.

The Value of Conservation

Part of the value of a kilowatt-hour saved is the value it would bring on the wholesale power
market and part of its value comes from deferring the need to add distribution and/or
transmission system capacity. This means that the marginal “avoided cost” varies not only by
the time of day and the month of the year, but also through time as new generation, transmission
and distribution equipment is added to the power system. The Council’s cost-effectiveness
methodology starts with detailed information about when the conservation measure produces
savings and how much of these savings occur when distribution and transmission system loads
are at their highest. That is, each measure’s annual savings are evaluated for their effects on the
power system over the 8760 hours in a year.?

The Northwest’s highest demand for electricity occurs during the coldest winter days, usually
during the early morning or late afternoon. Savings during these peak periods reduce the need for
distribution and transmission system expansion. Electricity saved during these periods is also
more valuable than savings at night during spring when snow melt is filling the region’s
hydroelectric system and the demand for electricity is much lower. However, since the
Northwest electric system is linked to the West Coast wholesale power market, the value of the
conservation is no longer determined solely by regional resource cost and availability.

® To simplify this analysis the Council divides each day and week into four time segments representing high,
medium high, medium and low demand hours, resulting in four price “periods” per day for each month for a total of
48 prices per year.
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Value of Energy Saved

Given the interconnected nature of the West, regional wholesale power prices reflect the
significant demand for summer air conditioning in California, Nevada and the remainder of the
desert Southwest. Consequently, wholesale power prices are as high as or higher during the peak
air conditioning season in July and August than they are when the Northwest system peak
demand occurs in the winter. Consequently, a kilowatt-hour saved in a commercial building in
the afternoon in the Pacific Northwest may actually displace a kilowatt-hour of high-priced
generation in Los Angeles on a hot August day. Whereas a kilowatt-hour saved in street lighting
might displace a low-cost imported kilowatt-hour on a night in November.

As noted previously, in addition to its value in offsetting the need for generation during the hours
it occurs, conservation also reduces the need to expand local power distribution system capacity.
Figure E-1 shows typical daily load shape of conservation savings for measures that improve the
efficiency of space heating, water heating and central air conditioning in typical new home built
in Boise. The vertical axis indicates the ratio (expressed as a percent) of each hour’s electric
demand to the maximum demand for that end use during over the course of the entire day. The
horizontal axis shows the hour of the day, with hour “0” representing midnight.

Figure E-1: Hour Load Profile for Residential Central Air Conditioning
Water Heating and Space Heating Conservation Savings
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As can be seen from inspecting Figure E-1, water heating savings increase in the morning when
occupants rise to bathe and cook breakfast, then drop while they are away at work and rise again
during the evening. Space heating savings also exhibit this “double-hump” pattern. In contrast,
central air conditioning savings increase quickly beginning in the early afternoon, peaking in late
afternoon and decline again as the evening progresses and outside temperatures drop.

The Council’s forecast of future hourly wholesale market power prices vary over the course of
typical summer and winter days. Figure E-2 shows the average levelized “on peak” and “off
peak” wholesale market prices at Mid-C for January and August. As can be seen from Figure E-
2, “on-peak” savings are far more valuable than those that occur “off-peak” during the summer
or during the winter.
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Figure E-2: Forecast Levelized “On” and “Off-Peak” Wholesale Power Market Prices for
January and August at Mid Columbia Trading HUB
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In order to capture this differential in benefits, the Council computes the weighted average time-
differentiated value of the savings of each conservation measure based on its unique
conservation load shape. Each month’s savings are valued at the avoided cost for that time
period based on the daily and monthly load shape of the savings. The weighted value of the all
time period’s avoided costs establishes the cost-effectiveness limit for a particular end use.

Forecast of future wholesale power market prices are subject to considerable uncertainty.
Therefore, in order to determine a more “robust” estimate of a measure’s cost-effectiveness it
should be tested against a range of future market prices. The Council currently uses its “base
case” AURORA model forecast of future wholesale market prices to determine conservation
cost-effectiveness. However, in order to reflect the uncertainty of future market prices rather than
a single market price forecast the Council adjusts the AURORA market price forecast to
incorporate the value that conservation provides as a hedge against future market price volatility.
The derivation of this value is described fully in Chapter 9 of the Sixth Plan.

Value of Deferred Transmission and Distribution Capacity

In addition to its value in offsetting the need for generation, conservation also reduces the need
to expand local power distribution system capacity. The next step used to determine
conservation’s cost effectiveness is to determine whether the installation of a particular measure
will defer the installation or expansion of local distribution and/or transmission system
equipment. The Council recognizes that potential transmission and distribution systems cost
savings are highly dependent upon local conditions. However, the Council relied on data
obtained by its Regional Technical Forum (RTF) to develop a representative estimate of avoided
transmission and distribution costs. Figure E-3 presents data for the avoided cost of transmission
system expansion and Figure E-4 presents data for the avoided cost of distribution system
expansion.
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Figure E-3: Average Avoided Cost of Deferred Transmission System Expansion
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After reviewing this data the RTF recommended a value of $23/kW-yr for “representative” of
avoided transmission system expansion cost and $25/kW-yr as “representative” of avoided cost
of distribution system expansion. The Council adopted the RTF recommended value for
distribution system avoided cost. However, because the value of avoiding the transmission
system investments is already included in the wholesale market prices produced by the
AURORA model the Council did not use the RTF estimate of the benefits of deferring
transmission system expansion so as to avoid double counting.

Figure E-4: Average Avoided Cost of Deferred Distribution System Expansion
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As discussed above, due to the interconnected nature of the West coast wholesale power market,
conservation measures that reduce consumption during the on peak hours are the most valuable,
even though the region has significant peaking resources from the hydro-system. In contrast,

MNORTHWEST
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throughout most of the Northwest region measures conservation measures that reduce peak
demand during the winter heating season are of more value to the region’s local distribution
systems and to its wholesale transmission system.* This is because these systems must be
designed and built to accommodate “peak demand” which occurs in winter. If a conservation
measure reduces demand during these periods of high demand it reduces the need to expand
distribution and transmission system capacity.

In order to determine the benefits a conservation measure might provide to the region’s
transmission and distribution system it is necessary to estimate how much that measure will
reduce demand on the power system when regional loads are at their highest. The same
conservation load shape information that was used to estimate the value of avoided market
purchases was also used to determine the “on-peak” savings for each conservation measure.

Value of Non-Power System Benefits

In addition to calculating the regional wholesale power system and local distribution system
benefits of conservation the Council analysis of cost-effectiveness takes into account a measure’s
other non-power system benefits. For example, more energy efficient clothes washers and
dishwashers save significant amounts of water as well as electricity. Similarly, some industrial
efficiency improvements also enhance productivity or improve process control while others may
reduce operation and maintenance costs. Therefore, when a conservation measure or activity
provides non-power system benefits, such benefits should be quantified (e.g., gallons of water
savings per year and where possible an estimate of the economic value of these non-power
system benefits should be computed. These benefits are added to the Council’s estimate of the
value of energy savings to the wholesale power system and the local electric distribution systems
when computing total system/societal benefits.

Regional Act Credit

The Northwest Power Act directs the Council and Bonneville to give conservation a 10 percent
cost advantage over sources of electric generation. The Council does this by adding 10 percent
to the AURORA model forecast of wholesale market power prices and to its estimates of capital
costs savings from deferring electric transmission and distribution system expansion. Since the
Council’s Resource Portfolio Model (RPM) does not address the Act’s credit for conservation,
the levelized cost of conservation in the supply curves are adjusted downward so that this credit
is reflected in its comparison of conservation with other resources.

Financial Input Assumptions

The present value cost of conservation is determined by who pays for it. The RTF was asked to
provide recommendations on the anticipated “cost-sharing” between utilities and consumers.
Staff also developed estimates of the cost of capital and equity used to pay for conservation
based on the mix of consumers in each of the major sectors. Tables E-1 through E-4 show the
financial assumptions used in the economic analysis of conservation opportunities in each of the
four major economic sectors.

* Some areas of the region now experience both summer and winter peaks of almost equal magnitude due to
increased use of air conditioning.
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Table E-1: Residential Sector Financial Input Assumptions

Wholesale | Retail | Natural
Sponsor Parameters Customer Electric Electric Gas
Real After-Tax Cost of Capital 3.90% 4.40% | 4.90% | 5.00%
Financial Life (years) 15 1 1 1
Sponsor Share of Initial Capital Cost 35% 20% 45% 0%
Sponsor Share of Annual O&M 100% 0% 0% 0%
Sponsor Share of Periodic Replacement Cost 100% 0% 0% 0%
Sponsor Share of Administrative Cost 0% 50% 50% 0%
Last Year of Non-Customer O&M & Period Replacement 20

Table E-2: Commercial Sector Financial Input Assumptions

Wholesale | Retail | Natural
Sponsor Parameters Customer Electric Electric Gas
Real After-Tax Cost of Capital 6.70% 4.40% | 4.90% | 5.00%
Financial Life (years) 20 1 1 1
Sponsor Share of Initial Capital Cost 35% 10% 55% 0%
Sponsor Share of Annual O&M 100% 0% 0% 0%
Sponsor Share of Periodic Replacement Cost 100% 0% 0% 0%
Sponsor Share of Admin Cost 0% 50% 50% 0%
Last Year of Non-Customer O&M & Period Replacement 20

Table E-3: Industrial Sector Financial Input Assumptions

Wholesale | Retail | Natural
Sponsor Parameters Customer Electric Electric Gas
Real After-Tax Cost of Capital 7.60% 4.40% | 4.90% | 5.00%
Financial Life (years) 20 1 1 1
Sponsor Share of Initial Capital Cost 35% 10% 55% 0%
Sponsor Share of Annual O&M 100% 0% 0% 0%
Sponsor Share of Periodic Replacement Cost 100% 0% 0% 0%
Sponsor Share of Admin Cost 0% 50% 50% 0%
Last Year of Non-Customer O&M & Period Replacement 20

Table E-4: Agriculture Sector Financial Input Assumptions

Wholesale | Retail | Natural
Sponsor Parameters Customer Electric Electric Gas
Real After-Tax Cost of Capital 7.60% 4.40% | 4.90% | 5.00%
Financial Life (years) 5 1 1 1
Sponsor Share of Initial Capital Cost 35% 10% 55% 0%
Sponsor Share of Annual O&M 100% 0% 0% 0%
Sponsor Share of Periodic Replacement Cost 100% 0% 0% 0%
Sponsor Share of Admin Cost 0% 50% 50% 0%
Last Year of Non-Customer O&M & Period Replacement 20

RESIDENTIAL SECTOR

Residential Sector Definition and Coverage

For the Council’s conservation analysis the residential sector includes single family, multifamily
and manufactured homes buildings. Single family buildings are defined as all structures with
four or fewer separate dwelling units, including both attached and detached homes. Multifamily
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structures include all housing with five our more dwelling units, up to four stories in height.’
Manufactured homes are dwellings regulated by the US Department of Housing and Urban
Development (HUD) construction and safety standards (USC Title 42, Chapter 70). Modular
homes, which are regulated by state codes, are considered single family dwellings.

One of primary inputs into the residential sector conservation assessment is the number of units
that each conservation measure or measure bundle could be applied to in the region. Space
conditioning savings are a function of both the characteristics of the structure and the climatic
conditions where the home is located. Therefore, the Council’s assessment includes estimates of
the number of new and existing dwelling units of each type (i.e., single family, multifamily,
manufactured homes) in nine different climate zones. The Council defines climate zones by
specific combinations of heating and cooling degree days. Table E-5 shows the nine climate
zones in the region.

Measure Bundles

Nearly 60 individual residential-sector measures are analyzed in the Sixth Power Plan. In the
case of heat pumps and central air conditioning three measures were consolidated into a single
bundle of related measures. Two levels of efficiency above the current federal minimum
standards were tested, HSPF 8.5/SEER 14 and HSPF 9.0/SEER 14. For purposes of analytical
expediency it was assumed that when a high efficiency heat pump was installed it would also
undergo commissioning to ensure it functions properly and that it would have controls installed
to optimize its operation. In addition, it was also assumed that in the case of existing homes the
duct system would be sealed and in the case of new homes the duct system would be located
inside the conditioned space or be sealed. As a result “duct sealing” and “heat pump
commissioning and controls” are not identified separated in the supply curve, but are bundled
with “heat pump efficiency upgrades” and “heat pump conversions.” These measure bundles do
not and should not dictate the way measures are bundled for programmatic implementation.

Table E-5: Regional Heating and Cooling Climate Zones

Climate Zone Heating Degree Days | Cooling Degree Days
Climate Zone: Heating 1 - Cooling 1 < 6000 <300

Climate Zone: Heating 1 - Cooling 2 < 6000 > 300 - 899
Climate Zone: Heating 1 - Cooling 3 < 6000 > 900
Climate Zone: Heating 2 - Cooling 1 6000 - 7499 <300

Climate Zone: Heating 2 - Cooling 2 6000 - 7499 > 300 - 899
Climate Zone: Heating 2 - Cooling 3 6000 - 7499 > 900
Climate Zone: Heating 3 - Cooling 1 > 7500 <300

Climate Zone: Heating 3 - Cooling 2 > 7500 > 300 - 899
Climate Zone: Heating 3 - Cooling 3 > 7500 > 900

Measures are also consolidated into three types of application modes. These modes are new,
natural replacement and retrofit. The new mode applies primarily to new buildings or new
equipment. The natural replacement mode applies to subsystems and equipment within
buildings that are replaced on burnout, at the end of their useful life, or at the time of remodel of

® The conservation potential for water heating, lighting, appliances and consumer electronics in high rise multifamily
dwellings (i.e., those covered by non-residential codes) are included in the residential sector. However, the savings
from building shell and HVAC improvements in high rise multifamily buildings is not included in the Council’s
assessment of regional conservation potential due to lack of data.
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the building or system within a building. Examples of this mode include appliance and water
heater replacements and conversions of electric forced air furnaces to air source heat pumps are
assumed to take place when the existing furnace needs to be replaced. Retrofit mode is used
where a measure or a building subsystem upgraded, replaced or retired before the end of its
useful life. The installation of insulation, window replacements and installation of ductless heat
pumps to provide higher efficiency supplemental space conditioning are all examples of retrofit
measures.

There are three reasons to distinguish the new, natural replacement and retrofit application
modes. First, costs and savings can be different by application mode. Second, in the case of new
and natural replacement, the available stock for the measure depends on the forecast of new
additions and replacement rate for equipment. These opportunities are tracked separately over
course of the forecast period and limit the annual availability of conservation opportunities.
Third, the Council’s portfolio model treats new and natural replacement applications as lost-
opportunity measures that can only be captured at the time of construction or natural
replacement.

Measure costs, savings, applicability, and achievability estimates are identified separately for
each of the new, natural replacement and retrofit application modes. The Council analyzes
measure costs and savings on an incremental basis. Measure cost is the incremental cost over
what would be done absent the measure or program. The same is true for savings. Incremental
measure costs and savings can be different depending on the application mode. For example,
incremental costs of high performance windows in a new application only include the additional
cost of the windows required by code. In a retrofit application, the labor cost of removing and
replacing the existing window are added to the measure cost.

Overview of Methods

Measure costs and savings are developed at a level of detail compatible with data availability,
expected variance in measure costs and savings, the diversity of measure applications and
practical limitations on the number of measures that can be analyzed. Costs and savings are
based both on engineering estimates as well as estimates based on results from the operation of
existing programs. Savings potential is the product of savings per unit and the forecast of
number of units that the measure is applicable to. For the residential sector measures the unit of
measure is a function of the measure type. Most measures apply to a fraction of the building
stock in a particular building type. For example, insulation measures are a function of the
number of households with electric heat, refrigerator efficiency improvements are a function of
the number of refrigerators that are replaced or purchase new each year and the potential savings
from ductless heat pumps are function of the number of single family homes with zonal electric
heating systems.

For every measure or practice analyzed, there are four major methodological steps to go through.
These steps establish baseline conditions, measure applicability, and measure achievability. For

the residential-sector conservation measures, each of these is treated explicitly for each measure

bundle.
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Baseline Characteristics

Baseline conditions are estimated from current conditions for existing buildings and systems.
Estimates of current conditions and characteristics of the building stock come from several
sources. Key among these are the market research projects of the Northwest Energy Efficiency
Alliance (NEEA), selected studies from utilities, Energy Trust of Oregon, and other sources.

For new buildings, new and replacement equipment, baseline conditions are estimated from a
combination of surveys of new buildings, state and local building energy codes and federal and
state appliance efficiency standards. The most recent survey data used is from the NEEA New
Single Family and New Multifamily Buildings Characteristics studies completed in 2007 which
looked at buildings built in the 2003-2004. Codes and standards are continually being upgraded.
The baseline assumptions used in the Sixth Power Plan are those that were adopted at the end of
2008, with a few exceptions. Some of these include standards that are adopted now but with
effective dates that occur in the future. For such codes or standards, both savings estimates and
the demand forecast reflect the effective dates of adopted standards. Baseline characteristics for
major appliances (washers, dishwashers, refrigerators and freezers) are the national sales
weighted average efficiency levels. This data was obtained from the American Home Appliance
Manufacturer’s Association (AHAM). Cost data for appliances was obtained from an analysis of
the Oregon Residential Energy Tax Credit data and Internet searches. Heating, cooling,
insulation and window cost were obtained from an analysis of program data from Puget Sound
Energy and the Energy Trust of Oregon.

Measure Applicability

Measure applicability reflects several major components. First is the technical applicability of a
measure. Technical applicability includes what fraction of the stock the measure applies to.
Technical applicability can be composed of several factors. These include the fraction of stock
that the measure applies to, overlap with mutually exclusive measures and the existing saturation
of the measure. EXxisting measure saturation reflects the fraction of the applicable stock that has
already adopted the measure and for which savings estimates do not apply. There are hundreds
of applicability assumptions in the residential-sector conservation assessment. Applicability
assumptions by measure appear in the three supply curve summary workbooks. Table E-6 shows
the measures covered by each of these three workbooks.

Measure Achievability

The Council assumes that only a portion of the technically available conservation can be
achieved. Ultimate achievability factors are limited to 85 percent of the technically available
conservation over the twenty-year forecast period. In addition to a limit of 85 percent, the
Council considers near-term achievable penetration rates for bundles of conservation measures.
Several factors are used to estimate near-term achievability rates. Recent experience with region
wide conservation program accomplishments is one key factor. But in addition to historic
experience, the Council also considers a bottom-up approach to estimate near-term achievability.

In the bottom-up approach, the Council estimates near-term achievability rates of each bundle of
conservation measures based on the characteristics of the measures in the bundle being described
In the bottom-up approach, the Council estimates near-term achievability rates of each bundle of
conservation measures based on the characteristics of the measures in the bundle being described
and consideration of likely delivery mechanisms. This detailed bottom-up approach is a new
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element in the Sixth Power Plan. In the Sixth Plan, the Council uses a suite of typical ramp rates
to reflect near-term penetration rates. For example, measures involving emerging technology
might start out at low penetration rates and gradually increase to 85 percent penetration.
Measures suitable for implementation by a building code or a federal equipment standard might
increase rapidly to 85 percent penetration in new buildings and major remodels. Measures
requiring new delivery mechanisms might ramp up slowly. Simple measures with well-
established delivery channels, like efficient shower heads, might take only half a dozen years to
fully implement. Whereas retrofit measures in complex markets might take 20 years to reach full
penetration. Assumptions for the bottom-up approach are detailed in the conservation supply
curve workbooks shown in Table E-6 below.

Table E-6: Measures Covered in Residential Supply Curve Summary Worksheets

Measures Worksheet Name

New and existing lighting PNWResDHWLight&ApplianceCurve_6thPlanvl_3.xls
Clothes washers and dryers

Dishwashers

Refrigerators and Freezers

Microwaves and ovens

High efficiency water heaters, including heat
pump water heaters

Showerheads

Waste water heat recovery

Solar water heating

Solar photovoltaic

Thermal Envelop Improvements (insulation, PNWResSpaceConditioningCurve_6thPlanvl_5.xls
windows, air sealing)

High Efficiency heat pumps (upgrades and
system conversions)

High Efficiency air conditioners (Room AC
and Central AC)

Duct Efficiency (sealing and interior ductwork)
Heat pump commissioning and controls
Ductless heat pumps

Televisions PNWConsumerElectronicsSupplyCurve_6thPlanvl_3.xls
Set Top Boxes

Desktop computers
Desktop computer monitors

Physical Units

The conservation supply curves are developed primarily by identifying savings and cost per unit
and estimating the number of applicable and achievable units that the measure can be deployed
on. In the residential sector analysis, the applicable unit estimates for space conditioning, water
heating, lighting and appliances are based on the number of existing housing units and forecast
of future housing growth from the Council’s Demand Forecasting Model. The housing units
from the forecasting model were allocated to climate zones based on the population weighted
average heating and cooling degrees for each county in the region. The housing unit data and
zone allocations are all contained in the spreadsheet entitled
“PNWResSectorSupplyCurveUnits_6thPlan.xls.” The estimates of physical units available
include the number of units available annually. For example, for new buildings, the estimate of
available new building stock is taken from the Council’s baseline forecast for annual additions
by building type. Similarly for equipment replacement measures the annual stock available is
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taken from estimates of the turnover rate of the equipment in question. For retrofit measures, the
annual stock availability is a fraction of the estimated stock remaining at the end of the forecast
period.

The number of applicable and achievable units for consumer electronics were derived from
national and regional sales data and forecast for televisions, set top boxes and desktop computers
and monitors. The estimates of physical units for these products are embedded in the consumer
electronics supply curve workbooks cited in Table E-6.

Guide to the Residential Conservation Workbooks

Table E-7 provides a cross-walk between the measures included in the Council’s assessment of
regional conservation potential in the residential sector and the name of the individual
workbooks. The most recent version of these workbooks are posted on the Council’s website and
are available for downloading.
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Table E-7: Residential Sector Supply Curve Input Workbooks

File Scope File Name
Lighting - Existing EStarLighting_ExistingFY09v1 1.xls
Lighting - New EStarLighting_NewFY09v1_0.xls
Refrigerator EStarRefrigeratorFY09v1_0.xls
Dishwasher EStarResDishwasherFY09v1 0.xls
Freezer EStarResFreezersFY09v1l 0.xls

Window AC Upgrades

EStarRoomACFY09v1 0.xls

Clothes Washers and Dryers - Single
Family

EStarWasher_DryerSingleFamily _FY09v1 1.xls

Clothes Washers and Dryers - Multifamily

EStarWasher_DryerMultifamily FY09v1 0.xls

Marginal Cost and Load Shape Date File
(needed to run Procost models to update
cost-effectiveness)

MC_and_LoadShape_ 6P.xls

Residential Appliance, Lighting and
Domestic Water Heating Supply Curve for
Draft 6th Plan

PNWResDHWLight&ApplianceCurve_6thPlanvl 5.xls

Residential Supply Curve Housing and
Appliance Units

PNWResSectorSupplyCurveUnits_6thPlan.xls

Residential Space Conditioning Supply
Curve

PNWResSpaceConditioningCurve_6thPlanvl 5.xls

New and Existing Single Family &
Manufactured Home HVAC Conversions
and Upgrades to High Efficiency Heat
Pumps

ResDHP&HPConversions_UpgradesFY09v1 4.xIs

Showerhead

ResDHW_ 2 0gpmShowerheads FY09v1 0.xls

Efficient Water Heater Tanks and Heat
Pump Water Heaters

ResDHWFY09v1 1.xls

Waste Water Heat Recovery

ResDHWHeatRecoveryFY09v1 1.xls

New Multifamily Thermal Shell

ResNewMF_ wAdvancedLightingsgftFY09vl 2.xls

New Manufactured Home Thermal Shell

ResNewMH_wAdvancedLightingsgftFY09v1 2.xls

New Single Family Thermal Shell

ResNewSF_wAdvancedLightingsgftFY09v1l 2.xls

Microwaves and Ovens

ResOven_MicrowaveFY09v1l 0.xls

Residential Sector Supply Curve Summary

ResSectorConAsmnt_070109Summary.xls

Multifamily Weatherization

ResWxMF_w/AdvancedLightingsgftFY09v1l 2.xls

Manufactured Home Weatherization

ResWxMH_w/AdvancedLightingsgftFY09v1l 2.xls

Single Family Weatherization

ResWxSF_w/AdvancedLightingsgftFY09v1 2.xls

Solar Domestic Water Heating

SolarDHW_FY09v1 0.xIs

Solar Photovoltaic

SolarPV_FY09v1 0.xls

Consumer Electronics (Televisions, Set-
top-Boxes, Computers & Monitors)

PNWConsumerElectronicsSupplyCurve_6thPlanvl_3.xls

Climate Zone Assignments by State and
County

PNW(ClimateZones_6thPlan.xls

Housing Foundation Types

PNWFoundTypes- 6thPlan.xls

COMMERCIAL SECTOR

Commercial Sector Definition and Coverage

For the Council’s conservation analysis the commercial sector includes non-residential buildings
except for industrial, as well as non-building economic activities such as street and highway
lighting, outdoor area lighting, municipal sewage treatment, and water supply systems.
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Commercial building floor area is one of the key drivers of the commercial conservation
assessment. Floor area estimates are driven by economic forecasts of business activity,
employment, demographics, and other factors such as floor area per employee. The development
of the commercial floor area and load forecasts is described in Appendix C. The commercial
building sector is categorized into 11 economic activity types and 18 separate building types.
These building types are listed in Table E-8.

Table E-8: Building Types Covered in Commercial Supply Curve Summary Worksheets

Primary Council Gross Floor Number of Note, Comment, or Example
Activity Building Type Areain Square Stories
Feet
Office Large Office > 100,000 Any
Office Medium Office 20,000 to Any
100,000
Office Small Office < 20,000 Any
Retall Big Box > 50,000 1 Includes some Grocery
Retail Small Box <50,000 1
Retall High End < 20,000 1 High lighting density
Retail Anchor > 50,000 >1
Education K-12 Any Any
School University Any Any University, community college
Warehouse Warehouse Any Any Excludes refrigerated
warehouse
Retail Food Supermarket > 5000 Any
Retail Food MiniMart <5000 Any
Restaurant Restaurant Any Any Fast food, sit-down, café & bar
Lodging Lodging Any Any Hotel, motel & residential care
Health Care Hospital Any Any Medical, surgical, psychiatric
Health Care Other Health Any Any Outpatient health, labs,
ambulance
Assembly Assembly Any Any Churches, museums, airports,
stadiums, etc.

Other Other Any Any Parking lots, fire protection, car

wash, gasoline , cemetery, air

traffic control

Estimates of existing stock by building type and vintage cohort are based on data from the
Commercial Building Stock Assessments from 2001 and 2004, construction data from F.W.
Dodge, and other sources. Figure E-5 identifies floor area estimates for the 18 building types for
2010. Figure E-6 shows total historic and base case forecast commercial floor area for the period
1987 through 2029. Figure E-7 shows annual additions to commercial floor space for the same
period. The year-by-year forecast of floor area by building type, employment and population
used to estimate future stock is in the workbook Commercial Forecast 6P.xls identified in table
E-11. The file also contains a detailed mapping of economic activity types to building types.
Economic activity definitions are base on the North American Industry Classification System
(NAICS) codes.
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Figure E-5: Commercial Floor Area by Building Type for 2010
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Figure E-6: Total Commercial Floor Area 1987-2029
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Figure E-7: Annual Commercial Floor Area Additions 1987-2029
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Measure Bundles

Over 250 individual commercial-sector measures are analyzed in the Sixth Power Plan. These
measures are consolidated into 45 bundles of related measures. The measure bundles are chosen
primarily for analytical expediency. For example, measures that reduce interior lighting power
density (LPD) are bundled together. Measures that reduce lighting hours through occupancy
sensors are bundled separately. Measures that reduce interior lighting through daylighting are
also bundled separately. Measure bundles do not always correspond to the way measures are
bundled for programmatic implementation.

Measures are also consolidated into three types of application modes. These modes are new,
natural replacement and retrofit. The new mode applies primarily to new buildings or new
equipment. The natural replacement mode applies to subsystems and equipment within
buildings that are replaced on burnout, at the end of their useful life, or at the time of remodel of
the building or system within a building. Retrofit mode is used where a measure or a building
subsystem is replaced or retired before the end of its useful life.

There are three reasons to distinguish the new, natural replacement and retrofit application
modes. First, costs and savings can be different by application mode. Second, in the case of new
and natural replacement, the available stock for the measure depends on the forecast of new
additions and replacement rate for equipment. These opportunities are tracked separately over
course of the forecast period and limit the annual availability of conservation opportunities.
Third, the Council’s portfolio model treats new and natural replacement applications as lost-
opportunity measures that can only be captured at the time of construction or natural
replacement.

Measure costs, savings, applicability, and achievability estimates are identified separately for
each of the new, natural replacement and retrofit application modes. The Council analyzes
measure costs and savings on an incremental basis. Measure cost is the incremental cost over
what would be done absent the measure or program. The same is true for savings. Incremental
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measure costs and savings can be different depending on the application mode. For example,
incremental costs for high performance T8 fluorescent lamps and ballasts in a new application
only include the additional cost above standard T8 lamps and ballast. But in a retrofit
application, the cost of removing and disposing of existing tubes and ballast are added to the
measure Ccost.

Table E-10 lists the commercial sector measure bundles, a short description of the measures, the
number of measures in each bundle and the technical energy savings potential by 2029 in each
bundle by application mode.

E-18

FOMWER FLAMN



Measure Bundle

Lighting Power Density

Daylighting with Skylights

Daylighting with Windows

Lighting Controls Interior

Exit Signs

Premium HVAC Equipment

Variable Speed Chiller

Controls Commission Complex HVAC
Package Roof Top Optimization and Repair
Low Pressure Distribution Complex HVAC
Demand Control Ventilation

ECM Motors on Variable Air Volume Boxes
Evaporative Assist Cooling

Windows

Roof Insulation

Duct Sealing and Repair

Efficienct fans, pumps and drives
Exterior Building Lighting

Integrated Building Design

Street and Roadway Lighitng

Parking Lighting

LED Traffic Lights

Signage

Municipal Sewage Treatment
Municipal Water Supply

Network PC Power Management
Packaged Refrigeration Equipment
Commercial Clothes Washers
Cooking Equipment

Office Equipment

Computer Servers and IT

DCV Restaurant Hood

DCV Parking Garage

Grocery Refrigeration Bundle

Plug Load Sensor

Premium Fume Hood

Pre-Rinse Spray Wash

Total

End Use
Lighting
Lighting
Lighting
Lighting
Lighting
HVAC
HVAC
HVAC
HVAC
HVAC
HVAC
HVAC
HVAC
HVAC
HVAC
HVAC
HVAC

Ext Lighting
Multi

Ext Lighting
Ext Lighting
Ext Lighting
Ext Lighting
Process
Process
Process
Process
Process
Process
Process
Process
Process
Process
Process
Process
Process
Process

Number of
Measures in

Bundle
54

oMM OERNMRARNOO OO

o N

238

Table E-10: Commercial Sector Measure Bundles

Measure Description

Lamp, ballast and fixture improvements to lighting power density

Skylights with lighting controls

Perimeter daylighting controls

Occupancy controls for areas not required by code such as open office, warehouse aisle, classrooms
LED and electroluminescent "Exit" signs

HVAC equipment more efficient than applicable code or standard practice

Variable speed chillers

Commissioning on HVAC systems in buildings with complex HVAC systems

Suite of measures and control strategies for buildings served by package roof top HVAC units
Dedicated Outside Air or Underfloor Air distribution systems in buildings with complex HVAC systems
Fan control strategies, DCV and Fleet Strategy DOAS with heat recovery in simple HVAC systems
Electically Commutated Motors on Variable Air Volume Boxes

Evaporative Assist Cooling

Windows and glazing more efficiecnt that code or standard practice

Add insulation during re-roofing

Sealing and repair of ductwork in unconditioned spaces

Variable speed fans, pumps and drives, pump and fan system efficiencies and demand control
Effiicient facade, walkway, area and decorative exterior lighting, such as LED

Multiple measures applied in integrated design practice

Efficient street and roadway lighting, LED and induction

Efficient parking lot and garage lighting and controls

LED traffic signals

LED advertizing signs

Suite of measures for sewage treatment

Suite of measures for water supply systems

Control of a networked computer's advanced energy management systems

Efficient refrigerators and freezers, beverage merchandizers, ice makers and vending machines
Clotheswashers more efficient than federal standard

Efficient cooking equipment such as hot food holders, grills, fryers and steam tables

Efficient Desktop PC and Efficient Monitor

Consolidation & virtualization & upgrade of servers in embedded server rooms in buildings
Demand control ventilation systems for large restaurant hoods

Demand control ventilation systems for parking garages

Grocery store refrigeration measures

Occupancy controls for task lighting and other ancillary loads in offices

Effiicient fume hoods in labs

Low-flow pre-rinse spray valves for restaurant kitchens, cafeterias, and food-serving
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Overview of Methods

Measure costs and savings are developed at a level of detail compatible with data availability,
expected variance in measure costs and savings, the diversity of measure applications and
practical limitations on the number of measures that can be analyzed. Costs and savings are
based both on engineering estimates as well as estimates based on results from the operation of
existing programs. Savings potential is the product of savings per unit and the forecast of
number of units that the measure is applicable to. For most of the commercial sector measures,
building floor area, by building type, is the primary unit of measure. Most measures apply to a
fraction of the building stock in a particular building type. In addition to building floor area,
several of the measure potential estimates are based on forecast of equipment stock, equipment
turnover rates, equipment sales data, population, and process capacity.

For every measure or practice analyzed, there are four major methodological steps to go through.
These steps establish baseline conditions, measure applicability, and measure achievability. For
the commercial-sector conservation measures, each of these is treated explicitly for each measure
bundle.

Baseline Characteristics

Baseline conditions are estimated from current conditions for existing buildings and systems.
Estimates of current conditions and characteristics of the building stock come from several
sources. Key among these are the Pacific Northwest Commercial Building Stock Assessment
(CBSA), the national Commercial Building Energy Consumption Survey (CBECS), market
research projects of the Northwest Energy Efficiency Alliance (NEEA), selected studies from
utilities, Energy Trust of Oregon, and other sources.

For new buildings, new and replacement equipment, baseline conditions are estimated from a
combination of surveys of new buildings, state and local building energy codes and federal and
state appliance efficiency standards. The most recent survey data used is from the NEEA New
Buildings Characteristics study completed in 2008 which looked at buildings built in the 2002-
2004. Codes and standards are continually being upgraded. The baseline assumptions used in
the Sixth Power Plan are those that were adopted at the end of 2008, with a few exceptions.
Some of these include standards that are adopted now but with effective dates that occur in the
future. For such codes or standards, both savings estimates and the demand forecast reflect the
effective dates of adopted standards.

Measure Applicability

Measure applicability reflects several major components. First is the technical applicability of a
measure. Technical applicability includes what fraction of the stock the measure applies to.
Technical applicability can be composed of several factors. These include the fraction of stock
that the measure applies to, overlap with mutually exclusive measures and the existing saturation
of the measure. EXxisting measure saturation reflects the fraction of the applicable stock that has
already adopted the measure and for which savings estimates do not apply. There are hundreds
of applicability assumptions in the conservation assessment. Applicability assumptions and
source references are detailed in the workbooks for each measure bundle.

Measure Achievability

The Council assumes that only a portion of the technically available conservation can be
achieved. Ultimate achievability factors are limited to 85 percent of the technically available
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conservation over the twenty-year forecast period. In addition to a limit of 85 percent, the
Council considers near-term achievable penetration rates for bundles of conservation measures.
Several factors are used to estimate near-term achievability rates. Recent experience with region
wide conservation program accomplishments is one key factor. But in addition to historic
experience, the Council also considers a bottom-up approach to estimate near-term achievability.

In the bottom-up approach, the Council estimates near-term achievability rates of each bundle of
conservation measures based on the characteristics of the measures in the bundle being described
and consideration of likely delivery mechanisms. This detailed bottom-up approach is a new
element in the Sixth Power Plan. In the Sixth Plan, the Council uses a suite of typical ramp rates
to reflect near-term penetration rates. For example, measures involving emerging technology
might start out at low penetration rates and gradually increase to 85 percent penetration.
Measures suitable for implementation by a building code or a federal equipment standard might
increase rapidly to 85 percent penetration in new buildings and major remodels. Measures
requiring new delivery mechanisms might ramp up slowly. Simple measures with well-
established delivery channels, like efficient shower heads, might take only half a dozen years to
fully implement. Whereas retrofit measures in complex markets might take 20 years to reach full
penetration.

Assumptions for the bottom-up approach are detailed in the conservation supply curve
workbooks. The worksheet “ACHIEV” in the workbook ComMaster contains all the
achievability assumptions by measure bundle.

Physical Units

The conservation supply curves are developed primarily by identifying savings and cost per unit
and estimating the number of applicable and achievable units that the measure can be deployed
on. Inthe commercial sector analysis, the applicable units estimates come from several sources.
For measures in buildings, the units are primarily floor area with applicable characteristics.
These data come primarily from the Commercial Building Stock Assessment (CBSA). For some
of the equipment measures, additional unit data from utility surveys of characteristics, national
data from Commercial Building Energy Consumption Survey (CBECS), equipment sales data,
census data, and many others.

The estimates of physical units available include the number of units available annually. For
example, for new buildings, the estimate of available new building stock is taken from the
Council’s baseline forecast for annual additions by building type. Similarly for equipment
replacement measures the annual stock available is taken from estimates of the turnover rate of
the equipment in question. For retrofit measures, the annual stock availability is a fraction of the
estimated stock remaining at the end of the forecast period. The estimates of physical units
available are called stock models and are embedded in the measure bundle workbooks. The
worksheets that contain the stock models are identified by the prefix “SC”.

Guide to the Commercial Conservation Workbooks

There are about 50 Excel workbooks used to develop the commercial-sector conservation
assessment. In addition there are dozens of outside sources of data which are referenced. The
Council workbooks are available from the Council website.® Supporting data sources are
identified in the workbooks and the key supporting data from these sources is summarized in the

® http://www.nwcouncil.org/energy/powerplan/6/supplycurves/default.htm
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Council workbooks. All outside source data is cited in the workbooks or otherwise made
available to the extent it is not proprietary.

Figure E-8 describes the main components and structure of the commercial conservation
assessment workbooks. The workbooks and brief descriptions of their purpose are listed in
Table E-11.
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Figure E-8: Main Components and Structure of the Commercial Conservation Assessment Workbooks

ProCost Measure Workbooks: These workbooks contain the detailed analysis for all the measures. Generally there is one
workbook for each bundle of similar or related measures.

Naming convention starts with PC (For example: PC-ECMVAV-6P-D1.xls means is the ProCost workbook for the measure
Electronically Commutated Motors on VAV systems, 6th Plan, Draft 1)

These files contain the ProCost engine used for cost-effectiveness analysis. They also contain the supporting analysis of
measure cost and savings as well as links to data used to support the analysis. They also contain supply curves for the
measure bundle.

Basic layout as follows:

SC worksheets: Calculates supply curve total savings potential by cost bin by year. Uses output data from MData worksheets
along with unit forecasts from floor space sheet and achievability rates from ComMaster. Usually there are several SC
worksheets for new, retrofit and natural-replacement applications since cost and savings and units are different for each
application.

ProData worksheet: Control panel for ProCost analysis.

MbData worksheets: Measure data sheets. Measure level inputs and outputs for ProCost. Normalized to floor area with one to
several hundred permutations of costs and savings. At least two permutations of the MData tab exist in each sheet. One is for
the "measure" level which represent costs and savings for an individual measure. This provides the cost and savings
estimates for individual measures regardless of the measure's applicability. The other is the "regional” level which includes
costs and savings weighted for applicability across the region. ProCost output by measure ends up here too and is passed to
the supply curve sheets to develop supply curves. Inputs to MData are usually harvested from MMap tab.

MMap worksheet: Measure Map. Used to assign costs and savings inputs to each application and permutation of the
measure. Feeds MData worksheets.

Notes and Sources worksheet Contains notes, savings calculations and links to sources.
Supporting worksheets: A variety of supporting worksheets, documentation and administrative notes are also included.

6PSummary: Summarizes key input assumptions, sources and calculation methodology.

ComMaster

Contains measure list, links to all supporting files and sheets for other
administrative functions.

Contains key characteristics common among measures used to calculate
savings estimates. Includes measure applicability (APPLIC), baseline
penetration (BASE), applicable vintage cohort (STOCK), achievability rates
(ACHIEV), fuel saturations, equipment saturations and other key
characteristics (CHAR) used in the analysis by building occupancy type and
application (New, Retro or Natural Replacement (NR)) . Also includes
common variables, labels (VAR & Labels) and other administrative
functions.

ComFloorAreaForecast.xls (or similar name)

Output from regional forecast model. Supply curve estimates are driven
primarily by floor space estimates, equipment count or population. File
contains stock estimates relevant to the measures by building occupancy
type, state and vintage.

rm—m———

MC_AND_ LOADSHAPE

Contains avoided cost and shape of savings data. Called by ProCost.

SUPPLYCURVEBUNDLER

Bundles all measures into supply curves by cost bin and year for input
to portfolio model.

-
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Table E-11: List of Commercial-Sector Workbooks

File Name

File Description

Com_Master

Master Workbook for Commercial Sector Conservation

ComLighting_v2008-D2

Support file for lighting power density measure workbook

Commercial Forecast 6P

Floor area and population forecast

InteractionsBldgType01082004-

Space Heat and Cooling Interaction Factors for Lighting Savings

MC_AND_LOADSHAPE_6P

Marginal Cost and Load Shape Data File

PC-Cooking-6P-D1

Measure workbook:

Cooking

PC-DCVGarage-6P-D1

Measure workbook:

Demand Control Ventilation Parking Garage

PC-DCVHood-6P-D1

Measure workbook:

Demand Control Ventilation Restaurant

PC-DemandControlVent-6P-D4

Measure workbook:

Demand Control Ventilation for HYAC

PC-DuctSeal-6P-D1

Measure workbook:

Duct Sealing

PC-ECMVAV-6P-D4

Measure workbook:

ECM Motors in Variable Air Volume HVAC

PC-EvapAssist-6P-D1

Measure workbook:

Evaporative Assist Cooling

PC-Exit Sign-6P-D2

Measure workbook:

Exit Signs

PC-ExtLight-6P-D1

Measure workbook:

Exterior Building Lighting

PC-FanPumpDrive-6P-D1

Measure workbook:

Adjustable Drives for Fans & Pumps

PC-FumeHood-6P-D1

Measure workbook:

Efficient Lab Fume Hood

PC-Grocery-6P-D3

Measure workbook:

Grocery Store Measures

PC-HVACControls-6P-D4

Measure workbook:

Controls Commission Complex HVAC

PC-HVACEQUIP-6P-D7

Measure workbook:

Premium HVAC Equipment

PC-IntDesign-6P-D1

Measure workbook:

Integrated Building Design

PC-Lighting Controls Interior-6p-

Measure workbook:

Lighting Controls Interior

PC-Lodging-6P-D1

Measure workbook:

Lodging-Specific Measures

PC-LowPressureDist-6P-D1

Measure workbook:

Low Pressure Distribution Complex HVAC

PC-LPDPackage-6P-D16

Measure workbook:

Lighting Power Density Interior

PC-NetworkPC Power

Measure workbook:

Network PC Power Management

PC-OfficeEquip-6P-D1

Measure workbook:

Office Equipment

PC-Pack Refrig Equip-6P-D3

Measure workbook:

Refrigerators, freezers, ice makers,

PC-PackRTOptimize-6P-D6

Measure workbook:

Package Roof Top Optimization and Repair

PC-Parking Lighting-6P-D1

Measure workbook:

Parking Lighting

PC-PlugLoadSensor-6P-D1

Measure workbook:

Plug Load Sensor

PC-ReRoof-6P-D1

Measure workbook:

Roof Insulation

PC-ServerRooms and IT-6P-D1

Measure workbook:

Computer Server Room Efficiency

PC-SideDaylight-6P-D1

Measure workbook:

Day Lighitng Control - Windows

PC-Singage-6P-D1

Measure workbook:

LED Signage

PC-Spray Head-6P-D1

Measure workbook:

Pre-Rinse Spray Valve

PC-StreetRoadway-6P-D2

Measure workbook:

Street and Roadway Lighting

PC-TopDaylightNew-6P-D5

Measure workbook:

Day Lighting Control - Skylights

PC-Traffic Signals-6P-D1

Measure workbook:

LED Traffic Signals

PC-VSDChiller-6P-D3

Measure workbook:

Variable Speed Chillers

PC-Wastewater-6P-D1

Measure workbook:

Municipal Wastewater

PC-WaterSupply-6P-D3

Measure workbook:

Municipal Water Supply

PC-Windows-6P-D10

Measure workbook:

Windows

ProCostFinAssumptions_Sector

Financial Assumptions

SupplyCurveBundlerLO

Bundles all Lost-Opportunity Measures into Supply Curves

SupplyCurveBundlerRetro

Bundles all Retrofit Measures into Supply Curves

The main workbook is named ComMaster. ComMaster contains the master measure list, the
measure bundles, common assumptions used throughout the analysis and links to the ProCost
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measure files where detailed measure-specific analysis resides. The reference data in
ComMaster are primarily in matrices by measure bundle and building type. The reference data
in the ComMaster file are listed and described in Table E-12.

Table E-12: Reference Data in ComMaster Workbook

Sheet Name Contents

Overview Overview of model structure

MLIST Master List of measure bundles

FILES List and links to measure-level files. Plus housekeeping.

APPLIC Applicability factor for the measure. Fraction of stock the measure applies to.

BASE Baseline penetration of measure. Estimated fraction of stock where the measure is already in place.

STOCK Vintage cohort that the measure applies to.

TURN Turnover rate for stock to which measure applies.

ACHIEVE Achievable rate of acquisition for measure bundles by year

CODE Tables developed to estimate regional baseline penetration for various elements of energy codes by jurisdiction
CHAR Key characteristics for stock by vintage cohort and building subtype. Used to develop regional application of meas
FLOOR Floor area forecast summary used to develop data in CHAR

VARS List of variables used in the CHAR tab and elsewhere in the files.

Labels Map of building types labels from different sources.

Lookup Lookup table for vintage cohort

EUI Reference EUI from various sources including CBECS & CBSA.

INDUSTRIAL SECTOR

Overview

The Sixth Plan Industrial Supply Curve (ISC) conservation assessment was prepared by a
contractor, Strategic Energy Group (SEG) with guidance from Council staff and an advisory
group. The assessment includes an Excel workbook, referred to as the Measure Analysis Tool,
which contains industrial load data, measure data, conservation supply curves and
documentation. There is another Excel workbook, referred to as the NPCC Supply Curve
Generator, which converts measure costs and savings data to conservation supply curves for
input to the Council’s Resource Portfolio Model. The contractor also prepared documentation of
the development of the analysis, the Measure Analysis Tool, and a detailed description of the
modeling of a subset of the measures referred to as System Optimization Measures.

In addition to these major components, the assessment includes a rich dataset of sources referred
to as the Industrial Data Catalogue and a guide to that catalogue. Finally, the project also
developed a detailed database on motor loads at industrial facilities in the Northwest. This is
called the Northwest Industrial Motor Database.

Industrial Sector Overview and Coverage

The Council’s industrial sector analysis covers most of the region’s non-DSI industries plus
refrigerated warehouse storage. The assessment does not include savings estimates for the

direct-service industries. Nor does it cover savings potential in the information technology
sector (IT). These two subsectors were beyond the scope of the industrial assessment.

Structure of the Analysis
The conservation assessment model is structured differently that the Council’s assessments in

other sectors. The ISC model uses estimates of energy savings as a fraction of load by end use
by industry.
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First, data were collected on electricity use by industry by state. These data came from a variety
of sources primarily utility-provided reports. But other sources were considered too including
data supplied by individual plants, proprietary datasets and publicly-available data. These data
were calibrated to industrial load data reported by state to EIA. Then the consumption estimates
were split into estimates of electricity use by major process end use. Then energy conservation
measures (ECMs) are applied to the use by end use estimates as a percent savings with
associated costs. Finally, factors for measure applicability, measure interaction, and
achievability rates over time are applied. A detailed summary of the structure of the assessment
is available in the document entitled “ISC Model Review R4”.

Guide to the Industrial Sector Workbooks and Data

Table E-13 identifies the key workbooks and files that comprise the industrial conservation

assessment.

Table E-13: List of Industrial Sector Workbooks

Item

Description

Measure Analysis Tool

Excel workbook containing the major elements of the industrial sector
characterization, the estimates of end use splits and the details on the energy
conservation measures

Description of Measure
Analysis Tool

Description of the structure and development of the Measure Analysis Tool

NPCC Supply Curve
Generator

Excel workbook which translates the costs and savings from the Measure
Analysis Tool into supply curve data for the Regional Portfolio Model. Uses
ProCost to develop TRC Net levelized costs consistent with estimates in other
sectors

Documentation on System
Optimization Measures

Excel workbook containing detailed derivation of costs, savings and measure
applicability for a suite of measures related to system optimization of key
industrial processes

Systems Whole Plant
Optimization Overview

Description of the system optimization and whole plant measure bundles, the
input assumptions, and supporting sources

Industrial Data
Catalogue and Guide

Large database of industrial data sources. A compilation of published and
unpublished resource assessments, market and technology reports, datasets,
case studies and guidebooks focused on industrial energy efficiency and
energy management. The files include N electronic collection of these
resources

Northwest Industrial
Motor Database

Information on motors that collected over 20 years by the Industrial
Assessment Center (IAC) at Oregon State University (OSU). The Northwest
Industrial Motor Database includes a database of a total of 22,514 records,
each with detailed motor application data.

AGRICULTURAL SECTOR

Overview

The Sixth Power Plan’s assessment of conservation potential in the agriculture sector covers
irrigation hardware system efficiency improvements, irrigation water management (scientific
irrigation scheduling) and diary farm milk processing. Consistent with the conservation
assessments in prior plan’s the largest potential savings in the agriculture sector are available
through irrigation hardware system efficiency improvements, including reducing system
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operating pressures, reducing system leaks and improving pump efficiency. The next largest
savings in this sector come from improved water management practices followed by dairy milk
processing savings. This is the first Council plan to estimate savings from irrigation water
management and diary milk production.

Measure Bundles

Seven generic irrigation hardware system efficiency improvements and three “operation and
maintenance”(e.g., gasket and nozzle replacement) measures are analyzed in the Sixth Power
Plan. Irrigation water management practices were considered as a bundled measure consisting of
moisture monitoring hardware and software. Four individual, non-interactive measures were
considered for improving the energy efficiency of dairy milking barns and milk processing.

Overview of Methods

The irrigation hardware efficiency measures were evaluated using savings derived from an
engineering spreadsheet model that simulates the energy use of a center pivot system using
alternative pump efficiencies, static and dynamic head, annual water throughput and system
leakage rates. Each hardware efficiency measure’s savings were estimated based on water
supplied by a well of average depth and water supplied by a deep well for each of the Northwest
states. Data on well depth, amount of water applied, average pump size and irrigated acreage
served by each type of irrigation system were drawn from the most recent USDA Farm and
Ranch Survey. All data used from this survey are shown in the
“IrrgAgHardwareSupplyCurve_6Pv1_1.xls.”

Irrigation water management savings were estimated using a spreadsheet developed by the
Columbia Basin Ground Water Management Association (GAMA). This spreadsheet was
modified to reflect the average water savings achieved in Bonneville’s evaluation of irrigation
water management. This evaluation documented the average water savings from scientific
irrigation water management as well as the cost of carrying out improved practices. Dairy
efficiency improvements were based on detailed audits and retrofits of 30 dairies in New York
carried our by the New York State Energy Research and Development Administration
(NYSERDA).

Baseline Characteristics

Baseline conditions for irrigation hardware system efficiency improvements were estimated from
the USDA Farm and Ranch survey and discussions with Bonneville and utility staff with in-
depth experience working with farmers on these systems. Baseline characteristics (i.e., the
average amount of water applied by crop type and acreage) for irrigation water management in
the Columbia Basin Project was provided by GAMA. Dairy efficiency in the region was
assumed to parallel that found by NYSERDA.

Measure Applicability and Measure Achievability

No quantitative study has been conducted in the region to determine the current saturation and
remaining opportunities for improvement in either irrigation system hardware or on diaries.
Therefore, judgment, based on discussions with Bonneville and utility program staff served as
the basis estimating the remaining number of systems and diaries in the region that could carry
out cost-effective energy efficiency improvements. Where quantitative data was available (e.g.
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the acreage irrigated with high pressure systems) this data was used to size the remaining
opportunities for savings.

Physical Units

The conservation supply curves are developed primarily by identifying savings and cost per unit
and estimating the number of applicable and achievable units that the measure can be deployed
on. In the irrigation sector analysis, the applicable unit estimates for irrigated acreage, system
types and annual water application were drawn from the USDA Farm and Ranch Survey.
GAMA provided data on the acreage and crop types present in Columbia Basin Project. The
estimate of current diary production in the region also comes from the USDA and the US
Department of Commerce. Staff developed a forecast of future milk production growth in the
region using historical trends.

The three workbooks containing the Agriculture Sector conservation resource assessment are
downloadable from the web. These are:

e Irrigation Hardware System Efficiency Improvements -
IrrgAgHardwareSupplyCurve_6Pv1_1.xls
e Irrigation Water Management - SIS_SupplyCurve_6thPlanvl_1.xls

e Diary Efficiency Improvement - DairySupplyCurve_6thPlanvl_1.xls
DISTRIBUTION SYSTEM

Overview

The Sixth Power Plan includes a conservation potential assessment on the region’s electric
distribution system. The assessment is based on a study completed in 2007 by R.W. Beck for the
Northwest Energy Efficiency Alliance (NEEA).

Structure of the Analysis

The distribution system conservation assessment uses savings estimates from measured data on
33 utility feeders, and analytical methods developed by RW Beck in the NEEA study. Costs and
savings for four major measures were identified and applied to a descriptive data set of the
region’s distribution system. The dataset contains system loads by customer class, substation
counts, feeders counts, customer counts and climate zones for 137 regional utilities used to
generate the units estimates. Table E-14 below identifies the key workbooks and data used in
the analysis.

Table E-14 identifies the key workbooks and files that comprise the distribution system
conservation assessment.
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Table E-14: List of Agriculture Sector Workbooks

Iltem

Description

NPPC Supply Curve

Excel workbook used to generate the supply curves with documentation

Supporting Data

Excel workbook containing the data on distributions systems and the key
factors for the savings estimates

Distribution Efficiency
Initiative

2007 RW Beck Study for NEEA. Findings from this study were used to
develop the conservation supply curves
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Appendix F: Model Conservation Standards

INEEOAUCTION ...ttt ettt et a et e bt e e sbeeaesanens 1
The Model Conservation Standards For New Electronically Heated Residential and Commercial
BUIIAINES ...ttt et e et e e tb e e e at e e e taeeeaaeeentaaeeraeeenreeeenres 1
New Site Built Electrically Heated Residential Buildings and New Electrically Heated
Manufactured HOMES ........cocuiiiiiiiiiiiiiiecc ettt 2
Utility Conservation Programs for New Residential Buildings...........ccccooceviivieniiniinenienennne. 3
New Commercial BUIldINgS.........ccoouiiiiiiiiiiiieeceee et 7
Utility Conservation Programs for New Commercial Buildings...........ccoceeverieninniniincnncnnns 8
Buildings Converting to Electric Space Conditioning or Water Heating Systems..................... 8
Conservation Programs not Covered by Other Model Construction Standards ...........c.cceueeeee 9
Surcharge RecomMmEndation ............cueiiiuiiiiiiiieiiieeieeee et e s 10
Surcharge MethOdOLOZY .......cc.eeiiiiiriiiiiiieeee ettt 10
Identification of Customers Subject to SUICharge ...........cccueeviieriieiieniieiieeie e 11
Calculation of SUICRATZE......ccviviiiiiiiii et 11
Evaluation of Alternatives and ElecCtricity SAVINGS .........cccvieviieriieiiienieeiieiieeieesieeeveesee e 11
INTRODUCTION

As directed by the Northwest Power Act, the Council has designed model conservation standards
to produce all electricity savings that are cost-effective for the region. The standards are also
designed to be economically feasible for consumers, taking into account financial assistance
from the Bonneville Power Administration and the region’s utilities.

In addition to capturing all cost-effective power savings while maintaining consumer economic
feasibility, the Council believes the measures used to achieve the model conservation standards
should provide reliable savings to the power system. The Council also believes actions taken to
achieve the standards should maintain, and possibly improve upon the occupant amenity levels
(e.g., indoor air quality, comfort, window areas, architectural styles, and so forth) found in
typical buildings constructed before the first standards were adopted in 1983.

The Council has adopted six model conservation standards. These include the standard for new
electrically heated residential buildings, the standard for utility residential conservation
programs, the standard for all new commercial buildings, the standard for utility commercial
conservation programs, the standard for conversions, and the standard for conservation programs
not covered explicitly by the other model conservation standards'.

THE MODEL CONSERVATION STANDARDS FOR NEW
ELECTRONICALLY HEATED RESIDENTIAL AND
COMMERCIAL BUILDINGS

The region should acquire all electric energy conservation measure savings from new residential
and new commercial buildings that have a benefit-to-cost ratio greater than one when compared

" This chapter supersedes the Council's previous model conservation standards and surcharge methodology.
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to the Council’s forecast of future regional power system cost’. The Council believes that at
least 85 percent of all regionally cost-effective savings in new residential and commercial
buildings are practically achievable. The Council finds that while significant progress has been
made toward improving the region’s residential and commercial energy codes these revised
codes will not capture all regionally cost-effective savings in these sectors. The Council’s
analysis indicates that further improvements in existing residential and commercial energy codes
would be both cost-effective to the regional power system and economically feasible for
consumers.

The Council is committed to securing all regionally cost-effective electricity savings from new
residential and commercial buildings. The Council believes this task can be accomplished best
through a combination of continued enhancements and enforcement of state and local building
codes and the development and deployment of effective regional market transformation efforts.
Bonneville and the region’s utilities should support these actions. The Council has established
four model conservation standards affecting new buildings. These standards are set forth below:

New Site Built Electrically Heated Residential Buildings and New
Electrically Heated Manufactured Homes

The model conservation standard for new single-family and multifamily electrically heated
residential buildings is as follows: New site built electrically heated residential buildings are to
be constructed to energy-efficiency levels at least equal to those that would be achieved by using
the illustrative component performance paths displayed in Table E-1for each of the Northwest
climate zones®. New electrically heated manufactured homes regulated under the National
Manufactured Housing Construction and Safety Standards Act of 1974. 42 USC §5401 et seq.
(1983) are to be built to energy-efficiency levels at least equal to those that would be achieved by
using the illustrative component performance paths displayed in Table E-2 for each of the
Northwest climate zones. The Council finds that measures required to meet these standards are
commercially available, reliable and economically feasible for consumers without financial
assistance from Bonneville.

It is important to remember that these illustrative paths are provided as benchmarks against
which other combinations of strategies and measures can be evaluated. Tradeoffs may be made
among the components, as long as the overall efficiency and indoor air quality of the building are
at least equivalent to a building containing the measures listed in Tables F-1 and F-2.

* The term "system cost" means an estimate of all direct costs of a measure or resource over its effective life,
including, if applicable, the cost of distribution and transmission to the consumer and, among other factors, waste
disposal costs, end-of-cycle costs, and fuel costs (including projected increases), and such quantifiable
environmental costs and benefits as the Administrator determines, on the basis of a methodology developed by the
Council as part of the plan, or in the absence of the plan by the Administrator, are directly attributable to such
measure or resource. [Northwest Power Act, §3(4)(B), 94 Stat. 2698-9.]

* The Council has established climate zones for the region based on the number of heating degree-days as follows:
Zone 1: less than 6,000 heating degree days; Zone 2: 6,000-7,499 heating degree days; and Zone 3: over 7,500
heating degree days.

MORTHWEST

F-2

FOMWER FLAMN



Utility Conservation Programs for New Residential Buildings

The model conservation standard for utility conservation programs for new residential buildings
is as follows: Utilities should implement programs that are designed to capture all regionally
cost-effective space heating, water heating and appliance energy savings. Efforts to achieve and
maintain a goal of 85 percent of regionally cost-effective savings should continue as long as the
program remains regionally cost-effective. In evaluating the program’s cost-effectiveness, all
costs, including utility administrative costs and financial assistance payments, should be taken
into account. This standard applies to site-built residences and to residences that are regulated
under the National Manufactured Housing Construction and Safety Standards Act of 1974. 42
USC §5401 et seq. (1983).

There are several ways utilities can satisfy the model conservation standard for utility
conservation programs for new residential buildings. These are:

1. Support the adoption and/or continued enforcement of an energy code for site-built
residential buildings that captures all regionally cost-effective space heating, water
heating and appliance energy savings.

2. Support the revision of the National Manufactured Housing Construction and Safety
Standards for new manufactured housing so that this standard captures all regionally cost-
effective space heating, water heating and appliance energy savings.

3. Implement a conservation program for new electrically heated residential buildings. Such
programs may include, but are not limited to, state or local government or utility
sponsored market transformation programs (e.g., Energy Star(]), financial assistance,
codes/utility service standards or fees that achieve all regionally cost-effective savings, or
combinations of these and/or other measures to encourage energy-efficient construction
of new residential buildings and the installation of energy-efficient water heaters and
appliances, or other lost-opportunity conservation resources.
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Table F-1: lllustrative Paths for Model Conservation Standard for New Site Built
Electrically Heated Residential Buildings

Climate Zone

Component Zone 1 Zone 2 Zone 3
Ceilings
e Attic R-49 (U-0.020)** | R-49 (U-0.020)** | R-49 (U-0.020)*"
e Vaults R-38 (U-0.027) R-38 (U-0.027) R-38 (U-0.027)
Walls

R-21 Advanced R-21 Advanced R-21 Advanced

e Above Grade® (U-0.051) (U-0.051) (U-0.051)
e Below Grade® R-21 R-21 R-21

Floors

e Crawlspaces and
Unheated Basements

R-30 (U-0.029)

R-30 (U-0.029)

R-30 (U-0.029)

R-10 Full Under

R-10 Full Under

R-10 Full Under

e Slab-on-grade - Unheated® Slab Slab Slab
R-10 Full Under R-10 Full Under R-10 Full Under
Slab w/R-5 Slab w/R-5 Slab w/R-5
e Slab-on-grade - Heated Thermal Break Thermal Break Thermal Break
Glazing"® R-3.33 (U-0.30) | R-3.33 (U-0.30) R-3.33 (U-0.30)
Exterior Doors R-5 (U-0.19) R-5 (U-0.19) R-5 (U-0.19)
Thermal Infiltration Rate” 0.35 ach 0.35 ach 0.35 ach

Ventilation and Indoor Air
Quality'

ASHRAE Standard 62.2-2007 with Heat Recovery

Ventilation

Service Water Heater!

Energy Factor = 2.2

Hardwired Lighting

Maximum Lighting Power Density - 0.6 Watts/sq.{t.

Space Conditioning System

Minimum Heating Season Performance Factor (HSPF) - 9.0

Minimum Seasonal Energy Efficiency Rating (SEER) -14.0
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# R-values listed in this table are for the insulation only. U-factors listed in the table are for the full assembly of the respective
component and are based on the methodology defined in the Super Good Cents Heat Loss Reference—Volume I: Heat Loss
Assumptions and Calculations and Super Good Cents Heat Loss Reference—Volume 1l—Heat Loss Coefficient Tables, Bonneville
Power Administration (October 1988).

b Attics in single-family structures in all zones shall be framed using techniques to ensure full insulation depth to the exterior of the
wall. Attics in multifamily buildings in all zones shall be insulated to nominal R-38 (U-0.031).

¢ All walls are assumed to be built using advanced framing techniques (e.g., studs on 24-inch centers, insulated headers above doors
and windows, and so forth) that minimize unnecessary framing materials and reduce thermal short circuits

d Only the R-value is listed for below-grade wall insulation. The corresponding heat-loss coefficient varies due to differences in local
soil conditions and building configuration. Heat-loss coefficients for below-grade insulation should be taken from the Super Good
Cents references listed in footnote “a” for the appropriate soil condition and building geometry.

¢ Only the R-value is listed for slab-edge insulation. The corresponding heat-loss coefficient varies due to differences in local soil
conditions and building configuration. Heat-loss coefficients for slab-edge insulation should be taken from the Super Good Cents
references listed in footnote “a” for the appropriate soil condition and building geometry and assuming a thermally broken slab.

' U-factors for glazing shall be determined, certified and labeled in accordance with the National Fenestration Rating Council (NFRC)
Product Certification Program (PCP), as authorized by an independent certification and inspection agency licensed by the NFRC.
Compliance shall be based on the Residential Model Size. Product samples used for U-factor determinations shall be production line
units or representative of units as purchased by the consumer or contractor.

¢ Glazing area is not limited if all building shell components meet reference case maximum U-factors and minimum R-values.
Reference case glazing area equal tol5 percent of conditioned floor area shall be used in thermal envelope component tradeoff
calculations.

Assumed air changes per hour (ach) used for determination of thermal losses due to air leakage without heat recovery ventilation..

The dwelling shall have a heat recovery mechanical ventilation system that is sized to comply with the American Society of
Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) Standard 62.2-2007, Ventilation and Acceptable Indoor Air
Quality in Low-rise Residential Buildings.

J Water Heater Energy Factor (EF) varies by tank capacity. EF shown is for 50 gallon nominal tank capacity. EF may be adjusted
higher or lower based on actual nominal water heater tank capacity.
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Table F-2: lHlustrative Paths for the Model Conservation Standard for New Electrically
Heated Manufactured Homes

Climate Zone

Component Zone 1 Zone 2 Zone 3
Ceilings
o Attic R-49%(U-0.023) R-49 (U-0.023) R-49 (U-0.023)
e Vaults R-38 (U-0.030) R-38 (U-0.030) R-38 (U-0.030)
Walls

e Above Grade

R-21 Advanced
(U-0.050)

R-21 Advanced
(U-0.050)

R-21 Advanced
(U-0.050)

Floors

e Crawlspaces

R-33 (U-0.032)

R-33 (U-0.032)

R-33 (U-0.032)

Glazingb’c R-3.33 (U-0.30) R-3.33 (U-0.30) R-3.33 (U-0.30)
Exterior Doors R-5 (U-0.19) R-5 (U-0.19) R-5 (U-0.19)
Thermal Infiltration Rate® 0.35 ach 0.35 ach 0.35 ach
Overall Conductive Heat

Loss Rate (Uo) 0.047 0.047 0.047

Ventilation and Air
Quality®

ASHRAE Standard 62.2-2007

Service Water Heater'

Energy Factor = 2.2

Hardwired Lighting Maximum Lighting Power Density - 0.6 Watts/sq.ft.

Minimum Heating Season Performance Factor (HSPF) - 9.0

Space Conditioning System | Minimum Seasonal Energy Efficiency Rating (SEER) - 14.0

F-6

FOMWER FLAMN



? R-values listed in this table are for the insulation only. U-factors listed in the table are for the full assembly of the
respective component and are based on the methodology defined in the Super Good Cents Heat Loss Reference for
Manufactured Homes —

b U-factors for glazing shall be determined, certified and labeled in accordance with the National Fenestration Rating
Council (NFRC) Product Certification Program (PCP), as authorized by an independent certification and inspection agency
licensed by the NFRC. Compliance shall be based on the Residential Model Size. Product samples used for U-factor
determinations shall be production line units or representative of units as purchased by the consumer or contractor.

¢ Glazing area is not limited if all building shell components meet reference case maximum U-factors and minimum R-
values. Reference case glazing area equal tol5 percent of conditioned floor area shall be used in thermal envelope
component tradeoff calculations.

d Assumed air changes per hour (ach) used for determination of thermal losses due to air leakage.

¢ The dwelling shall have a heat recovery mechanical ventilation system that is sized to comply with the American Society
of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) Standard 62.2-2007, Ventilation and
Acceptable Indoor Air Quality in Low-rise Residential Buildings.

f Water Heater Energy Factor (EF) varies by tank capacity. EF shown is for 50 gallon nominal tank capacity. EF may be
adjusted higher or lower based on actual nominal water heater tank capacity.

New Commercial Buildings

The American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. Standard
90.1 (ASHRAE Standard 90.1) is the reference standard in the United States for construction of
new commercial buildings. ASHRAE Standard 90.1 is under continuous revision. The Council
finds that measures required to meet the current version, ASHRAE Standard 90.1-2007, are
commercially available, reliable and economically feasible for consumers without financial
assistance from Bonneville. The Council also finds that the measures required to meet the
ASHRAE Standard 90.1-2007 do not capture all regionally cost-effective savings.

Furthermore, the Council finds that commercial building energy standards adopted by the four
states in the region contain many energy efficiency provisions that exceed ASHRAE Standard
90.1 provisions; produce power savings that are cost-effective for the region and are
economically feasible for customers. Those state or locally adopted efficiency provisions that
are superior to ASHRAE Standard 90.1 should be maintained. In addition, efforts should be
made by code setting jurisdictions to adopt the most efficient provisions of ASHRAE Standard
90.1 or existing local codes so long as those provisions satisfy the conditions for model
conservation standards set forth in the Regional Act.

Therefore, the model conservation standard for new commercial buildings is as follows: New
commercial buildings and existing commercial buildings that undergo major remodels or
renovations are to be constructed to capture savings equivalent to those achievable through
constructing buildings to the better of 1) the American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc. (ASHRAE) Standard 90.1-2007 -- Energy Standard for Buildings
Except Low-Rise Residential Buildings (IESNA cosponsored; ANSI approved; Continuous
Maintenance Standard), [-P Edition and addenda or subsequent revision to ASHRAE Standard
90.1, or 2) the most efficient provisions of existing commercial building energy standards
promulgated by the states of Idaho, Montana, Oregon and Washington so long as those
provisions reflect geographic and climatic differences within the region, other appropriate
considerations, and are designed to produce power savings that are cost-effective for the region
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and economically feasible for customers taking into account financial assistance made available
from Bonneville.

As with the residential model conservation standard, flexibility is encouraged in designing paths
to achieve the commercial model conservation standards. The Council will consult with the
Administrator, States, and political subdivisions, customers of the Administrator, and the public
to assist in determining which provisions of existing standards are the most efficient, and provide
clear code language, are easily enforced and meet the conditions for model conservation
standards set forth in the Regional Act.

Utility Conservation Programs for New Commercial Buildings

The model conservation standard for utility conservation programs for new commercial
buildings is as follows: Ultilities should implement programs that are designed to capture all
regionally cost-effective electricity savings in new commercial buildings. Efforts to achieve and
maintain a goal of 85 percent of regionally cost-effective savings in new commercial buildings
should continue as long as the program remains regionally cost-effective. In evaluating the
program’s cost-effectiveness all costs, including utility administrative costs and financial
assistance payments, should be taken into account.

There are several ways utilities can satisfy the model conservation standard for utility
conservation programs for new commercial buildings. These are:

1. Support the adoption and/or continued enforcement of an energy code for new
commercial buildings that captures all regionally cost-effective electricity savings.

2. Implement a conservation program that is designed to capture all regionally cost-effective
electricity savings in new commercial buildings. Such programs may include, but are not
limited to, state or local government or utility marketing programs, financial assistance,
codes/utility service standards or fees that capture all the regionally cost-effective savings
or combinations of these and/or other measures to encourage energy-efficient
construction of new commercial buildings or other lost-opportunity conservation
resources.

Buildings Converting to Electric Space Conditioning or Water Heating
Systems

The model conservation standard for existing residential and commercial buildings converting to
electric space conditioning or water heating systems is as follows: State or local governments or
utilities should take actions through codes, service standards, user fees or alternative programs or
a combination thereof to achieve electric power savings from such buildings. These savings
should be comparable to those that would be achieved if each building converting to electric
space conditioning or electric water heating were upgraded to include all regionally cost-
effective electric space conditioning and electric water heating conservation measures.
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Conservation Programs not Covered by Other Model Construction
Standards

This model conservation standard applies to all conservation actions except those covered by the
model conservation standard for new electrically heated residential buildings, the standard for
utility conservation programs for new residential buildings, the standard for all new commercial
buildings, the standard for utility conservation programs for new commercial buildings and the
standard for electric space conditioning and electric water heating system conversions. This
model conservation standard is as follows: All conservation actions or programs should be
implemented in a manner consistent with the long-term goals of the region’s electrical power
system. In order to achieve this goal, the following objectives should be met:

1.

Conservation acquisition programs should be designed to capture all regionally cost-
effective conservation savings in a manner that does not create lost-opportunity
resources. A lost-opportunity resource is a conservation measure that, due to physical or
institutional characteristics, will lose its cost-effectiveness unless actions are taken now to
develop it or hold it for future use.

Conservation acquisition programs should be designed to take advantage of naturally
occurring “windows of opportunity” during which conservation potential can be secured
by matching the conservation acquisitions to the schedule of the host facilities. In
industrial plants, for example, retrofit activities can match the plant’s scheduled
downtime or equipment replacement; in the commercial sector, measures can be installed
at the time of renovation or remodel.

Conservation acquisition programs should be designed to secure all measures in the most
cost-efficient manner possible.

Conservation acquisitions programs should be targeted at conservation opportunities that
are not anticipated to be developed by consumers.

Conservation acquisition programs should be designed to ensure that regionally cost-
effective levels of efficiency are economically feasible for the consumer.

Conservation acquisition programs should be designed so that their benefits are
distributed equitably.

Conservation acquisition programs should be designed to maintain or enhance
environmental quality. Acquisition of conservation measures that result in environmental

degradation should be avoided or minimized.

Conservation acquisition programs should be designed to enhance the region’s ability to
refine and improve programs as they evolve.
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SURCHARGE RECOMMENDATION

The Council does not recommend that the model conservation standards be subject to surcharge
under Section 4(f) (2) of the Act.

The Council expects that Bonneville and the region’s utilities will accomplish conservation
resource development goals established in this Plan. If Council recommendations on the role of
Bonneville are adopted, utility incentives to pursue all cost-effective conservation should
improve. Fewer customers would be dependent on Bonneville for load growth and those that are
would face wholesale prices that reflect the full marginal cost of meeting load growth. However,
while these changes would lessen the rationale for a surcharge, the Council recognizes that they
would not eliminate all barriers to utility development of programs to capture all cost-effective
conservation.

The Council recognizes that while conservation represents the lowest life cycle cost option for
meeting the region’s electricity service needs, utilities face real barriers to pursuing its
development aggressively. In particular, because of the current economic conditions, some
utilities are experiencing significantly slower or negative load growth. Investments in
conservation, like any other resource acquisition, will increase utility cost and place additional
upward pressure on rates. Furthermore, there is some uncertainty regarding how public utilities
will respond to Bonneville’s implementation of rate designs that will result in at least some
portion of their loads exposed to cost of new resources. Bonneville has committed to ensure that
the “public system” meet its share of the Sixth Plan’s conservation targets. It is working with its
customers to put in place programs and rate structures that designed to achieve this objective.
However, should an individual utility fail to meet its share of the regional conservation goal, then
Bonneville may need the ability to recover the cost of securing those savings. In this instance the
Council may wish to recommend that the Administrator be granted the authority to place a
surcharge on that customers rates to recover those costs.

The Council intends to continue to track regional progress toward the Plan’s conservation goals
and will review this recommendation, should accomplishment of these goals appear to be in
jeopardy.

Surcharge Methodology

Section 4(f)(2) of the Northwest Power Act provides for Council recommendation of a 10-
percent to 50-percent surcharge on Bonneville customers for those portions of their regional
loads that are within states or political subdivisions that have not, or on customers who have not,
implemented conservation measures that achieve savings of electricity comparable to those that
would be obtained under the model conservation standards. The purpose of the surcharge is
twofold: 1) to recover costs imposed on the region’s electric system by failure to adopt the model
conservation standards or achieve equivalent electricity savings; and 2) to provide a strong
incentive to utilities and state and local jurisdictions to adopt and enforce the standards or
comparable alternatives. The surcharge mechanism in the Act was intended to ensure that
Bonneville’s utility customers were not shielded from paying the full marginal cost of meeting
load growth. As stated above, the Council does not recommend that the Administrator invoke
the surcharge provisions of the Act at this time. However, the Act requires that the Council’s
plan set forth a methodology for surcharge calculation for Bonneville’s administrator to follow.

MORTHWEST
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Should the Council alter its current recommendation to authorize the Bonneville administrator to
impose surcharges, the method for calculation is set out below.

Identification of Customers Subject to Surcharge

The administrator should identify those customers, states or political subdivisions that have
failed to comply with the model conservation standards for utility residential and commercial
conservation programs.

Calculation of Surcharge

The annual surcharge for non-complying customers or customers in non-complying jurisdictions
is to be calculated by the Bonneville administrator as follows:

1. If the customer is purchasing firm power from Bonneville under a power sales contract
and is not exchanging under a residential purchase and sales agreement, the surcharge is 10
percent of the cost to the customer of all firm power purchased from Bonneville under the power
sales contract for that portion of the customer’s load in jurisdictions not implementing the model
conservation standards or comparable programs.

2. If the customer is not purchasing firm power from Bonneville under a power sales
contract, but is exchanging (or is deemed to be exchanging) under a residential purchase and
sales agreement, the surcharge is 10 percent of the cost to the customer of the power purchased
(or deemed to be purchased) from Bonneville in the exchange for that portion of the customer’s
load in jurisdictions not implementing the model conservation standards or comparable
programs.

If the customer is purchasing firm power from Bonneville under a power sales contract and also
is exchanging (or is deemed to be exchanging) under a residential purchase and sales agreement,
the surcharge is: a) 10 percent of the cost to the customer of firm power purchased under the
power sales contract; plus b) 10 percent of the cost to the customer of power purchased from
Bonneville in the exchange (or deemed to be purchased) multiplied by the fraction of the utility’s
exchange load originally served by the utility’s own resources.

Evaluation of Alternatives and Electricity Savings

A method of determining the estimated electrical energy savings of an alternative conservation
plan should be developed in consultation with the Council and included in Bonneville’s policy to
implement the surcharge.

* This calculation of the surcharge is designed to eliminate the possibility of surcharging a utility twice on the same
load. In the calculation, the portion of a utility's exchange resource purchased from Bonneville and already
surcharged under the power sales contract is subtracted from the exchange resources before establishing a surcharge
on the exchange load.
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INTRODUCTION

This appendix provides an overview of the method and data used to evaluation the regional cost-
effectiveness and consumer economic feasibility of the Council’s Model Conservation Standards
for New Electrically Heated Residential Buildings. The first section describes the methodology,
cost and savings assumptions used to establish the efficiency level that achieves all electricity
savings that are cost-effective to the region’s power system. The second section describes the
methodology and assumptions used to determine whether the regionally cost-effective efficiency
levels are economically feasible for new homebuyers in the region.

REGIONAL COST EFFECTIVENESS

Base Case Assumptions

Since the Council first promulgated its model conservation standards for new residential
constructions in 1983 all of the states in the region have revised their energy codes.
Consequently, many of the conservation measures included in the Council’s original standards
have now been incorporated into state regulations. In addition, some of the measures identified in
prior Council Power Plan’s as being regionally cost-effective when installed in new
manufactured homes are now required by federal regulation.® This analysis assumes that the
“base case” construction practices in the region comply with existing state codes and federal
standards. However, since not all of the energy codes in the region are equally stringent this
analysis uses the less restrictive measure permitted by code for each building component (e.g.,
walls, windows, doors, etc.). Table G-1 shows the levels of energy efficiency assumed for new
site built and manufactured homes built to existing state codes and federal standards.

! The energy efficiency of new manufactured homes are regulated under the National Manufactured Housing
Construction and Safety Standards Act of 1974. 42 USC 85401 et seq. (1983) which also pre-empts state regulation
of their construction.
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Table G-1: Base Case Efficiency Level Assumptions

Component Site Built Homes Manufactured Homes
Attic R38 Standard Framing | R38 Intermediate Framing
Door R5 R5

Floor R30 R22

Infiltration 0.35 Air changes per hour | 0.35 Air changes per hour
Joisted Vault R30 R19
Slab-on-Grade

(F-Valuel/linear foot of perimeter) R10 Not Applicable
Trussed Vault R38 R19

Wall R19 Standard Framing R19

Wall Below Grade (Interior) R21 Not Applicable
Slab-below-Grade

(F-Valuel/lin.ft. perimeter) R10 Not Applicable
Window Class 35 (U<0.35) Class 50 (U<0.50)

Measure Cost Assumptions

The cost data for new site built homes used in the Council’s analysis were obtained from a 1994
survey of new residential construction costs prepared for Bonneville and cost estimates provided
to the Regional Technical Forum based on program data from the Energy Trust of Oregon and
Mission Valley Power.? These costs were converted to year 2006 dollars using the GDP
Deflator. Costs include a 20 percent markup for builder overhead and profit. Table G-2 provides
a summary of the incremental costs used in the analysis for site built homes.

% Frankel, Mark, Baylon, D. and M. Lubliner 1995. Residential Energy Conservation Evaluation: Cost-
Effectiveness of Energy Conservation Measures in New Residential Construction in Washington State. Washington
State Energy Office, Olympia, WA. and the Bonneville Power Administration, Portland, OR.
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Table G-2: Incremental Cost of New Site Built Residential Space Heating Conservation

Measures
Incremental Installed Cost

Conservation Measure (2006%/sq.ft.)
Wall R19 Standard Framing Base
Wall R21 Advanced Framing $0.15
Wall R21 Standard Framing + R5 Foam $0.87
Wall R30 Stressed Skin Panel $1.19
Wall R38 Double Wall $0.61
Attic R38 Standard Framing Base
Attic R49 Advanced Framing $0.39
Attic R60 Advanced Framing $0.39
Vault R30 (Joisted) Base
Vault R38 (Joisted w/High Density Insulation) $0.62
Vault R50 Stressed Skin Panel $2.18
Underfloor R30 Base
Underfloor R38 (Truss joist) $0.41
Window Class 35 (U<0.35) Base
Window Class 30 (U<0.30) $0.89
Window Class 25 (U<0.25) $2.00
Exterior Door R5 Base
Slab-On-Grade R10 Perimeter, down 2 ft Base
Slab-On-Grade R10 Perimeter, down 4 ft $.27
Slab-On-Grade R10 Full Under Slab w/R5 TB $0.81
Below-Grade Wall R21 Interior Base
Below-Grade Wall R21 Interior + R5 Foam $0.87

Cost for new manufactured home energy efficiency improvements were obtained from regional
manufacturers, insulation and window.> Table G-3 summarizes this same information for
manufactured homes. These cost assume a manufacturer markup on material costs of 200 percent
to cover labor and production cost and profit as well as and a retailer markup of 35 percent.

® Davis, Robert, D. Baylon and L. Palmiter, 1995 (draft report). Impact Evaluation of
the Manufactured Housing Acquisition Program (MAP). Bonneville Power Administration, Portland, OR.
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Table G-3: Incremental Cost of New Manufactured Home Residential Space Heating
Conservation Measures

Incremental Installed Cost
Conservation Measure (2006%/sq.ft)
Wall R19 Standard Framing Base
Wall R21 Standard Framing $0.17
Attic R19 Base
Attic R25 $0.10
Attic R30 $0.10
Attic R38 $0.15
Attic R49 $0.23
Vault R19 Base
Vault R25 $0.10
Vault R30 $0.10
Vault R38 $0.15
Underfloor R22 Base
Underfloor R33 $0.18
Underfloor R44 $0.18
Window Class 35 (U<0.35) Base
Window Class 30 (U<0.30) $0.89
Window Class 25 (U<0.25) $2.00
Exterior Door R5 $4.54

Energy Use Assumptions

The Council used an engineering simulation model, SEEM®©, that is an improved version of the
SUNDAY © simulation that has been calibrated to end-use metered space heating for electrically
heated homes built across the region.* Thermal shell savings were computed for each measure
based on the “economic” optimum order of application. This was done by first computing the
change in heat loss rate (UA) that resulted from the application of each measure. The incremental
cost of installing each measure was then divided by this “delta UA” to establish a measure’s
benefit-to-cost ratio (i.e., dollars/delta UA). The SEEM®© simulation model was then used to
estimate the space heating and space cooling energy savings that would result from the applying
all measures starting with those that had the largest benefit-to-cost ratios. Savings were estimated
for three typical site built single family homes and three typical manufactured homes. Table G-4
provides a summary of the component areas for each of these six homes.

* Palmiter, L., I. Brown and M. Kennedy 1988. SUNDAY Calibration. Bonneville
Power Administration, Portland, OR.
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Table G-4: Prototypical Home Component Dimensions

Site Built Homes Manufactured Homes
Component 1344 sq.ft. | 2200 sq.ft. | 2268 sq.ft. | 924 sq.ft. | 1568 sq.ft. | 2352 sq.ft.
Attic 1344 1784 1344 924 1568 2352
Door 40 40 40 40 40 40
Floor over Crawlspace 1,344 1,784 0 924 1,568 2,352
Volume 10,752 18,700 22,848 7,392 12,544 18,816
Slab-on-Grade
(F-Value/lin.ft. perimeter) - - 140 - - -
Wall (Above Grade) 969 1,805 1,064 1,125 1,108 1,234
Wall Below Grade (Interior) - - 962 - - -
Slab-below-Grade
(F-Value/lin.ft. perimeter) - - 148 - - -
Window 175 365 376 116 196 294

Five locations, Seattle, Portland, Boise, Spokane and Kalispell were selected to represent the
range of climates found across the region. The SEEM®© simulation model was run using the most
recent (version 3) Typical Meteorological Year weather files for each of these locations. The
savings produced by each measure across all five locations were then weighted together based on
the share of new housing built in each location to form the three climate zones used by the
Council. Table G-5 shows the weights used.

Table G-5: Location Weights Used to Establish Northwest Heating Zones

Location Portland | Seattle | Boise | Spokane | Kalispell
Heating Zone 1 20% 50% 15% 15% 0%
Heating Zone 2 0% 0% 10% 85% 5%
Heating Zone 3 0% 0% 0% 0% 100%

In order to determine whether a measure is regionally cost-effective the Council then compared
to cost of installing each measure with the value of the energy savings it produced over its
lifetime. The value of all conservation savings vary by time of day and season of the year based
on the market prices for electricity across the West and the impact of the savings on the need to
expand the region’s transmission and distribution system.

Tables G-6 through G-8 show the results of the cost-effectiveness analysis for each heating
climate zone for site built homes and Tables G-9 through G-11 show the results of the cost-
effectiveness analysis for new manufactured homes. All measures with a benefit/cost (B/C) ratio
of 1.0 or larger are considered regionally cost-effective.
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Table G-6: Regional Cost-Effectiveness Results for Site Built Homes in Heating Zone 1

1344 sq. ft 2200 sq. ft 2688 sq. ft
Benefit/
Savings Installed Benefit/ Savings Installed Benefit/ Savings Installed Cost
Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Ratio
WINDOW CL30 298 156 1.7 | WINDOW CL30 644 326 1.7 | WINDOW CL30 644 336 1.7
INFILTRATION @ INFILTRATION @ INFILTRATION @
0.20 ACH w/HRV 1027 672 1.4 | 0.20 ACH w/HRV 1784 1100 1.4 | 0.20 ACH w/HRV 2281 1344 1.5
ATTIC R49 ADVrh 524 520 0.9 | ATTIC R49 ADVrh 723 690 0.9 | ATTIC R49 ADVrh 602 520 1.0
WINDOW CL25 321 349 0.8 | WINDOW CL25 713 730 0.9 | SLAB R10-FULL 1078 1088 0.9
WALL R21 INT+R5 749 988 0.7 | WALL R21 INT+R5 1459 1840 0.7 | WINDOW CL25 729 753 0.9
FLOOR R38 STD FLOOR R38 STD
w/12"Truss 335 552 0.5 | w/12"Truss 454 733 0.5 | BGWALL R21 117 146 0.7
ATTIC R60 ADVrh 138 520 0.2 | ATTIC R60 ADVrh 190 690 0.2 | WALL R21 INT+R5 802 1084 0.7
WALL 8" SSPANEL 213 1150 0.2 | WALL 8" SSPANEL 382 2142 0.2 | ATTIC R60 ADVrh 121 520 0.2
WALL R33 DBL 24 590 0.0 | WALL R33DBL 45 1099 0.0 | WALL 8" SSPANEL 199 1262 0.1
WALL R33 DBL 25 647 0.0
Table G-7: Regional Cost-Effectiveness Results for Site Built Homes in Heating Zone 2
1344 sq. ft 2200 sq. ft 2688 sg. ft
Savings Installed Installed Savings Savings Installed
Measure (KWhlyr) Cost Measure Savings (KWh/yr) Cost Measure (KWhlyr) Installed Cost Measure (KWhlyr) Cost
WINDOW CL30 392 156 2.2 | WINDOW CL30 830 326 2.3 | WINDOW CL30 836 336 22
INFILTRATION @ INFILTRATION @ INFILTRATION @
0.20 ACH w/HRV 1349 672 1.8 | 0.20 ACH w/HRV 2309 1100 1.9 | 0.20 ACH w/HRV 2956 1344 1.9
ATTIC R49 ADVrh 692 520 1.2 | ATTIC R49 ADVrh 940 690 1.2 | ATTIC R49 ADVrh 762 520 1.3
WINDOW CL25 402 349 1.0 | WINDOW CL25 878 730 1.1 | SLAB R10-FULL 1331 1088 1.1
WALL R21 INT+R5 933 988 0.8 | WALL R21 INT+R5 1805 1840 0.9 | WINDOW CL25 900 753 1.1
FLOOR R38 STD FLOOR R38 STD
w/12"Truss 435 552 0.7 | w/12"Truss 594 733 0.7 | BGWALL R21 144 146 0.9
ATTIC R60 ADVrh 183 520 0.3 | ATTIC R60 ADVrh 251 690 0.3 | WALL R21 INT+R5 1025 1084 0.8
WALL 8" SSPANEL 289 1150 0.2 | WALL 8" SSPANEL 519 2142 0.2 | ATTIC R60 ADVrh 162 520 0.3
WALL R33 DBL 33 590 0.0 | WALL R33 DBL 61 1099 0.0 | WALL 8" SSPANEL 272 1262 0.2
WALL R33 DBL 34 647 0.0
G-6
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Table G-8: Regional Cost-Effectiveness Results for Site Built Homes in Heating Zone 3

1344 sq. ft 2200 sq. ft 2688 sq. ft
Benefit/
Savings Installed Benefit/ Savings Installed Benefit/ Savings Installed Cost
Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Ratio
WINDOW CL30 466 156 2.6 | WINDOW CL30 989 326 2.7 | WINDOW CL30 1006 336 2.7
INFILTRATION @ INFILTRATION @ INFILTRATION @
0.20 ACH w/HRV 1610 672 2.1 | 0.20 ACH w/HRV 2751 1100 2.2 | 0.20 ACH w/HRV 3522 1344 2.3
ATTIC R49 ADVrh 823 520 1.4 | ATTIC R49 ADVrh 1115 690 1.4 | ATTIC R49 ADVrh 898 520 1.5
WINDOW CL25 473 349 1.2 | WINDOW CL25 1019 730 1.2 | SLAB R10-FULL 1567 1088 1.3
WALL R21 INT+R5 1096 988 1.0 | WALL R21 INT+R5 2100 1840 1.0 | WINDOW CL25 1060 753 1.2
FLOOR R38 STD FLOOR R38 STD
w/12"Truss 523 552 0.8 | w/12"Truss 708 733 0.9 | BGWALL R21 170 146 1.0
ATTIC R60 ADVrh 220 520 0.4 | ATTIC R60 ADVrh 297 690 0.4 | WALL R21 INT+R5 1223 1084 1.0
WALL 8" SSPANEL 356 1150 0.3 | WALL 8" SSPANEL 641 2142 0.3 | ATTIC R60 ADVrh 198 520 0.3
WALL R33 DBL 41 590 0.1 | WALL R33DBL 76 1099 0.1 | WALL 8" SSPANEL 345 1262 0.2
WALL R33 DBL 43 647 0.1
Table G-9: Regional Cost-Effectiveness Results for Manufactured Homes in Heating Zone 1
924 sq. ft 1568 sq. ft 2352 sq. ft
Benefit/
Savings Installed Benefit/ Savings Installed Benefit/ Savings Installed Cost
Measure (kWhlyr) Cost Cost Ratio | Measure (kWhlyr) Cost Cost Ratio | Measure (kWhlyr) Cost Ratio
WINDOW CL35 676 135 4.5 | WINDOW CL35 1078 228 4.2 | WINDOW CL35 1579 343 4.1
FLOOR R33 465 163 2.5 | FLOOR R33 806 276 2.6 | FLOOR R33 1213 415 2.6
WINDOW CL30 230 103 2.0 | WINDOW CL30 406 175 2.1 | WINDOW CL30 619 263 2.1
VAULT R30 95 47 1.8 | ATTICR30 171 79 1.9 | ATTICR30 261 118 2.0
ATTIC R30 94 47 1.8 | VAULT R30 171 79 1.9 | VAULT R30 261 118 2.0
DOOR R5 324 211 1.4 | DOORR5 347 211 1.5 | DOORR5 353 211 1.5
WALL R21 ADV 256 195 1.2 | WALL R21 ADV 281 192 1.3 | WALL R21 ADV 320 214 1.3
ATTIC R38 66 70 0.8 | ATTICR38 164 118 1.2 | ATTIC R38 252 178 1.3
WINDOW CL25 159 231 0.6 | WINDOW CL25 394 392 0.9 | WINDOW CL25 604 588 0.9
VAULT R38 40 70 0.5 | VAULT R38 98 118 0.7 | VAULT R38 152 178 0.8
ATTIC R49 53 105 0.5 | ATTIC R49 126 178 0.6 | ATTIC R49 192 266 0.6
FLOOR R44 53 163 0.3 | FLOOR R44 109 276 0.4 | FLOOR R44 186 415 0.4
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Table G-10: Regional Cost-Effectiveness Results for Manufactured Homes in Heating Zone 2

924 sq. ft 1568 sq. ft 2352 sq. ft
Benefit/

Savings Installed Benefit/ Savings Installed Benefit/ Savings Installed Cost
Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Ratio
WINDOW CL35 894 135 5.9 | WINDOW CL35 1367 228 5.3 | WINDOW CL35 1969 343 5.1
FLOOR R33 614 163 3.3 | FLOORR33 1065 276 34 | FLOOR R33 1593 415 34
WINDOW CL30 304 103 2.6 | WINDOW CL30 532 175 2.7 | WINDOW CL30 811 263 2.7
VAULT R30 127 47 24 | ATTICR30 224 79 2.5 | ATTICR30 342 118 2.6
ATTIC R30 126 47 2.4 | VAULT R30 224 79 2.5 | VAULT R30 342 118 2.6
DOOR R5 434 211 1.8 | DOORR5 456 211 1.9 | DOORR5 463 211 1.9
WALL R21 ADV 336 195 15 | WALL R21 ADV 374 192 1.7 | WALL R21 ADV 424 214 1.8
ATTIC R38 93 70 1.2 | ATTICR38 217 118 1.6 | ATTIC R38 333 178 1.7
WINDOW CL25 222 231 0.8 | WINDOW CL25 524 392 1.2 | WINDOW CL25 798 588 1.2
VAULT R38 56 70 0.7 | VAULT R38 129 118 1.0 | VAULT R38 202 178 1.0
ATTIC R49 74 105 0.6 | ATTIC R49 162 178 0.8 | ATTIC R49 246 266 0.8
FLOOR R44 74 163 0.4 | FLOOR R44 145 276 0.5 | FLOOR R44 237 415 0.5

Table G-11: Regional Cost-Effectiveness Results for Manufactured Homes in Heating Zone 3

924 sq. ft 1568 sq. ft 2352 sq. ft
Benefit/

Savings Installed Benefit/ Savings Installed Benefit/ Savings Installed Cost
Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Cost Ratio | Measure (KWhlyr) Cost Ratio
WINDOW CL35 1073 135 7.1 | WINDOW CL35 1636 228 6.3 | WINDOW CL35 2362 343 6.1
FLOOR R33 739 163 4.0 | FLOOR R33 1276 276 4.1 | FLOOR R33 1908 415 4.1
WINDOW CL30 365 103 3.1 | WINDOW CL30 641 175 3.2 | WINDOW CL30 975 263 3.3
VAULT R30 151 47 2.9 | ATTICR30 270 79 3.0 | ATTICR30 411 118 3.1
ATTIC R30 151 47 2.9 | VAULT R30 270 79 3.0 | VAULT R30 411 118 3.1
DOOR R5 523 211 2.2 | DOORR5 549 211 2.3 | DOORR5 556 211 2.3
WALL R21 ADV 407 195 19 | WALL R21 ADV 448 192 2.1 | WALL R21 ADV 508 214 2.1
ATTIC R38 117 70 15 | ATTICR38 263 118 2.0 | ATTICR38 402 178 2.0
WINDOW CL25 280 231 1.1 | WINDOW CL25 631 392 1.4 | WINDOW CL25 962 588 1.5
VAULT R38 70 70 0.9 | VAULT R38 154 118 1.2 | VAULT R38 241 178 1.2
ATTIC R49 94 105 0.8 | ATTIC R49 195 178 1.0 | ATTICR49 296 266 1.0
FLOOR R44 94 163 0.5 | FLOOR R44 179 276 0.6 | FLOOR R44 286 415 0.6
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Once the cost-effective level of the thermal shell was established the Council tested the cost-
effectiveness of improving the efficiency of the homes space conditioning system. This was done
by applying running the SEEM®© model with higher performance heat pumps, improved duct
systems, including moving all duct work and HVAC system inside the conditioned space, and
carrying out heat pump commissioning and controls to ensure the system operated as designed.
The average costs of these measures are shown in Table G-12. All of measures listed in Table G-
12 are regionally cost-effectiveness, with total resource cost benefit-to-cost ratio greater than 1.0.

Table G-12: Heating System Efficiency Improvements

HVAC System Efficiency Improvements Incremental Cost (2006%)
PTCS Heat Pump Commissioning $225

PTCS - Duct Sealing $300
PTCS-Interior Ducts & HVAC $350

Air Source Heat Pump - Baseline (HSPF 7.7/SEER 13) $3,880

Air Source Heat Pump - (HSPF 8.5/SEER 14) $5,790

Air Source Heat Pump - Baseline (HSPF 9.0/SEER 14) $6,900

In addition to space conditioning system efficiency improvements, recent changes to state energy
codes have included lighting efficiency improvements. National model codes also include
minimum lighting efficiency requirements. Therefore, the Council also analyzed lighting
efficiency improvements. Four levels of efficiency, including baseline lighting power densities
were reviewed for cost-effectiveness. It was assumed that all of these levels could be achieved
with higher efficacy lighting technologies (compact fluorescent, LEDs) without reducing lumen
levels. The estimated cost of these improvements is show in Table G-13.

Reduction in lighting power densities interact with the space heating and cooling needs of a
home. Therefore, to properly estimate the net savings from these lighting reductions the SEEM®©
model was run to calculate the space heating and cooling loads after their implementation. All of
the lighting levels shown in Table G-13 are regionally cost-effective, with total resource cost
benefit-to-cost ratios greater than 1.0.

Table G-13: Lighting System Efficiency Improvements and Cost

Lighting Power Density
Efficiency Level (Watts/sq.ft.) Cost/sq.ft.
Baseline 1.75
Energy Star 1.00 $0.11
Advanced 0.75 $0.17
Full 0.60 $0.23

The 5™ Plan’s Model Conservation Standards did not cover water heating. Higher efficiency
tanks have been available for decades and with the anticipated availability of heat pump water
heaters, there is now a potentially cost-effective technology to reduce water heating consumption
by as much as half. The estimated average cost and savings assumed for improving water
heating efficiency are shown in Table G-14. Using these cost and savings, all of the water
heating measures shown in Table G-14 are regionally cost-effective, with total resource cost
benefit-to-cost ratios greater than 1.0.
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Table G-14: Water Heating System Efficiency Improvements and Cost

Water Heating | DHW System | DHW Use
System Type | Cost (2006$) | (kWh/yr)
EF 0.90 $649 3,655
EF 0.92 $669 3,576
EF 0.94 $746 3,500
EF 2.2 $1,450 1,499

The Council’s Model Conservation Standards are “performance based” and not prescriptive
standards. That is, many different combinations of energy efficiency measures can be used to
meet the overall performance levels called for in the standards. In order to translate the regional
cost-effectiveness results into “model standards” the Council calculates the total annual space
conditioning, water heating and lighting use of a “reference building” that meets the Council’s
standards so that its efficiency can be compared to the same building built with some other
combination of measures. Table G-15 shows the maximum annual energy budget for space
conditioning, water heating and lighting use permitted under the draft sixth Plan’s model
standards “reference” case requirements for site built and manufactured homes for each of the
region’s three heating climate zones. These “performance budgets” incorporate all of the
conservation measures shown in Tables G-6 through G-14 that have a benefit-to-cost ratio of 1.0
or higher on a total resource cost basis.

Table G-15: Draft Sixth Plan Model Conservation Standards Annual Space Conditioning,
Water Heating and Lighting Budgets®

Site Built Homes | Manufactured Homes
(kWh/sq.ft./lyr) (kWh/sq.ftlyr)

Heating Zone 1 2.87 2.54
Heating Zone 2 4.27 3.54
Heating Zone 3 5.15 4.10

The Council compared the requirements underlying the performance shown in Table G-15 for
site built homes with the requirements of state energy codes in the region. It also compared the
requirements underlying the performance shown in Table G-15 with the requirements of regional
Energy Star® site built and manufactured home program specifications. This comparison,
revealed that none of the region’s energy codes nor the Energy Star® program specifications met
the Model Conservation Standards goal of capturing all regionally cost-effective electricity
savings. It therefore appears that further strengthening of these codes and program specifications
is required. The following section addresses the question of whether these higher levels of
efficiency would be economically feasible for consumers.

CONSUMER ECONOMIC FEASIBILITY

The Act requires that the Council’s Model Conservation Standards be “economically feasible for
consumers” taking into account any financial assistance made available through Bonneville and
the region’s utilities. In order to determine whether the performance standards set forth in Table
G-15 met this test the Council developed a methodology that allowed it to compare the life cycle
cost of home ownership, including energy costs, of typical homes with increasing levels of

® Annual space conditioning, water heating and lighting use for a typical 2250 sq.ft. site built home and 1750 sq.ft.
manufactured home. Both homes are assumed to have air source heat pumps with a minimum HSPF 9.0/SEER 14,
heat pump water heater and maximum lighting power density of 0.6 Watts/sq.ft.
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energy efficiency built into them. This section describes this methodology and results of this
analysis.

The life cycle cost of home ownership is determined by many variables, such as the mortgage
rate, downpayment amount, the marginal state and federal income tax rates of the homebuyer,
retail electric rates, etc. The value of some of these variables, such as property and state income
tax rates are known, but differ across state or utility service areas or differ by income level. For
example, homebuyers in Washington state pay no state income tax, while those in Oregon pay
upwards of 9% of their income in state taxes. Since home mortgage interest payments are
deductible, Oregon homebuyers have a lower “net” interest rate than do Washington buyers. The
value of other variables, such as mortgage rates and the fraction of a home’s price that the buyer
pays as a downpayment are a function of income, credit worthiness, market conditions and other
factors. Consequently, it is an extreme oversimplification to attempt to represent the economic
feasibility of higher levels of efficiency using the “average” of all of these variables as input
assumptions.

In order to better reflect the range of conditions individual new homebuyers might face the
Council developed a model that tested over a 1500 different combinations of major variables that
determine a specific consumer’s life cycle cost of home ownership for each heating climate zone.
Table G-16 lists these variables and the data sources used to derive the actual distribution of
values used.

Table G-16: Data Sources and Variables Used in Life Cycle Cost Analysis

Variable Data Source
Average New Home Price Federal Housing Finance Board
Federal Housing Finance Board & Mortgage Bankers
Mortgage Interest Rates Association
Downpayment Federal Housing Finance Board
Private Mortgage Insurance Rates Mortgage Bankers Association
Retail Electric Rates Energy Information Administration
Retail Gas Rates Energy Information Administration
Retail Electric and Gas Price Escalation Rates | Council Draft 6th Plan Forecast
Federal Income Tax Rates Internal Revenue Service
State Income and Property Tax Rates ID, MT, OR & WA State Departments of Revenue
Adjusted Gross Incomes Internal Revenue Service
Home owners insurance Online estimates from Realtor.com

A “Monte Carlo” simulation model add-on to EXCEL®© called Crystal Ball© was used to select
specific values for each of these variables from the distribution of each variable. Each
combination of values was then to use to compute the present value of a 30-year (360 month)
stream of mortgage principal and interest payments, insurance premiums, property taxes and
energy cost for a new site built or manufactured home built to increasing levels of thermal
efficiency. Figures G-1 through G-6 show the distributions used for each of the major financial
input assumptions to the life cycle cost analysis.
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Figure G-1: Distribution of Nominal Mortgage Rates
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Figure G-2: Distribution of Downpayment Amounts
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Table G-17: Distribution of Marginal State and Federal Income Tax Rates

Idaho Montana Oregon Washington
State State State State
Federal | Income | Share Federal | Income | Share Federal | Income | Share Federal | Income | Share
Adjusted Gross | Tax Tax of Tax Tax of Tax Tax of Tax Tax of
Income Rate Rate Returns | Rate Rate Returns | Rate Rate Returns | Rate Rate Returns
Under $10,000 10% 5.1% 20.0% 10% 3.0% 24.4% 10% 7.0% 18.6% 10% 0.0% 16.8%
$10,000 Under
$20,000 15% 7.1% 19.3% 15% 5.0% 20.8% 15% 9.0% 18.1% 15% 0.0% 16.1%
$20,000 Under
$30,000 15% 7.8% 15.0% 15% 6.0% 14.2% 15% 9.0% 14.4% 15% 0.0% 13.7%
$30,000 Under
$50,000 18% 7.8% 19.6% 18% 8.0% 18.0% 19% 9.0% 19.5% 20% 0.0% 19.8%
$50,000 Under
$75,000 25% 7.8% 13.6% 25% 9.0% 12.1% 25% 9.0% 14.1% 25% 0.0% 15.5%
$75,000 Under
$100,000 25% 7.8% 5.7% 25% 10.0% 4.6% 25% 9.0% 6.8% 25% 0.0% 8.1%
$100,000 Under
$150,000 28% 7.8% 3.2% 28% 11.0% 2.4% 28% 9.0% 4.3% 28% 0.0% 5.5%
$150,000 Under
$200,000 28% 7.8% 0.9% 29% 11.0% 0.8% 29% 9.0% 1.3% 29% 0.0% 1.5%
$200,000 Under
$500,000 33% 7.8% 0.9% 33% 11.0% 0.8% 33% 9.0% 1.3% 33% 0.0% 1.5%
$500,000 Under
$1,000,000 35% 7.8% 0.2% 35% 11.0% 0.1% 35% 9.0% 0.2% 35% 0.0% 0.3%
$1,000,000 and
Over 35% 7.8% 0.1% 35% 11.0% 0.0% 35% 9.0% 0.1% 35% 0.0% 0.2%
Figure G-3: Property Tax Rates by State
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Appendix G: MCS Cost-effectiveness for Residences Draft Sixth Power Plan
Figure G-4: Base Year Retail Electric Rates by Climate Zone
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Figure G-5: Nominal Escalation Rates for Retail Electricity Prices - All Climate Zones
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The incremental costs of conservation measures described in the prior section on regional cost-
effectiveness were used in the life cycle cost calculations. Annual space heating and cooling
energy use was computed for four heating system types using the system efficiency assumptions
shown in Table G-12 and the water heating and lighting use shown in Tables G13 and G-14.
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The life cycle cost simulation model used the same 1,500 combinations of input assumptions for
each level of energy efficiency tested. As a result, the Council could compare the distribution of
1,500 different life cycle cost results for a home built to incrementally higher levels of
efficiency, rather than just single cases. This allowed the Council to consider how “robust” a
conclusion one might draw regarding the economic feasibility of each measure.

Figure G-6 illustrates a typical distribution of net present value results for one the lowest life
cycle cost package identified for Heating Zone 2. The graph plots the life cycle cost value of a
conservation package (i.e., thermal shell, space conditioning system, water heating system and
lighting system) costs and energy use over the term of the mortgage on the horizontal (x) axis.
The frequency of obtaining a given life cycle cost is plotted on the vertical (y) axis.

The simulation model was set up to seek out the lowest life cycle cost path to comply with
current codes. In this case, the model was only permitted to select different electric space
conditioning systems. That is, it was not allowed to choose improvements in thermal shell, water
heating, lighting or duct system efficiency. Table G-18 shows the mean life cycle cost, first cost
and energy use of for each of the regions three heating zones for new single-family homes and
for new manufactured homes.

Once the “base case” homes life cycle cost was established the model was set up to seek out the
lowest life cycle cost package of measures by selecting various combinations of thermal shell
improvements, space conditioning systems, duct system efficiencies and lighting and water
heating system efficiency improvements. Table G-19 shows the mean life cycle cost, first cost
and annual energy use for the package that performed best across all 1500 different combinations
of financial inputs.

Figure G-6: Illustrative Distribution of Life Cycle Cost Results
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Finally, the simulation model was run to determine the life cycle cost of the package for each
heating zone that includes all measures that were found to regionally cost-effective to the power
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system. Table G-20 shows the mean life cycle cost, first cost and annual energy use for these
packages for each climate zone.

A comparison of the energy use for the lowest life cycle cost packages shown in Table G-19 with
the life cycle cost of the packages containing all regionally cost-effective measures shown in
Table G-20 reveals that across all climate zones and building types, life cycle costs are higher for
those packages containing all regionally cost-effective measures.

Table G-18: Lowest Life Cycle Minimally Code Compliant Packages (Base Case)

Life Cycle Cost - 30 yrs First Cost Total Use (KWh/yr)
Single Manufactured | Single Manufactured | Single Manufactured
Family Home Family | Home Family | Home
Zone 1 $314,247 $99,749 | $2,297 $8,732 | 17,575 10,131
Zone 2 $324,608 $104,167 | $2,297 $8,732 | 19,551 14,528
Zone 3 $255,368 $103,076 | $2,297 $8,732 | 26,752 17,158

Table G-19: Lowest Life Cost Cycle Packages (Economically Feasible)

Life Cycle Cost - 30 yrs First Cost Total Use (kWh/yr)
Single Manufactured | Single Manufactured | Single | Manufactured
Family Home Family Home Family | Home
Zone 1 $307,500 $93,705 | $10,899 $10,908 9,265 5,431
Zone 2 $315,460 $95,623 | $10,899 $10,904 | 10,462 7,165
Zone 3 $242,302 $91,231 | $10,899 $11,107 | 12,453 8,173

Table G-20: All Regionally Cost-Effective Packages (MCYS)

Life Cycle Cost - 30 yrs First Cost Total Use (kWh/yr)
Single Manufactured | Single Manufactured | Single | Manufactured
Family Home Family Home Family | Home
Zone 1 $308,254 $94,593 | $12,068 $11,617 6,449 4,334
Zone 2 $316,107 $96,303 | $12,068 $11,617 9,776 6,204
Zone 3 $242,780 $91,658 | $12,068 $11,617 | 11,714 7,170

Table G-21 shows differences in the buildings shell between the lowest life cycle cost packages
and the packages that contain all regionally cost-effective measur