











Figure 8-1: Economic Analysis Process
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Once the Monte Carlo model has identified the most economical market choices for fixed
combinations of natural gas and electricity prices this information will be fed into the Regional
Portfolio Model (RPM). The RPM will then be used to test the economics of each technology
choice over the wide range of future natural gas and electricity price combinations. This analysis
will seek to determine whether across the entire range of electric and gas cost combinations there
are conversions to natural gas that are economically efficient and which result in lower risk to the
region’s power system.

The Council was unable to complete the RPM analysis of the economics and emissions impacts
of the direct use of natural gas prior to the release of the Sixth Power Plan. Due to the significant
regional interest in this analysis, the Council believes it should provide adequate opportunity for
review and comment on the input assumptions and results of this work before considering
changes to its current policy. Therefore, the Council included a specific task in the action plan
(ANLYS-16) to complete this analysis during the first six months of 2010 and to consider any
policy changes and action items related to the findings.



Chapter 9: Developing a Resource Strategy
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INTRODUCTION

This chapter describes the Council’s treatment of risk in its planning analysis. In particular it
describes scenarios that use the Council’s regional portfolio model. This computer model
simulates the development and operation of the region’s power system in an uncertain world.

The Council’s plans always have recognized uncertainty. The Fifth Power Plan (May 2005),
however, was the first of the Council’s plans that used the portfolio model to analyze strategies
over hundreds of futures.

The chapter describes the model’s approach to evaluating and selecting portfolios. It discusses
the interpretation of the results of testing thousands of portfolios against 750 futures. The
chapter then describes each of the sources of uncertainty that are included in the portfolio model
for the sixth plan. The chapter concludes with a discussion of several issues unrelated to sources
of uncertainty, such as how peak-power requirements are accounted for in the plan’s analysis.
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DEVELOPING A RESOURCE STRATEGY

Risk assessment has been central to Council planning since the first power plan. The Council's
resource portfolio and forecasts must, by statute, address regional requirements over the next 20
years. However, reliably forecasting factors on which the plan relies is difficult, if not
impossible. Therefore, the Council must assess cost and risk, both to the power system and to
the environment, under significant uncertainty.

Earlier plans looked at an array of uncertainties and sources of risk. Load uncertainty, fuel price
uncertainty, and hydro generation variability figured prominently in the conclusions of the plans.
Those plans incorporated gas- and coal-price excursions in forecasts and sensitivity analyses.
They also considered capability to export and import various amounts of power to and from
outside the region. Since the first power plan, the Council has analyzed the value of shorter lead
times and rapid implementation of conservation and renewables. The Council also has valued
“optioning” generating resources. Optioning refers to carrying out pre-construction activities
and then, if necessary, delaying construction until conditions favor going ahead.

In the Fifth Power Plan, the Council extended its risk assessment and management capabilities.
It developed a computer model that enabled the Council to look at decisions made without the
perfect foresight that most models assume. The scenarios broadened the scope of uncertainty.
New uncertainties included those associated with electricity market price, aluminum smelter
loads, carbon-emission penalties, tax credits, and renewable energy credits. Scenarios evaluated
thousands of resource portfolios and captured the costs associated with portfolios that adapted to
changing circumstances and alternative scenarios.

This sixth plan builds on the lessons and techniques of the fifth plan. Council scenarios now
incorporate uncertainty about power plant construction costs and availability. Scenarios track
carbon production using several new techniques, and the impact of carbon penalties moves to
center stage. The representation of conservation and demand response continues to evolve.

The study and treatment of risk requires a suitable framework. The next section describes how
uncertainty, cost, and risk bear on the selection of a resource portfolio.

Resource Strategy is Tied to the Act

The Council’s Power Plan identifies resource strategies that minimize the expected cost of the
region’s electricity future. The Act calls for a plan that assures an “adequate, efficient,
economical, and reliable” power supply. Efficient and economical are interpreted to mean
economically efficient, and net present-value (NPV) system cost is arguably the best indicator of
such efficiency.

The Council’s regional portfolio model (RPM) evaluates possible portfolios under 750 different
possible futures. Each future is a distinct combination of conditions for carbon penalties,
demand growth, electricity and fuel prices, hydroelectric generation, and other key sources of
uncertainty. For each future, the values of each variable are specified hourly over the 20 years of
a scenario.
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The model uses the same set of 750 futures to evaluate each resource portfolio. The model
selects a future before it begins its chronological simulation of a given resource portfolio. As the
model moves forward through the scenario, it simulates the behavior and cost of every resource
in the regional power system, including new resources in the specific portfolio being assessed.
Once the model completes the last period in the scenario, it computes the net present value of the
costs for that resource portfolio under that future. It then selects a different future and starts over
at the beginning of the scenario. Only after a resource portfolio has been evaluated under all 750
futures and a distribution of net present-value costs has been constructed does the model consider
a different resource portfolio.

The expected cost of meeting the region’s requirements gives us an idea of the most likely cost
outcome. Most futures will cluster around this value. Comparing average net present-value
system costs gives us an indication of which portfolio is most likely to achieve the Act’s goal of
an economically efficient system.

Special care is exercised in using the expected costs from this model, however. The section
below, Interpreting Portfolio Costs, discusses this issue in more detail.

A “good” resource plan, according to the Act, is one that is economically efficient and has low
net present value. But a plan certainly would be considered unsuccessful if it failed to meet the
other requirements of the Act, adequacy and reliability. Consequently, the Council’s regional
portfolio model screens out resource portfolios that do not prove adequate and reliable. That
leaves, however, very many portfolios, including ones that are overbuilt and quite expensive. It
stands to reason that a portfolio that met the other requirements of the Power Act still would be
considered unsuccessful if it resulted in a high net present-value cost to the region.

Knowing that forecasts will be wrong and that the future that actually unfolds may be among
those in which our plan performs poorly, what is the best course of action? Ultimately, there is
only one irreversible set of conditions. Risk-averse decision-makers will try to find portfolios
that minimize the chance of high costs.

One approach to finding such a resource portfolio is to test portfolios under many distinct,
feasible conditions and note the worst outcomes for each resource portfolio. Different resource
plans, after all, will perform poorly under different circumstances. However, the worst outcome
IS not a good risk measure because its cost can be limitless. The “likely” of the worst outcomes
is better behaved. These ideas and concepts are reflected in the Council’s risk measure.

The Council’s risk measure, TailVaRqo, is the average of the highest 10 percent of the net
present-value cost outcomes associated with a given portfolio across the 750 futures. To the
extent the Council wants to minimize the likely cost of the future energy system and is
indifferent to risk, it would prefer a resource portfolio that minimizes expected or average cost.
To extent the Council is risk averse, it would tend to select a resource portfolio that may have
higher expected cost but lower risk.

Using these definitions of cost and risk, therefore, maximizes the chance of identifying portfolios
that achieve the Act’s objectives. Such a resource portfolio is likely to be lowest-cost among
those that minimize the chance of high power costs, even under the worst circumstances.
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Portfolio Selection

To understand the Council’s approach requires a little background. It is useful to expand on the
concepts introduced in the previous section. Some familiarity with the meaning of several terms,
as the Council uses them, is also helpful.

A future is a specific combination of values for uncertain variables, specified hourly over the 20-
year planning period. For the Council’s work, a future will be a specific sequence of hourly
values for each uncertainty. A future is hourly electricity requirements for 20 years, combined
with hourly electricity prices for 20 years, combined with hourly (or daily) natural gas prices for
20 years, and so forth. The number of sources of uncertainty considered in Council scenarios
would render the enumeration here unwieldy, but the next section describes them generally.

Given a particular future, the primary measure of a portfolio is its net present-value total system
cost. These costs include all variable costs, such as those for fuel, variable operation and
maintenance (O&M), and long- and short-term market purchases. These costs also include the
fixed costs associated with investment in new resources and with their operations and
maintenance. The present value calculation discounts these future costs to September of 2009
and states them in constant 2006 dollars. Discounting and other financial assumptions are
discussed in Appendix N of the plan.

The futures differ significantly one from the other. While some planners would base future
uncertainty on historical patterns, the Council recognizes that future markets and other sources of
uncertainty rarely resemble the past. Some would refer to a Council future as a scenario. In the
Council’s modeling, futures typically include some historically unprecedented paths for prices,
loads, and other variables. A small number may have an unlikely but not impossible future
behavior.

The Council’s treatment of uncertainty also reflects the potential for a larger pool of contributing
factors than history provides. The model uses larger variation and weaker relationships among
sources of uncertainty to achieve this effect. Past relationships often depend on markets,
technologies, regulations, and other circumstances that could change in the future. The
introduction of reserve-margin standards and renewable-portfolio-standard legislation in
California, for example, has changed the traditional relationship between natural gas price and
wholesale electricity price. Over the last 30 years, combined-cycle combustion turbines filled
the role of providing new energy and capacity. Fundamental market economics assert that this
role imposes a relationship between electricity prices and natural gas, the fuel that combustion
turbines burn. Regulatory changes are upsetting that relationship. Renewables, built for
purposes other than reducing expected cost or making a profit, are displacing combustion
turbines. Non-renewable resources, added for reliability and flexibility, are also contributing.
These innovations are changing the rules of the market.

Larger variation and weaker relationship among uncertainties in the Council’s model therefore
provide an opportunity to better understand the consequences of technological innovation,
legislative and regulatory initiatives, transformation of markets, and other “unforeseeable”
events. Combining futures in unlikely ways, moreover, reveals how different sources of
uncertainty can combine to bring extraordinary risk. The next section describes the nature of
specific sources of uncertainty.
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The effect of different futures on the cost of a portfolio produces a distribution of portfolio costs.
This distribution is the source of expected cost and risk attributed to that portfolio. Figure 9-1
represents the number of times the net present value cost for a single portfolio under all futures
fell into specific ranges or “bins.” That is, each bin is a narrow range of net present-value total
system costs.

Figure 9-1: Example of a Portfolio Cost Distribution
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Figure 9-1 is an example of the cost distribution for a single resource portfolio. Each resource
portfolio will have a distinct distribution like the one in the figure.

Because a simulation of a particular resource portfolio typically uses 750 futures, the resulting
distributions can be complicated. Representative statistics make the task of capturing the nature
of a complex distribution manageable.

The average of the distribution provides an idea of the most likely cost outcome for this resource
portfolio. Comparing average net present-value system costs between two portfolios gives us an
indication of which portfolio is most likely to have the lowest cost.

The measure of risk that the Council adopted is TailVaRgo. Briefly, TailVaRy is the average
value for the worst 10 percent of outcomes.! It belongs to the class of “coherent” risk measures
that possess special properties. These properties assure the measure reflects diversification
benefits of resources in a portfolio. Coherent measures capture the magnitude and likelihood of

! See Appendix P of the Fifth Power Plan for a more detailed discussion of this risk measure and a comparison with
other risk measures.
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bad outcomes, rather than the predictability of, or the range of distribution for, an outcome. As
mentioned above, use of TailVaRyy is also consistent with avoiding high-cost outcomes.

Using these two statistics, each portfolio is associated with a point on a graph. The horizontal
axis measures the portfolio’s cost and the vertical axis measures the portfolio’s risk. This way, a
large number of resource portfolios can be compared on these two measures. A typical scenario
evaluates 2,000 to 5,000 possible portfolios. The set of points corresponding to all portfolios is a
feasibility space, an illustration of which appears in Figure 9-2.

For each level of risk, there is a level, horizontal line passing through the feasibility space. The
left-most portfolio in the feasibility space on that line is the least-cost portfolio for that level of
risk. The efficient frontier of the feasibility space will contain only least-cost portfolios.

Because the Council typically evaluates thousands of portfolios, the efficient frontier permits the
Council to narrow its search, typically to a fraction of one percent of these portfolios. It does so
without invoking weighting factors or other, more problematic schemes that have been used to
assess decisions with multiple objectives.

Figure 9-2: Feasibility Space
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The Council’s approach to resource planning could be called “risk-constrained, least-cost
planning.” Given any level of risk tolerance, the efficient frontier finds portfolios that achieve
that level at the lowest cost. In this sense, it is comparable with traditional utility integrated
resource plans (IRPs), also referred to as “least-cost” plans. If risk is ignored, the “least-cost”
plan is the upper-left-most portfolio on the efficient frontier.
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Risk often stems from short-lived events. Again, a measure that relies on net present-value costs
may miss this kind of risk. Consequently, additional study of portfolio behavior over time is
necessary. An example of the evaluation of portfolio risk in particular futures appears in
Appendix J. The section Low-Risk Portfolios, below, discusses risk in more detail.

Model Portfolios

The Council’s resource portfolio does not look like a traditional firm resource plan to meet firm
electricity demand. For example, it does not contain completion dates for new resources that
will just meet load growth when needed.

The Council’s definition of a resource portfolio consists of two elements. For most conventional
resources, the portfolio specifies the option dates for specific types and amounts of generating
resources. A resource is optioned when the design, siting, and licensing have been completed
and it is ready for construction.

The second element of the portfolio consists of policies for conservation and demand response.
Policies include cost-effectiveness “adders” or premiums over wholesale electricity market price
for conservation acquisitions. For demand response, the policy consists of implementing one of
several prescribed schedules for irrigation, heating, cooling, and other programs. These
schedules specify the number of megawatts implemented at different times for each program
over the 20-year scenario horizon.

The option schedules, conservation premiums, and demand-response deployment schedules for
portfolios that lie on the efficient frontier are determined through a computerized search process.
The model initially tries random portfolios, such as one where no resources can be added, one
where all resources are available for construction at their maximum build rate, and so forth. For
each of these, performance is simulated under the 750 futures, and the resulting average cost and
risk are observed. After several hundred portfolios have been evaluated, the computer discovers
which schedules of resources and policy choices tend to lower average cost and risk. By trying
modifications of the more successful portfolios, it attempts to minimize the cost of the power
system at different levels of risk.

The reason for using a plan defined by earliest construction start dates lies with the nature of
generating resource construction risk. A significant source of risk to the region arises from
inaccurate forecasts of the need for or the value of a generating resource. Both building too few
and too many resources can be expensive and wasteful. The Council’s model reflects the reality
that decision-makers never can be sure how the future will work out.

The opportunity to construct a resource is prescribed by a given resource portfolio. Given such
an opportunity, the model makes a decision — in each period of each future — whether to proceed
with construction. This decision to construct is based on what the model thinks about the
eventual value of and need for that resource under that particular future and at that particular
time. The model’s decision pays no attention to (does not “know” about) what will unfold in
subsequent periods under this future. The model computes requirements and costs
chronologically under each future so the model’s decision-making has only a notion of the past.
Thus, the decision must be based only on what price and requirement trends have been up to that
point.

9-7
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Constructing a plant does not guarantee the plant will be economical. Just as in life,
circumstances change without notice. The model makes forecasting mistakes in some futures,
and the costs — due to delays, emergency purchases, overruns, shortages, and cancellations —
associated with those mistakes are captured in the portfolio’s net present-value costs. By this
means, the model identifies resource portfolios with values that are less sensitive to assumptions
about the future.

The conservation acquired and the generating resources constructed in a given portfolio will be
different in each of the 750 futures. The construction of generating resources and the acquisition
of conservation in each future therefore will depend on how that particular future unfolds.?

The resulting resource portfolio is one that addresses the risks inherent in the future, not one that
has the lowest cost for one specific future. In a given future, portfolio resources will not
necessarily cover their costs in the wholesale electricity market. Some will do very well in
certain futures and poorly in others. This is particularly true with portfolios that are near the
least-risk end of the efficient frontier, where the resources necessary to yield such low risk are so
expensive to construct that they typically cannot cover their costs in the market. What
determines whether a resource portfolio falls on the efficient frontier at the least-risk end is more
determined by whether it reduces total cost in the worst futures. This often comes about by
reducing market prices, which usually acts to increase the net cost of resources. Reducing
market prices, however, also reduces the risk of expensive market purchases during times of
unexpected need and thereby reduces expected cost.

A traditional resource plan cannot address such scenario risks. Alternative scenarios can be
tested in a traditional sense. This gives an idea of how the ideal plan might change if the future
turns out different. However, it will not show how best to prepare when it is not clear which
future will occur.

Because the Council’s power plan directly addresses risk, some aspects of its portfolio may look
contrary to a traditional approach to resource plans. In traditional planning, new resources are
stacked up against growing loads so that new resources are scheduled at a particular date to meet
requirements. Uncertainty about requirements is considered by looking at different levels of load
growth. Uncertainty about hydropower conditions is addressed by planning for only critical-
water conditions. These are not necessarily the most efficient plans, however, and they are based
on how the world works today. These plans typically do not consider changing policies that
could dramatically affect the cost of different strategies.

The Council’s plan recognizes, however, that it may be advantageous to develop a portfolio for
simultaneous construction of different types of resources. In any given future, only one of these
might be constructed. One consequence of this is that, from a traditional load/resource-balance
perspective, the option schedule might suggest the power system would be overbuilt.

Interpreting Portfolio Costs

Future costs of the power system in the Council’s regional portfolio model are expressed in
traditional planning terms. They are the net present value of future power system costs that can

2 Animated graphs that illustrate how selected plans perform under the 750 futures are available from the Council’s
website.
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vary with resource choices made in each future for the portfolio. They include the operating cost
of existing resources and the capital and operating costs of future resources. The capital costs of
existing resources are sunk costs and are not affected by future resource choices.

An important distinction exists between the net present-value system costs shown in illustrations
of the feasibility space and the optioning cost of a particular portfolio. The net present-value
system costs include costs that are largely outside the control of decision-makers. They include,
for example, carbon penalties and natural gas costs. Option costs are the costs for siting,
planning, and licensing new generation. They also may include some above-market cost for
conservation, depending on one’s view. These costs, the optioning costs, are within the scope of
what decision-makers control.

It is a common misinterpretation of the efficient frontier that the region is paying for the change
in net present-value system costs to achieve the reduction in system risk represented by the
frontier. The average cost and risk, however, are not like the cost and benefit in an economic
study. Instead, they represent distinct attributes of the distribution of outcomes. The decision-
maker can pay the optioning costs of the resources, but optioning costs typically are a fraction of
a percent of the average costs illustrated on the efficient frontier. Depending on the future that
actually materializes over the next twenty years, the benefits of optioning resources can, on the
other hand, be much larger than the average cost along the efficient frontier.

The expected costs in other studies are often meaningful because they reflect a value to which
average costs will trend over time. For example, average hydrogeneration energy and cost are
meaningful in utility-production cost studies. The Council’s price forecasts, for example, are
based on average hydrogeneration. This use of expected energy is meaningful precisely because,
over time, the energy and cost will trend to those values, even though they may differ
significantly in any given year. That is not the case for many of the uncertain variables in this
model. In fact, most futures consist of prices and requirements that move progressively away
from today’s forecasts. This behavior is important to risk modeling, but it makes expected cost
harder to interpret.

The expected costs from the feasibility space differ from those in certain economic studies, too,
in that typically they include only costs relevant to the selection of a resource portfolio. The
fixed costs of the existing system, for example, are not included. Any decisions to modify the
existing system of resources, therefore, cannot be based only on these costs.

The efficient frontier is a screen for portfolios, based on their relative performance. Their
relative performance, in turn, relies only on independent aspects of the portfolio’s distribution of
possible cost outcomes. These aspects should not be interpreted like traditional economic cost
and benefit.

Low-Risk Portfolios

The Council looks beyond expected net present-value cost and risk in distinguishing among
portfolios. Often, risk originates from short-term events within a future. For example spikes in
market electricity prices such as occurred in 2000-2001 can create huge cost increases if the
region is overly exposed to the market. These short-term events are not apparent in net present-
value costs. The imposition of a high carbon penalty can lead to high-cost futures if the region
has become overly reliant on electricity generated at plants that burn coal. The regional portfolio
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model is designed to assess such risks and help the Council build resource strategies that will
help avoid the impacts of such events.

The portfolios along the efficient frontier are distinguished by cost and risk. At the low-risk end
of the efficient frontier, a portfolio’s behavior in its worst 10 percent of outcomes determines its
selection. It follows therefore that the benefits of a low-risk portfolio are revealed in those
futures. The events that transpire over time within futures determine how risky that future is and
whether our risk metric is correctly identifying those futures. Principal sources of risk in those
futures may suggest alternative risk-mitigation mechanisms.

Risk mitigation does not affect all futures equally. The average cost of the low-risk portfolio
will be slightly higher, but it provides protection, similar to an insurance policy, against the most
costly future events. Understanding why particular resources in the low-risk portfolio provide
this protection yields insight into their value and into the kinds of futures that would be bad for
the region under a given resource portfolio.

Other evidence of reduced risk is reduced rate volatility and reduced exposure to the wholesale
power market during high-price excursions. These characteristics of portfolios along the
efficient frontier were explored in more detail in the Council’s Fifth Power Plan.® A discussion
of the model’s calculation of revenue requirements appears in Chapter 3 and Appendix O of the
Sixth Power Plan.

In general, portfolios near the lower-risk end of the efficient frontier contain more resources and
rely less on the wholesale power market. By building more resources and reducing price
volatility, these low-risk portfolios are more consistent with regulatory preferences and utility
planning criteria than the lower-cost but higher-risk portfolios.

Interpreting Carbon Emissions and Costs

A new measure of power system performance is the emissions of carbon dioxide from generating
plants that burn fossil fuels. It is important because of various greenhouse-gas-reduction targets
and proposed policies to price carbon emissions through a tax or a cap-and-trade system.

Because electricity is generated and transmitted between and among regions of the country,
measuring carbon emissions in any one region is difficult. Estimating the emissions from an
individual power plant is relatively straightforward. But electricity trading creates a variety of
options for counting emissions. One option is to count only the emissions of power plants
actually located in the Pacific Northwest. Another is to count, in addition, the emissions of
power plants that are located outside the Pacific Northwest but whose output is contractually
committed to serve Northwest loads. A third is to count the carbon content of all electricity used
to serve Northwest loads. This requires adding an estimated carbon content of imported power
and subtracting the estimated carbon content of exported power from Northwest emissions.

The rules for such accounting have not been established, and proposed rules often vary by state
and region. Such calculations are further complicated by the fact that electricity that is traded in
wholesale markets is not typically identified as coming from a particular plant or technology.
For example, what carbon content should be attributed to exported power? Is power exported

% Northwest Power and Conservation Council. The Fifth Northwest Electric Power and Conservation Plan. Volume
2, Chapter 7.
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from the Northwest free of carbon emissions because it is generated by hydroelectric projects, or
does it have substantial carbon emissions because it is generated from the region’s coal plants?
Perhaps it should be considered free of carbon, because its price already reflects any carbon
penalty paid by producers, directly or through re-dispatching of resources.

Because the accounting treatment is not settled, the Council’s regional portfolio model reports
carbon emissions in two different ways. One is based on generation located within, or contracted
to, the Pacific Northwest (generation-based). The other is based on the consumption of
electricity within the region (load-based).

For the purpose of calculating load-based carbon, the model assumes imported and exported
power has the same amount of carbon -- 1,053 pounds of CO, per megawatt-hour of electricity
generated. This corresponds to the number pounds of CO, per megawatt hour that a natural gas-
fired combustion turbine would produce if it had a heat rate of 9,000 BTU per kilowatt-hour.
This is typical of an older-generation gas-fired power plant. It actually is a proxy for the average
carbon emissions across all generation in the Western Electricity Coordinating Council region on
the short-run margin over an extended time period, such as a year. Northwest generation
averages somewhat lower emissions, and surrounding areas average somewhat higher during
periods when the Pacific Northwest is importing power. This amount of emissions does not
reflect the fact that alternative carbon-control regimes may shift the effective carbon emissions.
This assumption does have the advantage, however, of being simple and easy to understand.
Moreover, it closely resembles the assumed carbon-emissions factor adopted by Washington
State Department of Commerce” and the California Energy Commission.

SOURCES OF UNCERTAINTY

Risk resides with a utility’s overall portfolio of requirements and resources, rather than with one
resource, one requirement, or one kind of fuel. Moreover, uncertainty does not necessarily lead
to risk. Thermal-based utilities view fuel-price uncertainty and the variation of hydropower
generation much differently than do hydropower-based utilities. Modeling the uncertainties that
are traditionally the primary sources of risk, however, is the first step in a process to
understanding economic risks to the region.

Wholesale Power Prices

It would be difficult and expensive for an individual utility to exactly match electricity
requirements and generation at all times. Therefore, virtually all utilities participate in the
wholesale market, directly or indirectly, as buyers and as sellers. This is particularly so for
regional utilities because the region’s primary source of generation, hydroelectricity, is highly
variable from month to month and year to year.

Whether a utility has surplus generation or needs to purchase power affects the magnitude and
direction of change in costs to electricity consumers when wholesale power prices rise. That is,
if the utility needs power and if electricity market prices go up, consumers’ costs can go up. If

* See final opinion on California Energy Commission (CEC) Rulemaking 06-04-009, issued September 12, 2008,
which calls for a default value of 1,100 pounds per MWh; and Tony Usibelli, Assistant Director, Washington
Department of Community, Trade and Economic Development, to the CEC regarding this rulemaking, dated July
10, 2007, which uses 1,014 pounds per MWh.
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the utility has surplus power to sell into the market, however, and electricity market prices go up,
the larger revenues mean the utility’s net electricity production costs will come down. This
reduces the revenue the utility needs to collect from the consumers.

Disequilibrium between supply and demand is commonplace for electricity markets.
Disequilibrium results from less-than-perfect foresight about supply and demand, inactivity due
to prior surplus, overreaction to prior shortages, and other factors. Periods of disequilibrium can
last years. The resulting excursions from equilibrium prices can be large relative to the routine
variation due to temperatures, fuel prices, plant outages, and hydro generation. These excursions
are a significant source of uncertainty to electric power market participants, and they are
therefore an important part of the Council’s scenario analysis.

Figure 9-3 shows a sample of electricity price futures from among those that the Council’s model
uses. Description of the Council’s electricity price forecast is in Chapter 2 and Appendix D.
Typical of commaodity price distributions, which are bounded below by the price of zero dollars
per unit, the distribution in Figure 9-3 is quite skewed.

Figure 9-3: Electricity Price Future
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Average prices for wholesale electricity over a quarter are capped at $325 per megawatt in the
model. This value corresponds to the $400-per-megawatt-hour FERC price cap imposed over
the Western power system. That is, the latter is the maximum hourly price the model would
impute based on the former. Electricity prices rarely hit this level in the Council’s portfolio
model.
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Load Uncertainty

The Council’s model assumes a larger range of variation in loads than present in the Council’s
official load forecast for the sixth plan. The additional variation stems in part from seasonal and
hourly patterns of load and from weather variation. A much larger source of variation, however,
IS uncertainty about changing markets for electricity, possible technology innovations, and
excursions due to business cycles.

Figure 9-4: Load Futures
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Figure 9-4 displays a sample of load futures from the Council’s model simulations compared to
the shaded trend forecast range. A detailed description of the Council’s official load forecast and
the treatment of aluminum smelter loads appears in Chapter 3.

Fuel Prices

The basis for uncertain natural gas price trends is the Council’s fuel-price forecast range as
described in Chapter 2 and Appendix A. In addition to uncertainty in long-term trends in fuel
prices, the modeling representation uses seasonal patterns and brief excursions from these trends.
These excursions may last from six months to four years and then recover back toward the trend
path. The duration of the excursion and the duration of the price recovery are both functions of
the size of the excursion. Figure 9-5 illustrates some natural gas price futures from the portfolio
model simulations (2006%).

As with electricity prices, the price distribution is quite skewed. The shaded area corresponds to
the high and low ranges discussed in Chapter 2.
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Figure 9-5: Gas Price Futures
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Hydropower Generation

A 70-year history of streamflows and generation provides the basis for hydropower generation in
the model. The hydropower generation reflects constraints associated with the NOAA Fisheries
2008 biological opinion. Moreover, scenarios evaluate resource choices assuming no emergency
reliance on the hydropower system, even though such reliance might not violate 2008 biological
opinion constraints.

In addition to meeting fish and wildlife requirements, hydropower operation must satisfy other
objectives. These objectives include standard flood control, river navigation, irrigation,
recreational, and refill requirements. All scenarios incorporate these constraints.

The modeling assumes no decline of output over the 20-year study period due to relicensing
losses or other factors that might lead to capability reduction. Nor does it assume any increases
due to deployment of removable spillway weirs or turbine upgrades. Chapter 10 does include,
however, a study of the potential effects of removing the four Lower Snake River dams.

Resource Construction Costs

Recent resource development has revealed costs that are significantly higher than anticipated in
earlier planning. The details of expected costs for resource technologies over time appear in
Chapter 6. These expected costs, which typically trend downward over time, serve as the
benchmark for resource construction cost futures the model uses to capture construction cost
uncertainty. The Council’s Generating Resource Advisory Committee assisted the Council in
characterizing the types and likelihood of futures for construction costs.

The Council’s model uses these futures to assess the likely future economic value of resources,
among other things. Economic value is one aspect of the decision the model makes within a
future whether or not to construct a resource.
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Several cost futures for wind generation resources appear in Figure 9-6. Each future is a
sequence of cost multipliers for “overnight” construction. They are applied to a figure of dollars
per kilowatt of capacity for a wind plant to determine the effective overnight construction cost
for that plant. The overnight construction cost is the total dollars spent over the plant’s
construction cycle, but it does not include any costs for financing or for delays in construction.
Figure 9-6 therefore represents how the overnight cost for constructing a power plant will change
over time. The model takes the cost available at the time of plant construction. The model then
effectively places that cost in ratebase and customers continue to pay off the construction cost
over the life of the plant. Subsequent changes in the multiplier have no effect.

A trend of decreasing real cost from the highs in 2007-2009 is evident in Figure 9-6. This
reflects the expected price decreases anticipated over the September 2009 — August 2029 period.

Figure 9-6: Construction Cost Futures for Wind Generation
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An example of a single construction cost future for several generation technologies appears in
Figure 9-7. This figure illustrates how construction costs generally move together through time,
reflecting their shared cost components, such as steel, concrete, and labor. Appendix J provides

a more complete description of probability ranges of costs over time for each resource in Figure
9-7.
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Figure 9-7: Construction Cost Multipliers
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Climate Change and Carbon Emission Goals

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 materializing at the federal or state level, or through
means such as the Western Climate Initiative (WCI) in which Washington, Oregon, and Montana
are participants.

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 controlling sulfur oxides 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
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 scenarios 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, scenarios represent
carbon-control policy as a penalty (dollars per ton CO,) associated with burning natural gas, oil,
and coal.
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The model keeps track separately of the two costs that arise from a carbon tax. There is a cost
associated with any revenues generated by the tax. There is also a cost associated with
alternative dispatch of resources. Separate accounting facilitates evaluation of the effects of a
tax independent of assumptions regarding the use of the tax revenues.

Each carbon-penalty future is a step up to a random value, selected by the model, where it
remains until the end of the study period (Figure 9-8 illustrates the penalty in a small handful of
futures). The progression of carbon penalty over time is unlikely to resemble any of these
futures. Nevertheless, using a large number of futures should provide a fair idea of the risk
associated with most paths.

Figure 9-8: Samples on Individual CO, Penalty Futures
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In the Council’s carbon-risk scenarios, a carbon penalty can arise at any time. The modeled
probability of such a penalty being enacted at some time during the forecast period is 95 percent.
If a penalty is enacted, its value is selected from a uniform distribution between zero and $100
per ton (in 2006 dollars). The resulting probability of finding a carbon penalty at or below
various levels in each period appears in Figure 9-9. The distribution indicates an even likelihood
of seeing some positive carbon penalty around 2012. This assumption, recommended by the
Council’s Generation Resource Advisory Committee and adopted by the Council’s Power
Committee, is responsible for the shape of the distribution. The mean of the distribution over all
futures rises gradually to about $47.50/ton of CO, by the June — August 2029 quarter. As
discussed in Chapter 11, the distribution corresponds to the range of outcomes that
EcoSecurities, Ltd., estimated for the Council.
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Figure 9-9: Deciles for Carbon Penalty

120

100 +

100%
60 | 90%
§ 80%
3 — 70%
g —60%
g 60 —50%
8 — 40%
I —— ] 30%
40 20%
—10%

— 0%
20 4 =—mean

Sep-09
Sep-10
Sep-11
Sep-12
Sep-13
Sep-14
Sep-15
Sep-16
Sep-17
Sep-18
Sep-19
Sep-20
Sep-21
Sep-22
Sep-23
Sep-24
Sep-25
Sep-26
Sep-27
Sep-28

Source: workbook "New CO2 Distribution 090425.xIs", chart "Carbon Distribution"

Preliminary analyses evaluated alternative carbon-penalty distributions. Reducing the penalty in
each future by half results in substantially the same resource plan for the first decade of the
scenario as does the zero to $100 distribution.

There are mechanisms in addition to carbon penalties and trading programs to meet carbon-
emission objectives. Scenarios considered displacement of existing resources with new
renewables or more-efficient gas-fired plants. The Council also evaluated direct curtailment and
retirement of existing coal-fired plants. The Council has not taken a position in favor of any
particular approach to carbon reduction. Rather, the plan provides information and analysis on
alternative approaches. Results of this analysis appear in Chapter 10.

Plant Availability

Power plants are not perfectly reliable, and forced outages are an important source of
uncertainty. The analysis includes simulation of forced outages based on typical forced-outage
rates for the generating technologies considered.

Renewable Energy Production Incentives

The production tax credit and its companion Renewable Energy Production Incentive were
originally enacted as part of the 1992 Energy Policy Act. The intent was to commercialize wind
and certain biomass technologies. Congress has repeatedly renewed and extended them.

The longer-term fate of these incentives is uncertain. The original legislation contains a
provision for phasing out the credit as the costs of qualifying resources become competitive.
Moreover, federal budget constraints eventually may force reduction or termination of the
incentives.
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In the model, two events influence the value of the production tax credit over the 20-year study
period. The first event is termination due to cost-competitiveness. The likelihood of termination
peaks in about five years in the Council’s model. The model provides, however, for the
possibility of the credit remaining indefinitely or expiring immediately. The second event that
modifies the credit in the Council’s model is the advent of a carbon penalty. The value of the
credit fgllowing introduction of a carbon penalty depends on the magnitude of the carbon
penalty”.

The Council did not want any reduction in the value of the production tax credit to exceed the
advantage afforded renewables by a CO, penalty. Such an outcome would be contrary to the
likely intent of a CO,-control policy. This concern determines the value of the production tax
credit in the model due to the magnitude of any carbon penalty that arises in a given future.

Production tax credits amounted to $15 per megawatt hour when first adopted and have escalated
with inflation. The current value for wind, closed-loop biomass, and geothermal is $21 per
megawatt hour. Investors receive credits only for the first 10 years of project operation. Council
modeling scenarios use real, levelized values, however. The levelized value over a 20-year
economic life would be about $9.10 in 2006 dollars.

Renewable Energy Credits

Power from renewable-energy projects currently commands a market premium, which can be
unbundled from the energy and traded separately as renewable energy credits (RECs). REC
value varies by resource and over time, like most commaodities. This value reduces the cost of
the power source if sold. Inthe Council’s model, REC value varies in a manner similar to other
commodities and differs by future.

The Council models the Montana, Oregon, and Washington Renewable Portfolio Standards
(RPS). The RPS regulations of these states require an obligated utility to retain the REC
associated with the power produced by the utility’s renewable resource. That is, the utility
cannot buy or build qualifying renewable power and then sell or trade the REC separately.
While obligated utilities may sell RECs associated with resource surplus to their requirements,
they may also bank the energy to meet future RPS needs. If this makes economic sense, the
utility would also not sell the REC.

OTHER ASSUMPTIONS

This section discusses assumptions that are not treated explicitly as uncertainties. These
assumptions include those about the treatment of renewable portfolio standard (RPS) resources,

® If the carbon penalty is below half the initial value of the PTC, the full value of the PTC remains. If the carbon
penalty exceeds the value of the PTC by one-half, the PTC disappears. Between 50 percent and 150 percent of the
PTC value, the remaining PTC falls dollar for dollar with the increase in carbon penalty. The sum of the
competitive assistance from PTC and the carbon penalty is constant at 150 percent of the initial PTC value over that
range. The conversion of carbon penalty ($/US short ton of CO,) to $/MWh is achieved with a conversion ratio 1.28
#CO,/kWh. This conversion ratio corresponds to a gas turbine with a heat rate of 9000 BTU/kWh. The Fifth Power
Plan, which uses the same approach, has additional explanation and details.

9-19

FOMWER FLAMN



conservation, independent power producers, recent resource additions to the existing system, and
the treatment of flexibility and capacity requirements.

The plan discusses some assumptions thoroughly in other chapters or in the appendices.
Consequently, their description does not appear in this chapter. In particular, Chapter 7
describes the treatment of transmission in Council analysis. Resources in the model include the
cost of any incremental transmission required and the impact of transmission energy losses.
Transmission constraints do not appear explicitly in the model. It is assumed that resources that
do not have additional transmission cost can be located such that additional transmission is
unnecessary. Finally, the model uses a 5-percent discount rate to equate costs occurring at
different times, and this value is derived in Appendix N.

Existing Renewable Portfolio Standard Resources

Table 9-1 lists the 1,050 average megawatts of existing renewables. The table includes about
2,634 megawatts of wind that the region has completed or will soon complete. When evaluating
the potential for wind generation in the region, this quantity — which is not included in any
specification of new resource capability the model may select — must be considered.
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Table 9-1: Base of RPS Resources

Capacity | Service

Resource | Load

Project (MW) Year CA | MT | OR | WA

Biglow Canyon Ph | 1254 2007  wind PGE 100%
Biglow Canyon Ph Il 149.5 2009  wind PGE 100%
Broadwater 10.0 1989  Hydro NWE 100%

Clearwater Hatchery (Dworshak) 29 2000  Hydro BPA 22%| 78%
City of Albany (Vine St) 0.5 2009  Hydro PAC 4% 74%| 22%
Coffin Butte 1 - 5 5.2 1995 Biomass Consumers 100%)
Combine Hills | 41.0 2003 wind PAC 4% 74%| 22%
Condon 49.8 2002 wind BPA 22%| 78%
DeRuyter Dairy 12 2007  Biomass PAC 4% 74%| 22%
Douglas County Forest Products 3.2 2006  Biomass PAC 4% 74%| 22%
Dry Creek Landfill 3.2 2007  Biomass PAC 4% 74%| 22%
Echo 44.6 2009  wind PAC 4% 74%| 22%
Farm Power (Rexville) 0.8 2009  Biomass PSE 100%
Foote Creek (BPA) 16.8 2000  wind BPA 22%| 78%
Foote Creek (EWEB) 8.3 1999  wind EWEB 100%

Foote Creek (PAC) 33.1 1999  wind PAC 4% 74%| 22%
Freres Lumber 10.0 2007  Biomass PAC 4% 74%| 22%
Georgia-Pacific (Camas) 52.0 1995  Biomass PAC 5% 95%| 0%
Georgia-Pacific (Wauna) 27.0 1996  Biomass BPA 100%| 0%
Goodnoe Hills 94.0 2008 wind PAC 4% 74%| 22%
H.W. Hill (Roosevelt Biogas) 1 - 5 10.5 1999  Biomass Klickitat 100%
Hampton Lumber 7.2 2007  Biomass Snohomish 49%
Harvest Wind 98.9 2009  Wwind Various 20%| 80%
Hay Canyon 100.8 2008  Wwind Snohomish 100%
Hopkins Ridge 150.0 2005  Wind PSE 100%
Judith Gap 135.0 2006  Wwind NWE 100%

Klondike | 24.0 2001  wind BPA 22%| 78%
Klondike 11 75.0 2005  wind PGE 100%
Klondike 1l (BPA) 50.0 2007  Wind BPA 22%| 78%
Klondike 1ll (EWEB) 25.0 2007 Wind EWEB 100%,
Klondike 11l (PSE) 50.0 2007  Wind PSE 100%
Leaning Juniper 100.5 2006  wind PAC 4% 74%| 22%
Marengo | 1404 2007  wind PAC 4% 74%| 22%
Marengo Il 70.2 2008  wind PAC 4% 74%| 22%
Martinsdale (Two Dot) 2.8 2004  wind NWE 100%

McNary Dam Fish Attraction 7.0 1997 Hydro N. Wasco 50%

Nine Canyon 63.7 2002  Wind Ccou 100%
Portland Habilitation 0.9 2008 pv PGE 100%
ProLogis 11 2008 pv PGE 100%
Puyallup Energy Recovery Company (PERC) 1 - 3 2.8 1999  Biomass PSE 100%
Qualco 0.5 2008  Biomass Snohomish 100%
Rock River | 50.0 2001  Wind PAC 4% 74%| 22%
Rough & Ready Lumber 12 2007  Biomass PAC 4% 74%| 22%
Round Butte 339.0 1964  Hydro PGE 15%

Short Mountain 1 - 4 25 1993  Biomass Emerald 100%

Sierra Pacific (Aberdeen) 10.0 2003  Biomass Grays Harbor 56%
Sierra Pacific (Fredonia) 28.0 2007  Biomass SMUD, SCL 82% 11%
South Dry Creek 1.8 1985  Hydro NWE 100%|

Stahlbush Island Farms 16 2009  Biomass PAC 100%)
Stateline (AVA) 35.0 2001  wind AVA 100%
Stateline (BPA) 90.0 2001  wind BPA 22%| 78%
Stateline (SCL) 175.0 2001  wind SCL 100%
Tiber-Montana 6.0 2004  Hydro 100%

Tieton 13.6 2006  Hydro EWEB 100%

Two Dot 0.9 2004  Wind NWE 100%

Vansycle Wind Energy Project 24.9 1998  Wind PGE 100%)|
Weyerhaeuser (Springfield) 4 (WEYCO) 25.0 1975  Biomass EWEB 100%
Wheat Field 96.6 2009  wind Snohomish 100%
White Creek (Benton PUD) 3.0 2007  Wind Benton PUD 100%
White Creek (Cowlitz) 94.0 2007  Wind Cowlitz 100%
White Creek (Emerald) 15.0 2007 wind Emerald 100%)

White Creek (Franklin) 10.0 2007  Wind Franklin 100%
White Creek (Klickitat) 53.0 2007  Wind Klickitat 100%
White Creek (Lakeview) 2.0 2007  Wind Lakeview 100%
White Creek (Snohomish) 20.0 2007  Wind Snohomish 100%
White Creek (Tanner) 4.0 2007  Wind Tanner 100%
Wild Horse Wind 228.6 2006  Wind PSE 100%
Wild Horse Expansion 44.0 2009  Wind PSE 100%
Wolverine Creek 64.5 2005  wind PAC 4% 74%| 22%

Source: "Plan 6\Power Plan Documents\Chapter 9 DevStrategy (previously chapter 8)\Renewables for the RPS.xls"
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Forced-in Renewable Portfolio Standard (RPS) Requirements

Montana, Oregon, and Washington, like many other western states, have legislated goals that
obligate utilities to meet a prescribed portion of their energy loads with renewable generation
according to schedules that extend to 2025, in the case of Oregon. When modeled as an
uncertainty related to regional load growth, the Council assumes obligated utilities meet 95
percent of their nominal RPS goals. This representation captures the possibility that utilities will
face obstacles to meeting their nominal targets. One mechanism, for example, that might give
rise to not meeting targets is the “opt-out” provision. This provision in legislation excuses
utilities from meeting their targets when meeting the requirements would cause significant rate
increases.

Adoption of RPS legislation by other states, in particular California, is expected to affect the
region primarily through the expected price of wholesale power. The anticipated change in
wholesale electricity prices due to this effect is incorporated in Council modeling, as is the
uncertainty around such change.

Renewable resources constructed to meet RPS requirements do not receive a cost reduction due
to the sale of renewable energy credits (RECs). When regional utilities acquire renewables to
meet their state’s requirements, they must retain any RECs associated with the resource. This
has the effect of increasing the cost of the resource relative to what renewable costs would have
been had the utility been able to sell the RECs. Utilities, however, may bank RECs that are not
used toward meeting RPS requirements. These credits may be applied toward future obligations.
States differ in the policy regarding how long RECs may be banked and under what conditions.

Modeling does not include wind or geothermal explicitly when an RPS is assumed. Earlier
studies suggest that renewables will not be constructed for economic reasons earlier than or in
greater quantity than required by these standards. In scenarios that assume RPS requirements
disappear, wind and geothermal are available for the model to select.

Figure 9-10 provides an example of how existing RPS resources, banked RECs, and new RPS
resources play out for one state under a particular future. This particular example is for the state
of Oregon. Obligated utilities’ target portions of energy sales, after conservation, comprise the
heavy, dotted line at the top of the graph. Targets are specified only in a handful of years, so
targets for other years are interpolated. Next, it is assumed that obligated utilities achieve only
95 percent of target amounts. The next line down reflects that assumption. Resources that
currently qualify for renewable energy credits are illustrated in dark green.

Based on the current level of RPS development and state policy, credit balances are calculated.
In Oregon, credits do not expire. Renewable energy credit balances for Washington and
Montana must be updated every year to account for expiring credits, and these two states have
different requirements regarding the how soon credits expire. It is assumed that if credits would
expire quickly and would not be used, they are sold to offset the cost of the resource.

The light green area corresponds to banked renewable energy credits. While RECs do not expire
in the case of Oregon, they do get used. RECs are denominated in megawatt-hours. This means
that once a REC is used to meet a megawatt-hour of customer energy load in some year, it goes
away. Consequently, the light green area ends when energy produced by utility renewable
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Chapter 9: Developing a Resource Strategy Sixth Power Plan

resources is insufficient to meet the RPS energy target and Oregon utilities have used up their
banked credits.

The energy corresponding to this net requirement, after banked credits are used up, is illustrated
in yellow. This energy is assumed to be largely wind but also geothermal, biomass, small hydro,
and photovoltaic solar. Because the energy is dominated by wind, wind operating and
construction costs are used for new renewables. These costs are subject to the same construction
cost uncertainty as are wind generation resource modeled without RPS requirements. The new
resources are also expected to have value derived from sale in the wholesale power market,
whereas credits have no associated cost or value of this sort.

Figure 9-10: RPS Source Development
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Conservation from New Programs, Codes, and Standards

Conservation due to existing codes and standards is incorporated in the Council’s load forecast.
An example of such a code is the mandated conversion to energy-efficient lighting throughout
the nation beginning in 2012. Such conservation is excluded from programs that the model may
select going forward. New conservation is subject to severe constraints on development in the
model early in the scenario period. Full penetration of lost-opportunity conservation is assumed
to develop slowly over the next decade.

A large amount of discretionary conservation, however, exists at prices far below the current
wholesale power price. Left unconstrained, the model would add as much as 2,000 average
megawatts of this conservation immediately. While difficult to quantify, utilities have budget
constraints that, given no other consideration, would significantly limit how quickly the region
can acquire this conservation. The Council, with the guidance of the Conservation Resource
Advisory Committee and the Regional Technical Forum, chose a rate of acquisition that it
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considers aggressive but achievable: development of discretionary conservation at the rate of

160-average-megawatts-per-year. These constraints are discussed in Chapter 4 and Appendix E.

Independent Power Producers’ (IPP) Resources

Independent power producers provide depth to wholesale markets but do not mitigate regional
ratepayer costs or risks. IPP plants not currently under contract provide energy for the regional

wholesale market. The IPP owners, however, receive the benefits of any energy sold, not the

region. There are about 3,335 megawatts of IPP generating capacity currently not under contract
to regional utilities. This generation does not have firm transmission access to markets outside
the region. The amount that is under contract declines over the next few years. A list of the IPP

generation modeled in Council scenarios appears in Table 9-2.

Table 9-2: Independent Power Producers

January
Uncommitted Capacity
Plant name share Project Owner (MW)
Big Hanaford CC1A-1E 100% TransAlta 233.4
Centralia 1 85% TransAlta 625.1
Centralia 2 100% TransAlta 625.1
Grays Harbor Energy Facility (Satsop) 100% Invenergy (dba Grays Harbor Energy) 611.7
Hermiston Power Project 100% Calpine, dba Hermiston Power Partners 498.7
Klamath Cogeneration Project 100% lberdrola Renewables 451.7
Klamath Generation Peakers 1 & 2 100% lberdrola Renewables 47.5
Klamath Generation Peakers 3 & 4 100% lberdrola Renewables 47.5
Lancaster (Rathdrum CC) 100% Cogentrix 264.4
Morrow Power 100% Morrow Power (Subsidiary of Montsano 23.7
Enviro Chem Systems)

Discounted total 3334.9

Source: workbook "Table of IPPs 100118.xls", worksheet Sheet2

New Generating Resource Options

Resources explicitly considered include natural gas combined-cycle gas turbines, natural gas
simple-cycle gas turbines, wind-power plants, and gasified coal combined-cycle combustion

turbines. A complete list appears in Table 9-3, below.

Table 9-3: New Resource Candidates

» Conservation
= Discretionary conservation limited to 160 average megawatts per year
= Phased in up to 85-percent penetration maximum

CCCT (415 MW) available 2011-2012

SCCT (85 MW Frame GT) available 2012

Wind generation (100 MW blocks), 4800 MW available by end of study
= No REC credit if RPS are assumed in force

YV VYV

= Costs includes any production tax credit, transmission, and firming and integration costs

Geothermal (14 MW blocks) available 2011, 424 MW (382 MWa) by end of study
Woody biomass (25 MW), available 2014, 830 MW by end of study
Advanced nuclear (1,100 MW), available 2023, 4,400 MW by end of study

Y VYV
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Supercritical pulverized coal-fired power plants (400 MW), available 2016

Integrated Gasified Combined-Cycle combustion (518 MW) available 2023, with carbon capture
and sequestration

Wind imported from Montana, with new transmission, available 2011, 1,500 MW by end of study
Five classes of demand response, 2,000 MW available by end of study, 1,300 MW of this limited
to 100 or fewer hours per year of operation

VYV VYV

As mentioned in the discussion of existing renewable portfolio standard resources, resources that
have a very good chance of completion are included in the base level of resources. This includes
certain other thermal resources having high probability of completion. They are not modeled
explicitly as new resources.

Table 9-4 shows relatively new resources that are not listed in Table 9-1.

Table 9-4: Recent Construction

capacity in-service

project (MW) fuel type month
Arrowrock 1 - 2 15 Hydro Jun 2010
Bettencourt Dry Creek Dairy 2.25 Biomass Sep 2008
Big Sky Dairy 1.42 Biomass 2009
Cassia 29.4 Wind Feb 2009
Danskin (Evander Andrews) CT1 170 Natural gas Jun 2008
Double A Dairy 4.26 Biomass 2009
Flathead County Landfill 1.6 Biomass April 2009
Grays Harbor Energy Facility (Satsop) 650 Natural gas Jul 2008
Mill Creek Generating Station 150 Natural gas Dec 2010
Mint Farm 319 Natural gas Jan 2008
Mountain Home 42 Wind Sep 2008
Raft River | 15.8 Geothermal Jan 2008

In order to keep the analysis manageable, only new resources that are found to be cost-
competitive and of significant potential®, or required by law, are considered in the model. The
regional portfolio model evaluates large numbers of possible portfolios under many scenarios
and requires several computers and significant time to develop a portfolio. The number of
generation resources in the model affects the time required for a study. Consequently, small
amounts of new micro-hydropower generation, solar thermal, and other smaller sources are
assumed to be captured under renewable portfolio standards in the states.

System Flexibility and Capacity Requirements

Energy balance is central to economic risk and has been the focus of Council risk assessment.
Regional power crises of the past were associated with energy shortages and surpluses.
Examples include the hydropower generation insufficiency of the early 1970s and the 2000-2001
West Coast energy crisis. Overbuilding thermal power plants in the late 1970s and the
unprecedented rate increases and financial failures that ensued illustrate the dangers of
overbuilding.

® The cutoff for consideration is around 300 MW of cost-effective potential by 2030.
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The power system has other requirements, however. Power system balance on the sub-hourly
level is critical to integration of wind and other variable resources. Without providing for system
peaking and flexibility requirements, the region risks forgoing resources that can reduce energy
risk. Chronic shortages in the special-purpose markets for resources that meet these
requirements may result, or the power system otherwise may become inefficient.

In modeling wind power, an additional integration and firming cost is added to that of direct
wind-turbine costs. The model does not include any additional resources that may be required to
provide these services. Currently, it is unclear how much, or even whether, incremental
generation resources may be required for this purpose. The action plan of this power plan
supports work underway by the regional Wind Integration Forum to evaluate those requirements.

The model uses economics to evaluate peaking requirements and contribution. The model can
discern economic value that arises from hourly events, such as forced outages. Economic value
determines whether the model will build a power plant. Any value beyond that necessary to
cover plant costs lowers the system cost, so the model would choose to add it. Traditional
reliability and adequacy assessments of capacity requirements ignore fuel prices or operation
costs. It is assumed that if the region needed capacity to meet an unforeseen circumstance, fuel
price would not be an issue. If prices were considered, however, very high electricity prices
would result. Of significance here is that the model would build more resources in this situation
specifically to avoid exposure to these high prices.

Moreover, the Council relies on metrics that the regional adequacy forum has adopted. This
forum, a consortium of utilities, regulators, and customers, has produced deterministic energy
and capacity load-resource balance standards that incorporate much of what the region has
learned about resource adequacy.

The model incorporates the forum’s annual energy metric directly into resource-selection
decisions. If a planned resource would not be constructed because the model forecasts that the
resource would not be economic, the model forecasts the region’s needs according to the forum’s
energy balance standard. If the calculation indicates the region is in danger of resource
inadequacy, construction of the least-cost, planned resource continues.

Finally, any plans the model produces that the Council would recommend are compared to the
forum’s energy and capacity standards. Experience has shown, however, that economic
adequacy produces plans that meet energy adequacy and peaking requirements. The plan
addresses flexibility further in Chapter 12.
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Chapter 10: Resource Strategy
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The resource strategy for the Sixth Power Plan relies on conservation, renewable generation, and
natural gas-fired generation. In addition, the region needs to better utilize, expand, and preserve
its existing electric infrastructure and research and develop technologies for the long-term
improvement of the region’s electricity supply. Scenario analysis showed that the electric power
sector of the region could meet its share of carbon emission-reduction targets similar to those
adopted by some states and proposed in national legislative initiatives through three primary
actions: achieving the conservation targets in the Council’s plan, meeting existing renewable-
energy portfolio standards, and reducing the use of the existing coal plants by about half.

A RESOURCE STRATEGY FOR THE REGION

The Council’s resource strategy for the Sixth Power Plan provides guidance for Bonneville and
the region’s utilities on choices of resources that will supply the region’s growing electricity
needs while reducing the risk associated with uncertain future conditions. The strategy
minimizes the costs and risks of the future power system. The timing of specific resource
acquisitions is not the essence of the strategy. The timing of resource needs will vary for every
utility. The important message of the resource strategy is the nature of the resources and their
priorities.

Summary

The resource strategy is summarized below in six elements. The first three are high-priority
actions that should be pursued immediately and aggressively. The longer-term actions must be
more responsive to changing conditions in order to provide an array of solutions to meet the
long-term needs of the regional power system. The last element recognizes the adaptive nature
of the power plan and commits the Council to regular monitoring of the regional power system to
identify and adjust to changing conditions.

FOWER FLAN



e Efficiency: The region should aggressively develop conservation with a goal of acquiring
1,200 average megawatts by 2014, and 5,900 average megawatts by 2030. Conservation
is by far the least-expensive resource available to the region and it avoids risks of volatile
fuel prices, financial risks associated with large-scale resources, and it mitigates the risk
of potential carbon pricing policies to address climate-change concerns.

e Renewables: Increasing development of renewable generation is necessary to meet
existing renewable portfolio standards. On average, the renewable resources developed
to fulfill state RPS mandates will contribute 1,450 average megawatts of energy, or 4,500
megawatts of installed capacity. Most of the recent renewable development has been
wind, and that is assumed to be the primary source of renewable energy in the immediate
future. However, power production from wind projects creates little dependable peak
capacity and increases the need for within-hour balancing reserves. The resource strategy
encourages the development of other renewable alternatives that may be available at the
local, small-scale level and are cost-effective now. The strategy also encourages research
on and demonstration of different sources of renewable energy for the future.

e Natural Gas: Natural gas-fired generation is likely to be needed to supplement efficiency
and renewable resources depending on load growth and the possible need to displace coal
use to meet carbon-reduction goals. Even if the region has adequate resources, individual
utilities or areas may need additional supply for capacity or wind integration. In these
instances, the strategy relies on natural gas-fired generation to provide energy, capacity,
and ancillary services.

e Infrastructure Operation and Investment: Strong emphasis should be placed on
improving wind scheduling and system operating procedures as cost-effective and
achievable initial steps for the purpose of wind integration. In addition, the region needs
to invest in its transmission grid to improve market access for utilities and to facilitate
development of more diverse cost-effective renewable generation.

e Future Resources: In the long term, the Council encourages the region to expand its
resource alternatives. The region should explore additional sources of renewable energy,
improved regional transmission capability, new conservation technologies, new energy-
storage techniques, carbon capture and sequestration, smart-grid technologies and
demand-response resources, and new or advanced low-carbon generating technologies,
including advanced nuclear energy. Research, development, and demonstration funding
should be prioritized in areas where the Northwest has a comparative advantage or
unique opportunities.

e Adapting to Change: The Council will regularly assess the adequacy of the regional
power system to guard against power shortages, identify departures from planning

assumptions that could require adjustments to the plan, and help ensure the successful
implementation of the Council’s Columbia River Basin Fish and Wildlife Program.

Planning Scenarios

The resource strategy is based on analysis of several scenarios. The discussion of the elements
of the resource strategy draws on those scenarios so some introduction to the scenarios and their
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findings is needed. The bullets below summarize eight scenarios, or studies, that help determine
the resource strategy.

Scenarios

e Carbon Risk - The carbon-risk scenario is intended to explore what resources result in
the lowest expected cost and risk given current policy plus the risk that additional carbon
reduction policies will be implemented. It includes a range of carbon prices from zero to
$100 per ton, which average to $47 per ton by 2030. Specific numbers for average
resource development in the resource strategy are taken from this scenario. It is designed
to represent the current state of uncertainty about future carbon pricing policies and
develop a responsive resource strategy.

e Current Policy - The current-policy scenario includes current policies such as renewable
portfolio standards, new plants emissions standards, and renewable energy credits, but it
does not assume any carbon pricing in the future. It helps identify the effect of carbon
pricing risk when added to existing policies.

e No Policy - The no-policy scenario removes current policies from the analysis in addition
to assuming no future carbon pricing risk. It does, however, assume that the renewable
energy credit market will continue to operate. This scenario permits isolation of the
effects of current policy.

e No RPS - This scenario includes future carbon-pricing risk, but the renewable portfolio
standards are removed. Renewable energy credits are included. One can compare the
cost-effectives of renewable generation to other responses to carbon emissions pricing
risk by comparing this scenario to others.

e $45 Carbon - The $45-carbon price scenario is designed to achieve the carbon-emission
reduction targets in proposed legislation. Instead of uncertain carbon prices from zero to
$100, a fixed price of $45 is assumed starting in 2010.

e Coal Retirement - This scenario, like the $45-carbon scenario, is designed to achieve a
particular carbon-emissions reduction target. About half of the existing coal-fired
generation in the region is phased out between 2012 and 2019. This scenario is done
with and without carbon-pricing risk. In the without-carbon-pricing version, fewer coal
plants are retired.

e No Conservation - This scenario assumes that no conservation is available to meet future
electricity needs or reduce carbon emissions. Carbon pricing risk is included, as are
current policies. This scenario allows estimation of the role of conservation in reducing
carbon emissions and the effect of conservation on cost and risk in the face of carbon-
pricing uncertainty.

e Lower Snake Dam Removal - This scenario explores the cost and carbon impacts that
would occur if the four lower Snake River dams were no longer available to meet
regional power needs. Carbon pricing risk is included as well as current policies.

Results of these studies are compared in the discussion of the elements of the resource strategy,
and more detailed comparison of their results appears in the later in the chapter.
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Improved Efficiency

The dominant new resource in the Sixth Power Plan resource strategy is improved efficiency of
electricity use, or conservation. The attractiveness of improved efficiency is due to its relatively
low cost and the absence of major sources of risk. Conservation costs half of alternative
generating resources and lacks the risk associated with volatile fuel prices and potential carbon
policies. It also has short lead time and is available in small increments, both of which reduce
risk. Therefore, improved efficiency reduces both the cost and risk of the resource strategy.

Energy efficiency has been important in all previous Council power plans. The region now has a
long history of experience improving efficiency. Since the Northwest Power Act passed, the
region has developed nearly 4,000 average megawatts. That makes efficiency the fourth-largest
source of electricity in the region following hydroelectricity, natural gas, and coal.

The average levelized cost of the efficiency developed in the resource strategy is $36 per
megawatt-hour. The comparable estimated cost of a natural gas-fired combined-cycle
combustion turbine is $92 per megawatt-hour, and Columbia Basin wind costs $104 per
megawatt-hour. Improved efficiency also costs less than the forecast market price of electricity.
In the Council’s analysis, extra resources are added to provide insurance against future
uncertainties. Efficiency improvement provides attractive insurance for this purpose because of
its low cost. In futures or time periods when the extra resources are not needed, the energy and
capacity can be sold in the market and their cost more than recovered.

One result of these characteristics is that in all of the scenarios examined by the Council, both in
the draft and the final power plan, similar amounts of improved efficiency are found to be cost-
effective. Its role does not depend significantly on whether or not carbon policies are enacted.
Figure 10-1 shows the amount of efficiency acquired in various scenarios considered by the
Council in the power plan. In all scenarios except the no-conservation scenario, the amount of
efficiency averages between 5,500 and 6,000 average megawatts. The amount of conservation
developed varies in each future considered in the regional portfolio model. For example, in the
carbon-risk scenario, while the average conservation development is 5,900 average megawatts,
individual futures can vary from as low as 5,300 average megawatts to as high as 6,600 average
megawatts.
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Figure 10-1: Cost-Effective Conservation Resources

Average Megawatts

Developing the amount of efficiency included in the carbon-risk scenario is estimated to cost the
regional power system $15 billion over 20 years'. The addition of a comparable amount of gas-
fired generation would cost $62 billion. The nature of efficiency improvement is that the total
cost is recovered over a smaller number of sales. Average cost per kilowatt-hour sold will
increase, but because total consumption is reduced, average consumer electricity bills will be
smaller. Consumers who choose not to improve their efficiency of use could see their bills
increase. However, if the region does not capture the efficiency, the higher cost of new
generating resources will increase everyone’s bills.

The amount of efficiency included in the Sixth Power Plan is significantly higher than in
previous Council plans. For example, in the Fifth Power Plan cost-effective efficiency was
2,500 average megawatts compared to 5,900 megawatts in the sixth plan. To a large extent, this
increase is the result of changing technology that has created new efficiency opportunities and
reduced costs. The Council has identified significant new efficiency opportunities in all
consuming sectors. Also important are the increased cost of generating alternatives and the risk
of increased carbon regulations. Figure 10-2 shows how efficiency improvements are located in
various consuming sectors. Additional information on the sources and costs of efficiency
improvements is provided in Chapter 4 and Appendix E of this plan.

! About $6 billion of this amount is already in utility costs as currently expensed conservation. The additional cost
to be recovered is therefore $9 billon over 20 years.
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Figure 10-2: Cost-Effective Efficiency Potential by Sector
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Improved efficiency contributes not only to meeting future energy requirements, but also
provides capacity during peak load periods. The savings from conservation generally follow the
hourly shape of energy use, saving more energy when more is being used. As a result, efficiency
contributes more to load reduction during times of peak usage. Or in other words, efficiency
improvements have capacity value, as well as energy value. The Council has built up the shape
of efficiency savings from the hourly shape of individual end uses of electricity and the cost-
effective efficiency improvements in those uses. Figure 10-3 shows the monthly savings of
average energy, peak-hour capacity, and minimum-hour loads in 2030 based on 5,900 average
annual megawatts of efficiency. The savings from efficiency actions in the Sixth Power Plan are
highest in winter. For example, efficiency improvements that yield average annual savings of
5,900 average megawatts create 8,000 average megawatts of savings during December. The
average capacity savings over the December 18-hour sustained peaking period is about 9,300
megawatts. Savings in the peak hour of December are 10,700 megawatts.
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Figure 10-3: Monthly Shape of 2030 Efficiency Savings
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As a comparison, the Council explored the effects of having no efficiency improvements
available. A scenario was run based on the carbon-risk scenario but with no new efficiency
improvements available. The resulting resource strategy was increased in cost, risk, and carbon
emissions. Present value system cost increased 24 percent, from $63.9 billion (2006$) to $87.8
billion. In addition, increased carbon taxes would be collected. The tax increase is due to an
increase of carbon emissions from 39.7 million tons per year to 57 million tons per year. The
efficiency gains are replaced by a combination of increased use of existing natural gas and coal-
fired generation, new gas-fired generation, reduced net exports of electricity, and a substantial
increase in renewable generation due to increased electricity sales. Another way of describing
the effects of no efficiency improvements on carbon emissions is that even with carbon taxes
averaging $47 per ton by 2030 and current renewable portfolio standards, carbon emissions
would not be reduced, on average, from 2005 levels. The efficiency improvements in the sixth
plan resource strategy are a key to reducing carbon emissions.

Renewable Generation

Renewable generating resources are an important part of the resource strategy. Wind in
particular has been a focus of recent generation development in the Pacific Northwest. Driven
by financial incentives and renewable portfolio standards in three of the four states, the region
has added over 3,400 megawatts of nameplate wind capacity since the Council’s Fifth Power
Plan. This existing wind is estimated to provide about 1,100 average megawatts of energy
generation per year, but only provides about 170 megawatts of dependable peaking capability.
Wind resources that have ready access to transmission are competitive with other generation
alternatives.

Renewable resources currently are modeled as wind or geothermal in the regional portfolio
model. The Council recognizes that additional small-scale renewable resources are likely
available and cost-effective and the plan encourages their development as an important element
of the resource strategy. In addition, there are many potential renewable resources that are
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currently either too expensive or unproven technologies that may, with additional research and
demonstration, prove to be valuable future resources.

Renewable generation development in the various scenarios is driven by state renewable
portfolio standards. The amount of renewable energy acquired depends on the future demand for
electricity because state requirements specify percentages of demand that have to be met with
qualifying renewable sources of energy. Across the 750 futures of demand growth in the carbon-
risk scenario, the amount of wind developed on average is 1,450 average megawatts. In terms of
available capacity, that is 4,500 megawatts of installed wind capacity, but only about 225
megawatts of dependable peaking capacity.

Figure 10-4 shows the amount of additional renewable energy acquired on average in the various
scenarios studied. The figure does not include the 1,100 average megawatts of existing and
committed wind. In scenarios with renewable portfolio standards, the average development of
additional wind is limited to 1,450 average megawatts, as required by the standards when the
state’s goals are combined. The only exception to this is when no efficiency improvements are
assumed. In that scenario, an additional 600 average megawatts of wind is developed to satisfy
RPS requirements for the higher electricity sales.

In the two scenarios without renewable portfolio standards, no policy and no RPS, the results are
different. In the no-policy scenario, only 311 average megawatts of additional renewable
generation is developed. In the no-RPS scenario, which includes the risk of carbon prices
between $0 and $100 per ton, 1,008 average megawatts of additional renewable generation is
developed; about 70 percent of the amount developed in scenarios that include renewable
portfolio standards and carbon pricing risk.

Figure 10-4: Renewable Resource Development
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Natural Gas-Fired Generation

Natural gas is the third major resource in the Sixth Power Plan resource strategy. From an
aggregate regional perspective, which is the plan’s focus, the need for additional natural gas-
fired generation is modest in the carbon-risk scenario. However, the role of natural gas may be
larger than it appears in the Council’s analysis for a number of reasons. The regional
transmission system has not evolved as rapidly as the electricity market, resulting in limited
access to market power for some utilities. In addition, some utilities have lost contract resources
and have rapid load growth presenting them with significant near-term resource challenges. New
gas-fired generation may be required in such instances even if the utilities meet their renewable
portfolio requirements and develop conservation as rapidly as called for in the plan.

There are two types of natural gas-fired generation considered in the model: simple-cycle
turbines (SCCT) that are most suitable for providing peaking capacity, and combined-cycle
turbines (CCCT) that can provide base-load energy as well as peaking capacity. The gas-fired
plants are optioned (sited and licensed) in the model so that they are available to develop if
needed in each future. The resource strategy includes optioning 3,400 megawatts of CCCTs, and
650 megawatts of SCCTs. These options are developed in only a relatively small number of
futures. The average build-out of natural-gas fired CCCTs over the 750 futures is 1,000
megawatts. For SCCTs the comparable number is 120 megawatts. In the carbon-risk scenario,
the amount of energy actually generated from new CCCTs, when averaged across all 750 futures
examined, is 400 average megawatts. For SCCTs the average energy provided is only 20
average megawatts. The contribution of these gas-fired resources would be largest during heavy-
and peak-load hours, or in poor water years.

While the amounts of efficiency and renewables were fairly consistent across most scenarios
examined, the future role of natural gas-fired generation is more variable and specific to the
scenarios studied. Figure 10-5 shows the average amounts of SCCT and CCCT built among the
750 futures considered in each scenario. The actual amount of natural-gas fired generation
constructed varies in each future.

The optioning of CCCTs is largest when there is a need for energy. This occurs, for example, in
scenarios that feature energy lost from other resources as in the retirement, or decreased use, of
existing coal plants or reduced conservation achievements. Among these scenarios not only does
the amount of gas-fired resources optioned vary, but the likelihood of completing the plants also
varies. The role of SCCT is greater when capacity needs to be replaced. This is prominent in the
coal-retirement scenario where capacity from the retired coal plants is lost and in the no-
conservation scenario where the capacity value of new conservation is eliminated.
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Figure 10-5: Natural Gas-Fired Resource Options
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The particular type of natural gas-fired generation built in the future depends significantly on
anticipated future conditions. Specific utility needs drive resource choices. For example,
individual utilities may find their circumstances include need for within-hour balancing reserves,
a system with differing capacity requirements, or limited access to market resources. All of
these factors limit the ability of the regional resource strategy to be specific about optioning and
construction dates for natural gas fired resources, or for the types of natural gas-fired generation.

Nevertheless, it is clear that after efficiency and renewables, natural gas-fired generation is the
most cost-effective resource option for the region in the near-term. Other resource alternatives
may become available over time, and the Sixth Power Plan recommends actions to encourage
expansion of the diversity of resources available.

Improving, Expanding, and Preserving the Existing Power System

The existing Northwest power system is a significant asset for the region. The FCRPS (Federal
Columbia River Power System) provides low-cost and carbon-free energy, capacity, and
flexibility. The network of transmission constructed by Bonneville and the region’s utilities has
supported an integrated regional power system. However, this regional infrastructure is in need
of protection and expansion. In addition, the operation of the regional power system needs to
evolve to better facilitate an efficient electricity market and help provide improved capacity and
flexibility.

A key part of the Council’s resource strategy is to improve the operation of the power system to
better integrate variable wind generation and support growing capacity requirements. Improved
wind forecasting, within-hour scheduling of resources, and increased use of dynamic scheduling
among balancing authorities are likely to provide cost-effective and near-term solutions to
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capacity and flexibility needs. The region has recently made significant progress through a joint
initiative of Columbia Grid, Northern Tier Transmission Group, and WestConnect.

For many years the region has failed to make significant investments in its transmission
infrastructure. As a result, transmission constraints have become significant, limiting access to
regional electricity resources and reducing the efficiency of the power system. Recently,
transmission investments have gained attention and important investments have been proposed
or are underway. One area where added transmission may have value is in improving access to
more diverse and cost-effective wind and other renewable resources. Investing in the regional
transmission system is important to preserving an efficient and low-cost power system for the
region.

Finally, preserving the capability of the existing hydroelectric system has significant value for
the region. Mitigating damage to anadromous fish from development of the FCRPS has changed
the operation of the hydroelectric system, reducing its energy capability and its flexibility. Itis
important to mitigate this damage, but also to do it in a way that best preserves the value of a
low-cost and low-carbon electricity source. The Council attempts to ensure that its fish and
wildlife program uses cost-effective strategies to improve salmon and steelhead survival. An
analysis of the effects of a loss of hydropower capability was done to illustrate the value of the
system. The example analyzed was the loss of the four lower Snake River dams. This example
is provided to illustrate the significant economic and carbon-emission changes that resulted from
the scenario. The last section of this chapter describes the results of this analysis.

Develop Long-Term Resource Alternatives

The fifth element of the Council’s resource strategy recognizes that technologies will evolve
significantly over the 20 years of the Sixth Power Plan. When the Council next develops a
power plan, the cost-effective, available and reliable resources will be different from those
considered in the Sixth Power Plan. But the Sixth Power Plan indentifies areas where progress is
likely to be valuable and includes actions to explore and develop such resources and
technologies. In many instances the region can influence the development of technology and the
pace of adoption.

Avreas of focus in the long-term resource strategy include additional efficiency opportunities and
the ability to acquire them, energy-storage technologies to provide capacity and flexibility,
development of smart-grid technologies, expansion of demand response capability, and tracking
the status and cost of potential no-carbon or low-carbon generation. The latter potentially
includes renewable technologies, carbon sequestration, and advanced nuclear generation.

Research, development, and demonstration of these technologies is an important part of the
Council’s resource strategy. Tracking these developments, as well as plan implementation and
changing assumptions, will indentify needed changes in the power plan and near-term actions to
implement it. These elements of the resource strategy are addressed primarily in the action plan.

VALUE OF THE RESOURCE STRATEGY

The resource strategy of the Sixth Power Plan is designed to provide a low-cost electricity supply
to meet future load growth. But it is also designed to provide a low-risk electricity future for the
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region. The Council choose to make risk reduction an important part of the resource strategy.
Therefore the amount and type of resources included in the strategy are designed to meet loads,
reduce costs, and help reduce the risks posed by uncertain future events.

All of the scenarios evaluated for the plan include the same uncertainty regarding fuel prices,
hydropower conditions, electricity market prices, capital costs, and load growth. In addition,
several scenarios include the risk of carbon pricing. The zero-to-$100-per-ton carbon price risk
is included in the carbon-risk, no-RPS, coal-retirement with CO2 pricing, no-conservation, and
Snake River Dam scenarios. Carbon prices are not included in the no-policy or current-policy
scenarios, nor are they included in the coal-retirement scenario without carbon price risk. The
$45-carbon scenario assumes a fixed carbon price, instead of uncertain carbon prices. By
comparing the results of these various scenarios, the effect of this significant uncertain future
carbon-pricing policy on the resource strategy can be illustrated.

Figure 10-6 shows the resource development by resource type for each scenario. The resources
are shown as average resource additions over 750 future scenarios. The high and consistent role
of efficiency stands out. This is because of both its low cost and its role in mitigating risk from
fuel price uncertainty and volatility. Efficiency acquisition is higher in scenarios with carbon
prices reflecting its additional value for mitigating carbon price risk. Without conservation,
renewable and gas-fired generation development is much greater. In the no-conservation
scenario the net present value of future power system costs increases by $24 billion, or 37
percent even without considering the additional carbon penalties that would have to be paid
because carbon emissions increase from 40 million tons to 57 million tons per year. Without
efficiency improvements, regional power costs would also increase by 37 percent excluding the
cost of carbon and 47 percent including the cost of carbon

The role of renewable generation is driven by renewable portfolio standards and renewable
energy credits. In the absence of both, little addition renewable development would take place.
Assuming renewable energy credits continue, but without renewable portfolio standards, the
amount of renewable generation developed is about 70 percent of what is required by the
standards, even in the face of carbon price risk. The higher renewable generation in the no-
conservation scenario reflects higher electricity consumption, which increases the amount of
renewable energy needed to meet the standards.

The role of natural gas varies among the scenarios. It is greatest by far in the absence of
efficiency. In scenarios with carbon prices or coal retirement it is similar because it is providing
energy to reduce the use of coal. Because the coal-retirement and carbon-pricing scenarios have
been designed to reduce carbon emissions to similar targets, the need for coal replacement is
about the same in these scenarios. In the coal-retirement scenario without carbon pricing,
simple-cycle combustion turbines play a larger role to replace the capacity of retired coal plants.
If the plants aren’t retired they continue to provide capacity under some future conditions.
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Figure 10-6: Average Resource Development by Type in Alternative Studies
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One of the key issues identified for the Sixth Power Plan was climate-change policy and the
potential effects of proposed carbon-pricing policies. In addition, the Council was asked to
address what changes would need to be made to the power system to reach a specific carbon
reduction goal and what those changes would cost. The next section focuses on meeting carbon-
reduction targets, but some more general carbon-emission results are addressed here. In
providing analysis of carbon emissions and specific pricing or carbon-reduction targets, the
Council is not taking a position on future climate-change policy. The Council’s analysis is
intended to provide useful information to policy-makers.

Figure 10-7 shows the costs and carbon emissions from all of the scenarios in the plan. The role
of renewable portfolio standards in providing carbon reductions is one issue. This can be
addressed by comparing results between two pairs of scenarios. The primary difference between
the no-policy scenario and the current-policy scenario is renewable portfolio standards. In this
comparison renewable portfolio standards reduce carbon emissions by 4 million tons per year,
from 60.3 to 56.3 million tons per year. Conservation in the no-policy scenario slows the growth
of carbon emissions, but emissions still increase above 2005 levels. The addition of renewable
standards in the current-policy scenario reduces carbon emissions to 2005 levels by 2030. The
renewable standards were estimated to increase the average cost of the power system by about 8
percent while reducing carbon emissions by about the same percentage.

The second comparison that shows the potential effects of renewable portfolio standards on
carbon emission is the no-RPS scenario compared to the carbon-risk scenario. In these
scenarios, which both include carbon-pricing risk, the presence of the standards reduced carbon
emissions by 0.6 million tons per year, from 40.3 to 39.7 million tons per year. These results do
not include, of course, the value of renewable portfolio standards in encouraging development of
new carbon-free technologies for the future as encouraged in the Council’s resource strategy.

The effects of carbon pricing risk on emissions can be seen by comparing the carbon-risk
scenario to the current-policy scenario. The carbon-risk scenario adds to the expected cost of the
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power system and reduces carbon emissions compared to the current-policy scenario. Expected
power system cost increases about 14 percent, from $56.1 billion (2006$) to $63.9 billion.
Average carbon emissions decrease by 29 percent in 2030 reaching levels about 30 percent lower
than 2005. By comparing emission levels and cost between the carbon-risk and the no-
conservation scenarios, it becomes clear how important efficiency improvement is for reducing
carbon at the least cost. Carbon emissions are not reduced from 2005 levels in the no-
conservation scenario, but power system cost increases by $24 billion, or 30 percent. If the
carbon penalty is included in cost, the increase is even larger.

Figure 10-7: Costs and Carbon Emissions by Scenario in 2030
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Figure 10-7 shows costs as the net present value of system costs, which is the measure of cost
used for planning. It includes only the forward-going costs of the power system; that is, costs
that can be affected by future conditions and resource decisions. Some have noted that reporting
costs as net present values does not show patterns over time and obscures differences among
individual utilities. The latter is unavoidable in regional planning and the Council has noted
throughout the plan that different utilities will be affected differently by alternative policies. It is
possible, however, to display the temporal patterns of costs among scenarios. Figure 10-8 shows
forward-going power system costs for selected scenarios on an annual basis. Forward-going
costs include only the future operating costs of existing resources and the capital and operating
costs of new resources. The 2010 value in Figure 10-8 therefore includes mainly operating costs
of the current power system, but not the sunk capital costs of the existing generation,
transmission, and distribution system.
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Figure 10-8: Annual Forward-Going Power System Costs
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Power system costs increase over the forecast period even in the no-policy scenario. Renewable
portfolio standards increase cost slightly in the current-policy scenario. The carbon-risk
scenario, which best represents the resource strategy of the Sixth Power Plan, increases costs
significantly, but not having conservation available in the future increases costs dramatically.
The costs in Figure 10-8 all include the CO2 penalty that would occur on average if carbon
pricing were implemented, but three of the scenarios include no carbon-pricing policy: no policy,
current policy, and coal retirement without carbon pricing. If carbon penalties were excluded
from these costs, the cost of the carbon-risk and no-conservation scenarios would appear lower.
The other scenarios analyzed in the plan all would appear about the same as the carbon-risk
scenario if included in Figure 10-8.

To translate these planning costs to the changes that would likely be experienced by consumers
in their rates and bills, existing power system costs need to be included and some costs that are
not recovered through utility electric revenues need to be excluded. Figure 10-9 shows an index
of forecast total utility revenue requirements for the carbon-risk scenario in the context of
historical levels. The higher line of forecasts includes average carbon penalties as if they were
entirely recovered through electricity revenues. Below, these revenue requirements are
translated into electric rates and typical residential customer monthly electricity bills. The
addition of existing system costs makes these impacts on consumers appear smaller than looking
only at forward-going costs. The rate and bill effects are further dampened by the fact that
conservation costs are not all recovered through utility rates. In fact, it becomes difficult to
graphically distinguish among the effects some of the scenarios.

If the Council had developed a resource strategy based on current policies only, it would be
lower cost as long as carbon pricing were not implemented in the future. It would be a strategy
with fewer new resources and slightly lower rates and bills. However, if that resource strategy
was followed and the future turned out to have significant carbon-pricing policy, costs could turn
out to be substantially higher. Existing coal plants would have to be used to meet load and the
carbon costs required by their emissions would be substantial. The extra cost of the resource
strategy that considers carbon-pricing risk helps insure the region against future situations that
could be expensive.
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Figure 10-9: Index of Historical and Forecast Utility Revenue Requirements
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The effects of the different scenarios on costs are translated into possible effects on electricity
rates and residential consumer monthly electricity bills. The rate estimates are average revenue
requirements per megawatt-hour. The residential bills are typical monthly bills. Both are
expressed in constant 2006 dollars and have been levelized over the forecasting period. As can
be seen in Figure 10-10, levelized rates and bills generally move in the same direction as the net

present value of system cost that is reported as power system cost in this plan. The only

exception to this relationship is in the no-conservation scenario. There, bills increase with
system cost without conservation, but rates decrease because costs are spread over a larger
number of megawatt-hours sold without conservation. Figure 10-11 illustrates how efficiency
improvements lower electricity bills.
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Billion 2006$ (NPV)

Figure

Monthly Residential Bills (2006$)

Figure 10-10: System Costs, Rates, and Monthly Bills
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The changes in rates and bills are small relative to system-cost changes. The primary reason is
that revenue requirements contain a substantial amount of existing costs that do not change
among the scenarios. The system costs used in planning exclude existing, or sunk costs and
instead include only forward-going costs that could be affected by resource decisions. The
effects of carbon reduction on rates and bills are smaller than some participants in the Council’s
planning process expected. One reason is that conservation addresses much of the problem and
it is cheap. A second reason is that the region is fortunate to have a low-carbon power system.
Most of the carbon emissions come from a relatively small share of the generation that is fired by
coal. This makes achieving substantial carbon reductions less costly than in many regions.
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Figure 10-12 shows monthly residential bills in the current-policy, carbon-risk, and coal-
retirement scenarios. Figure 10-13 shows electricity rates for the same scenarios. Neither figure
includes carbon penalties in rates or bills. The coal-retirement scenario does not include carbon
pricing policy, nor does the current-policy scenario. Therefore, the bills and rates of those
scenarios do not change if carbon costs are included. The effects of including carbon costs in
bills and rates are illustrated in Figures 10-12a and 10-13a, respectively. Including carbon cost
in revenue requirements raises the bills and rates of the three scenarios that include carbon risk.
If the carbon penalty is counted as a net cost to consumers, the carbon-risk scenario results in
higher bills than the coal-retirement scenario. Coal retirement results in the highest rates if
carbon costs are excluded, but when carbon costs are included rates in the carbon-risk and no-
conservation scenarios are higher than in the coal-retirement scenario.

Figure 10-12: Monthly Residential Bills Excluding the Cost of Carbon Penalties
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Figure 10-12a: Monthly Residential Bills Including the Cost of Carbon Penalties
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Figure 10-13: Electricity Rates Excluding the Cost of Carbon Penalties
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Figure 10-13a: Electricity Rates Including the Cost of Carbon Penalties
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The pattern of change of rates and bills in other scenarios does not vary greatly from those
shown in Figures 10-12 and 10-13. The trends in rates show a gradual increase, while the trends
in bills show a gradual decrease. The one scenario that does have a significant effect on bills is
the no-conservation scenario. Without the conservation available, the region, faced with carbon-
price risk, would experience significantly higher electricity bills. This is apparent in Figures 10-
11 and 10-12 compared to the carbon-risk Scenario. The no-conservation scenario results in
about $5 per megawatt-hour lower rates until near the end of the planning period when the two
scenarios’ rates converge (see Figure 10-13).

CARBON EMISSIONS

Response to Risk

One of the most important issues identified for this power plan is climate change and the possible
effects that policies to reduce carbon emissions might have on the Northwest’s power system.
Current policies include renewable portfolio standards in three of the four Northwest states,
limits on carbon emissions from new power plants, announced carbon-reduction goals, and
numerous initiatives to reduce greenhouse-gas emissions from energy use. Additional policy
discussions at the state, regional, and national levels have focused on some form of carbon
pricing with most proposals focusing on a cap-and-trade system for carbon.

The uncertainty of future policies has been treated as one of the key risks facing the power
system in the regional portfolio model. The carbon-risk scenario assumes that some form of
price could be placed on carbon emissions, but the timing and level of the price are treated as
uncertain. The intent of this scenario is to examine what actions should be taken by the power
system in the face of likely but uncertain carbon-control policy. In this scenario, carbon pricing
can be enacted at different times in the future, and when it is, the prices can be anywhere
between $0 and $100 per ton of carbon dioxide emissions. One of the problems of unresolved
policy direction is that utilities and business cannot anticipate what actions are going to be
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required. Any decisions made today may turn out to be costly when policy is enacted some time
in the future. This uncertainty can result in delayed decisions about additional resource
investments. The carbon-risk scenario provides some guidance for current decisions, when
future conditions are unknown.

The results of the carbon-risk scenario can be compared to a current-policy scenario that assumes
current policies will continue into the future; that is, it includes no risk of carbon-pricing policy
in the future. A comparison of these two scenarios is shown in Table 10-1. Analysis of the
carbon-risk scenario indicates that the most cost-effective response to carbon-pricing risk is more
efficiency and more natural gas-fired generation. The actual natural gas-fired generation built is
much lower than the option amounts shown in Table 10-1, but the increased natural gas options
indicates the strategy that makes sense in the face of significant carbon-pricing risk. The role of
the increased natural gas-fired generation is to provide energy replacement for existing coal
plants that would be used less when high carbon taxes are encountered.

Table 10-1: The Carbon-Risk Scenario versus the Current-Policy Scenario
Current Policy | Carbon Risk

Cost (billion 2006% NPV)
With Carbon Penalty $56.10 $123.5
Without Carbon Penalty $56.10 $63.9

Change in Retail Rates from

Current Policy (levelized 2006%)

Including Carbon Penalty + 8.6%
Without Carbon Penalty +1.4%
Carbon Emissions (Gen) 56.3 39.7

(Million Tons/Year in 2030)
Resources 2030

Conservation (MWa) 5,572 5,895
Renewables (MWa) 1,480 1,453
CCCT Options 2030 (MWa) 1,512 3,402
SCCT Options 2030 (MWa) 1,620 648

Current (2005) carbon emissions from the Northwest power system are estimated to be 57
million tons per year (MMtpy) when adjusted to normal hydropower conditions. The
comparable number for 1990 is estimated at 44 MMtpy. These are important numbers because
proposed carbon-reduction targets usually are stated in terms of future emissions levels relative
to either 2005 or 1990 levels. Based on simulations of the regional portfolio model , carbon
emissions in the current-policy scenario are held fairly constant at 2005 levels through 2030.
The commitment to aggressive efficiency improvement is largely responsible for limiting the
growth of carbon emissions from the power system in the current-policy scenario. Actions taken
in the carbon-risk scenario reduce carbon emissions by 30 percent from 2005 levels and by 10
percent from 1990 levels. The carbon reductions targeted by most stated or implied policy
initiatives for 2020 are met in the carbon-risk scenario.” Continued reductions in carbon
emissions would be required to meet long-term carbon reduction targets. Interpolation from
2020 targets to 2050 targets would place 2030 emissions targets between 35 and 40 MMtpy
assuming the power sector is required to achieve carbon reductions in proportion to its share of
total emissions.

Z See description of policies in Chapter 11.
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Figure 10-14 shows the average annual carbon emissions for the carbon-risk scenario compared
to the current-policy scenario and another scenario that includes carbon price risk but does not
include conservation as a resource (the no-conservation scenario). The figure illustrates the
importance of the two key actions that will be required to meet carbon reduction goals: reduced
coal use and increased efficiency.

Figure 10-14: Average Annual Carbon Emissions for Current-Policy, Carbon-Risk,
and No-Conservation Scenarios
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It is important to recognize, however, that the average carbon emissions shown in Figure 10-14
hide a great variety of possible future carbon emissions over the 750 futures simulated by the
regional portfolio model. To illustrate this, Figure 10-15 shows the frequency distribution of
2030 carbon emissions for all 750 futures. Across the simulated futures, which vary in loads,
carbon prices, natural gas prices, electricity market prices, and other conditions, carbon
emissions range from less than 10 MMtpy to over 80 MMtpy. This sensitivity of carbon
emissions to hydroelectric and other conditions makes verification of emissions levels difficult.
Further, there are many different approaches to measuring and counting a region’s carbon
emissions. The measure that is shown in this plan is based on generation within, or committed
on a long-term basis to, the region. An alternative approach is to base the carbon-emissions
estimate on electricity consumption within the region. The Council calculates this concept as
well, and because in most of the scenarios examined the Northwest is a net exporter of
electricity, this measure of regional carbon emissions is lower. Because of all these factors, it
would be inappropriate to make any definitive conclusions regarding carbon-emissions reduction
targets and whether emission targets are achieved.

10-22

FOMWER FLAMN



Figure 10-15: Frequency Distribution of Carbon Emissions in the Carbon-Risk Scenario
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Reducing carbon emissions in the carbon-risk scenario is not free. The expected net present
value of power system costs increases by $7.8 billion, or 14 percent, if only changes in the cost
of electricity generation are included. The cost is $22.8 billion, or 40 percent greater, if the
carbon price itself is included. The carbon price, perhaps a carbon tax, for example, may or may
not be a net cost to the region depending on how the revenues from the tax are treated. Even for
utilities the tax burden may be mitigated by other changes in taxation or credits. The structure of
carbon-pricing policy is unknown at this time so both cost extremes are included in the plan.

Achieving Carbon-Reduction Targets

The carbon-risk scenario develops a resource strategy that addresses risk of future carbon costs.
Another approach suggested in comments on the draft power plan is to design scenarios that are
intended to achieve particular carbon-emission targets. As discussed above, 2030 carbon
emissions targets fall into the 35-to-40-MMtpy range. Two scenarios examined alternative
means to achieve carbon emissions levels that meet this target on average over the 750 futures
simulated in the regional portfolio model.

The first scenario seeks a fixed carbon-emissions penalty that achieves the carbon-emissions
target. Because the lowest penalty that achieves the target is $45 per ton, it is called the $45-
carbon scenario. The tax is assumed to be implemented immediately in 2010. The level of this
tax is similar to the average carbon tax in 2030 for the carbon-risk scenario, which assumed
uncertain carbon taxes that, on average, increase over time.

Because it is clear that any significant carbon reduction requires reduced use of existing regional
coal plants, the second scenario examined the retirement of enough coal-fired generation to meet
the average emissions target. This is labeled the coal-retirement scenario. In the coal-retirement
scenario, approximately half (54 percent or 2,700 average megawatts after planned and forced
outages) of the region’s coal-fired generation capability is phased out between 2012 and 2019.
Because coal retirement is viewed as an alternative to carbon pricing in this scenario, there is no
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carbon penalty in this study. An analysis of coal retirement with carbon pricing uncertainty has
also been done and is discussed below.

Both of these scenarios meet the carbon emissions target of between 35 and 40 MMtpy by 2030,
as did the carbon-risk scenario. However, the levels of carbon emissions, costs, and certainty of
carbon reductions vary among them. Table 10-2 compares the results of the three scenarios. If
the carbon penalties themselves are not included, the present value system costs of the three
scenarios are very similar. If the carbon penalties are included (first row of Table 10-2)
scenarios with carbon pricing are more costly. Because the carbon risk scenario includes many
futures with prices well above the $45-per-ton-level, its cost is even higher than the $45 scenario.

Table 10-2: The Carbon-Risk Scenario versus Current Policy
Carbon Risk | $45 Carbon | Coal Retirement

Cost (billion 2006% NPV)
With Carbon Penalty $123.5 $85.7 $64.3
Without Carbon Penalty $63.9 $64.2 $64.3

Change in Retail Rates from

Current Policy (levelized 2006$)

Including Carbon Penalty + 8.6% +12.9% +2.9%
Without Carbon Penalty +1.4% +2.9% +2.9%
Carbon Emissions (Gen) 39.7 37.0 36.3

(Million Tons/Year)
Resources 2030

Conservation (MWa) 5,895 5,933 5,825
Renewables (MWa) 1,453 1,450 1,459
CCCT Options 2030 (MWa) 3,402 1,890 3,024
SCCT Options 2030 (MWa) 648 1,620 3,240

The role of conservation and the amount of renewables needed to meet renewable portfolio
standards are very similar among the scenarios. The amount of natural gas-fired generation,
however, does change. The role of natural gas-fired generation depends on how much energy
and capacity needs to be replaced and how much risk needs to be insured against. In the $45-
carbon scenario, the cost of carbon is known as is the viability of existing coal plants. There is
still variability based on uncertain natural gas prices, but on average less coal energy needs to be
replaced than in the coal-retirement or carbon-risk scenarios. The coal-retirement scenario
requires more natural gas-fired generation than the $45-carbon scenario to replace the energy and
capacity of retired coal plants. The carbon-risk scenario requires more natural gas-fired
generation than the $45-carbon scenario because of the risk of higher carbon penalties and the
reduced cost-effective coal and inefficient gas-fired generation that ensues.

These three scenarios vary in their certainty of carbon reduction across the 750 futures that the
regional portfolio model examines. Figure 10-16 shows a frequency distribution of carbon
emissions, similar to Figure 10-15, for each of the three scenarios that, on average, meet the
carbon-emissions target compared to the current-policy scenario. The carbon-risk frequency
distribution is the same as shown in Figure 10-15. All of the three carbon scenarios shift the
distribution of carbon emissions to the left. The distribution of the $45-carbon and carbon-risk
scenarios are generally similar to one another. The coal-retirement scenario, however, focuses
the emissions much more into the 20- to 40-MMtpy area.
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Figure 10-16: Carbon Emissions Frequency Distribution in Four Scenarios
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Another way to summarize the differences among the carbon scenarios and the current-policy
scenario is to calculate the probability that each scenario will result in carbon emissions below
40 MMtpy. Figure 10-17 shows these probabilities. With current policies, the likelihood of
emissions falling below 40 MMtpy in 2030 is only 23 percent. Coal retirement is the most
certain of the policies to achieve the target under the variety of future conditions examined by the
model. It achieves less than 40 MMtpy in 79 percent of the 750 futures. Pursuing actions to
mitigate the risk of uncertain carbon pricing, as in the carbon-risk scenario, will achieve success
in 61 percent of the futures, while a fixed carbon tax of $45 would achieve success in about 66
percent of the futures. Figure 10-17 includes the coal-retirement scenario combined with carbon
pricing (coal retirement w/ CO2). In this scenario carbon prices do most of the carbon-reduction
work. Only about 13 percent of the existing coal-fired generation is retired in this scenario. Its
certainty of carbon emissions below 40 million tons per year is only slightly higher than the
carbon-risk scenario, and slightly lower than the $45-carbon scenario.
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Figure 10-17: Probability of Meeting Carbon Emissions Targets

90
80
70
60 —
50 —
40 —
30 —
20 —
10 —

Probability of Meeting Target

The analysis of these scenarios indicates that in order to reduce carbon emissions from the
Northwest power system to meet a pro-rata share of the current targets adopted by some
Northwest states or being proposed in federal legislation, the region would have to acquire about
5,900 average megawatts of efficiency and significantly reduce the use of existing coal-fired
power plants. If conservation were not available to the region in the face of carbon-pricing risk,
the probability of meeting carbon reduction targets would only be 36 percent. Phasing out about
half of the existing coal plants would provide a more assured reduction of carbon emissions at a
comparable expected cost without the carbon penalty included. There is no guarantee that coal
retirement would be a substitute for carbon pricing, however. Fewer coal plants would need to
be retired if the region also faced the risk of carbon penalties. But relying on response to carbon
risk does not provide the same assurance of carbon reductions.

The actual use of coal-fired generation, when averaged over the 750 futures in the three carbon
scenarios, is fairly consistent. In 2030, the average dispatch of existing coal plants is 2,441
average megawatts in the carbon-risk scenario. The comparable numbers for the $45-carbon and
coal-retirement scenarios are 2,276 and 2,136, respectively. With current policy the average
dispatch of coal is about double these levels at 4,157. When the frequency distribution of coal
plant dispatch over the 750 futures is examined, patterns similar to the carbon emissions patterns
in Figure 10-16 result. The conclusion is that whether through retirement or less dispatch,
existing coal would only provide about half as much energy and capacity to the power system as
is now the case. Coal retirement provides increased certainty of carbon emission reduction and
also increased certainty about actions that need to be taken and their costs over time. In addition,
it may be that dispatch of coal plants at half their current levels would be an uneconomic
operation for these plants. If that is the case, the carbon-pricing scenarios would imply that coal
plants likely would be retired based on economic considerations.
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VALUE OF THE HYDROELECTRIC SYSTEM

The Pacific Northwest power system emits about half the carbon dioxide per kilowatt-hour of the
nation or the rest of the western states. This is due to the large role played by the hydroelectric
system of the region. To illustrate the value of the hydroelectric system, a scenario was run to
examine the effects of removing the lower Snake River dams on power system costs and carbon
emissions. The results of the scenario, however, could apply to other changes that reduce the
capability of the hydroelectric system for any reason.

The lower Snake River dams provide 1,110 average megawatts of energy under average water
conditions, about 5 percent of regional annual electric energy needs. In addition, the dams
provide 3,500 megawatts of short-term capacity, a little more than 10 percent of the total
hydroelectric system capacity, and as part of the Automated Generation Control (AGC) System,
they provide system reserves to maintain the reliability of the power supply. They also provide
reactive support for the stability of the transmission system.

The effects of removing the capability of the lower Snake River dams are mainly determined by
the replacement resources that would be required for the power system to duplicate the energy,
capacity, real-time load following, stability reserves and reactive support currently provided by
the dams. To examine the effects on energy and capacity, the generating capability of the dams
was removed from the carbon-risk scenario of the Sixth Power Plan. For this scenario, it was
assumed that the power produced by the dams was removed in 2020 and the energy and capacity
were replaced by other resources selected by the regional portfolio model. That is, given the
reduced energy and capacity of the hydroelectric system a low-cost and low-risk portfolio of new
and replacement resources is developed. The changes in cost, carbon emissions, risk, and
average retail electricity rates are shown in Table 10-3. The effects analyzed include the
replacement resources for the assumed loss to the power system of only the energy and capacity
of the Snake River dams. No estimate was made of the cost of replacing the other services
provided by the dams. There are many other implications and costs of dam removal including
the cost of removing the dams, future operating cost and replacement savings, substitution of
other transportation modes for barge transportation (including fish transportation), changes in
irrigation sources, and other factors. These were addressed most completely in the Corps of
Engineers EIS on the Lower Snake River Juvenile Salmon Migration Feasibility Study,® and have
not been included in this analysis.

% U.S. Army Corps of Engineers. Lower Snake River Juvenile Salmon Migration
Feasibility Study 2000. http://www.nww.usace.army.mil/lsr/

10-27

FOMWER FLAMN



Table 10-3: The Effect of the Dam Removal Scenario

Carbon Risk Dam Removal Change

Cost (billion 2006% NPV)

With Carbon Penalty 78.9 85.8 +$6.9 (+8.7 %)

Without Carbon Penalty 63.9 68.1 +$4.2 (+6.5 %)
Risk (TailvVar90 Billion 2006$
NPV)

With Carbon Penalty 123.5 135.6 +$12.1 (+9.8 %)
Retail Rates (levelized 2006$ Per
MWh)

With Carbon Penalty 75.6 77.0 +1.4 (1.9%)

Without Carbon Penalty 70.5 71.3 +0.8 (1.1%)
Carbon Emissions (Gen)
(Million Tons/Year) 39.7 42.7 +3.0 (+7.6 %)

Dam removal increases the carbon emissions, cost, and risk of the power system. The projected
changes to the power system to accommodate the loss of hydroelectric capability are not a
simple energy and capacity replacement. Small increases in conservation and renewable
resources occur in this scenario, but the primary replacement of the dams is provided by changes
in the construction of new gas-fired generating plants, changes in the operation of existing and
new generating plants, and changes in net exports. Existing natural gas-fired and coal-fired
generation is used more intensively. In addition, the region exports less energy and imports
more. The combination of these changes makes up for the lost 1,100 average megawatts of
energy. Table 10-4 summarizes the average replacement resources; however, the average hides a
wide variation in responses depending on the future that is encountered.

Replacement of the lower Snake River dam energy and capacity results in increased carbon
emissions of 3.0 million tons year, a 7.6 percent increase compared to emissions in the carbon-
risk scenario. To place this number in context, it is an amount five times greater than the amount
of carbon saved by renewable portfolio standards between the carbon-risk and the no-RPS
scenarios. Increased carbon emissions result because without the dams the resource strategy
includes more options of additional new gas-fired generation and builds the options more
frequently. In addition, existing carbon-producing resources are dispatched more often. In total,
Table 10-4 shows that 1,103 average megawatts would be required to replace the dams with 437
average megawatts coming from carbon-producing resources, not including increased imports
that would also most likely come from carbon-producing resources

Table 10-4: Replacement of Lower Snake Dam Energy

Average Change

Replacement Resource in Energy
Existing Natural Gas +91
Existing Coal + 149

New Natural Gas + 197
Conservation + 145
Renewables and Other -10

Net Imports (reduced exports and increased imports) + 531
Total Energy Replaced on Average =1,103

The changes in net present value system cost shown in Table 10-3, while appropriate for regional
electricity planning comparisons, hide significant changes in costs and their allocation over time
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and among utilities and consumers in the region. Figure 10-18 shows the annual pattern of cost
changes for the dam-removal scenario. Annual cost of the power system increases in 2020 by
over $530 million and remains higher. Further, because the lower Snake River dams serve
Bonneville public-utility customers, those utilities and their consumers would bear the cost
increases. Using a rate-making rule of thumb that a $65 million to $80 million cost increase
translates into a $1 per megawatt-hour increase in Bonneville rates, a $530 million increase in
Bonneville costs would raise rates by between $6.60 and $8.15 per megawatt-hour. Based on

Bonneville’s priority firm rate of $28 per megawatt-hour, dam removal causes an increase of 24
percent to 29 percent.

Figure 10-18: Annual Cost Changes for the Dam-Removal Scenario
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Figure 10-19: Summary of Scenario Results

Least Risk ————»
Scenario Carbon Risk Current Policy No Policy No RPS $45 CO2 Cost Coal Retirement Coal Retire w/CO2 No Conservation Dam Removal
Least Risk Least Risk Least Risk Least Risk Least Risk Least Risk Least Risk Least Risk Least Risk
L813LR L813g L813i2 L813h2 L813d L813b L813j L813a L813k
COST & RISK
NPV Cost (Bil. 2006$) (w/ carbon penalty) 78.9 56.1 51 7 85.7 64.3 80.3 116.2 85.8
NPV Risk (Bil. 2006$) 123.5 83.4 82.6 123.3 121.1 96.4 125 185.7 135.6
NPV Cost (Bil. 2006%) (w/o carbon penalty) 63.9 56.1 51 61.6 64.2 64.3 61.9 87.8 68.1
RATES (levelized 2006$/Mwh) Least Risk Current Policy No Policy No RPS $45 CO2 Cost Coal Retirement Coal Retire w/CO2 No Conservation Dam Removal
Retail Rates (w/o carbon penalty) 71 70 68 70 72 72 71 67 71
Retail Rates (w/ carbon penalty) 76 69 68 75 79 72 76 73 77
2010-29 Growth rate of rates (w/o carbon penalty 0.4% 0.2% 0.0% 0.2% 0.2% 0.6% 0.4% 0.7% 0.5%
% change levelized from Carbon Risk scenario (w/o) -1.0% -3.0% -1.0% 2.0% 2.0% 1.0% -6.0% 1.0%
MONTHLY RESIDENTIAL BILLS (2006%) Least Risk Current Policy No RPS $45 CO2 Cost Coal Retirement Coal Retire w/CO2 No Conservation
Monthly Residential Bills (w/o carbon penalty) 79 78 77 78 80 80 79 82 79.00
Monthly Residential Bills (w/ carbon penalty) 84 78 77 84 88 80 84 91 85.00
2010-29 Growth rate of bills (w/o carbon penalty -0.70% -0.9% -1.0% -0.9% -0.9% -0.5% -0.7% 0.9% -0.6%
% change levelized from Carbon Risk scenario (w/o) -1.0% -3.0% -1.0% 2.0% 2.0% -1.0% 5.0% 1.0%
CARBON
2030 Emissions (Generation Based, MMtpy) adjusted 39.7 56.3 60.3 40.3 37.0 36.3 37.7 57.0 42.7
2030 Emissions (Use Based, MMtpy) adjusted 29.0 42.0 50.0 31.0 28.0 28.0 27.3 60.0 35.0
RESOURCES
Total Conservation (Average Development) 5895 5572 5452 5966 5933 5825 5903 0 6040
Renewable Resources (Forced in if RPS) 1453 1480 311 1008 1450 1459 1452 2049 1443
CCCT (Amount Optioned)
Earliest Option 3402 1512 3780 2268 1890 756 378 3780 378
Earliest Construction Date 2019 2019 2019 2019 2019 2015 2013 2013 2017
Maximum Optioned 3402 1512 3780 2268 1890 3024 4158 10962 4536
Average Built 991 299 909 704 551 1027 1243 4024 619
SCCT (Amount Optioned)
Earliest Option 162 648 648 648 162 162 162 162 0
Earliest Construction Date 2015 2015 2017 2017 2017 2015 2021 2009
Maximum Optioned 648 1620 1620 1458 1620 3240 489 2916
Average Built 122 236 355 288 329 1062 93 961
Demand Response 4 4 4 4 4 4 4 9 4
Average Market Purchases -1977 -2751 -1990 -1784 -1772 -1648 -1893 344 -1446
Total New Energy 8465 7591 7031 7970 8267 9377 8695 7043 8106
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Chapter 11: Climate Change Issues

SUMMArY Of KEY FINGINGS ....cuviiiieieiie ettt e e et e ereenneenneens 1
BACKGIOUNG ...ttt bbbttt bttt e e b e b e st e sbe e st e e st e sbeenbeeneenreas 2
THE NALIONAI VIBW ...ttt b e et e e st e e st e e e st e e e sabeeesnbeeanreas 3
The Pacific Northwest RegioNal VIBW ..ot 4
Actions to Reduce Greenhouse Gas EMISSIONS ........cccvviiiiiiiiiiiiiiee ettt srae e s ssee e ree e 6
Policies 10 RedUCE GreENNOUSE GASES .......cccuueeiiuiieiitieeeiteeeeiteeesreeesteeestreeastreeessbeesssreesssreessbeeesseens 9
Y EoT a0 Y =T 9
I G (o= 0L Y= 10
Cap-and-Trade PrOGIaMS .....c.ceieieieiteiteste sttt sb ettt sttt bbbttt e e b e nne b e 10
(0T 0 0] 4 I I D (TR 11
Current Policies and Goals Affecting the Pacific NOrthwest.............cccoeiiiiiiiiniciece e 11
INEErNAtIONAl INITIALIVES .....vveiiviee e b e s sb e e s b e e e s bae e sareas 12
L0 [T I o] L[0T L= TR 12
Environmental Protection AgeNCY ROIE ..........ooveiiiii i 12
LegiSIatiVe EFFOTS. ....c..oiviiiiiiiieieee et 13
REGIONAI POLICIES ...ttt e te e te e re e s beeteeneesreenneareenneens 13

) E= L (ol 0] [T [ 14
Greenhouse Gas Emission RedUCtioN GOalS...........oovvvviiviiiiiii i 14
Renewable Portfolio Standards.............oooiiveiie i 14
Carbon Dioxide Emission Performance Standards..........ccccouvvieiiiiiiec e 15
Evaluating CarbDon SIratEIES. .........oiviriiiiiiiiiieeee e 16

SUMMARY OF KEY FINDINGS

Climate change presents a daunting challenge for regional power planners. There are at least two
ways in which climate can affect the power plan. First, warming trends will alter electricity
demand and change precipitation patterns, river flows, and hydroelectric generation. Second,
policies enacted to reduce green house gases will influence future resource choices. There
remains a great deal of uncertainty surrounding both of these issues. This chapter describes how
current and potential new policies affect the plan’s resource strategy and what actions will be
needed to achieve greenhouse gas emission-reduction goals. The issue of potential changes to
electricity demand and hydroelectric generation is discussed in Appendix L.

The focus of climate policy, especially for the power sector, will be on carbon dioxide emissions.
Nationally, carbon dioxide accounts for 85 percent of greenhouse gas emissions, with about 38
percent originating from electricity generation. For the Pacific Northwest, the power generation
share is only 23 percent because most of our electricity comes from hydroelectric generation.
Analysis by others has shown that substantial and inexpensive reductions in carbon emissions
can come from more efficient buildings and vehicles. More expensive reductions can come from
substituting non- or reduced-carbon electricity generation such as renewable resources, natural
gas, and nuclear, or from sequestering carbon.

Reductions in carbon emissions can be encouraged through various policy approaches such as
regulatory mandates (e.g. renewable portfolio standard or emission standards), emissions cap-
and-trade systems, emissions taxation, and efficiency-improvement programs. Climate change
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policies enacted in the Northwest states have focused on renewable energy and new generation
emission limits. National and Western proposals have focused on cap-and-trade systems,
although none have been implemented successfully. Although carbon taxes are easier to
implement than cap-and-trade systems, none have been proposed.

Washington and Oregon have adopted specific greenhouse gas reduction targets. Similar targets
exist for the Western Climate Initiative and in proposed national legislation. These goals imply
reductions of 30 to 40 percent from 2005 levels by 2030. The Council’s plan explores, through
various scenario analyses, what actions must be taken to meet these targets in the most cost-
effective manner. There are four critical elements to those actions. First is acquiring all of the
efficiency improvements (which are significant) indentified in this plan’s resource strategy.
Second is reducing reliance on coal-fired generation to about half of current levels. Third is
meeting renewable portfolio standards that already exist in three of the four Northwest states.
Finally, the region needs to preserve the capability of the hydroelectric system to the greatest
extent possible within the limits of fish and wildlife and other obligations.

BACKGROUND

Greenhouse gases include a family of gases that affect the ability of the Earth’s atmosphere to
absorb or reflect heat." These include carbon dioxide, methane, nitrous oxide, and man-made
chlorofluorocarbon refrigerants. Different gases have different effects on warming and are rated
as to their global warming potential. Carbon dioxide, which has become almost synonymous
with greenhouse gases, has the least global warming potential. Many other gases have global
warming potential thousands of times greater than carbon dioxide. Nevertheless, carbon dioxide
has become the primary focus of climate change policy since it accounts for more than three-
quarters of the world’s greenhouse gas emissions. In the U.S., carbon accounts for 85 percent of
emissions, and it is a growing source. Figure 11-1 shows that it is the primary source of
greenhouse gas emissions growth in the United States since 1990. Levels of emissions from
most other greenhouse gases have been stable or declining. Even carbon dioxide emissions,
although growing in total, have declined relative to population and gross domestic product
growth in the United States.

Declining carbon dioxide emissions per dollar of gross domestic product have been due to a
changing mix of economic activity and improved energy efficiency. Burning fossil fuel accounts
for 94 percent of U.S. carbon dioxide emissions. Therefore, declining carbon dioxide emissions
reflects a corresponding decline in energy use per dollar of gross domestic product.

! The source of information for much of the following discussion is from the Environmental Protection
Administration. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2006. April, 2008. USEPA #430-R-
08-005. http://www.epa.gov/climatechange/emissions/usinventoryreport.htmil
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Figure 11-1: Sources of U.S. Greenhouse Gas Emissions, 1990 to 2007
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Source: U.S. Energy Information Administration

The National View

Electricity generation is the largest source of carbon dioxide emissions in the U.S. Electricity
generation accounted for 38 percent of carbon dioxide emissions in 2005 (Figure 11-3). The
next largest sector was transportation at 28 percent, followed by the industrial sector at 20
percent. Other significant sectors include agriculture, residential, and commercial. However,
electricity is generated for use in other sectors, too, and when emissions are added to those
sectors, a different allocation results. When carbon emissions are connected to human activities,
transportation becomes the largest carbon-emitting sector. Figure 11-2 shows the sources of
carbon dioxide emission by end-use sector in the U.S.

This implies that to reduce carbon dioxide emissions from the electricity sector, policies should
address both electricity generation and energy efficiency. Improved energy efficiency reduces
the need to generate electricity in the first place. Improved efficiency of generation and
transmission technologies, changing the mix of generation from coal to natural gas, substituting
renewable non-carbon emitting sources of generation, or various strategies to sequester the
carbon dioxide emissions are all options. Policies should target both sides of the electricity
equation, with priority given to the lowest-cost approaches. Furthermore, policies should also
address emissions from the direct use of fossil fuel in other sectors, including transportation.
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Figure 11-2: Carbon Dioxide Emissions by Sector, 2006
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The Pacific Northwest Regional View

The sources of carbon emissions in the Pacific Northwest are not typical of the U.S. Figure 11-3
compares the shares of carbon dioxide emissions from economic sectors for the U.S. and the four
Northwest states. Unlike Figure 11-2, emissions from electricity generation are included in the
electric power sector in Figure 11-3. In the Pacific Northwest, the share of energy-related carbon
dioxide emissions from electric power generation is much smaller than for the U.S. For the U.S.,
electricity generation is the largest source of carbon dioxide, but in the Pacific Northwest,
transportation is the largest. The reason, of course, is the dominance of the hydroelectric system
in Northwest’s electricity supply.

The years 1990 and 2005 are frequently used as benchmarks in policies for the control of
greenhouse gases. > The 1990 production of carbon dioxide from the Pacific Northwest power
system is estimated to have been about 44 million tons, based on electricity production records of
that year. Load growth, the addition of fossil fuel generating units, the loss of hydropower
production capability, and the retirement of the Trojan nuclear plant resulted in growing carbon
production over the next 15 years. By 2005, the most recent year for which electricity
production or fuel consumption data are available, carbon production increased 52 percent to 67
million tons (Figure 11-4). This is approximately the carbon output of 23 400-megawatt

2 For example, California Assembly Bill (AB) 32, passed by the legislature and signed by the governor in 20086, calls
for enforceable emission limits to achieve a reduction in CO, emissions to the 1990 rate by 2020. Washington
Governor Gregoire’s climate-change executive order includes the same target for CO, reductions. Oregon House
Bill 3543, passed by the legislature and signed by Governor Kulongoski in August, declares that it is state policy to
stabilize CO, emissions by 2010, reduce them 10 percent below 1990 levels by 2020, and 75 percent below 1990
levels by 2050. The goal of the Western Climate Initiative is to reduce greenhouse gas emissions to 15 percent
below 2005 levels by 2020.

MORTHWEST
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conventional coal-fired power plants, 56 400-megawatt gas-fired combined-cycle plants or about
11.7 million average U.S. passenger vehicles.

Figure 11-3: Energy Carbon Emissions by Sector, 2005
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Regional carbon production estimates from 1995 through 2005, shown in Figure 11-4, are based
on the fuel consumption of Northwest power plants as reported to the Energy Information
Administration (EIA). Because fuel consumption data were not available before 1995, estimates
for 1990 through 1995 are based on plant electrical output as reported to EIA and staff
assumptions regarding plant heat rate and fuel type. Estimates based on plant electrical
production are likely somewhat less accurate than estimates based on fuel consumption because
of multi-fuel plants and uncertainties regarding plant heat rates. However, the two series of
estimates are within 2 percent in the “overlap” year of 1995.
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Figure 11-4: Growth of CO, Emissions from Electricity Generation in the Pacific
Northwest
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Annual hydropower conditions can greatly affect power system carbon production. Average
hydropower production in the Northwest is about 16,000 average megawatts. As shown by the
plot of Northwest hydropower production in Figure 11-4, the 1990 water year was nearly 17,000
average megawatts, slightly better than average. Other factors being equal, this would have
slightly reduced carbon production that year because additional hydroelectric generation would
have displaced thermal plant operation. Conversely, hydro production in 2005 was about 13,800
average megawatts, a poor water year. Other factors being equal, this would have increased
thermal plant dispatch, raising carbon production. This effect of hydropower generation on
thermal plant dispatch and carbon production is apparent in Figure 11-4.%

If the estimated CO, production in 2005 were normalized to average hydropower conditions,
emissions would have been 57 million tons instead of 67 million tons, a 29 percent increase over
the 1990 rate. Current targets have not been clear about this adjustment, but without adjustment,
a goal based on 2005 emissions would be much easier to meet than one based on 1990. In the
power plan, the Council has used the adjusted-to-normal hydro value for 2005 so that the number
will be comparable to forecasts of average emissions in the plan’s scenarios. It should be clear,
however, from the discussion and Figure 11-4 that average carbon emissions will disguise
significant carbon emissions sensitivity to hydro conditions in the region.

ACTIONS TO REDUCE GREENHOUSE GAS EMISSIONS

From a broad perspective, there are three things we can do to reduce carbon dioxide emissions:
generate electricity from lower or zero carbon-emitting fuel, use less electricity, or sequester or

® In Figure 11-4, it is evident that Northwest thermal generation does not decline as much as Northwest hydro
generation increases in above average water years, e.g. 1994 - 1997. This is likely due to the fact that the abundant
hydropower of good water years creates a regional energy surplus that can be sold out of the region where it
displaces thermal generation, which often consists of older, less efficient gas-fired units.

11-6

FOWER FLAN



offset carbon that is released. In 2007, McKinsey and Company studied how much greenhouse
gas reduction was possible in the U.S. and what it might cost.* The McKinsey report looked at
alternative actions to reduce greenhouse emissions. They assumed that without actions,
greenhouse gas emissions would grow from 7.2 billion metric tons to 9.7 billion metric tons by
2030. They then analyzed ways to reduce 2030 emissions by 3.0 billion metric tons, which was
characterized as the mid-range of reductions sought in proposed legislation.

They estimated that about 40 percent of reductions could be done at no cost. Nearly all of this
came from improved energy efficiency in buildings or vehicles. The remaining 60 percent of
greenhouse gas reduction came from an array of actions that increased in cost as reductions
grew. The most expensive option to achieve the 3.0 billion metric ton reduction of 2030
emissions was estimated to cost $60 per ton.

All of the actions included in the McKinsey analysis were placed into five categories: buildings
and appliances, transportation, industry, carbon sinks (or sequestration), and power generation.
In the case where carbon emissions were reduced by 3.0 billion tons, the sources of reductions
are shown in Figure 11-5. As with the case for Figure 11-2, emission reductions from energy
efficiency are counted in the sector where electricity is consumed.

Figure 11-5: Estimated Sources for a 3 Billion Ton Reduction of GHG Emissions by 2030
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There are some interesting observations to make about the McKinsey results. Although a great
deal of the policy discussion on carbon reduction focuses on the electricity generation sector,
only a quarter of the actions identified in the McKinsey report are electricity generation changes.
Further, the electricity generation changes are among the more expensive actions, and they
include actions such as renewable generation and carbon capture and sequestration, which cannot
be implemented easily in the near term.

Another focus of policy speculation is hybrid vehicles. In the McKinsey analysis, it is the most
expensive alternative shown (around $90/ton) and it has relatively small potential for carbon

* McKinsey & Company. Reducing U.S. Greenhouse Gas Emissions: How Much at What Cost? U.S. Greenhouse
Gas Abatement Mapping Initiative, Executive Report. December 2007.
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reduction. The plug-in hybrid option was not needed to reach the 3.0 billion ton reduction case.
However, improved efficiency of conventional vehicles has far more potential to lower carbon
emissions in the short-term, and it is less expensive than PHEV.

If the goal is to stabilize greenhouse gas concentrations in the atmosphere, and if the climate
change science is correct, policy decisions would not be a question of which mitigation strategies
to pursue, but rather how to pursue all possible actions. The reductions in emissions that the
McKinsey report addressed were for recent climate change policy proposals, but they do not
reach the reduction levels needed to stabilize warming trends identified by climate scientists.

For example, the Intergovernmental Panel on Climate Change estimated that greenhouse gas
emissions would need to be reduced to about one-quarter of today’s emissions by 2100 to
stabilize their atmospheric concentrations.

There have been many studies on the costs of particular climate change policies. The usual
purpose has been to try to estimate the price of carbon that is likely to be associated with a
policy. EcoSecurities Consulting Limited conducted a study for the Council to determine a
range of likely carbon costs for the plan’s analysis. EcoSecurities reviewed many studies and
provided a set of alternative estimates based on their models of supply curves for carbon-
mitigation actions. In addition, Point Carbon reviewed the results of seven studies of the
Lieberman-Warner bill for the Bonneville Power Administration, and used the studies to
estimate a reasonable range of expected carbon prices under the proposed cap-and-trade policy.

Carbon price estimates under cap-and-trade programs are very sensitive to different assumptions
about such things as the level of the carbon emissions cap, the use of offsets, banking and
borrowing provisions, and the geographic scope of trading. Price forecasts for the 2025 to 2030
time period varied from near zero to well over $100 per ton of carbon emissions. However, the
more plausible range of prices was from roughly $10 to $80. The EcoSecurties report estimated
that carbon prices might need to reach about $50 a ton by 2030 to move toward the
Intergovernmental Panel on Climate Change goal of stabilizing emissions concentrations by
2100. Point Carbon’s assessment suggested that prices would escalate rapidly in years beyond
2030, although they regard their forecasts that far into the future as highly speculative and
unlikely to consider technological developments that may occur.

For the Sixth Power Plan, the Council considered a range of possible carbon costs between zero
and about $100 per ton, with an average cost of about $47 per ton by the end of the study’s
horizon. This possible but uncertain cost of carbon has a significant influence on the plan’s
resource strategy. Energy efficiency, renewable generation, natural gas-fired generation, coal
(with or without carbon sequestration), and advanced nuclear power all compete to provide the
lowest-cost and least-risky resource portfolio. Even before accounting for the effects of
uncertainty and risk on resource costs, it is clear that improved efficiency is available in
significant amounts and at low cost without adding carbon or fuel price risks for the region.
Natural gas, wind (that can be developed without significant transmission expansion), and
possibly some small quantities of other currently available renewable technologies are more
expensive. Many other renewable resources--coal with carbon separation and sequestration and
advanced nuclear--may become available within the Council’s planning horizon, but they are not
currently available or are very expensive.
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To achieve significant reductions in the regional power system’s carbon emissions, simply
reducing or stopping the growth of carbon emissions will not be enough. As shown in Figure 11-
6, existing coal-fired power plants account for about 88 percent of the region’s emissions.
Therefore, the region could not reduce its power system emissions below 1990 levels, as some
targets require, if the region’s coal plants continue to operate as they do now. Part of the solution
to aggressive carbon emission reductions would have to include changing the role of existing
coal-fired generation. This would occur as a matter of economics if carbon penalties are high
enough and natural gas prices low enough. Natural gas-fired generation would begin to displace
coal-fired generation in the dispatch order. In addition, some older coal-fired plants that need
additional investment to continue or meet more stringent environmental requirements may
choose to close rather than face the uncertainty of unknown future carbon costs.

Figure 10-6: Sources of CO, Emissions from the Northwest Power System, 2005
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POLICIES TO REDUCE GREENHOUSE GASES

There are many possible policy approaches to reduce carbon emissions: cap-and-trade programs,
direct taxation of emissions, regulatory programs that limit emissions or require non-emitting
resources to be developed, and efforts to improve energy efficiency. Most recently, proposed
national legislation has focused on cap-and-trade programs, but none has been passed to date. At
the regional and state level, renewable portfolio standards and limits on the emissions of new
power plants have been the prevailing policies. The Council has primarily focused on energy
efficiency, and states, utilities, and the federal government have initiatives to improve efficiency
as well. Most of these efficiency programs existed well before the climate change issue was
prominent, simply because improved efficiency was cheaper than building new electric
generating plants and it contributed to reduced oil imports. Each approach has advantages and
disadvantages.

Mandates

Mandates direct companies and individuals to acquire or produce equipment that meets an
approved standard of energy efficiency or uses approved types of energy. One example is the

MNORTHWEST
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Corporate Average Fuel Efficiency standard for cars and light trucks. It has been in place since
1975 and imposes fines on car manufacturers whose products do not meet the standard. Other
examples are appliance efficiency standards and the region’s building codes, which have had an
energy-efficiency component for more than 20 years.

More recently, Washington, Oregon, and Montana in the Pacific Northwest and a number of
states elsewhere in the country have passed laws (renewable portfolio standards) that require
utilities to increase generation from renewable resources. These or related laws have in some
cases also required generators that use non-renewable fuel to keep their emissions below a
maximum emissions per kilowatt-hour standard (e.g., Washington and California).

Mandates have the advantage of being simple and are fairly easy to enforce. They have the
disadvantage that they are inflexible in the face of changing technology or other conditions.
Unless made sufficiently flexible, a mandate would focus policy on only one approach to
reducing carbon emissions and not consider other alternatives that might be more effective or
less expensive.

Tax Incentives

Tax incentives will help by reducing the overall investment in preferred resources and equipment
through accelerated depreciation, tax credits, or various forms of tax exemptions. Such tax
incentives have been extended to hybrid cars, wind generators, energy-efficient equipment and
structures, renewable energy equipment purchases, and renewable energy equipment
manufacturing facilities.

Tax incentives can also increase the value of output from preferred equipment such as wind-
driven generators by granting tax credits (e.g. the production tax credit) based on the amount of
electricity produced by the generators. Compared to investment tax credits, production credits
have the advantage in that the credit is based on the actual generation, so that producers are
encouraged not only to invest in preferred equipment, but also to produce as much electricity as
possible with it.

Cap-and-Trade Programs

A cap-and-trade policy sets a cap on the total amount of emissions allowed in the covered
territory. The cap is enforced by issuing allowances in the amount of the cap and then requiring
emitters to surrender allowances in the amount of their emissions. The strategy is to reduce the
amount of the cap and the equivalent allowances over time to reduce emissions. Emitters are
allowed to trade allowances to encourage those who can reduce emissions easily and cheaply to
do so and profit by selling their surplus allowances to other emitters. Emitters may be allowed to
“bank” or “borrow” allowances from year-to-year if they have a surplus or deficit of allowances
in a given year. Cap-and-trade programs may include provisions for offset allowance credits
resulting from taking certain emission reduction actions outside the scope of the regulated
system.

A cap-and-trade policy to control emissions of sulfur dioxide and nitrogen oxide was established
as part of the 1990 Clean Air Act. This policy is generally regarded as a success, resulting in
faster reductions in sulfur dioxide emissions at lower costs than anticipated. Cap-and-trade
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programs have been included in proposed federal legislation to control greenhouse gas emissions
and are also included in Western Climate Initiative discussions. The European Union Emission
Trading System has been in place since 2005, capping a substantial fraction of Europe’s total
greenhouse gas emissions and providing experience with this policy approach.

Compared to mandates and tax incentives, a cap-and-trade policy has the advantage of
flexibility. Emitters can pursue a variety of strategies to reduce their own emissions or they can
pay other emitters to reduce. They can choose the strategy that will minimize their cost (and the
societal cost) of compliance. Another advantage of cap-and-trade policy compared to mandates
and tax policies is that the cost of emission allowances is incorporated into the retail prices of
energy, at least theoretically providing appropriate price signals to consumers.

As a policy with the goal of reducing emissions of greenhouse gases, cap-and-trade programs
make the physical target for emissions explicit. As a result, the policy should meet the target
reliably, but emission prices and total costs of emission reductions could be volatile and hard to
predict. In contrast, carbon tax policy has a more predictable total cost, but a less predictable
total reduction in emissions.

Finally, cap-and-trade programs need to develop a market to trade emission allowances. The
market mechanism offers the potential for emission reductions at low costs. But developing a
market to trade newly-created assets like emission allowances requires careful consideration to
ensure that the market will function as expected.

Carbon Taxes

A carbon tax would likely apply not only to carbon, but to all greenhouse gases in proportion to
their climate-changing effects, and would tax emissions at a level to control and mitigate climate
change.

A carbon tax has the advantage of being easier to administer than a cap-and-trade system and the
cost is predictable, but the carbon reductions are less certain. A cap-and-trade program makes
carbon reductions more predictable, but it is complex to administer and the total cost is
unpredictable.

As a practical matter, this distinction between a carbon tax and cap-and-trade program may be
less than it seems. Given the current state of knowledge about the effects of climate change and
the technological choices available for reducing emissions, it seems inevitable that whatever
initial cap is chosen for the cap-and-trade program, or whatever initial level is chosen for a
carbon tax, new information that becomes available over the next several decades will require
adjustments in the national and global strategy to control greenhouse gases.

CURRENT POLICIES AND GOALS AFFECTING THE PACIFIC
NORTHWEST

At present, carbon reduction policies regionally, nationally, and globally are still very much in a
state of flux. Reduction goals range from stabilizing emissions at current levels to reducing
emissions to 1990 levels or below.
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International Initiatives

Significant international initiatives targeted at climate change can probably be dated from 1992,
when the United Nation’s Framework on Climate Change was negotiated. Since then, there have
been several significant milestones in international action, including the Berlin Mandate in 1995,
calling for emission targets for developed countries, and the Kyoto Protocol in 1997, which set
reduction targets for developed countries to meet by the 2008-2012 period. The Kyoto Protocol,
in spite of the withdrawal of the U.S. in 2001, has been ratified by 182 countries, including 37
industrialized countries that account for over 60 percent of the emissions from developed
countries.

The European Union’s Emissions Trading System has been functioning since 2005. It is a cap-
and-trade system currently covering sources that are responsible for about half of the European
Union’s total carbon dioxide emissions. The system’s first three years of operation (2005-2007)
were intended to test the functioning of the market mechanism itself rather than to achieve
significant reductions. The system has experienced episodes of price volatility, which has been
attributed to imperfect data and the limited provision for banking emission allowances. Some
electric power generators appear to have received windfall profits, which has focused attention
on the regulatory treatment of those generators. The system will gradually expand to include
emissions from more sources constituting a bigger share of total emissions over time.

The Intergovernmental Panel on Climate Change® has identified a goal of limiting global
warming to 2 degrees Celsius (3.6 degrees Fahrenheit) and has translated that goal into emission-
reduction targets for developed countries. Those targets call for an 80 percent to 95 percent
reduction relative to 1990 levels by 2050.

Federal Policies

Environmental Protection Agency Role

On April 2, 2007, in Massachusetts v. EPA, 549 U.S. 497 (2007), the Supreme Court found that
greenhouse gases are air pollutants covered by the Clean Air Act. The Court held that the
administrator must determine whether or not emissions of greenhouse gases from new motor
vehicles cause or contribute to air pollution which may reasonably be anticipated to endanger
public health or welfare, or whether the science is too uncertain to make a reasoned decision.

On December 7, 2009, the Environmental Protection Agency administrator signed two distinct
findings® regarding greenhouse gases under section 202(a) of the Clean Air Act:

e that the current and projected concentrations of six key greenhouse gases, including
carbon dioxide in the atmosphere threaten the public health and welfare of current and
future generations and

> Information on the Intergovernmental Panel on Climate Change (IPCC) can be found at http://www.ipcc.ch/.
® The Environmental Protection Agency findings are found in “40 CFR Chapter | Endangerment and Cause or
Contribute Findings for Greenhouse Gases under Section 202(a) of the Clean Air Act; Final Rule” and were
published on December 15, 2009 in the Federal Register under Docket ID No. EPA-HQ-OAR-2009-0171. The
final rule will be effective January 14, 2010.
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e that the combined emissions of these greenhouse gases from new motor vehicles and new
motor vehicle engines contribute to the greenhouse gas pollution which threatens public
health and welfare.

These findings currently do not impose any requirements on industry or other entities. However,
they are a prerequisite to finalizing the EPA’s proposed greenhouse gas emission standards for
light-duty vehicles, which were jointly proposed by EPA and the Department of Transportation’s
National Highway Safety Administration on September 15, 2009.

These findings also are not likely to have a significant adverse effect on the supply, distribution,
or use of energy because they do not impose any requirements at this time.” There remains a
possibility that the EPA could impose greenhouse gas emission limits on electricity generators at
some time in the future; however, the current administration has indicated a preference to control
greenhouse gases via legislation as opposed to EPA mandates.

Legislative Efforts

There have been a series of proposals for national legislation on climate change. The most
recent serves as an example of the policy being discussed. The Waxman-Markey draft
legislation, entitled “The American Clean Energy and Security Act of 2009,” proposed a
comprehensive strategy for energy planning and use. The legislation contained provisions to
increase use of renewable energy and to improve efficiency. It would require electric utilities to
meet 25 percent of their load with a combination of renewable energy and efficiency
improvements by 2025. In addition, it proposes creation of a greenhouse gas tradable allowance
system that would reduce emission allowances to 83 percent lower that 2005 levels by 2050.
The bill also contained numerous other provisions providing assistance for reducing emissions
and directing EPA to take specific actions.

Regional Policies

The Western Climate Initiative (WCI) is a broad regional effort to implement policies to reduce
greenhouse gas emissions. The governors of Oregon, Washington, and Montana have joined five
other Western state governors and the premiers of four Canadian provinces to implement policies
that address climate change. The overall goal of the WCI is to reduce the region’s greenhouse
gas emissions to 15 percent below 2005 levels by 2020. The primary policy objective of the
WCl is to implement an economy-wide regional cap-and-trade program.

The WCI Partners have promulgated specific design recommendations for the regional cap-and-
trade program. In its first phase, beginning in 2012, the program would cover emissions from
electricity production and from large industrial processes. The program would cover emissions
of carbon dioxide and five other major greenhouse gases. In its second phase, beginning in
2015, the program would be expanded to cover emissions from the combustion of transportation
fuel and fuel burned at industrial, commercial, and residential buildings.

The WCI’s work has made it clear that a regional cap-and-trade program faces problems that a
national or international program does not. For example, because individual states and provinces

" See “H. Executive Order 13211: Actions Concerning Regulations That Significantly Affect Energy Supply,
Distribution, or Use.”
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have significant flexibility to modify their jurisdiction’s reduction targets, the allocations are a
source of potential conflict. Another example is the potential for “leakage” that can result from
shifting emissions from inside the WCI to the outside. Such a shift would allow WCI emission
targets to be met, but with no net reduction in global emissions. Leakage becomes less likely as
the geographic scope of the cap-and-trade program expands to the national or international level.

State Policies

Policy initiatives at the state level to address climate change are numerous, but three types of
state policy predominate: greenhouse gas reduction goals; renewable portfolio standards; and
emission performance standards. There is a great deal of policy work aimed at establishing
renewable energy tax credits, renewable energy feed-in tariffs, renewable energy enterprise
zones, funding mechanisms for energy-efficiency projects, improved commercial and residential
building codes, and others that either directly or indirectly influence greenhouse gas production,
but the focus here is on policies that have the greatest relevance to the Sixth Power Plan.

Greenhouse Gas Emission Reduction Goals

The 2007 Oregon Legislature set greenhouse gas emissions reduction goals for the state. The
mid-term goal is to reduce emissions to 10 percent below 1990 levels by 2020. The long-term
goal is a 75 percent reduction from 1990 levels by 2050. The 2009 Legislature is considering
Senate Bill 80, which would authorize the state’s participation in the WCI cap-and-trade program
as a key means of reaching the future emission goals.

The 2009 Washington Legislature is also considering WCI cap-and-trade legislation. House Bill
1819 and Senate Bill 5735 would codify the state’s goal of reducing greenhouse gas emissions to
1990 levels by 2020, achieving a 25 percent reduction by 2035, and a 50 percent reduction by
2050.

Renewable Portfolio Standards

Since the adoption of the Fifth Power Plan, renewable resource portfolio standards that mandate
developing certain types and amounts of resources have been adopted by Oregon, Montana, and
Washington. Similar standards have been adopted by Arizona, British Columbia, California,
Colorado, New Mexico, and Nevada. The key characteristics of the Pacific Northwest states’
renewable targets are summarized in Table 10-1. The targets are subject to adjustments if costs
increase above certain limits.

Table 10-1: Renewable portfolio standard targets
Basic Standard
Montana 15% of IOU sales by 2015

25% of sales by 2025 (large utilities)
10% of sales by 2025 (medium utilities)

Oregon 5% of sales by 2025 (small utilities)
15% of sales 2020 + cost-effective conservation
Washington (utilities w/25,000 or more customers)
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Carbon Dioxide Emission Performance Standards

Carbon dioxide emission performance standards have been adopted by California, Montana,
Oregon, and Washington. The Northwest state standards in effect at the time of this plan’s
release are as follows:

Montana: In May 2007, Governor Schweitzer of Montana signed into law HB 25, an electric
power reregulation bill. Among various provisions, this bill prohibits the Public Service
Commission from approving electric generating units constructed after January 1, 2007 and
primarily fueled by coal unless a minimum of 50 percent of the carbon dioxide produced by the
facility is captured and sequestered. The requirement remains in effect until such time that
uniform state or federal standards are adopted for the capture and sequestration of carbon
dioxide. The bill further provides that an entity acquiring an equity interest or lease in a facility
fueled primarily by natural or synthetic gas is required to secure cost-effective carbon offsets
where cost-effective is defined as actions to offset carbon dioxide that do not increase the cost of
electricity produced by more than 2.5 percent.

Oregon: Since 1997, the developers of new power plants in Oregon have had to offset their
carbon dioxide emissions to a level 17 percent below best commercial generating technology of
equivalent type. In July 2009, Governor Kulongoski signed into law SB 101 to establish a new
greenhouse gas emission performance standard for all long-term procurements of electricity by
electricity providers. The standard will be established by the state’s Department of Energy and
will apply to all baseload electrical generating facilities. Baseload generating facilities are
defined as facilities designed to produce electricity on a continuous basis at a 60% capacity
factor or greater. The standard will require that the greenhouse gas emissions of new baseload
facilities be no greater than the rate of greenhouse gas emissions of a combined-cycle power
plant fueled by natural gas.

Washington: Since 2004, Washington has required fossil-fueled power plants of 25 megawatts
or greater to offset or otherwise mitigate carbon dioxide emissions by 20 percent. In addition,
RCW 80.80, signed into law by Governor Gregoire in May 2007 establishes a greenhouse gas
performance standard for all “long-term financial commitments” for baseload generation used to
serve load in Washington, entered into in July 2008, or later. The requirement applies whether
the source is located within or outside the state. Modeled on California Senate Bill 1368, the law
defines baseload electrical generating facilities as facilities designed to produce electricity at a 60
percent capacity factor or greater. The law adopts the initial California limit of 1,100 lbs/CO,
per megawatt-hour, and requires that the limit be reviewed and adjusted every five years by the
Department of Community Trade and Economic Development to match the average rate of
emissions of new natural gas combined-cycle power generation turbines. The limit is likely to be
reduced on review since current natural gas combined cycle plants produce about 830 Ib/CO, per
megawatt-hour (the California limit appears to have been based on the carbon dioxide output of
an aeroderivative simple-cycle gas turbine operating on natural gas, not a combined-cycle
turbine). The law allows up to five years to implement a carbon dioxide separation and
sequestration regime (if the technology is available), as long as average lifetime emissions
comply with the emissions performance standard.
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EVALUATING CARBON STRATEGIES

Existing climate change policies, such as the Oregon and Washington emission reduction goals,
as well as proposed future policies were factors in developing the Sixth Power Plan’s resource
strategy.

The recommended actions in the Sixth Power Plan reflect existing carbon emissions policies that
are assumed to continue. That is, the renewable portfolio standards that have been adopted in
three states, the new generation emissions standards adopted by three states, and renewable
energy credits are included in the analysis and are assumed to be enforced. In addition, the plan
recognizes that there are adopted goals for greenhouse gas emissions reductions for Oregon and
Washington, as well as proposed federal legislation with similar goals. Most proposed policies
to attain these goals rely on some system for putting a cost on carbon emissions. Whether these
costs are the price of emission allowances under a cap-and-trade system or some form of carbon
tax, the costs imposed on the power system are a risk that the plan addresses, along with other
costs and risks faced by the regional power system.

The Council’s assumptions on carbon price risk were based on consultations with a range of
utility and other analysts and reviews of studies by others, including a report done for the
Council by Ecosecurities Consulting Ltd. The assumptions are included in the regional portfolio
model’s carbon risk study as a distribution of 750 carbon-price trajectories that range from zero
to $100 per ton, with an expected value of about $47/ton in 2030. A partial survey of regional
utilities indicated that the range of prices the Council included in its analysis is generally
consistent with assumptions used in their analyses.

Tracking power system emissions in the region requires a definition on how to treat emissions
from electricity that is imported and exported. The emissions reported in this plan include those
from generators located outside the region, but whose output is committed to serving regional
load. These generators include parts of the Colstrip generation complex in eastern Montana, all
of the Jim Bridger complex in Wyoming, and part of the VValmy generation complex in Nevada.
This approach is referred to as “generation based.” The regional portfolio model also reports
another approach referred to as “load based” carbon emissions. This alternative approach counts
emissions associated with imports and excludes emissions associated with the electricity
exported from the region. For ease of exposition and comparability, most of the discussion in the
plan refers to generation-based carbon counting. In addition, the generation-based carbon
emissions are adjusted to be consistent with the accounting reflected in the Council’s 2007
carbon footprint paper.®

There are also some complications in how to account for the estimated cost of carbon-pricing
policies to the regional power system. The default accounting of power system costs in the
Council’s models includes carbon penalties as though they were paid as a tax on every ton of
carbon emitted. This approach is valid for modeling the penalties’ effect on power system
development and operating decisions. However, the default accounting can significantly
overestimate the total costs that the power system would recover from ratepayers, depending on
the kind of carbon penalty the system faces. In particular, the current language of the U.S.

® Northwest Power and Conservation Council, Carbon Dioxide Footprint of the Northwest Power System, November
2007. (Council Document 2007-15)
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House of Representatives proposal on climate policy includes a cap-and-trade system that grants
free allowances to utilities that roughly offset their emissions until 2026. This approach would
greatly reduce the cost to the power system, compared to a carbon tax on all emissions. To
include the effect of different forms of carbon penalties, the regional portfolio model has an
alternative accounting that excludes the amount of tax revenues. This alternative accounting
provides a better cost estimate of a cap-and-trade, free-allowances mechanism to the power
system.

The Council’s plan provides a resource strategy that minimizes the cost of the future power
system given the policy risks. A combination of aggressive development of energy efficiency,
renewable resources, and in the longer-term, new gas-fired resources results in a reduction of
power system carbon emissions from 57 million tons per year in 2005 to 40 million tons in 2030,
which is below the 1990 emission level of 44 million tons. These reductions are generally
consistent with the targets adopted by Northwest states. The reduced carbon emissions depend
on efficiency improvements and other low-emission generation displacing the reliance on
existing coal plants. Figure 11-7 shows the projected average carbon emissions over time in the
carbon risk scenario. That scenario on average meets or exceeds the 2020 targets adopted by
Washington, Oregon, the WCI, and the Waxman/Markey proposed legislation.

Figure 11-7: Average Sixth Power Plan Annual Carbon Emissions
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The carbon-cost risk assumptions play an important role in these results. If only current policies
are assumed in the future--and no carbon pricing policies are implemented or expected--a least-
cost resource strategy would stabilize carbon emissions from the power system at around current
levels. Current policies arrest the growth of carbon emissions because of aggressive efficiency
improvements, which are cost-effective even without carbon penalties, and increased acquisition
of renewable generation. But existing policies will not achieve the carbon emissions goals of the
W(CI or of some individual states in the region.

The cost of moving from current policy to the carbon risk scenario is significant. Responding to
the risk of carbon penalties in the $0 to $100 per ton range increases power system costs by 14
percent. When the carbon penalty is included, the cost increase is estimated to be 41 percent.
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The extent to which the carbon penalty is a net cost to the power system or region depends on
how that policy is structured. Current proposed federal policy provides free emission allowances
under a cap-and-trade system for many years, which would put the cost impact near the lower
end of the range. If power system costs increase by 14 percent, average electricity revenue
requirements would increase by about 2 percent compared to current policies. However, the cost
increase would not be spread evenly among the regional utilities and consumers. Utilities that
are more reliant on coal-fired generation would bear a larger part of the cost of carbon emission
reduction.

To significantly lower carbon emissions from the power system, existing coal-fired generation
would have to be reduced. This is not surprising since existing coal plants account for about 88
percent of the carbon emissions from the regional power system. In the carbon risk scenario,
carbon reductions occur because these plants are used much less frequently. In doing so,
however, maintaining the plants may not be economically feasible for utilities. In addition,
while carbon emissions are reduced to target levels on average, the certainty of achieving targets
is low. Depending on how some future uncertainties unfold, such as hydro conditions, carbon
prices, and other factors, emissions can vary greatly and need not fall below the targets.

Two alternative scenarios were analyzed that provided more clarity with regard to what the
region would need to do to meet a specific carbon reduction target in the 35 to 40 million tons
per year range. One of those scenarios implemented a fixed $45 per ton carbon penalty, which
was sufficiently high to reach the emissions target. That scenario resulted in average 2030
carbon emissions of 37 million tons, 35 percent below 2005 levels. In addition, the likelihood of
attaining the desired reductions is somewhat higher than in the $0 to $100 per ton scenario.

The second of these scenarios phased out existing coal generation until emission targets were
met. This coal retirement scenario retired about half of the coal-fired generation serving the
region. Average 2030 carbon emissions were reduced to 36 million tons. Importantly, the
certainty of carbon reductions is much greater in the coal retirement scenario. Replacing the
energy and capacity from coal plants would increase average power system costs by about 15
percent above the current policy scenario. While this is an alternative policy approach to
consider, it would not have the broad effect on other sectors and resource decisions that a cap-
and-trade or tax would have. If a coal retirement policy were implemented in combination with a
carbon penalty, fewer coal plants would need to be retired, but the remaining plants would still
be used less frequently in response to the carbon prices. These scenarios are discussed further in
Chapter 10.

In summary, there are four things the region would have to do to meet existing 2030 carbon
reduction targets. First, the efficiency of electricity use has to be improved to save nearly 6,000
average megawatts by 2030. These efficiency improvements are key to reducing carbon
emissions. In the carbon risk scenario, efficiency improvements lower 2030 carbon emissions by
17 million tons per year. Without efficiency improvements, carbon prices modeled in the carbon
risk scenario would only stabilize emissions at the 2005 level. Second, renewable portfolio
standards adopted in three of the four Northwest states must be implemented. These resources
play a significant role by reducing the amount of carbon-emitting generation. Third, the use of
coal-fired generation must be further reduced either by policy or by carbon penalties. In all three
of the scenarios that meet carbon reduction goals, coal-fired generation is reduced by about half
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from current levels. Finally, the region needs to preserve the capability of the hydroelectric
system to the greatest extent possible within the limits of fish and wildlife obligations.

Just as coal-fired generation is the source of most of the power system’s carbon emissions, the
regional hydroelectric system is the source of most of the region’s energy, capacity, and
flexibility supply. As a carbon-free resource, it is extremely valuable to the region. Because of
the hydroelectric system, combined with the region’s past accomplishments in energy efficiency,
the region’s carbon emissions are half the nation’s in terms of carbon emission per kilowatt-hour
of energy consumption. Meeting the region’s responsibilities for mitigating the fish and wildlife
losses caused by the dams has depleted the capabilities of the hydroelectric system over time. If
the region needs to further reduce hydroelectric generation for fish and wildlife survival, it
should do so with careful analysis of the costs, risks, and benefits of the proposed actions. The
region needs to be sensitive to the fact that further reduction in hydroelectric generation will
increase carbon emissions, which will also harm fish and wildlife in the long term through
accelerated climate change. For example, an analysis in the draft plan showed that removing the
lower Snake River dams would undo 40 percent of the carbon reductions expected to be
accomplished through the existing carbon policies in the region, while also increasing the cost of
the power system.
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SUMMARY OF KEY FINDINGS

Historically, Northwest power system planners have focused on providing sufficient energy to
meet the annual energy load of the region. Largely because of the way the hydroelectric system
developed, capacity, the ability to meet peak-hour load, and flexibility, the ability to rapidly
increase or decrease generation output, were not significant problems.

Today, however, focusing regional power system planning solely on annual energy requirements
is no longer adequate. Changes in the seasonal shape of Northwest load, increasing constraints
on the operation of the hydrosystem to meet fish requirements, and rapidly increasing amounts of
variable generation, especially wind, are making increased system capacity and flexibility a new
priority.

Wind generation needs back-up, flexible resources to handle unexpected changes in its output.
While the problems appear daunting, particularly in integrating new wind generation with a more
constrained hydrosystem, there are solutions. The first step is to change system operating
procedures and business practices to more fully utilize the inherent flexibility of the existing
system. The Council believes these changes will be significantly cheaper to achieve, and can be
implemented sooner than adding additional generating capacity solely to provide flexibility. It
will also set the stage for determining how much flexibility will ultimately be needed from new
generation.

Actions for these operating and business practice changes include: establishing metrics for
measuring system flexibility; developing methods to quantify the flexibility of the region’s
existing resources; improving forecasting of the region’s future demand for flexible capacity;
improving wind forecasting and scheduling; transitioning from the current whole-hour
scheduling framework to an intra-hour scheduling framework; and increasing the availability and
use of dynamic scheduling. Fully implementing these improvements may also require physical
upgrades to transmission, communication, and control facilities, though the cost of these
upgrades is expected to be relatively small compared to the cost of adding new flexible capacity.
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Because the reliable operation of the power system depends on agreement on these operating
procedures, they cannot be changed overnight. However, significant studies and discussions are
underway to achieve these changes and the Council urges they be supported by the region’s
utilities and power producers.

The next step is to ensure that resources added to meet peak-hour load are also flexible enough to
respond to unexpected changes in wind plant output. These solutions should be sought in a
sequence that makes economic sense. Actions include: considering rapid-response natural gas-
fired generators, pumped-storage hydro plants and other storage resources, utility demand
response programs and other potential smart grid applications, and geographic diversification of
wind generation as options to meet the region’s future demand for flexibility. Some balancing
authorities, Bonneville especially, may need additional flexibility resources, either from better
use of existing resources or from new resources, solely for integration of wind generation that
meets load in other balancing authorities.

BACKGROUND

The fundamental objective of power system operations is to continuously match the supply of
power from electric generators to the customers’ load. Historically, for resource planners, the
balancing problem was addressed in two ways. First, build enough generating capacity to meet
peak-hour demand, plus a reasonable cushion to account for unexpected generator outages.
Second, ensure an adequate fuel supply to operate electrical generators month-after-month and
year-after-year to meet customers’ energy demand. This was sufficient because traditional
resources provided system operators with the means to deal with the fundamental requirements
of power system operation. Because of the way the Northwest hydropower system was
developed, over most of the past 40 years, the Northwest's resource planning has been more
straightforward: to meet the annual energy needs of the system. The Northwest was able to
focus on annual energy needs because the hydrosystem provided ample capacity and flexibility
to balance generation and load at all times.

Today, power system operators and planners must again focus on ensuring that the installed
generating capacity is flexible enough to rapidly increase or decrease output to maintain system
balance second-to-second and minute-to-minute. This shift is a result of the dramatic increase in
the region’s use of wind generation, which creates unique challenges for system operators. Over
the course of minutes and hours, the output of a wind generator can be extremely variable,
ranging from zero to its maximum output. While power system operators try to predict changes
in wind generation, they also need other capacity, sufficiently flexible, to offset unexpected
changes in its output.

POWER SYSTEM REQUIREMENTS: CAPACITY, ENERGY,
AND FLEXIBILITY

Capacity: Meeting Peak Demand
In previous plans, the Council focused primarily, like other regional resource planners, on the

energy output of generators. Energy is the total output of a plant, typically measured over a year
in megawatt hours or average megawatts. The touchstone for judging whether the region had
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adequate resources has long been whether the power system could generate sufficient energy
during adverse water conditions. This focus was largely due to the Northwest’s hydrosystem,
which had an excess of installed capacity. Because most traditional generating resources, like
natural gas, coal, and nuclear plants, provide additional capacity at the same time they provide
the ability to generate energy, most resource planning was carried out in an environment in
which capacity could be taken for granted, as long as enough additional energy capability was
provided to meet the total energy needs of the region.

Capacity is the maximum net output of a generator, measured in megawatts. For most
generation, this is relatively straightforward: the plants can operate at their maximum output
level (within certain predictable environmental, emission, and technical constraints) if called
upon by the system operators, unless they have an unplanned, or forced, outage. Utilities
account for the probability of forced outages by carrying contingency reserves, which are
required by the North American Electric Reliability Corporation (NERC) and the Western
Electricity Coordinating Council (WECC) reliability standards. The required contingency
reserves equal about 6 percent to 8 percent of demand for most utilities.

For hydroelectric generation, measuring capacity can be problematic. The total output of the
hydrosystem is limited by its fuel supply, water, which is extremely variable from year-to-year.
It is also limited by the fact that the reservoir system can only store about 30 percent of the
annual runoff volume of water. Under some circumstances, there may not be enough stored
water to run the generators at their maximum level to meet hourly load during peak conditions,
like multi-day cold snaps in the winter or multi-day heat waves in the summer. While the
machinery may be capable of reaching maximum output for short periods, it cannot sustain that
level of output for longer periods. In fact, the maximum output a hydroelectric facility can
provide depends on the duration of the output period--the longer the period, the lower the
maximum sustainable output. This type of capacity is referred to as “sustainable capacity” and is
a characteristic peculiar to hydroelectric systems.

The Northwest Resource Adequacy Forum, jointly chaired by the Council and Bonneville, with
participation by other regional utilities and interest groups, has devoted considerable effort over
the past several years to reaching an understanding of the hydrosystem’s sustainable capacity
value. The work of the forum is described more fully in Chapter 14.

Wind generation capacity also raises capacity issues because it is not controllable. Wind
generation is variable; operators can reduce generation when the wind is blowing, but they
cannot make it produce more, even if the rated wind capacity is much higher. Furthermore, the
output level is relatively unpredictable and, in the Northwest, is unlikely to be available at times
of extreme peak load--for example when load is high because of a winter cold spell or a summer
hot spell.

The amount of installed capacity expected to be available during peak-load hours is often called
a generator’s “peak contribution” or “reliable capacity.” There is a body of technical literature
on methods for the calculation of this value. Analysis done by Bonneville and the Resource
Adequacy Forum suggests that, for the wind area at the east end of the Columbia River Gorge,
where much of the region’s current wind generation is located, there is an inverse relationship
between wind generation and extreme temperatures, both in winter and summer. This is likely
due to widespread high pressure zones covering the region’s load centers (the biggest ones being
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west of the Cascades) and the area of wind generation east of the Cascades during periods of
extreme low and extreme high temperatures. Figure 12-1 illustrates the loss of wind generation
during a recent winter period. While efforts to better define the reliable capacity of wind
generators are ongoing, both in the Northwest and in NERC and WECC, the Resource Adequacy
Forum has adopted a provisional peak contribution for wind of 5 percent of installed capacity.
This work will need to address the impact of future wind development in other areas, such as
Montana and Wyoming, that may have different weather patterns and could improve the overall
capacity contribution of wind.

Figure 12-1: Bonneville Wind Generation
January 5 - 29, 2009
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The current adequacy assessment (Chapter 14) indicates that the Northwest will probably
encounter a summer-capacity problem before a winter-capacity problem, largely because of
hydrosystem constraints and different expectations about the availability of power from plants
owned by the region’s independent power producers and from wider Western markets.
Providing capacity to meet peak demand is only one part of balancing generation and load.
Resources added to provide energy and flexibility will also help the region meet its developing
summer-capacity deficit.

Before system planners and operators began to emphasize flexibility as part of the solution to the
balancing problem, it was possible to talk about pure peaking resources. Peaking units were
resources added to the system primarily to meet peak-hour demand, without having to generate
large amounts of energy over the course of the year. Peaking units have been characterized as
low-fixed cost and high-operating cost resources. These cost characteristics correspond to their
intended infrequent use as peaking plants. To a certain extent, this characterization originated
with the historical practice of demoting aging, less-efficient baseload units to infrequent peaking
duty. In recent decades, however, specialized units capable of delivering a broad array of
ancillary services as well as peak capacity at reasonable efficiency--such as aeroderivative and
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intercooled gas turbines and gas-driven high-efficiency reciprocating engines--have appeared on
the market. These units may have greater per-kilowatt capital costs than combined-cycle plants.

Resources in this category include simple-cycle gas turbine generators (both frame and
aeroderivative), reciprocating engines, capacity augmentation features for combined-cycle gas
turbines (including water or steam injection and fired heat-recovery steam generators), and utility
demand response programs. Today, aeroderivative combustion turbines, reciprocating engines,
and even some types of demand response, are often considered first for their flexibility and
second for their ability to help meet peak demand. Demand response programs are described
more fully in Chapter 5. These generating technologies are discussed later in this chapter and in
Chapter 6.

Energy: Meeting Average Demand

Energy is the total output of a plant, typically over a year. For most plants, the maximum energy
is simply the capacity times the number of hours per year that the plant runs, excluding forced or
planned (maintenance) outages. For most types of generation, the energy output of the plant is
not limited; the plant can run at its maximum level as long as desired, subject to forced or
planned outages, and occasionally fuel supply and environmental constraints.

A fuller discussion of the regional portfolio results of the Council’s analysis, as well as their
implications for meeting capacity and energy requirements of the system, is in Chapter 10 of the
plan.

Flexibility: Providing Within-hour Balance

The basic measures of a plant’s flexibility are: its ramp rate, measured in megawatts-per-minute
or some other short period; its minimum generation level; and its capacity. Minimum generation
is most often defined by a combination of physical limits and economic limits, as when a plant’s
efficiency drops off dramatically below a certain point. Power system operators need to set aside
a certain amount of flexible generation just to follow load, which varies. More flexibility is
required if there is a significant amount of wind or other variable generation on the system.

The Northwest’s hydroelectric generators are tremendously flexible resources. Physically, they
have a wide operating range and very fast ramp rates. The inherent flexibility of the Northwest
hydrosystem helps explain why flexibility has been taken for granted in previous Power Plans.
This inherent flexibility is now partly limited by the challenges of salmon protection in Columbia
and Snake rivers and the increasing amount of flexibility that is needed.

POWER SYSTEM OPERATIONS

The electric power system is organized into balancing authorities" for the purpose of operating
the system reliably. Each generator (or fraction of a generator in specific circumstances) and
load is in one, and only one, balancing authority. There are 17 balancing authorities in the
Northwest Power Pool Area and 36 in the Western Interconnection.

! Balancing authority is NERC terminology for the entity that is responsible for the actions. Balancing area is
sometimes used for the portion of the electrical system for which the balancing authority is responsible.
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Each balancing authority is responsible for a number of things, including continuously balancing
load and resources, contributing to maintaining the frequency of the interconnection at its
required level, monitoring and managing transmission power flow on the lines in its own area so
they stay below system reliability limits, maintaining system voltages within required limits, and
dealing with generation or transmission outages as they occur. It does these things using what
are called ancillary services, most of which are services provided by generation or, less
commonly, demand response under the control of the balancing authority. The potential to
expand demand response for ancillary services is addressed further in Chapter 5.

Ancillary Services

The NERC and WECC reliability standards, and prudent utility practice, require balancing
authorities to hold operating reserves, first to maintain load and resource balance in case of an
outage of a generator or transmission line, second to meet instantaneous variations in load, and in
the case of wind generation, fluctuations in resource output.

The portion of operating reserve held ready in case of an outage is called contingency reserve,
specified by NERC and WECC standards. The portion of operating reserve meeting the second
requirement is called regulating reserve in the reliability standards. Additional reserves that are
not explicitly required by NERC and WECC, but are prudent practice and assist in meeting the
regulation requirement, are often called balancing reserves.

Regulating and Balancing Reserves

Operators must balance load and resources and keep track of imports and exports, all while load
is continuously changing.

Balancing authorities do this by operating in a basic time frame of one hour, every hour of the
day. The basic test of success in this balancing is called area control error (ACE). ACE is a
measurement, calculated every four seconds, of the imbalance between load and generation
within a balancing area, taking into account its previously planned imports and exports and the
frequency of the interconnection. The NERC and WECC reliability standards govern the amount
of allowable deviation of the balancing authority’s ACE over various intervals, although the
basic notion is that ACE should be approximately zero. The ACE is maintained through a
combination of automatic and operator actions. The automatic part is done through a computer-
controlled system called automatic generation control (AGC).

The basic regulation and balancing control challenge for the balancing authority is driven by load
changes, both random, short-term fluctuations, and trends within the hour. It is exacerbated by
the presence of large amounts of wind generation physically located in the balancing area,
whether or not that wind is generating for the customers of the balancing area. There are specific
exemptions from this requirement that in some cases require additional institutional or business
practice changes, which are described later.

This is illustrated in several graphs based on five-minute interval data from the Bonneville
balancing area in the first week of January 2008. The problems in this period are representative
of the problems in other periods, although for Bonneville the problems are now magnified by the
increase in installed wind capacity on its system. Bonneville now has approximately 2,800
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megawatts of installed wind capacity. Figure 12-2 illustrates a typical weekly load pattern at
five-minute intervals, with a sharp daily ramp in the morning as people rise, turn on electric heat,
turn on lights, take showers, and as businesses begin the day.

It also shows the Bonneville balancing area wind generation from the same period, illustrating
the irregular pattern typical of wind generation. The data from this week will be used in several

subsequent graphs, focusing on shorter time intervals and illustrating particular issues.

Figure 12-2: Example Load and Wind Pattern
BPA January 1-7, 2008, Midnight to Midnight
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Focusing on a single day, January 7, 2008, Figure 12-3 highlights a single operating hour, from

6:00 a.m. to 7:00 a.m.
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Figure 12-3: Daily Load Curve - BPA January 7, 2008
Midnight to Midnight
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A balancing authority has to deal with a load ramp of, for example, 762 megawatts over the
course of an hour, using the generation under its control in its own balancing area. At the same
time, it must deal with any imports or exports that have their own time pattern for adjustment.
Scheduling between balancing authorities in WECC is generally done in one-hour increments,
with the schedules ramping in across the hour, from 10 minutes before the hour to 10 minutes
after the hour.

Figure 12-4 focuses on the 6:00 a.m. to 7:00 a.m. load from the previous graph, while adding a
hypothetical net schedule (including exports from and imports into the balancing area), and the
generation scheduled to meet the average hourly load by any of its providers, including the
transmission provider’s merchant arm. The balancing authority must address the differences
(both positive and negative) between the total scheduled generation and the net load in the
balancing area by operating the generation in its control either up or down to match the load
instantaneously, and to manage its ACE to acceptable levels. The graph points to the differences
between scheduled generation and actual load that requires balancing authority action.
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Figure 12-4: Example Hourly Scheduling
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There are NERC and WECC reliability standards that govern how that action must be taken. In
addition to contingency reserves, which must be available in case of a sudden forced outage, the
standards require regulation reserves, which is generation connected to the balancing authority’s
AGC system. The standards do not require any specific megawatt or percentage level of
regulation reserves. Rather, they require that the balancing authority hold a sufficient amount so
that its ACE can be controlled within the required limits. How the balancing authority meets the
requirements highlighted in Figure 12-4 involves some discretion on its part.

Most balancing authorities prefer to break the requirement into two parts: one meeting the pure
regulation requirement, allowing AGC generation to respond every four seconds; the other
adjusting generation output over a longer period, typically 10 minutes. The pure regulation
requirement is illustrated by Figure 12-5, which shows a hypothetical, random pattern at four-
second intervals (which is the kind of pattern the load actually exhibits) on top of a five-minute
trend. This is the load that the generation on AGC actually follows.
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Figure 12-5: Example Load at Four-Second Intervals Over Five Minutes
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Figure 12-6 illustrates one pattern of breaking that requirement up, separating the regulation
requirement for generation on AGC from the remaining requirement, usually called load-
following or balancing.?

Figure 12-6: Illustration of Hourly Scheduling with Load Following
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Balancing authorities plan for regulation and balancing services before the need for them arises.
They ensure that enough scheduled generation is on AGC to provide moment-to-moment
regulation services. They also plan to operate some generators at levels lower than they
otherwise would in order to have the ability to increase generation and provide incremental load-
following. Conversely, they may also need to operate some generators at levels higher than they

2 When the only remaining requirement is the variation in load, load-following is the most common term. When the
requirement includes the effect of variable generation, like wind, the term balancing is often used instead.
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otherwise would in order to have the ability to decrease generation and provide decremental load
following.

By operating generators in this manner, a balancing authority can incur increased operation
costs, increased maintenance costs, and foregone revenues. These are the opportunity costs of
providing regulation and load-following or balancing services. Balancing authorities typically
decide which generators to use for regulation and load-following based on the physical
characteristics of their generators and the opportunity cost of operating specific generators in this
manner. Much of the region’s flexibility, and particularly for the large amount of wind
generation in Bonneville’s balancing area, has been provided by the hydrosystem. This
description focuses on issues raised for the Northwest and its hydro system, but it needs to be
recognized that there are other areas of the world or the U.S., like Texas, where integrating
significant amounts of wind has taken place using non-hydro resources. Texas, for instance,
currently integrates approximately 8,000 megawatts of wind primarily with combined-cycle gas
generation.

Historically, the cost of operating the power system to provide regulation and load-following
services received little attention. The effect of wind and other variable generation on the
balancing authority’s ability to balance generation and load has raised awareness of the cost of
providing these services. Improving operating procedures and business practices should help to
hold down integration costs, but they will likely increase over time as more variable generation is
added to the system.

FLEXIBILITY ISSUES RAISED BY WIND GENERATION

Unpredictable and rapid swings in the output of wind generators have increased the need for
power system flexibility. Load is typically much more predictable in the one-to-two hour time
frame than wind generation. If load is relatively flat, and the wind unexpectedly drops off over
the course of 10-20 minutes, then system operators must ramp up other generation at the same
speed that the wind generation is ramping down in order to maintain load and resource balance
and support the system frequency. Likewise, if the wind unexpectedly increases, then system
operators must be able to ramp down other generators in order to maintain load and resource
balance.

The possibilities become more complicated with changes in both wind generation and load over
a given time period. But the result is still the need to be able to quickly adjust generation up or
down.

Figure 12-7 illustrates a situation where both load and wind generation increased at the same
time. It shows the load and wind pattern from the last day of Figure 12-1, and the effect of wind
generation if its capacity were three times greater than what was operating on January 7, 2008,
assuming for the sake of illustration that the additional wind generation did not bring any
geographical diversity with it. Note that Bonneville already has about 2,800 megawatts of
installed wind capacity, instead of the then 1,400 megawatts. Bonneville is concerned about the
potential of over 6,000 megawatts by 2013.
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Figure 12-7: January 7, 2008 Load and Hypothetical Wind Data
Midnight to Midnight
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Looking at the early morning hours only, between 3:00 a.m. and 4:00 a.m. indicated by the
vertical bars on the graph, we see an increase in load of 234 megawatts in that period. We also
see an increase in the hypothetical wind generation of 1,158 megawatts. System operators would
need to ramp down other generators by 924 megawatts to maintain system balance. Because
Bonneville can face significant minimum generation requirements in the low-load night time
hours, this pattern is a particular problem for them. Solutions to these issues, some of them
under development already, are discussed in the following section.

For capacity and energy, it is possible to provide estimates of the timing and size of future
deficits. At this time, we are unable to make a similar projection for flexibility. This is because
the industry has not yet developed standard methodologies and metrics to make such an
assessment. However, Bonneville has estimated in its recently concluded 2010 rate case that by
the end of 2011 it might need to set aside up to about 750 megawatts of generation to respond to
unexpected drops in wind generation, and about 975 megawatts of generation to respond to
unexpected increases in wind generation. These amounts are based on a wind forecast of almost
3,845 megawatts of installed wind, a 30-minute persistence forecast and several mitigation
measures for wind generation outside the level of the set-aside balancing reserves. For
Bonneville’s needs specifically, see also the discussion in Chapter 13.

Response to Growing Need for Flexibility

The response needs to be twofold. First, modify existing operating procedures and business
practices to allow the maximum and most efficient use of the region’s existing flexibility for
those balancing authorities with large amounts of wind generation. Second, the new
dispatchable generation needed for energy, or to meet the peak-hour capacity needs of the system
(should that become the primary need in the future), should also be able to be adjusted up or
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down to deal with changes in wind output, and to allow the region’s balancing authorities to
maintain their ACE measures within acceptable bounds.

Institutional Changes

There are several changes in operating procedures and business practices that would either
reduce the burden on the balancing areas or substantially increase the available flexibility of the
existing system.

Increasing the accuracy of short-term wind forecasting, either by wind generators or the
balancing authorities themselves would reduce the amount of balancing reserve capacity needed
to cover a forecast error. Bonneville has estimated, for example, that using the prior 30 minutes’
generation level (rather than previous methods that looked further back) as the forecast for the
next hour would substantially reduce the forecast error and the amount of needed balancing
reserves. Bonneville has made this adjustment and adopted other methods to increase forecast
accuracy. More sophisticated wind modeling is also being explored.

Going to a 10-minute scheduling window instead of the current whole-hour scheduling would
also help maintain the host balancing authority’s ACE by allowing it to bring in generation from
other balancing authorities. This would require a more developed market (either bilateral or
centralized) in these intra-hour, short-term generation deliveries to take advantage of the new
framework. The joint initiative between ColumbiaGrid, Northern Tier Transmission Group, and
WestConnect is taking steps in this direction by creating a tool to facilitate within-hour
transactions on a bilateral basis.

Increasing the availability and ease of use of dynamic scheduling is another important change.
This mechanism enables generation in one balancing authority to be transferred into another
balancing authority for the ACE calculations of the two areas. This is helpful for several
reasons. It allows available generation in one balancing authority to be used in another to meet
the latter’s regulation and balancing needs.

It also allows wind generation that is physically located in one balancing authority, but meeting
load in another balancing authority, to be effectively transferred out of its area and into the
second authority’s area and ACE. Normally, while the FERC Open Access Transmission Tariff
(OATT) allows the first balancing authority to charge some other party (the wind generators
meeting external load or the external load) for the ancillary services, including regulation and
balancing, NERC standards require that the host balancing authority provide the physical
response. Dynamic scheduling allows both the physical response and cost of the wind
generation to be the responsibility of the recipient load.

Dynamic scheduling is a long-established practice, but is typically done now on a case-by-case
basis for relatively long periods, and it requires time-consuming, individual coordination
between balancing authorities. Work is underway by the joint initiative to standardize the
protocols and communication to make dynamic scheduling easily and quickly available--ideally
so that dynamic schedules could be changed on an hour-to-hour or shorter basis.

There are some additional issues that need to be resolved regarding the limits on the amount of
generation that can be dynamically scheduled over various transmission paths, particularly if the
schedule involves long distances; for example, dynamic scheduling between Bonneville and the
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California ISO. Among these issues is control of voltage levels in the system. Voltage levels on
transmission lines are in part a function of the line loading, and dynamic scheduling tends to
change line loadings rapidly, increasing the burden of controlling voltage levels within reliability
limits. The Northern Tier Transmission Group and ColumbiaGrid have formed a group called
the Wind Integration Study Team to examine these limits within the two entities.

Adding Flexible Capacity

System planners and operators are looking at resources that can be used to meet peak-hour
demand and respond to variations in wind output. These flexible-duty resources do not
necessarily need to generate large amounts of energy over the course of the year. Resources
typically placed in this category include: rapid-response natural gas-fired generators; storage
resources such as pumped-storage hydro plants; and utility demand response programs.

In the near term, natural gas-fired turbines and reciprocating engines appear to be good options
for meeting the increased demand for flexibility. To offset unexpected changes in wind output,
these resources need rapid-start capability and efficient operation at output levels less than full

capacity.

The LM6000 Sprint (50-megawatt) and LMS100 (100-megawatt) aeroderivative turbines are two
good candidates for flexibility augmentation. Starting cold, both turbines can be ramped to their
maximum output within 10 minutes. These aeroderivative turbines are more efficient than
comparable frame turbines, and therefore more cost-effective to operate at partial output levels.
The LM6000 Sprint is a commercially mature technology with more than 200 units in operation.
The first LMS100 unit went into commercial operation at the Groton Generating Station in South
Dakota in 2006.

Gas-fired reciprocating engines are also a good flexibility option. The Plains End Generating
Facility in Colorado is a 20-unit plant that has an output range of anywhere from 3 megawatts to
113 megawatts. The engines have a 10-minute quick start capability and can ramp up and down
in response to an AGC signal. All of the above options can be constructed with short lead times,
and therefore are good near-term flexibility options. A more complete description of these
natural gas-fired generating technologies is provided in Chapter 6.

Pumped-storage hydro is a good mid-term option for meeting increased demand for flexibility
since it can quickly change its operating level. These hydro plants operate in either a pumping
mode or a generating mode. Traditional operation of pumped-storage hydro is based on the price
of electric power. When the price of electric power is low, water is pumped from a source to a
storage reservoir located at a higher elevation. When the price of electric power is high, the
stored water is released and passed through a turbine to generate power.

As more wind power is added to the system, pumped-storage operation is likely to respond to the
price of regulation and load-following services. For example, operators of pumped-storage
plants can commit in advance to increase pumping when there are unexpected increases in wind
output. Plants with variable-speed pumps are likely to be more responsive in these
circumstances. Likewise, operators can also commit to increase generation when wind power
output unexpectedly drops. Furthermore, operating the plant in this manner is not likely to result
in dramatic operating cost increases or reduced revenue. However, with a 13-year construction
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lead time, and high capital cost, risk is high. Other options may capture a large share of the
ancillary services market before a new pumped-storage plant can be brought on-line.

The potential use of hot water heaters, plug-in hybrid vehicles, and other demand response
options to provide regulation and load-following services is described in Chapter 5, Appendix H,

and Appendix K.
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Chapter 13: Bonneville’s Obligations
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SUMMARY OF KEY FINDINGS

Bonneville engaged in an extensive, multi-year set of regional processes, culminating in the
Regional Dialogue in 2007 and power-sales contracts in 2008, to define its future power supply
role. The Council strongly supported and participated in these processes and offered a number of
recommendations as part of the Fifth Power Plan, which were addressed in the Regional
Dialogue.

Bonneville adopted a Regional Dialogue Policy, which defined its potential resource-acquisition
obligations for power sales after 2011, whether at Tier 1 or Tier 2 rates. The administrator’s
potential future obligations also include additional firm energy, capacity, and flexibility for
integrating wind power into Bonneville’s balancing area. Its obligations to provide flexibility for
wind-power balancing also are driven by its obligations under NERC standards as the host
balancing authority for wind-power resources that are meeting load elsewhere, primarily in
California.

The Council’s analysis, while it looks at regional capacity and energy requirements, does not
break out utility-specific capacity and energy requirements and does not look at within-hour
issues like flexibility. Thus there might be specific Bonneville obligations that are not addressed
in detail in the Sixth Power Plan. The size of these obligations for Bonneville is, however, not
well known at this time because it will be driven by choices of Bonneville’s customers and the
amount of wind power that is located in Bonneville’s balancing area whether to serve its
customers, other regional utilities, or for sale outside of the region. These will not be known
until after the adoption of the plan. Moreover, the supply of resources available to meet these
obligations, particularly for additional flexibility to deal with wind integration, is uncertain at
this time. There are, for instance, a number of regional and West-wide discussions underway
about institutional and business practice changes to help balancing authorities deal with these
issues.

Because of these uncertainties, the Council has several general principles to guide Bonneville
should it need to acquire resources to meet any of these several kinds of obligations. They are,
briefly:
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e Aggressively pursue the Council’s conservation goals first

e Aggressively pursue the various institutional and business-practice changes to reduce the
demand for flexibility and to use the existing system more fully

e Look broadly at the cost-effectiveness and reliability of possible sources of new capacity
and flexibility, such as gas or other generation types, and take into account synergies in
meeting several types of needs with single resources

STATUTORY BACKGROUND

The Northwest Power Act gave the Bonneville Power Administration new authorities and new
responsibilities. It authorized the Bonneville administrator to acquire resources to meet the
administrator’s obligations. At the same time, it obligated the agency to serve the loads placed
on the agency by preference customers and the investor-owned utilities (I0Us). The Act also
authorized sales to federal agency customers and to the direct-service industries (DSls). Sales to
the DSIs must provide a portion of the reserves available for meeting the administrator load
obligations.

The Act also gave new authority to the member states of the Pacific Northwest Electric Power
and Conservation Planning Council (Council), the interstate compact authorized by the Act.
Congress directed the members of the Council, appointed by the governors of the member states,
to develop a 20-year regional power plan. One component of that plan is the Council’s fish and
wildlife program, intended to protect, mitigate, and enhance fish and wildlife, and related
spawning grounds and habitat, that have been affected by the construction and operation of
hydropower dams in the Columbia River Basin. The Council’s power plan is meant to assure the
Pacific Northwest of an adequate, efficient, economical, and reliable power supply. Bonneville,
with certain narrow exceptions, must act consistently with the power plan in its resource-
acquisition activities. This consistency requirement is most prominent when Bonneville
proposes to undertake a number of actions related to a major resource, that is, a resource that has
a planned capability greater than 50 average megawatts and is acquired for a period of more than
five years. Thus, Congress intended the four Northwest states to have some say in Bonneville’s
resource-acquisition activity.

Bonneville occupies a unique, dual role in the region’s utility system. On one hand it functions
as a utility business, supplying energy, load-following, reserves, and transmission. Indeed, the
agency markets the output of the federal base system (FBS), which consists of 31 federal
hydroelectric projects (29 in the Columbia River Basin and two outside the basin), one non-
federal nuclear plant, and several other small non-federal power plants. As noted, Bonneville
also acquires resources to meet customer loads. In acquiring resources, the Act directs
Bonneville to make cost-effective conservation the resource of first choice. To carry out that
function, Bonneville also manages programs that help utilities acquire conservation. Bonneville
accounts for the amount of conservation acquired and verifies savings. These functions are
important in assuring the region that ratepayer funds are being expended in a business-like
fashion. To enhance the range of conservation resources that will be available in the future,
Bonneville also funds research and development. The resource of second choice under the Act is
renewables. Bonneville both acquires renewables, as it has added about 245 megawatts of wind
power to its portfolio of resources, and provides integration services, both for its own renewable
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resources and for wind located in its control area but owned by others. In acquiring renewable
resources, Bonneville first adds to its power supply to meet its total contractual load obligation
and secondarily assists its customers who are obligated to meet renewable portfolio standards
(RPS) set by their respective states. Again, Bonneville also supports research and development
in the realm of renewable resources, to expand the amounts and sorts of renewables that will be
available in the future.

On the other hand, in addition to its utility business functions, Bonneville is also a federal
agency, to which Congress entrusted defined public purposes. The Act gave Bonneville the
responsibility of funding efforts to restore fish and wildlife affected by the hydroelectric dams on
the mainstem Columbia River and its tributaries. Among other public purposes, the agency also
funds low-income weatherization programs through local public utilities, at the administrator’s
discretion.

BONNEVILLE’S EVOLVING ROLE

Bonneville’s evolving role in the changing electricity utility industry has been the subject of a
number of public processes that have garnered widespread regional participation. These
processes ultimately were reflected in recommendations from the Council in its Fifth Power Plan
and decisions by Bonneville in its Regional Dialogue Policy.

The Comprehensive Review of the Northwest Energy System in 1996, the 1997 Cost Review,
the Joint Customer Proposal in 2004, and the administrator’s 2005 Power Supply Role for fiscal
years 2007-2011 all examined the issue of Bonneville’s role in the region’s electricity system.
Each step in this series of discussions contributed to or modified in some way the region’s
thinking about what role Bonneville should serve. Naturally, not every entity that took part in
each process endorsed every recommendation.

Impetus for these various processes derived from the restructuring and deregulation of the
nation’s electricity industry following passage of the National Energy Policy Act of 1992.
Bonneville, the marketer of nearly half the electricity consumed in the region, faced an unusual
and troubling situation. The agency’s longstanding customers suddenly sought to diversify their
wholesale power sources away from Bonneville by purchasing from competitive, lower-cost
providers of electricity. In the mid-1990s, there were concerns that Bonneville’s high fixed
costs, including the debt on the Federal Columbia River Power System (FCRPS) and its past
investments in nuclear power plants, would make it uncompetitive in the wholesale power
market. Against this background, the region determined it was time to give serious thought to
Bonneville’s role in the region’s electricity system.

The Council’s Recommendations for Bonneville’s Future Role in
Power Supply

The Council recognized that recommendations from these various regional processes had a
number of principles in common. Three were particularly important. The first was preserving
the region’s low-cost hydroelectric resources through long-term contracts. Second was
improving preference customer utilities’ and federal agencies’ incentives to meet their load
growth with responsible resource choices by charging an individual utility that chooses to have
Bonneville meet its needs beyond the capability of the existing FCRPS the cost of incremental
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supplies. The third was providing equitable and predictable benefits to the residential and small-
farm customers of the region’s investor-owned utilities.

Based on these considerations, the Council developed its own set of recommendations regarding
Bonneville’s future role in power supply for the Fifth Power Plan. As summarized here, these
remain the Council’s recommendations regarding Bonneville’s role:

Bonneville should market the output of the existing FCRPS to eligible customers at cost.
Customers that request more power than Bonneville can provide from the existing federal
system should pay the additional cost of providing that service. This change in role
should be implemented through 20-year contracts that should be offered as soon as
possible, and compatible rate structures.

Bonneville should develop a clear and durable policy regarding the agency’s future role
in resource acquisition, to guide contract negotiations and future rate cases.

To implement its new role, Bonneville should allocate the power from the existing FBS
among eligible customers through a process that minimizes opportunities for gaming the
process.

Bonneville should move to implement tiered rates as soon as practicable; if they cannot
be offered in new contracts by October 2007, the Council would consider recommending
their implementation under the existing contracts.

Bonneville should offer the full range of products currently available, such as
requirements, block, and slice products. The costs of each product should be confined to
the purchasers of that product, avoiding cross-subsidies.

If Bonneville offers service to the DSIs, the amount of power and term should be limited,
the cost impact on other customers should be minimized, and Bonneville should have the
right to interrupt service to maintain system stability and cover any temporary power
supply inadequacy.

Bonneville should find a stable and equitable approach to offer benefits of low-cost
federal power to the residential and small-farm customers of the 10Us for a significant
period.

Bonneville and the region’s utilities should continue to acquire the cost-effective
conservation and renewable resources identified in the Council’s power plans.
Bonneville’s role could be reduced to the extent customers can meet these objectives.
But, if necessary, Bonneville must use the full extent of its authorities to ensure that the
cost-effective conservation and renewables identified in the Council’s power plan are
achieved on all its customers’ loads. The Council committed to working with
Bonneville, utilities, the states, regulatory commissions, and other regional and West-
wide organizations to ensure that appropriate adequacy policies are in place and that the
data and other tools to implement the policies are available.

Bonneville should continue to carry out its fish and wildlife obligations, allocating its
mitigation costs to the existing FCRPS.
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The Regional Dialogue

The concepts that emerged from the Comprehensive Review and the Joint Customer Proposal, as
well as the Fifth Power Plan, have been addressed in subsequent discussions among Bonneville,
its customers, state agencies, regulatory bodies, the Council, and public interest groups in a
process called the “Regional Dialogue.” The Regional Dialogue concluded in 2007 with a set of
policy decisions by Bonneville to guide development of tiered rates and new power-sales
contracts to replace the contracts that expire in 2011. The highlights of the Regional Dialogue
Policy, as expressed when the policy was adopted, follow.

Bonneville will offer contracts to all its customers, public utilities, IOUs, and DSls; at the
same time. For public utilities, Bonneville will develop new 20-year contracts
accompanied by a long-term Tiered Rate Methodology (TRM). Through the contracts
and TRM, each public utility will get a High-Water Mark (HWM) that defines the
amount of a customer’s load that can be served with Federal power at BPA’s lowest cost-
based Tier 1 rate. To meet load above the HWM customers can choose to purchase
power from either non-federal resources or from Bonneville at rates reflecting
Bonneville’s marginal cost of acquiring the additional power, or through a mix of
Bonneville Tier 2 priced power and non-federal resources.

Bonneville will acquire resources, if necessary, to supply up to 250 megawatts at the Tier
1 rate to new public utilities (including new and existing public body tribal utilities).

Bonneville will acquire resources to augment the existing system by the lesser of 300
megawatts or the amount needed to meet utilities” HWMs based on their Fiscal Year
2010 loads. At the 300-megawatt cap, this would be roughly a 4-percent increment to the
existing system and is in addition to any acquisitions to serve new public utilities.

Bonneville will offer three product choices: load-following, block, and slice. The load-
following product will include services to follow the actual loads a customer experiences.
Slice and block products do not include load-following service.

Bonneville will increase the amount of power sold under the slice product from the
current 22.6 percent to as much as 25 percent of the power available from the FBS
resources.

Bonneville acknowledged that service to the DSIs had not been resolved and so that issue
was not decided in this policy.

Bonneville omitted a section on the residential exchange, due to then-recent decisions
from the Ninth Circuit. Nonetheless, Bonneville’s goal is to ensure that the residential
and small-farm customers of the IOUs receive a fair and reasonably stable share of the
benefits from the federal system over the long term, consistent with law, that will parallel
the certainty obtained by public utilities.

Bonneville will institute a regional cost review to give customers and other stakeholders
opportunities to comment on Bonneville’s costs.
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e Bonneville established guidelines for dispute resolution, in response to customer requests,
but noted that final decisions in this arena likely will be taken in conjunction with
development of the TRM and power sales contracts.

e Bonneville will pursue the development of all cost-effective conservation in the service
territories of public utilities served by Bonneville and of renewable resources based on its
share of regional load growth. Bonneville expects these goals to be met to a significant
extent through programs initiated and funded by its public utility customers. Bonneville
will supplement and facilitate utility initiatives. Bonneville will provide the necessary
integration services to customers that wish to acquire non-federal renewable resources to
meet their load growth and enhanced incentives for conservation development.

e Bonneville will require its customers to provide their load and resource data and resource
development plans necessary to track regional implementation of the voluntary resource
adequacy standards adopted by the Council. Bonneville did not make compliance with
the standards a contractual requirement.

e Bonneville will propose stable and predictable low density discount (LDD) and irrigation
rate mitigation (IRM) programs in future rate proceedings. Bonneville will ensure that
the LDD approach will not bias customers’ choices between taking power at a Tier 2 rate
from Bonneville or from non-federal resources.

These policy choices did not conclude the Regional Dialogue process. Negotiation and drafting
of new contracts, their release for public comment, and eventual execution were to follow.
Bonneville also committed to a review of its Northwest Power Act sections 5(b)/9(c) policy. The
TRM was to be developed in a separate Northwest Power Act Section 7(i) process, as were rates
to be effective for power sales under the Regional Dialogue contracts in Fiscal Year 2012. The
Regional Dialogue policy decisions were meant to inform those subsequent processes, but it did
not decide them.

Bonneville’s Posture Today; its Response to Regional
Recommendations

Late last year Bonneville signed 20-year contracts with all its public utility customers. This was
the culmination of a lengthy public process in which all parties had the opportunity to address the
terms and conditions under which Bonneville would offer power to its customers. The fact that
these contracts are long-term should help ensure the stability of the relationship between
Bonneville and its customers. Knowing that Bonneville will have this long-term, stable financial
relationship with its customers should also bolster confidence that Bonneville will be able to
meet its annual payment to the U.S. Treasury. The contracts also support Bonneville’s
commitment to conservation and renewables, as well as to meeting its fish and wildlife costs.

Bonneville has also developed and is preparing to implement a Tiered Rate Methodology.
Bonneville will sell electricity from the existing FCRPS to eligible customers at cost. To ensure
that it has sufficient resources to meet the initial demand, Bonneville will augment the federal
base by acquiring a limited amount of additional resources, the cost of which it will meld with
the cost of the existing system. This initial demand will be sold at priority firm (PF) Tier 1 rates.
Customers that place more demand on Bonneville, that is, load above their individual high-water
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mark, will pay PF Tier 2 rates for that service, which will recover the costs of additional power
needed to meet this demand. Note that Bonneville has reached an accommodation with a
number of small customers that do not view themselves as well-situated to acquire new resources
on their own. Participants in this Shared Rate Plan will not face Tier 2 rates for individual
growth, but if Bonneville has to acquire resources to meet the overall growth of the pool, costs
will be shared among all participants in this subset of customers.

This tiered rate structure should meet several goals in the recommendations the region has
offered. First, tiered rates will make clear who has responsibility for resource development.

This structure should result in customers seeing the true cost of adding resources, which will
provide better incentives for resource choices. It will also prevent the dilution of the value of the
existing federal system that results from melding the costs of new and more expensive resources.

Bonneville also has responded to direction from the Ninth Circuit and reworked its Residential
Exchange Program (REP). To accomplish this, the agency revised and implemented a new
average-system-cost methodology, the result of a lengthy and comprehensive consultation
process with customers, interested parties, and the Council. Bonneville aimed at sharing with the
residential and small farm customers of the 10Us the benefits of the generally lower cost FCRPS,
both over the time when payments were made under settlements struck down by the Ninth
Circuit, the look-back period, and going forward. The issues are again being litigated, and the
customers are now discussing a negotiated settlement to try to resolve the uncertainty in the REP
methodology under the Act.

These changes in Bonneville’s future role do not change Bonneville’s fundamental responsibility
to serve the loads of qualifying customers that choose to place load on Bonneville; it does not
change Bonneville’s responsibility for ensuring the acquisition of Bonneville’s share of all cost-
effective conservation and renewable resources identified in the Council’s plan; and it does not
change Bonneville’s responsibility to fulfill its fish and wildlife obligations under the Act and the
Council’s fish and wildlife program. It does represent a change in the way Bonneville
traditionally has carried out those responsibilities.

Some important policies Bonneville has adopted to implement the recommendations of these
public processes and the Regional Dialogue Policy have recently been challenged in the Ninth
Circuit. As of the date of the release of this draft plan, more than 40 petitions have been filed
that could result in the invalidation of how Bonneville has responded to earlier judicial decisions
directing the agency to implement the REP in line with the directives of the Northwest Power
Act, its determination of how to make the preference customers whole, and its adoption and
implementation of the tiered rates concept. Depending on the outcome of these challenges, the
region may need to undertake a variety of efforts to enable Bonneville to serve the roles
identified in the long series of public processes outlined above and in the Regional Dialogue
Policy.

THE ADMINISTRATOR’S RESOURCE REQUIREMENTS

The Northwest Power Act requires that the Council’s power plan “shall set forth a general

scheme for implementing conservation measures and developing resources pursuant to section 6
of this Act to reduce or meet the Administrator’s obligations.” The Act requires the plan to give
“priority to resources which the Council determines to be cost-effective,” and also ranks types of
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resources by priority: “Priority shall be given: first, to conservation; second, to renewable
resources; third, to generating resources utilizing waste heat or generating resources of high fuel-
conversion efficiency; and fourth, to all other resources.”

When Bonneville acquires resources, the Power Act then requires that, with certain narrow
exceptions, all of Bonneville’s resource actions be consistent with the Council’s power plan.
The Council engages in an extended planning process for developing and amending the power
plan. It gathers experts in advisory committees on important subjects the plan treats: generating
resources, conservation, and natural gas, for several examples. These committees both
contribute technical information for use in the plan and evaluate analysis done by Council staff
and others. It is the staff’s analysis and synthesis, combined with public input and comment, that
form the basis for the Council members’ decisions when they adopt a plan or a plan amendment.
Bonneville participates in the Council’s process, sometimes as a member of an advisory
committee, sometimes as a contributor to studies or analyses, and sometimes as a commenter on
draft Council positions. Being fully apprised of the thinking that underlies a final Council plan
should enable Bonneville to ensure that its own resource assessments and acquisitions build on
the Council’s planning process and are consistent with the plan.

The Council’s power plan is first developed from a regional perspective. Much of the technical
analysis for the plan assumes that the electrical loads in the region are served by all of the
electric generation and conservation resources available in the region, without respect to specific
utility loads and resources. The result is a regional resource strategy that minimizes costs and
risks as if the entire region were served by all the resources and transmission in the region. The
Power Act also requires, however, that the Council’s power plan specifically include a resource
plan for Bonneville to act consistent with as it works to meet its current and future obligations.
For this plan, the Council has examined Bonneville’s particular power system needs as described
in this chapter. The Council did not develop its own quantitative forecast of Bonneville’s loads
and resources, concluding that analyses by Bonneville of its projected loads and resources will
be more than sufficient for the Council to rely on here for planning purposes, with an
understanding of further work to come as described below. The Council has distilled the plan’s
regional resource strategies into a set of resource-acquisition strategies specifically related to
Bonneville and described in this chapter.

The Council expects Bonneville to acquire resources consistent with the power plan. Bonneville
recently released a Draft Resource Program, intended when final to guide the agency’s resource-
acquisition choices for the next 10 years. As noted below, the Draft Resource Program describes
Bonneville’s expected loads and resources in much finer detail than is possible in this plan, yet
appears to be appropriately based in the power planning efforts of the Council and reflects the
resource strategies in this plan. The Council expects Bonneville’s final Resource Program to do
the same.

Conservation Resources

Section 6(a)(1) of the Northwest Power Act obligates Bonneville to “acquire such resources
through conservation . . . as the Administrator determines are consistent with the [Council’s
power] plan.” And as noted, the Act further requires the Council to give first priority in the plan
to cost-effective conservation resources. The power plan’s conservation measures thus have real
legal meaning for Bonneville and real effects on Bonneville’s utility customers in terms of
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conservation’s ability to reduce the need for Bonneville or the utilities to acquire lower-priority
or higher-cost resources and in terms of the costs of conservation acquired by Bonneville and its
customers.

The acquisition of cost-effective conservation by Bonneville through an ongoing program is not
conditioned in the Power Act on whether Bonneville is or soon will be out of load-resource
balance and therefore in need of additional resources. Rather, the point of this provision and of
the structure of the Power Act as a whole is that conservation is a resource used to serve firm
power loads by reducing consumer demand for electricity. As such, conservation lessens the
need for Bonneville to acquire power generated by conventional generating resources that are
more expensive than the costs of the hydrosystem. The Regional Dialogue’s new power supply
paradigm for Bonneville does not alter the legal or practical framework for Bonneville’s ongoing
conservation program. Bonneville’s customers are still placing load on the agency and
Bonneville is planning to acquire resources to serve its contractual load obligations, including
potential loads above customer high-water marks and possibly direct-service industrial loads.
Bonneville thus will need to continue to acquire cost-effective conservation to reduce loads and
stretch the Federal Base System, consistent with the conservation provisions of this plan.

For this reason, the principal recommendation regarding Bonneville in the Sixth Plan, as in past
plans, is that Bonneville aggressively pursue its share of the Council’s regional conservation
goals. This is to ensure that Bonneville meet whatever load it faces, whether served at Tier 1 or
Tier 2 rates, efficiently and as cost-effectively as possible.

Bonneville and its customers understand the basic principle and through their actions have
sustained the conservation program for decades. However, they have expressed concerns about
the particulars here, that is, about the greater number of conservation measures, about the
expanded conservation goals, and about what mechanisms might ensure that Bonneville achieves
its share of the regional conservation goals. Even as concerns over the near-term targets are
being worked out in collaborative discussions, the utility customers have remained generally
concerned about having goals, methods, measures, and costs imposed on them by Bonneville to
satisfy the plan. Under Bonneville’s new resource policy, utility customers are responsible for
the marginal costs of new resources acquired to meet their load growth, whether acquired by
themselves or from Bonneville at Tier 2 rates. For this reason, the utilities believe it is in their
interest to implement conservation programs tailored to their particular needs, programs that can
serve to satisfy the plan’s conservation goals, without mandates from Bonneville and with
measures and costs the utilities themselves control.

In response, the Council believes Bonneville has the discretion to tailor its conservation program
to match this new power supply paradigm and to assuage the utility customers’ concerns, in a
way consistent with the principles the Council recently outlined:

1. Conservation targets. Bonneville should continue to commit that its public utility
customers will meet Bonneville’s share of the Council’s conservation targets. Bonneville
should ensure that public utilities have the incentives and the support to pursue sustained
conservation development. Active utility commitment to conservation should continue to
be a condition for access to Bonneville power at Tier 1 rates.
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2. Utility reporting. Bonneville has included in its power sales contracts requirements for
utility reporting and verification of conservation savings so that Bonneville and the
Council can track whether conservation targets are being achieved.

3. Implementation mechanism. Bonneville should offer flexible and workable programs to
assist utilities in meeting conservation goals, including a backstop plan, should
Bonneville and utility programs be found insufficient.

4. Regional conservation programs. Bonneville should continue to be active in funding and
implementing conservation programs and activities that are inherently regional in scope,
such as NEEA.

It should be emphasized that the Council’s conservation methodology calculates conservation
potentials for certain measures that might, at some point, be covered by building or energy codes,
and then assumes that the savings will be accomplished over time by either utility programs or
codes. The utilities should include these cost-effective, available conservation measures in their
own plans and programs. However, if codes are adopted that ensure the capture of the potential
savings, then the utilities may count the resulting savings in their service territories against the
regional target. The Council in return expects the utilities to join with the Council, the
governor’s offices, and other relevant state and local agencies in their support of the necessary
state and national improvements in codes and standards.

Additional Resources

Along with the conservation program, the power plan is to set forth a general scheme for
developing other resources if needed to meet the administrator’s obligations. Bonneville may
need additional resources for a number of reasons. These include Bonneville’s proposal to
acquire resources to augment the existing system to serve the “high-water mark” load of its
preference customers at Tier 1 rates; additional energy resources if needed because one or more
customers call on Bonneville to meet their load growth, at Tier 2 rates reflecting the costs of the
additional resources; additional resources to serve DSI loads, if Bonneville decides to offer such
service; additional resources that may be necessary for capacity and within-hour flexibility
purposes, such as to support the integration of intermittent renewable resources like wind;
additional resources as may be necessary for system reserves, system reliability, and
transmission support; and additional resources if necessary to assist the administrator in meeting
Bonneville’s fish and wildlife obligations under Section 4(h) of the Northwest Power Act.
Conservation resources will help reduce the need for additional resources but are unlikely to
address all of these needs. The Council is not undertaking at this time a detailed, quantitative
assessment of Bonneville’s need for additional resources, given the extent to which the
overarching decisions and information that will affect this assessment are uncertain or in
development. Instead, the Council is setting forth further information and a set of principles in
this section (and linked to other chapters in the plan) to help guide any decisions by Bonneville
to acquire additional resources consistent with the plan and the provisions of the Power Act:

Bonneville anticipates acquiring resources on a long-term basis to meet its obligations under the
new Regional Dialogue power sales contracts. In the Long-Term Regional Dialogue Final
Policy, Bonneville said it would acquire up to 300 average megawatts of power to augment the
existing system to meet the “high-water mark” load of its preference customers at Tier 1 rates.
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In addition to augmenting energy to meet preference customer high-water-mark demand, the
Regional Dialogue Policy also provides that over the 20-year contract period, Bonneville may
augment its energy supplies by up to 250 average megawatts of power to be sold at the Tier 1
rate to serve any newly created public utilities. Additional high-water marks for new publics will
be limited to 50 average megawatts in each rate period, that is, in any two year period. Of the
250 average megawatts, Bonneville has designated 40 average megawatts for service, on a first-
come, first-served basis, at Tier 1 rates for recently created or future tribal utilities that
experience load growth beyond their high-water marks. Bonneville also committed to
augmenting its energy supplies by up to 70 average megawatts to meet possible expansions of
the Department of Energy’s Richland facilities.

Beyond the Regional Dialogue provision to augment energy supplies by up to 620 average
megawatts to be sold at Tier-1 rates, as described above, Bonneville may also be required to
acquire resources to meet loads that are beyond a customer’s high-water mark if the customer
calls on Bonneville to meet its load growth. The amount of power sold to supply a customer’s
above-high-water-mark load will be subject to a Tier 2 rate. This service is by definition flat, so
if Bonneville acquires resources to meet these loads, it will offer power in flat blocks. Further,
Bonneville’s service to direct-service industrial (DSI) customers has not been determined and
could require additional resource acquisitions in the future. As of the time of this draft,
Bonneville and the DSI customers have not reached an agreement regarding service of those
industries.

Historically, Bonneville has purchased resources to serve the average annual energy needs of its
customers. Given the reductions in the ability of the hydropower system to support the
integration of intermittent resources like wind, it is more likely that Bonneville will focus on
acquiring resources that offer both added capacity and flexibility that cannot be provided by
conservation. Bonneville is designing such products in its Resource Support Services (RSS).
For example, if a customer decides to meet its own load growth with new resources that have
little or no firm capacity and operate intermittently, Bonneville will not require that utility to
convert such resources into resources that can be used to meet firm loads by acquiring capacity,
firming up the energy, and reshaping the output. Instead, Bonneville will do this for the
customer and charge a resource-shaping charge, one of the RSS. Because many of Bonneville’s
customers are acquiring wind to meet state-imposed Renewable Portfolio Standards, this may
prove to be an important Bonneville service.

Bonneville also will acquire resources to offer ancillary services to its utility and transmission
service customers. These are flexibility services such as regulation, load-following and
balancing services, spinning reserves, non-spinning reserves, supplemental reserves, and voltage
control. Bonneville will need to provide some of these services to support resources, such as a
good portion of the wind generation physically located in Bonneville’s balancing authority area,
that serve load outside the agency’s balancing area. Resources needed for this service will be
chiefly those that offer added capacity and flexibility. The resource strategy laid out in this plan
acknowledges Bonneville’s potential need to acquire capacity resources to meet heavy-load-hour
demand and provide the flexibility needed to integrate intermittent resources.

Bonneville recently completed its 2009 Draft Resource Program, designed to assess its potential
resource needs as of 2013 and 2019. Significant uncertainties remain at this time, though some
will be resolved by the time of the final Sixth Plan. Bonneville’s customers will have made their
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resource choices for at least the 2012-2014 period by November 1, 2009, which will have
established the amount of Bonneville’s requirement for this period to serve above-high-water-
mark load. The other uncertainties described above (e.g., augmentation for new public loads)
will not have been resolved at this time. In its Draft Resource Program, Bonneville looked at the
effect of all of the potential above-high-water-mark loads being placed on the agency.

The effect of potential RSS requirements would be no bigger than the effect of the potential
above-high-water-mark loads themselves, so the potential effect of RSS on Bonneville
requirements is covered by Bonneville’s discussion of the potential effect of above-high-water-
mark load placement in the Draft Resource Program.

Not only will the magnitudes of some of the requirements be unknown, but the availabilities of
potential solutions, are, in some cases, not known either, because they will depend on ongoing
regional and West-wide efforts. This is the case for solutions to the balancing problems
Bonneville faces in integrating the large amounts of wind generation that appear likely to be
developed in its balancing authority. Several institutional solutions that would relieve or
mitigate the burden facing Bonneville’s balancing authority are being discussed and developed
by Bonneville’s Wind Integration Team, which recently released a two-year work plan, and by
the ColumbiaGrid/NTTG/WestConnect Joint Initiative, in which Bonneville, as a member of
ColumbiaGrid, is participating.

These different kinds of needs can interact with each other. For instance, some kinds of
resources that might be valuable for meeting capacity needs also could provide flexibility for
managing wind fluctuations, or, alternatively, resources that might be required to meet flexibility
needs, if institutional changes in business practices prove insufficient, also could provide
resources to meet capacity requirements. However, the generating resources that might be best
at providing flexibility, because they have wide operating ranges, might not be optimized to
provide the cheapest energy.

The Council’s analysis, while it looks at regional capacity and energy requirements, does not
break out utility-specific capacity and energy requirements and does not look at within-hour
issues like flexibility. Thus there might be specific Bonneville needs that are not explicitly
addressed in detail in the plan.

First, there are some kinds of resources that the Council considers in its analysis, both for the
plan specifically and for its annual adequacy assessments, that specific utilities may or may not
want to purchase or acquire. Specifically these are out-of-region purchases and in-region
uncontracted IPP generation. The Council considers these as available to meet regional loads,
but they are not owned or contracted for by any in-region load-serving entity. (For more on this
distinction, see Chapter 14.) For any in-region utility, they are potential resources, like others,
that would need to be evaluated based on cost and risk.

Second, Chapter 12 of the plan describes various ways of meeting flexibility needs (both
business practice changes and types of new generation). It suggests that the institutional and
business practice changes are likely to be the easiest and cheapest. It does not, however,
describe the total amounts of flexibility that would be available through all the various business
practice changes, or the time frame within which they would all be available, because those
issues are still being examined by various regional and WECC entities.
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Because of this, the plan’s recommendations for Bonneville’s response to Bonneville’s needs
described above cannot be precise with regard to specific resources or strategies to meet those
needs nor to their timing. Here is a set of general principles Bonneville should follow, with
corresponding provisions in the Action Plan:

The first, and major principle, is that Bonneville aggressively pursue the Council’s conservation
goals. This will ensure that the customer load that remains, whether at Tier 1 or Tier 2 rates, is
as efficient as is cost effective.

A second principle is that Bonneville should aggressively pursue the various institutional
solutions to its balancing needs that are currently being discussed before acquiring power
produced by new generation. These institutional changes, better forecasting, shorter scheduling
windows, markets for the exchange of balancing services among balancing authorities,
generation owners and operators, and demand-response providers, as well as other actions have
the potential to be significantly more efficient and faster to develop than new generation to
provide these services.

A third principle is that Bonneville should take a broad look at possible resource acquisitions for
additional capacity and flexibility, if it turns out that resources are needed to meet its obligations.
While Chapter 12 gives an overview of the business practice changes and generating
technologies that are available to meet these needs, the possible synergies in simultaneously
meeting both capacity and flexibility requirements need to be taken into account, and the
possibility of newly developed technologies, including a smart grid and storage, should also be
considered. Bonneville should take a similarly careful look at possible resource strategies and
resources choices, if needed to meet its obligations in the other areas listed at the beginning of
this section, including for reserve and reliability requirements and for transmission support.

Preliminary Conclusions Regarding Bonneville’s Draft Resource
Program

Despite the remaining uncertainties, the Draft Resource Program characterizes Bonneville’s
expectations and intentions sufficiently to be able to judge their alignment with the Council’s
principles and recommendations. Bonneville has committed to “ensuring achievement” of the
public-power share of the conservation identified in the Council’s plan. The Draft Resource
Program says that, depending on the amount of load it must serve, Bonneville will meet most of
the load that remains after conservation with short- to medium-term market purchases.
Bonneville also says it intends to investigate other resources, as described in the Council's draft
Sixth Plan.

It also describes its efforts to develop new institutional mechanisms and business practices as
first approaches to its unmet balancing-resource needs, with investigation of other resources,
such as those described in the plan, to meet any remaining flexibility requirements.

Bonneville’s assessment of its potential needs and description of proposed actions for meeting
those needs in its Draft Resource Program reflect the principles expressed above.
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Major Resources

If Bonneville proposes to undertake a suite of activities related to the acquisition of a major
resource, Section 6(c) of the Act requires the Administrator to conduct a public review of the
proposal and make findings, taking into account the public comment. A major resource under
the Act is one that is greater than 50 average megawatts and is acquired by the Administrator for
a period of more than five years. This review provision applies to any proposal: (1) to acquire a
major generating resource, (2) to implement an equivalent conservation measure, (3) to pay or
reimburse investigation and preconstruction expenses for a major resource, or (4) to grant billing
credits or services involving a major resource.

One of the findings Bonneville must make is whether a proposed action is consistent with the
Council’s plan. After Bonneville has made its finding, the Council has an opportunity to
undertake its own review of the proposal to determine consistency with the plan. If either
agency finds the proposal inconsistent, Bonneville must get specific authorization from Congress
to proceed.

ASSESSING FISH AND WILDLIFE COSTS AND
ACCOMODATING FISH AND WILDLIFE OPERATIONS

The cost of managing the hydroelectric system to improve conditions for fish and wildlife is
largely assigned to the power system, which must not only absorb the financial effects of that
operation but also of other expenditures required to fully implement the fish and wildlife
program. In order to do so, the power system must generate sufficient revenue to cover all of
these financial requirements. The critical elements of the fish and wildlife program that must be
integrated with power plan development are projected changes to hydroelectric system energy
and peaking capacity capability.

Bonneville uses a well defined method for calculating the cost of fish and wildlife operations, or
in other words, the additional revenue requirement relative to an operation without fish and
wildlife measures. Using this method, Bonneville estimates its total financial obligation for the
fish and wildlife program to be $750 to $900 million per year, which includes ordinary and
capital expenditures, and power purchases and foregone revenue associated with fish and
wildlife operations. Bonneville implements these operations and funds these measures to fulfill
its obligations under the Endangered Species Act and the Power Act consistent with the
Council’s fish and wildlife program.

Specific cost considerations for fish and wildlife are identified in the Northwest Power Act. The
language describing the fish and wildlife program amendment process [Section 4(h)(6)(C)]
directs the Council to utilize fish and wildlife measures with the minimum economic cost as long
as they achieve the same sound biological objectives. To the extent that Bonneville funds fish
and wildlife measures with the minimum economic cost, the expenditures are efficient.

Another section of the Northwest Power Act [4h(10)(C)] allows Bonneville a credit from the
U.S. Treasury for that part of its actual fish and wildlife expenditures that can be allocated to
non-power purposes of dam operations. The credit includes a percentage of Bonneville’s power
purchases (at market rates) made specifically because of fish and wildlife operations. Forgone
revenues, due to bypass spill, are not included in the credit but are counted in Bonneville’s
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assessment of total fish and wildlife costs. Bonneville has the responsibility to calculate these
costs and the Council reports them to the governors, Congress, and the region. The Council also
independently reviews these cost estimates on occasion, and will continue to do so in the future.

The Northwest Power Act recognizes that the federal Columbia River power system has an
adverse effect on fish and wildlife in the Columbia and Snake River basins but it also recognizes
that the power system has an obligation to mitigate for these impacts by funding additional
measures and modifying the operation of the hydroelectric system as directed by the Endangered
Species Act and the Power Act consistent with the Council’s fish and wildlife program. The
Council’s program ensures that fish and wildlife affected by the federal hydropower system are
protected, enhanced, and mitigated and the Council recognizes that actions to do so impose an
economic cost on the region’s ratepayers. Despite these costs, however they are assessed, the
power system remains economical in the broad sense that power rates remain affordable.

See Appendix M for a description of what the Northwest Power Act requires in terms of the
integration of the Council’s fish and wildlife program into the power plan and the power system,
how the power system and resource planning accommodates the operations for fish and wildlife
purposes over time, and certain opportunities and uncertainties with regard to the continued
integration of fish and wildlife and power purposes in the future.
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SUMMARY OF KEY FINDINGS

The 1990s saw little new resource development in the Northwest due, in part, to the emergence
of an electricity market and the anticipation of deregulation. As load continued to grow, supply
remained stagnant, and utility planners became concerned about the adequacy of the power
system. 2001 was the second-driest year on record in the Northwest. This, coupled with a failed
wholesale power market in California meant the region faced a serious threat of blackouts.
Actions were taken to avoid forced curtailments, but those actions were costly and resulted in
soaring electricity prices.

It was becoming obvious that a new method of assessing resource adequacy was necessary. The
power system was becoming more complex, with greater constraints placed on the operation of
the hydroelectric system, increasing development of variable and dispersed resources, and the
growth of a Westwide electricity market. The Council recognized this need, and in its Fifth
Power Plan recommended developing a resource adequacy standard. Supporting this decision
was federal legislation, passed in 2005, requiring an Electric Reliability Organization (the role
now filled by the North American Electric Reliability Corporation, or NERC) to assess the
adequacy of the North American bulk power supply.

In 2005, the Council and the Bonneville Power Administration created the Northwest Resource
Adequacy Forum to aid the Council in developing a standard, and to annually assess the
adequacy of the power supply. The forum, which is open to the public, includes utility planners,
state utility commission staff, and other interested parties. After nearly three years of
coordinated effort, it reached consensus on a proposed resource adequacy standard, which the
Council subsequently adopted in April 2008.
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The standard helps to assess whether the electricity supply is sufficient to meet the region’s
needs now and in the near future. It provides a minimum threshold that serves as an early
warning should resource development fall dangerously short. It also suggests a higher threshold
that encourages greater resource development to offset electricity price volatility. It does not
mandate compliance or enforcement. It does not directly apply to individual utilities — because
every utility’s circumstances differ. Individual utilities must assess their own needs and risks to
determine their own planning targets, which are screened by public utility commissions or by
their boards of directors. It would be a misapplication of the adequacy standard to infer that
utilities should slow their resource acquisition activity simply because the adequacy standard for
the region is being met. The Pacific Northwest resource adequacy standard can be found at:
http://www.nwcouncil.org/library/2008/2008-07.pdf.

Over the next five-year period, the region’s existing resources, in aggregate, exceed the
standard’s minimum threshold for annual energy needs and for winter hourly needs. However,
existing resources appear to just barely fall short of meeting the summer hourly adequacy
requirement by 2015, which places the region in a yellow-alert status. Under the implementation
plan agreed to by forum members, a yellow-alert status calls for an adequacy report to be
released and for the forum to convene to discuss appropriate actions to take. The forum has met
and decided that because the summer capacity shortfall is minimal and because regional utilities
are already in a resource-acquisition mode, no additional resource actions should be
recommended. However, the forum did recommend that all load and resource data be
reevaluated and that the methodology used to define the adequacy standard be peer-reviewed.
These actions are currently under way.

BACKGROUND

Motivation for Developing a New Standard

Economic growth depends on an adequate electricity supply, and the resource adequacy standard
was developed to ensure that the region’s energy needs will be met well into the future. In the
worst-case scenario, an inadequate electricity supply can affect public health and safety, as in a
blackout. Fortunately, such events are rare, and when they do happen, they are most often
caused by a disruption in the delivery of electricity, not the supply. However, there have been
times — during extreme cold spells or heat waves — when supply has been tenuous. The fact that
most of the region’s electricity comes from the hydroelectric system presents unique challenges
to the energy supply, too, since periods of drought that limit hydroelectric power production are
unpredictable.

While most disruptions in supply have been short-term, the Western United States did experience
an extended energy crisis in 2000-01. At its root, the crisis was precipitated by an imbalance of
electricity supply and demand centered in California and the Pacific Northwest, where for years
development of new energy resources had lagged behind energy demand. Ripple effects from
that crisis were felt throughout the West as electricity prices and consumer rates soared to
historic highs.

In addition, changes in the energy environment have made ensuring the adequacy of the region’s

power supply more challenging. Greater constraints on the operation of the hydroelectric
system, increasing development of variable and dispersed resources, and the growth of a
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Westwide electricity market have all contributed to creating a much more complex and
interconnected power system. Changes in the Bonneville Power Administration’s role as a
power provider also mean that load-serving entities will bear more responsibility for their load
growth, making regional coordination to ensure adequacy especially important.

Historical Approach

Historically, the Northwest has planned to a critical-water standard, which implies that
Northwest resources, including hydroelectric generation produced under the driest water
condition, should at least match the forecast load on an annual basis. This standard originated
when the region was essentially isolated from the rest of the Western system by limited
transmission links. Even after cross-regional interties were built, this policy continued because
high oil and gas prices dominated generation markets in the rest of the West.

However, since the collapse of oil and gas prices in the mid-1980s, the region has not had to
balance in-region resources and demand under critical-water conditions in order to maintain a
physically adequate power supply. The reasons for this are twofold. In almost all years,
hydroelectric generation will exceed production under critical-water conditions; and the
Southwest should always have surplus winter energy to export (the Southwest is a summer-
peaking region and the Northwest is a winter-peaking region). Thus, the region has strayed from
strict critical-period planning.

Generally, reservoirs behind the dams have been drafted in the fall and early winter under the
assumption that the region would realize better-than-critical water conditions. Should a dry year
ensue, the region could import surplus energy from the Southwest or interrupt a portion of the
direct-service industry load. These kinds of contractual agreements with the remaining direct-
service industries no longer exist, but the Northwest is still connected to the Southwest. Both
regions should be able to benefit from the diversity in the timing of their peak loads. A strict
assessment of adequacy, therefore, should consider the ability to import power from outside the
region. For resource acquisition purposes, however, reliance on market resources will depend on
impacts to overall cost and customer rates.

Adequacy Assessment Efforts Outside of the Northwest

In order for a regional adequacy standard to be effective, it must be compatible with actions in
the rest of the West. Therefore, working with the Western Electricity Coordinating Council
(WECC) and other Westwide organizations is necessary. Most of the discussions in the region
and the rest of the West have been directed toward developing some sort of adequacy standard
that would apply to load-serving entities. The Federal Energy Regulatory Commission (FERC)
proposed an adequacy standard as part of its standard market design. However, that standard
was inappropriate for an energy-constrained, hydropower-dominated system like the
Northwest’s. The FERC has subsequently deferred to the states, but in the absence of state or
regional action, it might attempt to reassert authority in this area. In addition, the North
American Electric Reliability Corporation (NERC) has begun developing a power supply
adequacy assessment standard that would apply to the WECC.

The NERC Resource and Transmission Adequacy Task Force prepared a report with
recommendations for both resource and transmission adequacy. The NERC adopted the report in
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2004, and subsequently drafted a standard authorization request for a resource adequacy
assessment incorporating the task force’s recommendations. This proposed new standard
requires regional reliability councils, such as the WECC, to establish resource adequacy
assessment frameworks that the NERC will review to ensure compliance.

The WECC has since established a new framework that has been implemented in its annual
power supply assessments for the last three years. Northwest planners continue to refine the
characterization of the Columbia River hydroelectric system, both for the regional assessment
and to improve the accuracy of its adequacy assessment for the Western Interconnection.

Some states, through their public utility commissions, have the ability to implement adequacy
standards for the utilities they regulate. For example, the California commission adopted an
adequacy standard requiring investor-owned utilities to have a 15-17 percent reserve margin over
their peak load. This planning reserve includes the approximately 7-percent operating reserves
required by the WECC. The California commission’s order also requires load-serving entities to
establish forward contracts to cover 90 percent of their summer (May through September)
requirements, which would include their peak load plus the 15-percent reserve one year in
advance. Some believe this standard goes beyond what is required to assure adequacy in a
purely physical sense, as it is intended to limit California’s exposure to the risk of extreme
prices.

Assessing the Adequacy of a Resource Strategy

Assessing the adequacy of the Council’s long-term resource strategy, as outlined in this power
plan, is a separate issue from assessing the adequacy of the existing power system through the
next five years. This section describes how those assessments differ and how the Council’s
resource adequacy standard is incorporated into its planning models to ensure that the resulting
long-term strategy will provide an adequate supply.

The Northwest resource adequacy standard is based on a probabilistic metric defined by the
resource adequacy forum that assesses whether existing resource capability is sufficient to meet
firm loads through the next five years. That assessment takes into account only existing
resources and new resources that are expected to be completed and operational during that time
period. If a deficiency is identified, then specific actions are initiated. Those actions include
reporting the problem, validating load and resource data used in the assessment and identifying
potential solutions.

The process described above is intended to be an early-warning system for the region to indicate
when the capability of the existing power system does not sufficiently keep up with demand.
Although similar, an assessment of a resource strategy differs in significant ways. First, a
resource strategy spans a much longer time period, namely 20 years for the Council’s power
plan. Second, a strategy implies that resource development will be dynamic, in other words, it
provides a supply of cost-effective resources that the region can draw from depending on future
conditions. The adequacy of a single resource plan (i.e. the resource-construction dates for a
specific future simulated by the Council’s regional portfolio model) can be assessed, but that is
not the same as assessing the adequacy of the strategy itself.
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What does it mean, then, to assess the adequacy of a resource strategy? In particular, how can
we ensure that this power plan will provide an adequate supply? One approach is to assess the
adequacy of each resource plan associated with each future simulated by the portfolio model
(750 futures). But how many of those plans must pass the adequacy test in order for the strategy
itself to be deemed adequate? If every plan is adequate, then we can be reasonably sure that the
strategy is adequate. Unfortunately, that outcome is unlikely because of the number and range of
uncertain variables used in the model. So, what percentage of possible future plans (derived
from the resource strategy) must pass the test in order for the strategy to be deemed adequate?

The adequacy forum has not addressed this specific issue because it is somewhat outside the
scope of its tasks. However, there is an alternative approach that provides a viable solution.
Rather than assessing the adequacy of specific resource plans as a post process, the adequacy
standard can be incorporated directly into the portfolio model. The standard is based on a
probabilistic analysis that assesses the likelihood of curtailment to service (further defined in the
next section). The result of that probabilistic analysis is translated into a minimum load/resource
balance threshold. When a resource plan meets or exceeds this threshold, it satisfies the
adequacy requirement. To ensure that the power plan’s resource strategy is adequate, this
minimum threshold has been added to the portfolio model as a requirement for resource
acquisition. In other words, if the model’s resource acquisitions (based on economic
considerations) do not measure up to this threshold, it will add resources until that condition is
satisfied.

THE PACIFIC NORTHWEST ADEQUACY STANDARD

The adequacy forum includes representatives from the region’s electric utilities and utility
organizations, public utility commissions and public interest groups, as well as from Bonneville
and the Council. It is made up of a steering committee and a technical committee.

The forum’s overarching goal is to ““establish a resource adequacy framework for the Pacific
Northwest to provide a clear, consistent, and unambiguous means of answering the question of
whether the region has adequate deliverable resources to meet its load reliably and to develop
an effective implementation framework.”

To that end, the forum has forged a voluntary, consensus-based standard for the region to address
both energy (annual) and capacity (hourly) needs. This standard has been designed to assess
whether the region has sufficient resources to meet growing demand for electricity well into the
future. This is important, because it takes time — usually years — to acquire or construct the
necessary infrastructure for an adequate electricity supply.

While some interests may wish to see an enforceable adequacy standard, currently, there are no

institutions in the Northwest that could enforce such a standard for all the region’s load-serving
entities.

Physical Adequacy, Economic Adequacy, or Both
Is the purpose of an adequacy standard to ensure that the “lights stay on” with an acceptably high

probability (physical adequacy); or is it to protect against the economic and social costs of an
energy shortage (economic adequacy)? The adequacy standard addresses the first level by
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providing a minimum threshold that serves as an early warning should resource development fall
dangerously short. The standard also suggests a higher threshold that encourages greater
resource development to offset electricity price volatility -- or economic adequacy. The
economic threshold is tied to the resource strategy defined in the Council’s power plan. The
forum has not yet fully explored this interpretation of the economic threshold nor has it made any
recommendations regarding failure to meet that threshold.

Different adequacy standards could be applied at different levels. For instance, a physical
standard might be most appropriately applied at the WECC level. At this level, it would provide
a baseline for physical reliability and actions by load-serving entities and their regulators to
address. Economic adequacy might be better addressed at the individual (or perhaps state
policy) level, where different mechanisms for mitigating price risk could be put in place.

Unlike past adequacy assessments, this assessment considers the question of reliance on market
supply. Physical adequacy is determined by forecast load, existing firm resources, and assessing
available market supply, cost notwithstanding. Economic adequacy is determined in a similar
manner, except that the region (or utility) uses an economic analysis or makes a policy decision
to determine how much power to buy from the market. Utilities may want to limit their exposure
to market resources for a number of reasons, price volatility being only one.

The Council’s portfolio analysis results suggest maintaining a higher level of in-region resources
than the adequacy standard’s minimum threshold. These additional resources reduce the
likelihood of having to purchase high-priced electricity. At the same time, however, the analysis
also indicates that if the overall level of regional resources is sufficient, overbuilding is a riskier
and more expensive alternative than some level of reliance on the market. This is true regardless
of the ownership of the resources.! The challenge is to find the right balance.

Defining the Resource Adequacy Standard

The Northwest resource adequacy standard? is based on a sophisticated hourly assessment of
load and resources and how they might be affected by temperature (load deviations),
precipitation (water supply), forced outages to generating resources, and other factors.

Historically, the region’s tolerance for a significant power supply shortage has been assumed to
be 5 percent — that is, the region would tolerate a significant power shortage no more than once
in 20 years. This type of metric is commonly referred to as a loss-of-load probability (LOLP)
and requires a complicated computer model to assess. However, not all utilities or other
planning entities are willing or able to use such a tool. Therefore, the LOLP threshold is
translated into a simpler and more familiar load/resource balance measurement that regional
planners can use more easily. These simpler measurements are provided both for annual energy
needs and peak hourly capacity needs.

! Ownership refers to either utility ownership or ownership by independent power producers.

2 The Northwest resource adequacy standard can be found at:
http://www.nwcouncil.org/energy/resource/Default.asp.
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Annual Needs (Energy Standard)

Energy in this context refers to the annual electricity needs of the region. The measure for this is
the annual average load/resource balance in units of average megawatts. The threshold for this
measure is set so that the resulting LOLP assessment yields a 5-percent value. In determining
resource generating capability, the standard includes hydroelectric generation available under
critical-water conditions, available annual output of regionally committed thermal generators and
renewable resources, and a portion of the uncommitted independent power producer generation.
The standard also includes a small amount of non-firm resources such as out-of-region market
supplies and non-firm hydroelectric generation. The amount of non-firm resources the region
should rely on is determined by the 5-percent LOLP analysis. In determining load, the standard
uses the region’s average annual firm load based on normal temperatures, and adjusted for firm
out-of-region energy contract sales and purchases and savings from conservation programs.

Peak Hourly Needs (Capacity Standard)

Capacity in this context refers to the peak hourly electricity needs of the region. The measure for
this is the planning reserve margin, or the surplus sustained-peaking capacity, in units of percent.
It represents the surplus generating capability above the sustained-peak period demand. In
determining the planning reserve margin, the standard includes the same firm and non-firm
resources used to assess the energy standard for the region. The planning reserve margin is
assessed over the six highest load hours of the day for three consecutive days (sustained-peak
period). This is intended to simulate a cold snap or heat wave — periods of the year when the
Northwest requires the most capacity. The planning reserve margin is computed relative to
normal-weather sustained-peak load. The threshold for this measure is determined by the 5-
percent LOLP analysis and should be sufficient to cover load deviations due to extreme
temperatures and the loss of some generating capability.

Implementing the Standard

The forum wanted to ensure it did not overstep the jurisdiction of states or the prerogatives of
individual utilities in planning and acquiring resources to meet load. Because each utility’s
circumstances differ, it is difficult to translate a regional standard into a utility-specific standard.
The forum has provided some guidance for utilities, but ultimately, they and their regulators are
the decision-makers for resource acquisition. The implementation plan depends on regional
sharing of information, transparency of assessment methodologies, and regional coordination.
The forum believes that a voluntary approach will work because utilities and their governing
bodies have a strong incentive to develop adequate resources to meet retail load.

Working with Other Entities

The Council, in conjunction with the forum, will assess the adequacy of the region’s power
supply on an annual basis. Demand forecast and resource assumptions will be compared to those
in other regional reports, such as Bonneville’s White Book and the Pacific Northwest Utilities
Conference Committee’s Northwest Regional Forecast. This sharing of information in a public
forum should provide a favorable environment for addressing inconsistencies in data and
reporting standards.
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The Northwest is not alone in focusing on ensuring an adequate power supply. The NERC was
expected to pick up its previously delayed work on the development of a resource adequacy
assessment standard in 2009, which is expected to require the WECC to develop an adequacy
assessment framework, but the standard development has since slipped. The WECC has spent
the past several years developing a framework for the West’s power supply, which is currently in
place. The WECC’s framework is not intended to override any state or regional assessments,
including regional adequacy measures or their thresholds. In fact, the WECC has solicited help
from regional entities to aid in its assessment of Westwide resource adequacy. The Council and
the forum will continue to participate in the WECC’s efforts.

THE ADEQUACY OF THE NORTHWEST POWER SUPPLY

The adequacy standard calls for the average annual energy capability to at least equal the average
annual demand. It also calls for the system’s peaking capability to be able to meet expected
peak-hour demand and to have sufficient surplus to cover operating reserves,* prolonged
generator forced outages, and demand deviations due to extreme temperatures. Key findings of
the current assessment are:

e Based only on existing resources (and those under construction), the region’s power
supply may fail to provide sufficient summer peaking capability by 2015 although not by
much.

e This puts the region in a “yellow alert” situation, which triggers specific actions that
require a review of all load and resource data and a review of the methodology used to
assess adequacy. This work is underway.

e The Council and regional utilities are actively developing resource-acquisition strategies,
which take economic risk, carbon-emission policies and other factors into account.

e Adding expected resource additions derived from the Council’s power plan keeps the
power supply adequate nearly through the entire study horizon period.

The Northwest adequacy standard, developed by the forum and adopted by the Council in 2008,
specifies minimum thresholds for annual energy load/resource balance and for winter and
summer surplus capacity margins. Normally the adequacy assessment is targeted for three and
five years out, but in this instance the assessment is for the 20-year horizon of the power plan.
Figures 14-1 through 14-3 show the assessed annual load/resource balance and capacity-reserve
margins through the year 2030.

As apparent in Figure 14-1, only counting existing firm resources, the region is in about
load/resource balance today, which (without any new resources) grows to a large deficit by 2030
(black line). The standard, however, includes some non-firm resources in its definition of the
load/resource balance for adequacy purposes. A planning adjustment of 1,300 average
megawatts is included to account for out-of-region market supplies and some amount of non-

® Operating reserves currently do not include additional regulating or load-following reserves anticipated to be
needed to integrate large amounts of new wind generation into the regional power grid, primarily because these
reserves have not yet been quantified. In addition, this assessment only includes existing wind facilities and those
currently under construction.
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firm hydroelectric generation. The assessment also includes the full annual availability of
regionally owned resources. This value is estimated to be about 1,600 average megawatts
greater than the aggregate total of utility-declared firm non-hydro resources. Finally, there is a
substantial amount of within-region but uncommitted generation, namely the independent power
producer resources, which add about 2,150 average megawatts to the balance. Adding the non-
firm resources to the calculation yields the solid red line in Figure 14-1, which shows the region
well above the adequacy threshold until about 2027 (red line). Adding new resources suggested
by the power plan (averaged over all futures) increases the surplus relative to a physical
adequacy need (but are needed for economic and risk-aversion purposes).

Figure 14-1: Energy Adequacy Assessment
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In a similar fashion, the winter and summer surplus sustained-peaking reserve margins can be
calculated and compared to their adequacy thresholds. Figures 14-2 and 14-3 show those
assessments for January and July, respectively. The sustained-peak reserve margin represents
the amount of surplus generating capacity over the expected demand averaged over the sustained
peak period, in terms of percent. The sustained peak period is defined to be the six highest load
hours per day over three consecutive days (to reflect the duration of a typical cold snap or heat
wave). As with the energy assessment, counting only existing firm resources shows the region
below the January minimum capacity threshold for the entire planning horizon (black line).
Adding non-firm resources, as defined in the standard (and described below), raises the reserve
margin above the threshold until about 2030. Again, adding the expected generation from power
plan resources makes the reserve margin even higher.

For theses capacity adequacy assessments, the following non-firm resources were assumed to be
available during emergency conditions. For winter months, in-region IPP generation is assumed
to be fully available at 3,550 megawatts but for summer months that availability is reduced to
1,000 megawatts. Additional hydroelectric generation, in excess of critical-period generation, is
assumed to be 2,000 megawatts in winter and 1,000 megawatts in summer. Finally, a maximum
of 3,000 megawatts of out-of-region supply is assumed for winter but none for summer.
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The story is a little different for July. Looking at Figure 14-3, the reserve margin, including
defined non-firm resources, only keeps the region above the minimum threshold through about
2015. According to the standard, this puts the region in a “yellow-alert” situation, triggering
specific regional actions, which currently are underway. First, regional planners are reviewing
all load and resource data. Second, the methodology used to assess the minimum thresholds is
being reviewed. Third, the Council and regional utilities are actively developing resource-
acquisition strategies.

Adding expected new resource capability, based on the Council’s plan, to the reserve margin
calculation in Figure 14-3 (topmost dashed line) indicates that the power supply should remain
above the minimum adequacy threshold throughout nearly the entire study horizon. However, it
should again be emphasized (see the above section entitled “Assessing the Adequacy of a
Resource Strategy”) that using this type of static diagram (as in Figure 14-3) to assess the
adequacy of the power plan’s strategy is inappropriate. Future resource acquisitions based on the
plan’s strategy will vary depending on forecasts of future conditions. The dashed line in Figure
14-3 reflects new resource capability averaged across all futures analyzed by the portfolio model.
The fact that it dips below the minimum adequacy threshold in 2029 provides no indication of
the adequacy of the plan’s resource strategy. The proper use of Figures 14-1 through 14-3 is to
compare the adequacy metrics (red lines), as defined by the standard, to their minimum
thresholds (blue lines) over the next five-year period only. The reason the curves in these charts
were extended to a 20-year period was only to indicate generally how the plan’s average
resource build-out compares to the minimum thresholds -- not to assess the adequacy of the
plan’s resource strategy.

Figure 14-2: January Capacity Adequacy Assessment
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Figure 14-3: July Capacity Adequacy Assessment
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UTILITY PERSPECTIVE ON RESOURCE ADEQUACY

As discussed in Chapter 3, regional utilities historically have used the annual average
load/resource balance as a simple metric to get an indication of their resource needs. This utility
perspective compares only firm loads to firm resources (which include critical-period
hydroelectric generation). The general conclusions that can be drawn from this simple metric is
that when the average annual load is greater than the firm supply, additional resources likely are
needed. And, as illustrated in Figures 3-13 through 3-15 in Chapter 3, the region’s firm
resources fall short of forecasted demand within the next five-year period, both for annual energy
and hourly capacity needs. Utilities understand, however, that this is only a rough estimate at
best and decisions regarding new resource acquisition must be made using more sophisticated
analysis.

Nonetheless, the firm load/resource balance metric still provides a useful guide in assessing
future power supply needs. Figures 14-4 through 14-6 show the balance between firm resources
and load for annual energy and hourly capacity needs. These figures are identical to Figures 3-
13 through 3-15 except for the addition of planned resources derived from the Council’s resource
strategy. Figure 14-4 indicates that on a firm basis only, existing resources combined with the
expected resource development from this power plan will be sufficient to cover the entire range
of load uncertainty. It should be noted that these results reflect the status of the region, in
aggregate. Individual utility plans will differ based on their specific conditions and needs.

Another interesting result is reflected in the range of new resource additions. The purple area in
Figure 14-4 reflects resources acquired in response to the low end of the load forecast range.
The small pink area in this figure represents the additional resources acquired in response to the
high end of the load forecast range. (The high end values are averaged over the top 100 futures
analyzed by the portfolio model and the low end values are averaged over the bottom 100
futures). The interesting thing about this result is that almost regardless of load, the model
suggests a high level of resource energy development. Most of the new resources (on the order
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of 85 percent) are made up of conservation measures. Based on these results, we can infer that
the model is acquiring this level of resource because it is economic to do so and because it
minimizes exposure to other risks, such as carbon penalties -- not necessarily because of
adequacy needs.

Figure 14-4: Energy Firm Loads and Resources
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Figures 14-5 and 14-6 provide similar load and resource information for the region’s winter and
summer hourly needs. As in Figure 14-4, the resources depicted in these figures include only
firm resources and planned resources derived from the portfolio model analysis. The generating
capability of resources shown in these figures reflect their sustained-peak capability, that is, what
these resources reliably can generate on average over the six highest load hours of the day for
three consecutive days. The load forecasts in these figures do not include any amount of
sustained-peak reserve margin requirement.

For both January and July, existing firm and portfolio-model planned resources are sufficient to
cover the entire sustained-peak load forecast range throughout the study horizon. However it is
not clear whether those resources would be sufficient to satisfy reserve-margin requirements
throughout the study horizon. Figures 14-7 and 14-8 chart the resulting sustained-peak reserve
margin ranges for January and July, respectively. Unfortunately, no utility-perspective (firm
only) sustained-peak reserve-margin requirements have been established for the Northwest. If
these requirements were known, Figures 14-7 and 14-8 could be used to identify years when the
power supply fails to meet its hourly needs.

For January, in Figure 14-7, the entire range of sustained-peak reserve margin stays above the
20-percent level throughout the study horizon. If the utility-perspective sustained-peak reserve
margin threshold were 17 percent (see Chapter 3), for example, then January would show no
capacity deficiency, on average. Keep in mind that plan resources added to existing resources in
these figures are averaged over all simulated futures, thus this conclusion cannot be made for
each future condition.
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Chapter 14: Regional Adequacy Standards Sixth Power Plan

For July, in Figure 14-8, the bottom end of the reserve-margin range drops below 17 percent by
about 2024, which implies that existing resources plus plan resources would not be sufficient to
cover loads plus reserve requirements by that year. However, these results do not provide an
accurate assessment of hourly needs.

Figure 14-5: January Sustained-Peak Period (SPP) Loads and Resources
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Figure 14-6: July Sustained-Peak Period (SPP) Loads and Resources
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Figure 14-7: January Sustained-Peak Period Reserve Margins
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Figure 14-8: July Sustained-Peak Period Reserve Margins
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Analytical Tools

The Council used two complementary analyses to develop the adequacy standard. One addresses
physical adequacy — the ability to meet load. The other addresses economic adequacy — avoiding

extremely high

costs that can result from tight supply conditions. The first analysis uses the

GENESYS model, which performs a detailed simulation of the Northwest power system to
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assess the ability of the system to meet load with variations in future conditions. The second
analysis uses the portfolio model, described in Chapter 9, to explore the cost/risk tradeoff over a
large number of possible futures.

The GENESYS model was developed in 1999 to assess the adequacy of the regional power
supply.* One of its most important features is that it is a probabilistic model, that is, it
incorporates future uncertainties into its analysis. Each GENESYS study involves hundreds of
simulations of the operation of the power system. Each simulation is performed using different
values for uncertain future variables, such as precipitation (which affects the amount of water for
hydroelectric generation) and temperature (which affects the demand for electricity).

More precisely, the random (or uncertain) variables modeled in GENESYS are Pacific
Northwest streamflows, Pacific Northwest demand, generating-unit forced outages, and
variability in wind generation. The variation in streamflow is captured by incorporating the 70-
year (1929-1998) Pacific Northwest streamflow record. Uncertainty in demand is captured by
using the Council’s short-term (temperature-driven) demand model.

GENESYS does not model long-term demand uncertainty (unrelated to temperature variations in
demand) nor does it incorporate any mechanism to add new resources should demand grow more
rapidly than expected. It performs its calculations for a known system configuration and a
known long-term demand forecast, which can change over time. In order to assess the physical
adequacy of the system over different long-term demand scenarios, the model must be rerun
using the new demand and the corresponding new resource additions. The portfolio model deals
with long-term demand uncertainty explicitly, as well as with other long-term uncertainties.

Another important feature of GENESYS is that it captures the effects of hydropower flexibility,
that is, the ability to draft reservoirs below normal drafting limits during emergencies.
Hydropower flexibility can be particularly important in helping address potential supply
problems during extended periods of high demand from extreme cold events (or heat waves). In
order for GENESYS to properly assess the use of this emergency generation, a very detailed
hydroelectric-operation simulation algorithm was incorporated into the model. This logic
simulates the operation of the hydroelectric system on an hourly basis. The portfolio model has
a much more simplistic representation of the hydroelectric system and simulates resource
dispatch on a seasonal basis.

The probabilistic assessment of adequacy in GENESY'S provides much more useful information
to decision-makers than a simple deterministic (static) comparison between resources and
demand. Besides the expected values for hydroelectric generation and dispatched hours for
thermal resources, the model also provides the distribution (or range) of operations for each
resource. It also includes situations when the power supply is not able to meet all of its
obligations. These situations are informative because they identify the conditions under which
the power supply is inadequate. The frequency, duration, and magnitude of these curtailment
events are recorded so that the overall probability of not being able to fully serve load is
calculated. This probability, commonly referred to as the loss-of-load probability (LOLP), is the
figure of merit provided by GENESYS.

* Northwest Power Supply Adequacy/Reliability Study Phase 1 Report, Council Document 2000-4, March, 2000.
http://www.nwcouncil.org/library/2000/2000-4.pdf
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It should be noted that in determining the LOLP, an assumption is made in GENESYS that all
available resources will be dispatched in economic order to “keep the lights on,” no matter what
the cost. As such, the LOLP is a physical, rather than an economic, metric.

For the Northwest, the Council has defined an adequate system to have an LOLP no greater than
5 percent. This means that of all the simulations run, with uncertain water conditions,
temperatures, forced outages, and variable wind, no more than 5 percent had significant
curtailments. Such a system faces a maximum 5-percent likelihood that some demand will not
be served due to inadequacies in the generation system (not counting potential problems in the
transmission network).

But what constitutes a significant curtailment event? Because the GENESYS model cannot
possibly simulate all potentially varying parameters or know precisely every single resource that
is available, a threshold is used to screen out inconsequential curtailment events. This threshold
is commonly referred to as a “contingency” resource and depicts the amount and characteristics
of additional generation available to utilities during emergencies.

Reliance on Market Resources

Assessing power supply adequacy is very sensitive to assumptions regarding market supplies,
whether they come from within or outside the region. But how much of the market supply
should the region rely on for adequacy? Assuming that no supply is available is probably too
conservative, as it will result in greater resource acquisition and be more costly in the long run.
And although relying more on market supplies could lower long-term costs, year-to-year price
volatility could be extreme. Therefore, some level in between, calculated with the tradeoff
between risk and cost in mind, is used for planning purposes.

Figure 14-9 illustrates the relationship between the LOLP and available market supply (presented
in units of capacity), for different levels of Northwest firm load/resource balance. Generally
speaking, the more the market supply, the lower the LOLP will be. For example, consider the
case where the region is 2,000 average megawatts deficit on a firm basis (the curve with the
diamond-shaped points in Figure 14-9). Assuming that a 5-percent LOLP represents an adequate
power supply, the Northwest would be adequate (even though the load/resource balance is
negative) if at least 4,000 megawatts of market supply were available. If no market supply were
available, the projected LOLP would be on the order of 25 percent -- well over the minimum
threshold of 5 percent. Even if the Northwest were in load/resource balance (the far left curve
with the triangular points), the LOLP would be slightly over 5 percent with no available market

supply.
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Figure 14-9: Illustrative Example: LOLP as a Function of Available Southwest Capacity
for Different Load/Resource Balance Conditions
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Translating the Adequacy Standard into a Simpler Measure

To make the relationship between the LOLP and market supply a little easier to see, the values in
Figure 14-9 for all the points that cross the 5-percent LOLP level are plotted in Figure 14-10. In
that figure, every point on the plotted curve represents the same adequacy, namely a 5-percent
LOLP. Given a particular load/resource balance in the Northwest (horizontal axis), this graph
shows how much market supply (vertical axis) is required to maintain an adequate system.
Again, using the same example, if the region was deficit by 2,000 average megawatts (on a firm
basis), it would require about 4,000 megawatts of market supply from the Southwest surplus in
order for the Northwest to maintain a 5-percent LOLP. This does not mean that the region would
import 4,000 megawatts, but it does mean that in some hours the full 4,000 megawatts could be
imported.
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Figure 14-10: lllustrative Example Relationship between SW Surplus Capacity and
Load/Resource Balance
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The question of how much out-of-region surplus the Northwest should rely on for planning
purposes, however, ends up being a policy question. If California goes forward with aggressive
adequacy standards, it should mean that California will have ample winter surplus for years to
come. However, current and potentially new air quality concerns may limit the operation of
surplus resources in California. In addition, the potential of a future carbon tax may diminish
their availability to the Northwest. Based on recent analysis, the current (arguably conservative)
analysis assumes a 3,000-megawatt supply of out-of-region surplus capacity during winter
months and no surplus capacity during summer months.

The in-region market supply is composed of independent power producer (IPP) resources, which
are sold to the highest bidder, whether inside or outside the region. Current estimates show
about 3,500 megawatts of such resources in the Northwest. During winter months, assuming that
the Southwest is surplus, all of the IPP market supply should be available for Northwest use.
However, during summer months, when Northwest utilities must compete with Southwest
utilities for access to IPP generation, only a portion of their generation is assumed to be available
for adequacy assessments. An estimate of available summer IPP generation for Northwest use is
determined by their access to interregional transmission. IPP resources that have no direct
access to interregional transmission are assumed to be available for Northwest use. Current
adequacy assessments assume that 1,000 megawatts of IPP generation is available for summer
use. Thus, for capacity assessments, 3,500 megawatts of IPP generation is assumed for winter
and 1,000 megawatts are assumed for summer. For energy assessments, about 2,100 average
megawatts of IPP annual average generation is assumed.
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By using the relationship in Figure 14-10 and assuming that 3,000 megawatts of out-of-region
surplus capacity is available, regional planners can assess the minimum balance between
resources and loads that will yield an adequate supply (5 percent LOLP). Based on current
analysis, that minimum for annual energy needs is a 1,300-average-megawatt deficit. In other
words, counting only Northwest firm and IPP resources, the region’s power supply can be no
lower than 1,300 average megawatts less than firm loads in order to maintain an adequate
supply. This means that, on average, the region can depend on 1,300 average megawatts from
non-firm hydroelectric power and out-of-region supplies. A similar analysis and relationship is
used to assess the minimum threshold for hourly needs.
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