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ABOUT PSE

About PSE

Puget Sound Energy is Washington state’s oldest local energy
company, providing electric and natural gas service to
customers primarily in the vibrant Puget Sound area. With a
more than 6,000-square-mile service area, stretching from south
Puget Sound north to the Canadian border, and from Central
Washington's Kittitas Valley west to the Kitsap Peninsula, we
serve more than 1 million electric customers and more than
750,000 natural gas customers in 10 counties.
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CHAPTER 1 flﬂ % ﬁ 3
Executive Summary

This Integrated Resource Plan (IRP or

Contents

plan) presents a long-term forecast of

1. Electric Resource the lowest reasonable cost combination
Plan . ..o 1-4

of resources necessary to meet the
2. Gas Sales Resource

needs of Puget Sound Energy’s

customers over the next 20 years. The

plan presented here will change as
circumstances change, and actual resource acquisitions will take place
in the real — rather than the hypothetical — marketplace. But,
examining the long-term implications of our customer’s energy needs
every two years makes it possible to identify many challenges as they
appear on the horizon, study them as they approach, and better
prepare to meet them. Among the insights from this planning cycle

are the following.

The Northwest energy marketplace is changing.

For more than a decade, the Pacific Northwest has been capable of generating more
electric energy than the region’s utilities required for meeting customer demand. Now,
however, the Regional Resource Adequacy Forum’s 5-year forecast indicates the region
will soon reach load-resource balance. Looking out to 2020, a recent analysis by the
Northwest Power and Conservation Council found the planned retirement of as much as
2,000 MW of electric generation in Washington and Oregon may lead to a significant
degradation in reliability of the electrical system, unless the retiring generation is replaced.
In addition, planned retirements in the Southwest energy market, plus more intermittent
renewable resources and stricter environmental regulations may impact winter imports
that the Northwest has relied on for decades. Ultilities across the region will probably
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need to either construct new resources or support their development financially with long-
term purchased power agreements.

Market purchases remain a least cost choice for
the present, but this strategy will need to change
in the future.

The region’s electric “surplus” has kept market prices low and made transmission
contracts plus short-term power purchases a more cost effective alternative for filling
peak capacity need than building new generation. This has been true not just for PSE,
but for other regional utilities as well. The strategy remains sound for now, but as regional
resource adequacy reaches load-resource balance and moves toward capacity deficits,
physical reliability risks will grow and costs will increase. The action plan for this IRP
makes a number of recommendations directed at developing a strategy for reducing
reliance on market.

There is long-term uncertainty for coal
generation in general, but Colstrip reduces cost
and market risk in most likely scenarios.

A number of factors may impact the future operations of coal-fired generation throughout
the United States; this IRP investigates their potential impact on the economic operation
of PSE’s Colstrip facility. For this analysis, PSE developed four environmental
compliance cost cases to test the economic viability of Colstrip under a variety of
potential regulatory requirements. Overall, the analysis found that Colstrip reduces cost
and market risk for our customers. Three key risk factors have the greatest effect on
Colstrip’s performance as an economic, least-cost resource: very high CO, costs, very
high disposal costs for coal combustion residuals, and very low natural gas prices for a
very long time. At this time, the analysis indicates that continuing current operations at
Colstrip saves PSE customers about $131 million per year. Put a different way, replacing
Colstrip with another resource would result in approximately a 5 percent annual rate
increase, apart from any other rate pressures. Conditions may change in the future, but
for this planning cycle, it does not appear PSE should begin developing resources to
replace Colstrip.
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As natural gas usage expands, prices will
increase and infrastructure issues will become
more pressing.

Production from North American shale bed deposits has increased natural gas supplies
and lowered prices, but it is not realistic to expect natural gas prices to remain this low
over the long term. The very affordability of this fuel means that usage is also increasing,
especially in the transportation and utility sectors. Along with the possibility of exports of
gas from North America, increased usage will create upward pressure on prices over
time. Of greater concern, perhaps, is that as greater volumes of gas move through the
system, physical reliability risks will increase as capacity of existing infrastructure strains
to keep up.

The electric plan presented here is similar to past plans since resource alternatives
remain limited. The plan relies on continued acquisition of demand-side resources; it
adds renewable resources as needed to meet statutory requirements; and it recommends
adding peaking resources. Renewing transmission capacity contracts to support
additional generating units or to facilitate market power purchases makes sense in the
near term, but long-term reliance on short-term markets clearly requires further study and
action given the expected retirements of coal plants in our region and concerns about the
availability of resources from Southwestern markets.

It is important to recognize that the IRP does not make purchasing or investment
decisions for the next two decades. The IRP process enables us to construct a portfolio
that meets future challenges as we understand them today. Actual resource acquisitions
and investment decisions are informed by the foresight developed in the IRP, but those
acquisitions must respond to the market conditions that exist at the time when the
decision is made.
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1. Electric Resource Plan

Electric resource need

PSE must meet the physical needs of our customers reliably. For resource planning
purposes, those physical needs are simplified and expressed in terms of peak hour
capacity and energy. Operating reserves are included in physical needs; these are
required by contract with the Northwest Power Pool and by the North American Electric
Reliability Corporation (NERC), to ensure total system reliability. In addition to meeting
customers’ physical needs, Washington state law (RCW 19.285) also requires utilities to
acquire specified amounts of renewable resources or equivalent renewable energy
credits (RECs). There are details in the law such that complying with RCW 19.285 may
not directly correspond to meeting physical needs, so this is expressed as a separate
category of resource need.

Electric peak hour capacity need

Figure 1-1 compares the existing resources available to meet peak-hour capacity1 with
the projected need over the planning horizon. The company’s electric resource outlook
indicates the need for an additional 12 MW of peak hour capacity by 2017, assuming that
approximately 1,600 MW of PSE’s capacity need is met by short-term purchases over
firm transmission. The need grows to 100 MW by 2020 after acquisition of all cost-
effective demand-side resources identified in the analysis — again, assuming 1,600 MW
of short-term purchases on firm transmission. This includes the resources required to
meet peak hour customer demand events, and the planning margin and operating
reserves that must be maintained to achieve acceptable reliability.2 Figure 1-1 illustrates
the important role demand-side resources play in moderating the need to add supply-side
resources in the future.

! Resource capacities illustrated here reflect the contribution to peak, not nameplate capacity, so
PSE’s approximate 780 MW of owned and contracted wind appear very small on this chart. Refer
to Chapter 5 for how peak capacity contributions were assessed.

? Refer to Appendix K for a description of electric planning standards.

1-4
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Figure 1-1

Electric Peak Hour Capacity Resource Need
Projected peak hour need and effective capacity of existing resources
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Electric energy need

Peak hour capacity is an important aspect of PSE’s ability to adequately meet the
physical needs of our customers. However, our customers require electric service in
more than just one hour each year — they expect reliable, economic electric service
during all hours. Figure 1-2 compares the company’s annual forecast of energy sales to
retail electric customers with expected generation for the year by resource type.® This
“Energy Position” reflects the most economical dispatch of our electric resource portfolio
based on expected market conditions, it is not a physical need. PSE’s resources are
physically capable of generating significantly more energy, but from a cost perspective, it

3 Wind in this chart shows more prominently than in the capacity need chart, because this reflects
the expected annual generation of wind, not just what can be relied upon to meet peak capacity
needs.
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makes sense to dispatch plants based on specific market conditions. Load forecasts in
this chart are aggregated to an annual basis.

Figure 1-2
Annual Energy Position for 2013 IRP Base Scenario
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Renewable resources

In addition to reliably meeting the physical needs of our customers, RCW 19.285 —
Washington State’s Energy Independence Act (EIA) — establishes three specific targets
for qualifying renewable energy. These are commonly referred to as the state’s
renewable portfolio standard (RPS). Sufficient “qualifying renewable energy” must equal
at least 3 percent of retail sales in 2012, 9 percent in 2016, and 15 percent in 2020.
Figure 1-3 compares existing qualifying renewable resources with this annual target, and
shows that PSE has acquired enough eligible renewable resources and RECs to meet
the requirements of the law through 2022. The need in 2022 amounts to 693,550 RECs,
assuming a 30 percent capacity factor and the 1.2 multiplier allowed for certain
construction practices; this translates to 2,011 MW of wind resources.
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Qualifying renewable energy is expressed in annual qualifying renewable energy credits
(RECs) rather than Megawatt hours, because the state law incorporates multipliers that
apply in some cases. For example, PSE’s Lower Snake River project receives a 1.2

REC multiplier, because qualifying apprentice labor was used in construction. Thus the
project is expected to generate approximately 900,000 MWh per year of electricity, but
would contribute about 1,080,000 equivalent RECs toward meeting the renewable energy
target. Note this is a long-term compliance view. PSE has sold surplus RECs to various
counterparties in excess of those needed for compliance and will continue to do so as
appropriate to minimize costs to customers.

Figure 1-3
Renewable Resource/REC Need
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Electric plan resource additions

Figure 1-4 summarizes changes to the electric resource portfolio in terms of peak hour

" |t reflects the lowest

capacity. This plan is the “integrated resource planning solution.
reasonable cost portfolio of resources that meets the projected capacity, energy, and
renewable resource needs described above. Except for demand-side resources, which
significantly reduce risk, most of the other resources show the same risk profile. The
resource plan reflects the expectation that Colstrip will continue to be a least-cost
resource in the portfolio. In this IRP, we have chosen to reflect gas storage for
generation fuel as part of the electric resource plan. While gas storage is not a “supply-
side resource” for generation (and therefore not required to be addressed by the IRP

rule), it is important to highlight this aspect of the company’s resource plan.

Figure 1-4
Electric Resource Plan, Cumulative Nameplate Capacity of Resource Additions

2017 2023 2027 2033
Demand-Side Resources (MW) 327 800 887 1,007
Wind (MW) 0 300 500 600
Peakers (CT in MW) 221 442 1,327 2,212
Transmission Renewals (MW) 1,141 1,407 1,407 1,567
Gas Storage (MDth/day Gas) 100 100 100 150

Demand-side resources (DSR)

This plan — like prior plans — includes acquiring conservation to levels such that much of
what is available will be acquired. That is, significant changes in avoided cost had little
impact on how much could be acquired cost effectively. PSE’s analysis indicates that
although current market power prices are low, accelerating acquisition of DSR continues
to be a least-cost strategy.

* Chapter 2 includes a detailed explanation of the reasoning that supports each individual element
of the resource plan.
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Renewable resources

Timing of renewable resource additions is driven by requirements of RCW 19.285. PSE’s
analysis shows that while additional wind is not a least-cost resource, we anticipate
remaining comfortably below the revenue requirement compliance mechanism included
in the law. PSE has acquired enough eligible renewable resources and RECs to meet the
requirements of the law through 2022.

Peakers appear more cost effective than combined-cycle
plants.

This finding holds as long as the peakers are equipped with oil back-up and a sufficient
amount of interruptible natural gas pipeline capacity is available for fuel delivery. This
should certainly be the case for the first few additions, but adding several hundred MW of
new peakers may over-tax the natural gas infrastructure. Should peakers require firm
pipeline capacity, some level of combined-cycle combustion turbine (CCCT) plants may
be found to be cost effective.

Transmission contract renewals backed by market
purchases appear cost effective.

In the short to intermediate term, transmission contract renewals do appear least cost.
These contracts only need to be renewed for 5-year terms to preserve PSE’s unilateral
roll-over rights in the future. If and when Unit 1 of TransAlta’s Centralia coal plant retires
in 2020, regional resource adequacy is expected to decline abruptly. Unless replacement
generation is developed, it is unlikely that heavy reliance on short-term markets over firm
transmission will continue to be a viable resource strategy. There also may be concerns
about longer-term generation plant closures in the California market; this could reduce
the Northwest region’s ability to import power from that region, as has been done
traditionally for decades. The action plan below states PSE will file an update to the 2013
IRP later this year to focus specifically on this issue.
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Colstrip is expected to continue to be a least-cost resource.

In the near term, Colstrip owners do not anticipate making multiple-year payback capital
investments. Such decisions will not be required until the 2016 time frame, after the
requirements for new regional haze regulations have been clarified. Longer term, high
carbon costs, high costs for disposal of coal combustion residuals, and very low gas
prices for a very long time are key risks for Colstrip. As policies and market conditions
change, the owners group of the Colstrip facility will factor those conditions into their
decision-making process.

Portfolio costs and carbon emissions

Portfolio costs

The long-term outlook for incremental portfolio costs has been dynamic across IRP
planning cycles since 2003, driven by changing expectations about natural gas prices
and costs associated with carbon regulation. Conservation, gas-fired generation and wind
have been the primary resource alternatives since 2005. Figure 1-5 illustrates how
incremental portfolio costs have changed over time, along with the context for the range
of costs examined in this IRP.
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Figure 1-5
Incremental Portfolio Costs Over Time.
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Carbon emissions associated with electric service

A number of Washington state laws address carbon emissions. RCW 70.235 adopts a
state goal for reducing emissions. RCW 80.80 sets an emissions performance standard
(EPS) that prevents utilities from entering into long-term financial commitments for base-
load electric generation unless the generation source complies with the greenhouse gas
emissions performance standard set by the state, effectively banning purchases from
additional coal plants or older gas CCCT plants. In 2011, the legislature amended the
EPS to achieve permanent reduction of certain CO, emissions by retiring the TransAlta
coal plant in Centralia, Wash. Utilities are allowed to enter into long-term contracts for
“coal transition power” from TransAlta, and TransAlta will shut down one generating
boiler at the Centralia coal plant by the end of 2020 and the other by the end of 2025.
TransAlta also will provide financial assistance for local economic development and clean
energy. RCW 19.285, the Energy Independence Act, requires electric utilities to reach
certain targets for renewable resources and acquire all cost-effective achievable
conservation. Meanwhile, according to WAC 480-100-238, “Each electric utility regulated
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by the commission has the responsibility to meet its system demand with a least cost mix

of energy supply resources and conservation.”

The combined impact of these laws, rules and policies on PSE’s CO, emissions from
electric operations is shown in Figure 1-6. The initial ramp-up in CO, emissions followed
by a reduction is due to PSE’s coal transition power agreement with TransAlta; ultimately,
this contributes to the retirement of the nearly 1,400 MW plant and a permanent reduction
of emissions. The chart also shows a significant reduction in emissions from acquisition
of all cost-effective conservation. By 2033, the cumulative CO, savings from
conservation is approximately 20.82 million tons. Finally, additional wind required by the
state’s RPS in 2020 also reduces CO, emissions somewhat (approximately 4.59 million
tons in total by 2033). The wind addition has much more limited impact because adding
wind to a region rich in hydro power has a more limited impact than it would in other

regions.

Figure 1-6
Projected Annual CO, Emissions and Savings from
Cost-effective Demand-side Resources and the 2020 Requirement for
Renewable Resources from RCW 19.285
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2. Gas Sales Resource Plan

PSE develops a separate integrated resource plan to address the needs of more than
770,000 retail gas sales customers. The resource needs of gas sales customers are
relatively more straightforward than those of the electric utility, because delivery of
electric service involves so many types of generation. This plan is developed in
accordance with WAC 480-90-238, the IRP rule for gas utilities. (See Chapter 6 for PSE’s
analysis of gas for power need.)

Gas sales resource need

Gas sales resource need is driven by design peak day demand. The current design
standard ensures that supply is planned to meet firm loads on a 13-degree design peak
day, which corresponds to a 52 Heating Degree Day (HDD). Like electric service, gas
service must be reliable every day, but design peak drives the need to acquire resources.
Figure 1-7 illustrates the load-resource balance for gas sales portfolio. The chart
demonstrates a need for resources beginning in the winter of 2016-17.

Figure 1-7
Gas Sales Design Peak Day Resource Need
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Gas plan resource additions

Figure 1-8 summarizes the gas resource plan additions in terms of peak day capacity in
MDth per day. As with the electric resource plan, this is the “integrated resource planning
solution.” It combines the amount of demand-side resources that are cost effective with
supply-side resources in order to minimize the cost of meeting projected need.

Figure 1-8
Gas Resource Plan, Cumulative Additions in MDth/Day of Capacity

2018-19 2022-23 2027-28 2032-33
Demand-Side Resources 15 28 33 37
PSE LNG Peaking Project 50 50 50 50
Swarr Upgrade 30 30 30 30
Mist Storage Expansion 50 50 50 50
NWP/Westcoast Expansion 0 54 150 150
NWP/KORP Expansion 0 0 0 78

Demand-side resources (DSR)

Analysis in the 2013 IRP supports continuation of the accelerated 10-year ramp rate for
acquiring demand-side resources. We also examined a 20-year ramp rate and a 10-year
rate that delayed acquisition of “dis,cretionary"5 gas DSR measures for two years, given
that gas prices are so low early in the planning period. The 10-year ramp rate proved
most cost effective.

° Discretionary resources are retrofit opportunities in existing facilities that, theoretically,
remain available at any point over the course of the study period. Lost opportunity resources
are those with pre-determined availability, such as replacements after equipment failure and
opportunities in new construction.
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PSE LNG Peaking Project

PSE is considering development of a liquefied natural gas (LNG) project to provide peak
day supply as part of a larger LNG project that would support the needs of emerging
transportation markets. Converting local maritime traffic and truck transport to natural gas
fuel will significantly improve local air quality and reduce greenhouse gas emissions. If
such a multi-purpose project is constructed, this IRP finds the project’s capacity to
provide peaking supplies would be cost effective for our gas customers.

Swarr Upgrade

This IRP finds that restoring the Swarr LP-Air facility to its original 30 MDth per day
capability may be a cost effective resource. Swarr is a propane-air injection facility on
PSE’s gas distribution system that operates as a needle-peaking facility. Propane and air
are combined in a prescribed ratio to ensure the mixture injected into the distribution
system maintains the same heat content as natural gas. Based on this IRP analysis, PSE
needs to refine assumptions and perform additional analysis to ensure Swarr could be
upgraded to perform safely, efficiently, and cost effectively.

Mist storage and Northwest Pipeline capacity

Storage capacity at Northwest Natural's Mist storage project, along with firm pipeline
capacity on Northwest Pipeline from the Portland area, also appeared to be part of the
least-cost solution. The timing of this resource addition may hinge on updated cost
assumptions and whether or not the PSE LNG Peaking Project and/or Swarr Upgrade
move forward. If either resource is unavailable, additional Mist storage with transport

would be desirable earlier.
Northwest Pipeline/Westcoast Expansion

Additional transportation capacity from the producing regions in British Columbia (BC) at
Station 2 south to PSE’s system are also in the plan, but a bit further out in the 2022-23
heating season. Similar to Mist, if the PSE LNG Peaking Project and/or Swarr Upgrade
do not move forward, additional Northwest Pipeline capacity from the Canadian border
and capacity on Westcoast Pipeline south from Station 2 would be needed sooner.
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Northwest Pipeline/KORP expansion

This is an expansion of Northwest Pipeline south from the Canadian border, along with
an upstream expansion west across southern BC on a line built by Fortis to bring
additional Alberta supplies to the I-5 corridor. Analysis in this IRP found that late in the
planning horizon, such a resource may look cost effective; however, this issue will be
revisited in several future IRPs before any decision needs to be made.

3. Action Plans

The IRP is not a substitute for the resource-specific analysis done to support specific
acquisitions; the IRP’s primary purpose is to inform the acquisition process. The action
plans presented here focus on identifying key decision-points PSE may face during the
20-year planning horizon, so that PSE can meet needs in a timely fashion.

Figure 1-9 illustrates the relationship between the IRP and activities related to resource
acquisitions. Specifically, the chart shows how the IRP directly informs the formal RFP
process. In Washington, the formal RFP process for demand-side and supply-side
resources are just one source of information for making acquisition decisions. Market
opportunities outside the RFP and self-build (or PSE demand-side resource programs)
must also be considered when making prudent resource acquisition decisions. Figure 1-9
also illustrates how the resource acquisition process itself informs subsequent IRPs.
While Figure 1-9 is focused on supply-side resources, the same diagram applies to
demand-side resources. The energy efficiency program design process can include both
RFP and market opportunities, though most are PSE programs — similar to “self-build”
generation.
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Figure 1-9
Relationship between the IRP and the Acquisition Process
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Electric Resource Action Plan

* Pursue cost-effective demand-side resources based on IRP guidance. Work with
external stakeholders in the CRAG process to establish targets and tariff filings,
using this IRP as a starting point. Issue RFPs as appropriate to assist with
efficient acquisition of demand-side resources.

* Develop a strategy to reduce reliance on market in the intermediate to long-term,
including coordination with others in the region as appropriate. File an update or
addendum to the 2013 IRP early in the fourth quarter of 2013 to address

concerns about relying on market to meet capacity needs.
* Ensure that the timeline for resource acquisitions is long enough to

accommodate the type of infrastructure development that may be required due to

anticipated changes in regional resource adequacy.

* Pursue the prudent acquisition of gas storage for generation.

e Develop a robust work plan for the 2015 IRP to clarify the roles and expectations
of the public participation process and to provide greater transparency regarding
PSE’s analytical processes.
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Gas Sales Resource Action Plan

* Pursue cost-effective demand-side resources based on IRP guidance. Work with
external stakeholders in the CRAG process to establish goals, targets and tariff
filings, using this IRP as a starting point. Issue RFPs as appropriate to assist with

efficient acquisition of demand-side resources.
e Continue working toward developing the potential PSE LNG Project to support

gas utility peaking and transportation sector needs. Update and refine
cost/resource estimates on expanding the facility’s potential to provide peaking
capabilities for the gas utility portfolio as the project proceeds.

* Further analyze the costs and resource issues associated with investing in Swarr
to restore its original 30 MDth per day capability. Decide whether such
investments will provide a safe, cost effective resource for meeting the needs of
customers.

* Continue working with Northwest Natural Gas and Northwest Pipeline on the
possibility of participating in an expansion of the Mist storage facility and
transportation to PSE’s service territory.

* Remain active in the market to ensure PSE can acquire existing surplus firm
pipeline capacity in case the PSE LNG Peaking Project or Swarr opportunities do
not move forward.

* Complete analysis of whether the gas planning standard should include

additional aspects, such as sustained peaking or cold snap metrics.

* Develop a robust work plan for the 2015 IRP to clarify the roles and expectations
of the public participation process and to provide greater transparency regarding
PSE’s analytical processes.
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Developing the Resource Plan

Contents

1. Electric Resource Plan .............. 2-2

2. Gas Sales Resource Plan ........2-21

The resource plan in this IRP represents “...the mix of energy supply and conservation
that will meet current and future needs at the lowest reasonable cost to the utility and its

»1

ratepayers.” It is the culmination of comprehensive quantitative and qualitative analyses,

including extensive risk analysis, reported throughout the document.

It is important to recognize that the IRP does not make purchasing decisions for the next
two decades. For example, the decision to include Colstrip in the plan does not mean that
the company has decided to continue to operate the plant for the next 20 years; instead,
it means that at this point in time, continuing to operate the plant appears to be cost
effective for our customers based on the potential futures considered in the analysis.

The IRP process enables us to construct a portfolio that meets future challenges as we
understand them today. Resource decisions can be informed by the foresight developed
in the IRP, but ultimately these decisions will be made when it best serves the interest of
our customers, and they will depend upon actual market opportunities and updated
assessments of market conditions.

The following discussion assumes the reader is familiar with the key assumptions
described in Chapter 4.

" WAC 480-100-238 (2) (a) Definitions, Integrated Resource Plan.
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1. Electric Resource Plan

Figure 2-1 summarizes the resource additions to the company’s electric portfolio that
resulted from the IRP analysis. The least cost set of resource additions is very similar
across the scenarios and sensitivities examined in this IRP:

* In areasonable range of gas prices, possible carbon costs, and future
environmental costs, the extensive analysis conducted for this IRP indicates that
Colstrip will remain a cost-effective resource, though that could change in the
future, especially for Units 1 & 2. At this time, it does not appear PSE should take
near-term actions to begin planning to replace Colstrip in its portfolio.

* Demand-side resource additions across scenarios are very similar. For example,
under Colstrip Environmental Cost Case 2, most scenarios show 1,007 MW as
cost effective, though that drops to 957 MW for the Low Load and Low Gas Price
scenario, and 706 MW for the Very Low Gas Price scenario—neither of which
are likely to occur.

* Wind is added to meet requirements of RCW 19.285 in all but one of the 10
scenarios. Only in the Base + Very High CO, scenario would additional wind be
cost effective, which is an extreme scenario.

e Transmission renewals are cost effective under all scenarios, as long as the
market behind that transmission is reliable. This will be investigated more closely
in an IRP update planned for release early in the fourth quarter of 2013.

* Peakers meet capacity needs in 9 out of 10 market scenarios. The Base + Very
High CO, scenario shows combined-cycle combustion turbines (CCCTs) are cost
effective, but the CO; costs in that scenario are so high that the likelihood they
will be realized is quite small. Gas storage for generation fuel also appears to be
a cost effective resource.

* The load forecast, which represents customer demand, has the most significant
impact on the quantity of resources added across scenarios over the long-term,
but it does not change the mix of resources. A higher load forecast increases the
number of peakers and wind plants needed, and low load forecasts decrease the
total number of both. PSE chose to use the 2013 IRP Base Demand Forecast®
to determine the quantity of resources in the resource plan, since that forecast
represents the most likely expected change in loads.

? For more information on demand forecasts, see Chapter 4, Key Assumptions, and Appendix H,
Load Forecasting Models.

2-2
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Figure 2-1

The Electric Resource Plan
(Cumulative Nameplate Capacity of Resource Additions)

2017 2023 2027 2033

Demand-side Resources (MW) 327 800 887 1,007
Wind (MW) 0 300 500 600

Peakers (CT in MW) 221 442 1,327 2,212
Transmission Renewals (Tx in MW) 1,141 1,407 1,407 1,567
Gas Storage (MDth/Day) 100 100 100 100

Electric results across scenarios

Figure 2-2 summarizes the demand- and supply-side resource additions to PSE’s
existing resource portfolio across all the scenarios, sensitivities, and Colstrip
environmental compliance cost cases analyzed in this IRP.® This allows a relatively easy
comparison of the differences between them. To read across the 2033 Colstrip
Environmental Cost Case 1 Base Scenario, for example, the least cost portfolio includes
1,567 MW of transmission contract extensions, continued operation of all four Colstrip
units, 2,212 MW of additional peakers, 600 MW of additional wind, and 1,007 MW of
demand-side resources.

Each portfolio analysis considered supply- and demand-side resources on an equal
footing. All were required to meet three objectives: physical capacity need (peak
demand), energy need (customer demand across all hours), and renewable energy need
(to meet RCW 19.285 targets). Under the market conditions and resource costs assumed
for each scenario and each Environmental Cost case, the selected portfolio minimizes
long-term revenue requirements (costs as customers will experience them in rates).

% See Chapter 4 for a description of scenarios, sensitivities and cases.

2-3
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Figure 2-2
Resource Builds by Scenario
Cummulative additions by nameplate (MW)
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A high degree of consistency

Least-cost portfolio builds are similar across most scenarios, sensitivities and cases. This
consistency is a powerful finding. It means that the wide variety of external market factors
modeled in these scenarios will have little impact on the mix of lowest reasonable cost
resources. We may adjust the number of peaking plants, transmission renewals, or
amount of wind should the conditions modeled in the High or Low scenarios prevail, but
the types of resources selected remains consistent. Similarly, should Colstrip be
rendered uneconomic for customers by environmental regulations or market conditions,
additional peakers are selected as the least-cost replacement across all but one
scenario.

A detailed discussion of each element of the resource plan follows.
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Colstrip analysis

This IRP examined the effect that existing and proposed environmental regulations may
have on the economic operation of Colstrip under a variety of market and policy
conditions. The purpose of the analysis was essentially to determine if — in the near term
— PSE should begin planning to replace Colstrip. Specifically, since the IRP helps to
establish the resource need for the next RFP/acquisition cycle, the question is whether
resource needs for that process should reflect removal of Colstrip from the portfolio and
the need to replace it with other resources. The answer to that question is no. At this
time, it does not appear that PSE should begin committing significant resources to
replacing Colstrip. The following discussion summarizes the analysis that was performed
and the results that support this conclusion.
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Overview of Colstrip analysis. To test Colstrip’s economic performance
under a wide range of potential environmental regulations, PSE developed four Colstrip
environmental compliance cost cases (“Cases” or “Case”). Below are brief descriptions of
the four cases modeled. They are described in detail in Appendix J, Colstrip.

Four Colstrip Environmental Compliance Cost Cases

Case 1- Low Cost Case 2 - Mid Cost

Estimated additional costs are based on
achieving compliance using existing,
installed equipment with a minimum of
modifications or additions to meet the
MATS Rule and the BART requirements
of EPA’s Regional Haze FIP. This case
and Case 2 assume that coal combus-
tion residuals continue to be classified
as non-hazardous.

This case includes all the costs from
Case 1, plus costs for adding additional
equipment that may be needed to
assure compliance. It is largely based
on EPA estimates for equipment
intended to bring Units 1 & 2 into
compliance with the BART require-
ments of EPA’s Regional Haze FIP.

Case 3 - High Cost

Case 3 assumes the Case 2 costs, plus
additional costs for equipment needed
to meet potential new requirements. It
reflects a scenario in which (1) coal
combustion residuals are defined as
hazardous waste and therefore are
more costly to dispose of, and (2) the
Reasonable Progress requirements of
the Regional Haze program require the
addition of Selective Catalytic
Reduction (SCR) technology on all units
by 2027.

Case 4 - Very High Cost

Case 4 assumes all Case 2 costs, plus
it accelerates the effective date for
installation of SCR technology to 2022.
It also increases the estimated cost of
SCR technology on Units 1 & 2, and it
triples the cost of hazardous waste
disposal for CCR included in Case 3.
Case 4 was examined only in the Base
Scenario, as it was developed late in
the IRP process.

The different sets of assumptions in these cases allowed us to analyze Colstrip’s
continued operation along side new supply- and demand-side resources in order to
determine the least-cost combination of resources for PSE’s portfolio. Key aspects of the
approach are summarized below. (See Chapter 5 for further detail on the Colstrip

analysis.)
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Units analyzed independently. Colstrip Units 1 & 2 were analyzed

independently of Units 3 & 4.

« Ongoing investments included. Projected investments needed to maintain
safe and efficient operations were included as a cost in every case for each set of
units. Those costs are not disclosed in the IRP, but the analysis does reflect them.

e Transmission costs reflected. Three transmission segments move Colstrip
power from Montana to PSE. The cost of this transmission was included based on
the timing of the transmission contracts.

» Portfolio analysis. Colstrip Units 1 & 2 and 3 & 4 were treated as independent
resource alternatives so that we could determine whether either or both sets would
be part of the least-cost portfolio. The two sets of resources (Units 1 & 2 and Units 3
& 4) were analyzed using three sets of assumptions (Cases 1, 2, and 3), in each of
10 scenarios. Case 4 was examined in the Base Scenario only. Finally, a
replacement power portfolio was developed for each scenario as a benchmark to
estimate the savings from (or cost of) continuing to operate Colstrip.

« Timing for replacing Colstrip. The analysis asked whether Colstrip should be
replaced in 2017, or should it continue to operate through the planning horizon. The
year 2017 was selected in order to capture the first round of investment decisions
necessary to comply with regional haze requirements reflected in Case 1 and Case
2.

« Not included. Early retirement of Colstrip would result in increasing

depreciation/amortization expenses for the unrecovered plant balances. The IRP did

not address this impact, because it is not possible to know exactly what time period

the Commission would adopt for recovery of these costs. Remediation costs are also
not reflected, since Montana has not yet detailed remediation requirements. Were it
possible to reflect these costs in the analysis, both of these factors would result in
higher rate impacts than reported in this IRP.

Summary of Colstrip results. Colstrip was clearly a least-cost resource
early in the planning horizon, however, this may change in the future depending on a
number of factors identified in the analysis. Units 3 & 4, built in the 1980s, were found
cost effective across nearly every scenario considered; most of the likely scenarios also
showed continued operation of Units 1 & 2 would be least cost for customers. These two
units were built in the 1970s. Three risk factors rendered Units 1 & 2 uneconomic in some
scenarios. These are summarized below.
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Gas prices. Colstrip Units 1 & 2 would no longer be a least-cost resource if gas prices
remain significantly below expected levels for the next 20 years; however, this seems
unlikely. The increasing demand for natural gas, potential upward pressure on shale gas
production costs from additional regulation, and upward pressure from normalization of
natural gas liquids markets make it far more likely that prices will rise over time.

Coal combustion residuals (CCR). The cost effectiveness of Units 1 & 2 would
be compromised if new EPA regulations designate CCR a hazardous waste that requires
off-site disposal. Units 3 & 4 could be rendered uneconomic as well if disposal costs were
extremely high (as in Colstrip Case 4). Two considerations significantly temper this risk.
First, it is unlikely the EPA will make such a finding since CCR, in general, does not meet
existing definitions of hazardous waste. Second, off-site disposal is a significant cost
driver for Colstrip Cases 3 and 4, but depending on how regulations develop, the facility
may be allowed to store even CCR waste on-site given the quality of Colstrip’s current

containment methods.

Very high carbon costs. Carbon costs starting at $25 per ton in 2017 and
increasing to $80 per ton by the end of the study period could render Colstrip Units 1 & 2
uneconomic. Should carbon costs reach $75 rising to $180 per ton (as in the Base +
Very High CO, Cost Scenario), Colstrip Units 3 & 4 would also be uneconomic. The risk
of such high CO, costs seems low at this time. Even when the economy was booming,
policies that imposed carbon costs in these ranges were not politically feasible; therefore,
it seems unlikely that such costs would be adopted while the economic recovery is

uncertain.

Figure 2-3 summarizes the findings of the analyses in relation to the scenarios’ levelized
CO,, prices (which appear on the horizontal axis), and levelized gas prices (which appear
on the vertical axis). The dots on the chart represent the four environmental compliance
cost cases. Their color indicates which units were cost effective in the particular scenario
and case: green dots mean all four units are cost effective, orange means only Units 3 &
4 are cost-effective, and red means none of the units would be cost effective to continue
to operate.
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Figure 2-3
Summary of Four Colstrip Environmental Compliance Cost Cases
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Annual savings from Colstrip operations. Given the number of
variables that can affect the relative value of Colstrip in the portfolio (power prices, gas
prices, CCR policies, etc.), it is helpful to simplify the picture by holding many of the
variables constant. Figure 2-4, below, illustrates the estimated annual savings of
continuing to operate Colstrip through 2033 in the Base Scenario under Colstrip Case 2.
The savings are significant; customers will save an estimated $130 million per year by
Colstrip’s continued operation. To calculate these savings, we first developed a least-cost
portfolio in which Colstrip was replaced in 2017. Then we compared the cost of that
portfolio with the cost of portfolios in which Colstrip continued to operate under the
compliance conditions and costs described in the four cases. The cost of continuing to
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operate under Case 2 is the focus of this figure. Note, PSE’s analysis minimizes the
long-term net present value (20+ years with end-effects) of revenue requirements; annual
costs are shown here because it better illustrates how customers will experience those

costs.
Figure 2-4
Annual Savings from Colstrip Operations in Base Scenario, Case 2
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Range of Colstrip savings over time. while Figure 2-4, above,
illustrates significant savings from continuing to operate Colstrip under a snapshot of
expected conditions, savings over time are less certain. Key market variables may
influence the relative value to customers of continuing operations. These include possible
fluctuations in gas prices (from very high to very low), market electric prices, temperature
impacts on loads, and variations in hydro and wind generation. Figure 2-5, below, uses
Case 2 as a reference point to illustrate the range of potential savings. The savings are
significant, though the lower end of the interval shows no savings in later years.
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Figure 2-5
Percentile Range of Savings in Annual Revenue Requirement between
Colstrip Case 2 and Replacement Power — Base Case without CO, Policy Risk
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CCR disposal and regional haze reduction. Coistrip Cases 1 and 2
primarily deal with requirements to reduce regional haze; Cases 3 and 4 primarily deal
with the potential costs should coal combustion residuals (CCR) be designated
hazardous waste that requires off-site disposal. Figure 2-6, below, shows the annual
savings in the Base Scenario under all four cases. It shows that the risks posed by
regional haze compliance in Cases 1 and 2 are less significant than the potential impact
of having to haul coal combustion residuals off-site for disposal as hazardous waste, as
modeled in Cases 3 and 4. Note that in Case 4, Colstrip Units 1 & 2 were replaced with
peakers plus market purchases and Units 3 & 4 show only a slim benefit. If coal
combustion residuals are considered hazardous waste that requires off-site storage,
Colstrip may not continue to be economic. Resolution of this issue is still several years
off, so it would be premature to take actions to replace Colstrip today based on this risk.
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Figure 2-6
Annual Revenue Requirement Savings in Base Scenario for Four Colstrip Cases
CCR as hazardous waste poses a bigger risk than regional haze reduction regulations.
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Carbon costs and gas prices. Future carbon regulation and gas prices
could significantly impact the economic viability of Colstrip operations. Figure 2-3
illustrates a number of complexities.

* Using Base Scenario gas prices, internalizing carbon costs at the Low CO, Cost
assumption used in this IRP ($6 per ton in 2014 rising to $20 per ton in 2033)
would render operation of Colstrip Units 1 & 2 uneconomic in Colstrip Compliance
Case 3.

e If a CO, price consistent with the High CO, Cost assumption was imposed
(approximately $30 per ton levelized), replacing Units 1 & 2 would cost less than
continuing to operate them under any of the cases.

* Higher gas prices, however, would restore the economic viability of Units 1 & 2.

* Colstrip Units 3 & 4 appeared economic under all scenarios and cases, except for
the one that included the Very High CO, Cost assumption.



Exhibit No. (TAD-7)
Page 35 of 1000

CHAPTER 2 - DEVELOPING THE RESOURCE PLAN

Given the uncertainty around future carbon regulation, this IRP included a stochastic
analysis that internalized carbon costs rather than simulating a cap-and-trade scheme as
in prior IRPs. We performed a simulation that assigned a 1/3 chance that there will be no
additional carbon regulation during the planning horizon, a 1/3 chance that the Low CO,
Cost would be internalized, and a 1/3 chance that the High CO, Cost would be
internalized. Figure 2-7, below, illustrates the range of costs across Cases 1, 2, and 3 in
the Base Scenario. This diagram represents the 20-year net present value (NPV)
showing the full range from high to low, with the 25" — 75" percentile highlighted by the
box, along with expected cost and TailVar90 risk metric”. Figure 2-7 illustrates that
replacing Colstrip would increase cost and risk, relative to all three Colstrip cases.

Figure 2-7
Range of Portfolio Costs across 1000 Simulations — with CO, Policy Risk
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In conclusion, it does not appear that PSE needs to plan on committing considerable
resources toward actions to replace Colstrip in its portfolio at this time. This does not
mean PSE strongly believes Colstrip will be part of the least-cost energy supply portfolio
for the foreseeable future. Analysis presented here demonstrates that there are
combinations of low gas prices, high carbon costs, and high CCR disposal costs that

* TailVar90 risk is the mean of the cost distribution above the 90™ percentile.

2-13



Exhibit No. (TAD-7)
Page 36 of 1000

CHAPTER 2 - DEVELOPING THE RESOURCE PLAN

could lead to a finding that replacing Colstrip, especially Units 1 & 2, would be least cost
for customers.

Electric demand-side resources

The level of demand-side resources in the electric resource plan, including demand-
response, reflects the Base Scenario results. The amount of demand-side resources
found to be cost effective varied little across a wide range of avoided cost values in the
scenarios. Only 85 MW separated highest and lowest results after 20 years.

While the amount of cost-effective DSR is nearly the same across scenarios, the range of
market prices considered in this IRP resulted in a huge spread in avoided costs. By 2033,
these ranged from approximately $30/MWh (nominal) on the low end to approximately
$150/MWh (nominal) on the high end.” PSE’s analysis in this IRP, as in past IRPs,
illustrates that market power prices, gas prices, carbon prices, and other policies have
little impact on the cost effectiveness of conservation.

Electric renewable resources

The resource plan includes wind sufficient to meet requirements of RCW 19.285; the
Base Scenario adds 300 MW by 2022 and 600 MW by the end of the study period.
Acquiring wind resources beyond requirements was found to be cost effective only in the
scenario that modeled very high carbon costs. Otherwise, differences in the amount of
wind additions were driven by the long-term load growth assumptions modeled in the

scenarios.

This IRP focused on Northwest wind as the primary renewable resource.’ Biomass and
geothermal technologies were not modeled, because although they have been
theoretically cost effective in past IRPs, PSE has been unable to find these resources
through the RFP process on terms that that would be least cost for customers. Should
they become competitive with wind resource costs and be commercially available, we will
adjust future integrated resource plans accordingly.

® The full value of conservation includes the value of avoided capacity, in addition to energy. The
range of energy prices is used here to demonstrate the wide range of values examined, not as an
estimate of the value of energy efficiency.

® This IRP also examined the cost implications of using wind from Montana to replace the energy
output of Colstrip. See Chapter 5 for more detail.

2-14



Exhibit No. (TAD-7)
Page 37 of 1000

CHAPTER 2 - DEVELOPING THE RESOURCE PLAN

This IRP also examined the cost effectiveness of battery storage. Findings indicated that
costs will need to fall before this technology can become cost effective in the Northwest.
The analysis showed that batteries contributed only 57 percent as much as CT peakers
toward meeting reliability needs, but at a significantly higher cost. Batteries may be able
to provide ancillary services or local distribution system benefits in specific applications,
especially as technology and markets evolve. PSE is participating in a pilot battery
storage project described in Appendix D, Electric Resource Alternatives.

Transmission contract extensions

The resource plan selects renewal of transmission contracts in all scenarios. While the
“surplus” capacity persists in the Northwest energy market, this is clearly a least-cost
alternative for customers. However, the TransAlta coal plant in Centralia is expected to
retire 720 MW of merchant generation in 2020, and another 720 MW in 2025. In addition,
expected changes in the California energy market, from which the Northwest region
imports energy during the winter, may also reduce available capacity in the future. PSE
is concerned that long-term reliance on transmission access to the market without firm,
long-term resources behind that transmission may not be a reasonable long-term
strategy.

Fortunately, these transmission contracts do not require long-term commitments. PSE
has both the unilateral right to extend the contracts and control of the duration of the
extension. Extending the contracts for five years preserves the unilateral roll-over rights;
therefore, in the early years of the planning horizon, five-year renewals would be
reasonable to preserve flexibility for decision-making in the future. This resource strategy
may need to be modified as we approach 2020, depending on how the region’s energy
market unfolds. Figure 2-8, below, compares the timeline for transmission contract
expirations with expected changes in the region’s energy capacity at 2020 and 2025. The
gray shaded areas show the current BPA contracts and when they expire. Each contract
is shown as a box with the related capacity. Every five years the shade changes. This
helps to illustrate how the 5-year renewal terms line up with periods when regional
adequacy may change abruptly in 2020 and 2025.
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Figure 2-8
Transmission Renewals and Major Resource Retirements (MW)
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Gas-fired resources

The balance of physical capacity need in the electric resource plan is met with gas-fired
resources. Consistent with past IRPs, gas-fired single-cycle combustion turbines with oil
back-up (peakers) were found more cost effective than combined-cycle combustion
generation (CCCT). The Base + Very High CO, Cost Scenario was the only exception;
there, CCCT plants were found more cost effective than peakers. The following
discussion steps through details of the decision, including quantity, location, the
importance of oil back-up, and how reliability of interruptible gas transportation impacts
the finding.
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MW of peakers in the plan. The gas-fired MW additions in the plan reflect
the Base Scenario and demand forecast. Demand forecasts significantly influenced the
amount of peakers added across scenarios. As Figure 2-2 shows, under Colstrip Case 1,
the Base Scenario added 2,212 MW of peakers; the Low (load and gas price) scenario
added 1,327 MW, and the High (load and gas price) scenario added 3,096 MW. The high
and low demand forecasts reflected in these scenarios represent the extremes of future
macroeconomic conditions analyzed. When the time comes to make actual acquisitions,
PSE will adjust the amount to reflect prevailing conditions. Figure 2-2 also shows how
Colstrip’s presence or absence impacts the amount of peakers included in the portfolio;
however, since Colstrip is expected to remain a cost-effective resource, load forecast
variability is the focus here.

Significance of oil back-up. The new gas-fired peakers included in the
resource plan are assumed to be equipped with oil back-up. These plants would turn first
to interruptible pipeline capacity for natural gas fuel, but if gas supply was unavailable, up
to two days of fuel oil stored onsite could be used to run the plant. Major barriers to siting
back-up oil supplies do not appear to be a problem at this time, but if this did become an
issue, peakers without back-up fuel may not remain cost effective compared to CCCT
plants.

Figure 2-9 shows the results of the net cost per kW market risk analysis from a 250-draw
Monte Carlo simulation, as described more fully in Chapter 5. The chart illustrates a
probability density function of the net cost/MW for a CT with oil back-up, a CCCT, and a
CT without oil back-up, where the horizontal axis is the net cost " and the vertical axis is
the probability of that net cost occurring from the Monte Carlo simulation. Figure 2-9
demonstrates that gas-fired peakers without back-up oil supply would be significantly
more expensive on a net dollars per MW basis than a CCCT plant. This net cost analysis
is helpful to understand the relative importance of the cost distributions of the three
different plants, but is not a substitute for portfolio analysis. PSE’s full portfolio analysis
also takes into consideration the timing and size of capacity needs—CCCT plants are
lumpier than CTs, so the smaller CT without oil back-up could still lead to a lower overall
portfolio cost than a CCCT.

7 Net Cost = Fixed Costs — (Market Price-Variable Cost)*MWh of dispatch.

2-17
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Figure 2-9
Comparison of Net Cost Distribution: CCCT and Peakers

30%

— OCCT

— Peaker
25% - —

Peaker No Oil BackUp

20% —1

15% ——

'\ .
J N/

*% +~————"—"—"—"—"""""-""T"%°“""*°-+—"—TT""7"""T—TT"T""T"T"—"T"T"T"""" -—

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

$000/MW

Reliance on interruptible pipeline capacity. Interruptible pipeline
capacity is a key factor in the economic advantage that peakers with oil back-up have
over CCCT plants. Firm pipeline capacity guarantees the right to transport a given
quantity of gas; it requires a fixed payment whether or not the capacity is used. Cheaper,
intermittent service can be purchased through the market for interruptible pipeline
capacity. This makes it a good fit for peaking plants, which run only when needed. If
sufficient interruptible gas supplies are not available, or if two days of oil back-up is not
available (or sufficient to meet reliability needs), it may be necessary to turn to firm
pipeline capacity. Should this happen, the added cost of equipping peakers with oil back-
up would not make sense, and CCCT plants may become more economic to operate
than peakers.
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Gas storage for generation. in this IRP, PSE is including the need to
acquire gas storage for generation fuel in its resource additions for the electric resource
plan. PSE’s analysis of gas storage for electric fuel supply is presented in Chapter 6 —
Gas Resources. That analysis demonstrates that acquiring natural gas storage — based
on Northwest Natural Gas Company’s Mist storage service — would be cost effective for
the electric generation’s fuel supply portfolio.

The increasing reliance on natural gas for generation is currently attracting significant
attention in the U.S., as discussed in more detail in Chapter 3. Concerns include short-
term issues, such as mismatched transaction periods (daily for gas markets and
hourly/sub-hourly for electric markets) and long-term planning issues such as gas
resource adequacy. With respect to long-term planning concerns, it is important to
recognize that firm capacity on an interstate pipeline, alone, cannot fuel a generator —
there must be gas supply to ship on that pipeline capacity.

Day-to-day variability of gas for generation fuel can be significantly greater than daily
swings for meeting PSE’s gas utility sales needs. Figure 2-10, below, illustrates the daily
gas consumption by PSE’s gas customers and gas for generation fuel. The black dashed
line represents the peak-day capacity if all of PSE’s gas-fired generators all ran for one-
day. While that did not happen in 2012, if those units were needed for reliability, it would
create the same order of magnitude as PSE’s entire gas utility load on a winter day. It is
not reasonable for PSE to expect the spot market can provide those kinds of swings in
gas supply. Thus, in addition to the gas storage being cost effective for fuel supply, it also
will be an important resource to ensure reliable fuel supply for generation.
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Figure 2-10
Daily Gas Sales and Gas for Power Loads, 2009 — 2012
Comparing demand curves and volatility
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2. Gas Sales Resource Plan

This section describes the gas sales resource plan. The plan is summarized in Figure 2-
11, followed by a discussion of the reasoning that led to the plan. (Information on the
analysis of gas for generation fuel can be found in Chapter 6.)

Figure 2-11
Gas Sales Resource Plan — Cumulative Capacity Additions (MDth/day)

2018-19 2022-23 2027-28 2032-33
Demand-side Resources 15 28 33 37
PSE LNG Peaking Project 50 50 50 50
Swarr Upgrade 30 30 30 30
Mist Storage Expansion 50 50 50 50
NWP/Westcoast Expansion 0 54 150 150
NWP/KORP Expansion 0 0 0 78

The gas sales resource plan integrates demand-side and supply-side resources to arrive
at the lowest reasonable cost portfolio capable of meeting customer needs over the 20-
year planning period. The additions identified above are very similar to the optimal
portfolio additions produced for the Base Scenario by the SENDOUT®anaIysis tool.
SENDOUT results are theoretical portfolios based on specified inputs and must be
reviewed based on judgment and market conditions.

We made two changes to the optimal SENDOUT results reported in Chapter 6. We
removed the small increment of the Palomar/Blue Bridge project (13 MDth per day)
beginning in 2022-23, and replaced it with the same amount of NWP/Westcoast capacity.
It is doubtful that PSE would participate in the project to acquire such a limited amount of
capacity.

We also included the full expansion capacity of the Mist storage expansion project (50
MDth per day) from the beginning, rather than SENDOUT’s recommendation to acquire
13 MDth per day by 2018-19 with an additional 37 MDth per day added later. Should we
participate in the expansion, more than likely all 50 MDth per day would have to be
acquired at once.
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Decisions about whether and when to proceed with the Mist storage expansion, the PSE
LNG Peaking Project, Swarr Upgrade, and all other resource acquisitions will be adjusted
as the feasibility studies are completed and project development moves forward.

Gas sales results across scenarios

As with the electric analysis, the gas sales analysis examined the lowest reasonable cost
mix of resources across the range of eight scenarios. Figure 2-12 illustrates the lowest
reasonable cost portfolio of resources across those potential future conditions.

Figure 2-12
Gas Sales Portfolios by Scenario

(Peak Capacity - MDth/day)
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As shown in Figure 2-12, the amount of DSR varies among the scenarios. As was the
case in the 2011 IRP, we found that DSR is somewhat sensitive to underlying gas prices.
Three resource alternatives were consistently selected early in the analysis period in all
scenarios: the PSE LNG Peaking Project, the Swarr Upgrade project and Mist storage
expansion. The other primary addition selected in all scenarios is increased capacity on
Northwest Pipeline (NWP) to Sumas,combined with expansion of Westcoast pipeline to
northern British Columbia (BC). Later in the time period the KORP project across
southern BC is selected also in conjunction with expanded NWP capacity.

Gas sales demand-side resource additions

DSR additions are based on the levels found cost effective in the Base Scenario.
Although cost-effective DSR levels vary somewhat across scenarios, by the 2018-19
heating season, the difference between the High scenario (at 23 MDth per day) and the
Low scenario (at 13 MDth per day) is only 10 MDth per day. Given the small range, it is
reasonable to adopt the level of conservation from the Base Scenario for the resource
plan. There will be two more IRP cycles (the 2015 IRP and the 2017 IRP) before the
2018-19 heating season.

Gas sales DSR ramp rates

Retaining PSE’s current 10-year acceleration of gas conservation was found to be cost
effective and is reflected in the resource plan. This IRP investigated three ramp rates for
acquiring discretionary DSR measures: a 10-year ramp rate, a 20-year ramp rate, and a
10-year ramp rate with a 2-year delay. Figure 2-13, below, summarizes results of this
analysis for the Base Scenario. The lowest net present value portfolio cost was achieved
with the 10-year ramp rate without the two-year delay. This ramp rate resulted in the
lowest NPV in all scenarios. (See Chapter 6 for more detail on the analysis.)
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Figure 2-13
Comparison of NPV Portfolio Costs of Different DSR Ramps Tested (in Billions)

2-Year Delay + 10-

Scenario 10-year Ramp year Ramp 20-year Ramp
Base $8.078 $8.125 $8.163

PSE LNG Peaking Project and Swarr Upgrade

All the scenarios evaluated selected both the PSE LNG Peaking Project and the Swarr
Upgrade project early in the study period (by 2018). It is important to keep in mind that
these projects are in the evaluation stages and may not move forward. The PSE LNG
Peaking Project depends upon final cost-effectiveness and will require agreements with
transportation customers for the sales and purchase of liquefied natural gas (LNG).
Completion of the Swarr Upgrade project also will depend upon final cost-effectiveness
and a comprehensive risk assessment.

To consider the possibility that these resources may not be available, additional
SENDOUT evaluations assumed that one or both or these projects was absent. Under
these circumstances, the analyses identified adding more NWP and Westcoast pipeline
capacity to Sumas and Station 2, respectively, earlier than currently planned. Based on
discussions with NWP, we are confident that sufficient NWP and Westcoast capacity can
be developed to meet our needs if these projects do not move forward.

Mist storage expansion

The Northwest Natural Gas Company (NW Natural), the owner and operator of the Mist
underground storage facility near Portland, Ore., is investigating a potential expansion
project to be completed in 2016. PSE is assessing the cost-effectiveness of this project
and may participate in the expansion. As with the PSE LNG Peaking Project and the
Swarr Upgrade project, this project is not firm at this point, but it is cost effective based
on the current costs and project description.
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NWP and Westcoast pipeline/Northern BC gas supply

The gas sales plan calls for a 41 MDth per day expansion of NWP/Westcoast pipeline
capacity by the winter of 2022-23 and further expansions over the planning horizon. The
inclusion of the NWP/Northwest pipeline expansion alternative was expected since it is a
low-cost alternative, and it provides access to an ample, relatively low-cost gas supply in
northern BC. The combination of NWP/Westcoast pipeline capacity expansion is a robust
decision among the various planning scenarios.

NWP and KORP pipeline/Alberta gas supply

The gas sales plan calls for the inclusion of 78 MDth per day of NWP/Kingsgate Oliver
Reinforcement Project (KORP) pipeline capacity near the end of the study period. This
project is proposed by Fortis BC and Spectra, but no firm decisions have been made
about proceeding. This is not an immediate concern since the project is not included in
the resource plan for several years.
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defined the planning context

1. Regional resource adequacy

Regional resource adequacy is changing. For more than a decade, the Northwest region
has had the capability to generate more electric energy than the region’s utilities required
to meet customer demand. This “surplus” has kept market power purchase prices low,
and made these existing resources a lower cost alternative to filling PSE’s peak capacity
need than building new generation.

However, according to the Pacific Northwest Resource Adequacy Forum’s’ November
2012 forecast, the region will turn capacity deficit by 2017; to bring the system back into
load-resource balance, the forecast indicates that approximately 350 MW of firm,
dispatchable generation will need to be developed by that date. Given actions by other

! The Resource Adequacy Forum was created in 2005 by the Northwest Power and Conservation
Council (NPCC) and BPA to develop “a framework to provide a means of assessing whether the
region has sufficient deliverable resources to meet its electricity demands reliably.” PSE is an
active participant in the Forum’s work, and we find their detailed examination of the sufficiency of
market resources extremely useful to the resource planning process.

3-1
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utilities in the region, it appears this amount of new generation will be achieved in time.
Longer-term, however, there is reason for concern. In the Northwest, nearly 2,000 MW of
coal-fired generation will be eliminated with the retirement of the Boardman and Centralia
plants. In the Southwest, our regular source for imported power in the winter, California is
expected to retire more than 11,000 MW of thermal generation as regulations that
prohibit once-through cooling (OTC) take effect.? Analysis presented to the Northwest
Power and Conservation Council in January of 2013 estimates regional resource
reliability will erode to a 15% loss of load probability by 2020 unless additional generation
is built in the region. (This is in addition to the 350 MW expected to be added by 2017).
The Resource Adequacy Forum’s November 2012 report and January 2013 presentation
to the Council are both included in Appendix |, Regional Resource Adequacy.

Boardman retirement. The transition plan for Boardman’s 650 MW of generation
will probably not have a significant impact on resource adequacy. The plant retires in
2020, but Portland General is planning to replace that capacity.

Centralia retirement. The retirement of TransAlta’s coal plant in Centralia, on the
other hand, will have a significant impact. Assuming the policy to retire Centralia remains
effective, the approximately 670 MW Centralia Unit 1 will shut down in 2020, and the 670
MW Unit 2 will shut down in 2025. This will create a 1,300+ MW deficit; regional utilities,
PSE among them, will need to add new generation (and associated transmission) to the
grid to ensure reliable energy supplies.

At present, PSE and many area utilities rely heavily on purchases in the “surplus” market
to meet peak needs at lowest cost. More than 25 percent of PSE'’s peak need is met in
this way (1,600 MW relative to a 6,000 MW peak). This remains a sound strategy for the
near term, but as the region’s surplus diminishes, relying on market purchases will grow
costlier and the risks to physical reliability will grow greater. PSE will be filing an update
to this IRP to specifically analyze long-term reliance on market.

As resource strategies change to accommodate new circumstances, utilities will probably
need to lengthen their acquisition planning windows. While short-term market purchases
are typically managed within a three-year timeframe, building gas-fired generating plants

* These regulations require power plants to either re-use cooling water or shut down. More
information on the California OTC can be found on slides 31-33 of the September 6, 2012, IRP
Advisory Group Meeting at http://pse.com/aboutpse/EnergySupply/Documents/IRPAG 2013-09-
06.pdf

3-2
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typically requires four to five years, and transmission construction, if required, can take
10 or more years.

2. The future of coal

The long-term future of coal is uncertain for many reasons. Continued low natural gas
prices, potential future environmental regulations, and potential future greenhouse gas
regulations are among the circumstances that could significantly affect the future of all
coal-fired generation throughout the United States.

Among U.S. coal plants, PSE’s Colstrip generating facility is relatively “young.” It was
equipped with modern technology from the start, and the plant has continually invested in
upgrades to increase both efficiency and environmental performance. As a result,
Colstrip is less susceptible to competition from natural gas because it operates so
economically, and it already meets many of the requirements in environmental
regulations that are expected to apply to the plant.

Nevertheless, several recently enacted regulations, changes in existing regulations and
proposed rules governing coal combustion materials will impact Colstrip’s operation. To
assess their possible effects, this IRP tests Colstrip’s economic viability under four
environmental compliance cost cases. The analysis indicates that the plant remained a
least-cost resource in most of the scenarios modeled; three key risk factors significantly
affected economic performance: high carbon costs, high disposal costs for coal
combustion residuals, and very low gas prices for a very long time.

Results of the analysis are discussed in Chapter 2, Developing the Plan, and Chapter 5,
Electric Analysis. For detailed descriptions of the plant, its ownership structure and
operations, the new and proposed regulations, and the four environmental compliance
cost cases, see Appendix J, Colstrip.

Washington state laws and regulations that impact coal-fired generation include
restrictions on emissions that preclude development of new coal resources in the state
(RCW 80.80) and a commitment to reduce greenhouse gas emissions to 1990 levels by
2020 (RCW 70.235.020).
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3. Natural gas

Reliance on natural gas for electric generation will continue to increase for the
foreseeable future. Aside from market power purchases plus transmission capacity — and
after adding demand-side and wind resources — economics and public policy make
natural gas-fueled generation (in the form of peaking plants that furnish back-up reliability
or CCCT plants that run for energy purposes) the only other viable option for filling
resource and ancillary needs.

4. Gas supplies and pricing

Earlier concerns about supply diversity have been allayed by a dramatic increase in
production that has taken place with the abundance of shale gas deposits. The
application of horizontal drilling and hydraulic fracturing technologies has made it feasible
to recover gas from shale-gas deposits that are widely dispersed across North America.
The producing areas that supply this region with natural gas — the U.S. Rockies (mostly
Wyoming, Colorado, Utah), Northeast British Columbia (BC) and Alberta — all have
significant gas reserves. Canadian supplies are growing due to increased production
from the world-class Montney and Horn River production areas in BC. These supplies are
being developed at relatively low costs (between $4 to $5 per MMBtu).

Gas prices have declined significantly as supplies have increased. For example,
according to the U.S. Energy Information Administration the average spot price for
natural gas (the price paid for gas to be delivered the next day) was $8.86 per MMBtu in
2008. The average spot price in 2012 was $2.75.

The low natural gas prices seen recently are the result of an oversupply or surplus of
natural gas in the market and commodity prices will increase as that surplus is worked off.
It is important to note, however, that natural gas prices in general appear to be operating
in a new, lower price-paradigm than even five years ago.

A number of market dynamics could influence natural gas prices one way or the other in
the future. Among them:

e The effect of new or improved production techniques and technologies.
* Potential regulations involving hydraulic fracturing.

3-4
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*  World demand and supply for natural gas liquids (NGLs) from the petrochemical
industry.

*  Shifting investment away from dry gas production to more profitable oil and other
liquid hydrocarbons.

* Coal plant retirements caused by more stringent regulation of SO, and mercury
emissions.

e The pace of economic growth across North America and the Pacific Northwest.

* Accelerated adoption of natural gas as a transportation fuel.

e The switch from oil to gas by energy-intensive industries if gas prices remain
lower than crude oil on a heat-content basis.

* Benefits and costs of exporting North American natural gas to premium overseas
markets via LNG.

5. Gas transportation and storage

Natural gas supplies are abundant now, and the existing natural gas transportation
system is sufficient to meet current demand. However, that system is likely to come
under increasing stress as more and more of the region’s electric generation requires
natural gas for fuel and as sectors like transportation begin to adopt it as an attractive fuel
option. Significant additions of gas-fired resources — as with the 2,212 MW of peaking
plants added over the 20-year planning period in this IRP — could create large swings in
gas loads on the interstate pipeline system and strain the entire supply chain. Increasing
reliance on natural gas is likely to increase the need for gas storage in the future and
possibly new or expanded pipeline capacity also. In addition to traditional gas storage
resources, this IRP examines the potential for using a liquefied natural gas (LNG) facility
as a resource alternative.

6. Gas for the transportation sector

The relatively low cost of natural gas has made it an increasingly attractive alternative for
transportation fuel, where it would replace higher-priced, higher-polluting petroleum-
based fuels. PSE is considering development of an LNG facility that would make it
feasible for a portion of Puget Sound’s marine traffic to have reliable access to lower cost,
less polluting LNG fuel. The facility would also be able to serve land-based vehicles. The
facility could also support the reliability of natural gas service for PSE customers by
serving as a back-up supply source during winter peaks in demand or during temporary
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disruption in gas supply or transmission. This resource alternative is explored in the gas
analysis in this IRP.

Transportation is the largest contributor of carbon dioxide emissions in the state, causing
about 55 percent of the total. Transportation also accounts for nearly 45 percent of all
end-use energy consumption in the state. Sixty percent of Washington’s $20 billion in
annual energy expenditures are devoted to moving people and goods, with the average
household spending almost two-thirds of its yearly energy budget on vehicle fuel.

It appears that substantial public- and private-sector savings on energy, along with
significant environmental benefits, could be gained from increased use of alternative-
fueled transportation, including electric-powered vehicles and vehicles fueled by
compressed natural gas (CNG) and liquefied natural gas (LNG). Carbon dioxide
emissions from CNG / LNG vehicles are lower than from gas- or diesel-power vehicles.
Other pollutants, such as sulfur oxide, nitrogen oxide and particulate matter, are also
lower with natural gas.

While the market share for alternative-fueled vehicles currently is small, PSE has seen a
marked increase during the past few years in the number natural gas vehicles (NGVs)
within the utility’s service territory. At the end of 2012, there were 789 CNG vehicles
registered in the 11 counties PSE serves; more than 57 percent of those vehicles were
newly registered in 2012. PSE natural-gas deliveries to NGVs in 2012 totaled more than
7.1 million therms — equivalent to the natural gas consumption of nearly 9,000 homes.

NGVs are available in many forms today, including heavy-duty trucks, transit buses,
school buses, and light-duty cars and trucks. The relative lack of refueling stations,
however, is likely inhibiting more widespread NGV adoption in Washington. Similarly, the
absence of an LNG marine terminal along Puget Sound may be hindering ship and ferry
conversion from high-cost, high-polluting petroleum fuels to natural gas. The facility PSE
is considering would help to address these needs.

7. Demand-side resources

Low natural gas prices, slow economic recovery, the elimination of federal tax incentives
and the introduction of new water heater federal standards may impact PSE’s ability to
acquire demand-side resources. Lower growth and lower use per customer means less
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demand-side potential, and continued economic uncertainty may reduce the willingness
of customers to invest in energy efficiency resources. Also, as a result of energy
efficiency tax credits and grants, PSE experienced increases in customer demand for
certain energy efficiency equipment. Now that most federal stimulus funds have been
allocated and the recently extended energy efficiency federal tax credits end on
December 31, 2013, the demand for these measures may diminish. This could mean that
PSE may have to increase incentives, customer education, and promotional efforts to
achieve energy efficiency goals. While energy savings may reduce costs over time,
customers will continue to face rate pressure from program costs in the short run.

The acquisition of demand-side resources is dependent on the decisions of many
individual customers to undertake a wide array of actions. These actions can range from
installing a compact fluorescent light (CFL) bulb to overhauling a large industrial facility.
For example, in 2012 PSE achieved 86,600 MWh of savings from the purchase of 4.4
million CFL bulbs and fixtures by residential customers. In the same time frame, PSE
also achieved 70,000 MWh of savings from 833 custom commercial/industrial customer
efficiency projects.

Customers may be driven by a variety of motivations: cost savings, comfort, productivity,
environmental responsibility, or legal compliance. Barriers to widespread customer
adoption of demand-side measures include high first costs, access to information about
benefits and costs, convenience, decision timing, unfamiliar technologies, and capacity of
the supply-chain infrastructure. Customer decisions are further affected by more “global’
factors, such as employment, income, or general industry conditions.

Projecting energy savings available from a specific market or measure in a particular time
period is a less than perfect science due to this complexity. Assumptions are made that
are simplifications of the real world, particularly around the level and timing of customer
adoption of demand-side measures. Actual customer behavior will likely follow a different
path than predicted by a planning model.

In addition to general market complexity, PSE, like any utility, must determine how much
of the total available demand-side resource potential is within its control to achieve.
Generally speaking, demand-side resource potential may be achieved through utility-
funded programs, tax incentives, mandated codes and standards, or independently by
customers with no utility or government encouragement. The total “achievable” potential
may therefore require further screening to determine what can realistically be acquired by
utility programs.
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Finally, PSE must balance positive and negative customer impacts, regulatory
requirements, and financial performance, including lost revenues from reduced sales, in
setting its program mix and targets.

8. CO, emissions costs

While Congressional action to limit greenhouse gas emissions is uncertain at this time, it
is entirely possible that future policy decisions could increase CO, emissions costs within
the 20-year planning horizon. President Obama announced that addressing climate
change will be a priority for the Executive branch during his second term, though what
form such actions may take is not clear at this time. State initiatives on carbon taxes are
also uncertain at this time. The analysis models potential CO, costs that range from $0 to
$179 per ton to capture this uncertainty.

In past IRPs, PSE has modeled CO, emissions costs as penalties, taxes, or prices
placed on carbon that increases the cost of fossil fuel-burning power plants and changes
market power prices. These costs are “internalized” in the analysis such that they can
reduce the dispatch of resources with high emission rates.

In response to input from stakeholders, PSE has also “internalized” the social costs
associated with CO; emissions in this IRP analysis. The lowest and highest costs cited in
the federal study titled Technical Support Document: Social Cost of Carbon for
Regulatory Impact Analysis under Executive Order 12866 are included in the Low CO,
Cost and High CO, Cost assumptions that serve as inputs to the scenarios.

In this way, the IRP included both the estimated societal costs of carbon as well as policy
attempts to reduce carbon emissions through pricing in the analysis; however, there is
significant uncertainty as to whether either of these CO,, policies will be adopted by state
or federal authorities in the future.

More detail on the carbon cost assumptions included in the analysis can be found in
Chapter 4, Key Assumptions.
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9. Operational flexibility

Variations in load and wind drive the company’s need to carry balancing reserves and
other ancillary services for wind. As customer demand fluctuates daily, hourly, and
seasonally, and as intermittent resources like wind also fluctuate quickly, PSE must have
enough resources standing by to “balance the load.” The more wind generation and load
variability is added to the system, the greater the need for operations that are flexible
enough to handle these swings.

Currently, balancing reserves are provided primarily by the company’s mid-Columbia
hydroelectric assets. However, unless these contracts are renewed as they expire, we
anticipate using natural gas turbines more frequently to provide reliable balancing
reserves. The shift to using thermal resources instead of hydroelectric resources to meet
balancing needs will impact both portfolio costs and operations.

Appendix G, Operational Flexibility, discusses the portfolio’s ability to effectively balance
load and wind fluctuations and describes the related economic analysis.

10. Renewable portfolio standards (RPS)

The state of Washington’s RPS (under RCW 19.285) continues to require renewable
resource additions to PSE’s portfolio; PSE must meet 3 percent of load with renewable
resources by 2012, 9 percent by 2016, and 15 percent by 2020.

The company’s RPS need is expressed in units called renewable energy credits (RECs).
To model RPS need for this IRP, PSE tested how different load levels affected our need
for RECs. Additionally, the RPS allows for REC banking. This analysis assumes a REC
banking strategy, which pushes the need for RECs later into the planning period relative
to not banking. The REC banking strategy used here is a representative strategy, not an
official strategy of the company.

The statute that governs RPS requirements also includes a revenue requirement cost
cap. According to RCW 19.285, all electric utilities in Washington must meet 15 percent
of their electric load with eligible renewable resources by 2020. However, if the
incremental cost of those renewable resources compared to an equivalent non-
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renewable is greater than 4 percent of its revenue requirement, then a utility shall be
considered in compliance with the annual target. Appendix K, Electric Analysis, includes
an analysis that demonstrates PSE will probably remain under the incremental cost cap.

11. Convergence of gas and electric markets

The increasing use of natural gas for electric generation has also increased awareness of
the need to coordinate operation and planning between the two industries. Both sectors
and several government agencies are working to address the growing interdependence
and avoid a crisis. A FERC staff report titled “Gas Electric Coordination Technical
Conferences,” dated November 13, 2012, delivers a comprehensive overview of federal
and regional efforts; it is included in Appendix M, Gas/Electric Coordination. PSE is
participating actively in the Federal, Western, and Northwestern efforts described in the
report.

Generally, two aspects of the convergence are attracting attention, operational issues
and long-term planning.

A major operational challenge is that gas markets operate on a nation-wide, standard
trading day while regional electric markets operate on a calendar-day absis, which
effectively creates different starting times from one time zone to another, and operate
hourly or sub-hourly. Having different trading days and hours creates challenges for
electric generation operators trying to line up supply. Another operational challenge is
the potential need for these industries to coordinate communication and actions in an
emergency situation. PSE has led the effort to address such communications through
development of the Northwest Mutual Assistance Agreement, which is also included in
Appendix M.

Long-term planning challenges involve resource adequacy issues. No standard
guidelines require gas-fired generators to have firm fuel supply to sell firm power in
centralized markets. The risk that a supplier will fail to deliver on a power contract is
generally addressed through a liquidated damages clause in the purchased power
agreement; should the supplier fail to deliver, the buyer must acquire the replacement
energy and the defaulting supplier pays the difference. While this approach fosters a
liquid market for financial transactions, it does not ensure that the lights will stay on.
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Adequate pipeline capacity is necessary, but electric generators run on fuel — having the
capacity to deliver that fuel does little good if there’s no natural gas available to put into
the pipeline in a timely manner. As gas-fired electric generation continues to expand —
especially the use of peaking plants designed to ramp up and down hourly to balance
fluctuations in load and renewable resources like wind — this concern will grow. Interstate
pipeline infrastructure will come under increasing strain as higher and higher volumes of
gas move through it. The State-Provincial Steering Committee (SPSC) formed the
Western Gas-Electric Regional Assessment Task Force to examine this issue across the
WECC?, and the Pacific Northwest Utilities Coordinating Committee (PNUCC) and the
Northwest Gas Association (NWGA) have also developed a Power and Natural Gas
Planning Task Force. The Task Force files periodic reports to FERC; the March 5, 2013,
report is also included in Appendix M.*

Gas/electric convergence issues are addressed in considerable detail in this IRP. Firm
pipeline capacity was included in the costs of gas-fired CCCT generation and gas-fired
peakers without oil back-up. Peakers with two days of oil back-up were not burdened with
firm pipeline capacity costs, but we are continuing to analyze whether a two-day supply is
sufficient to avoid firm pipeline capacity. In the electric portfolio analysis, all gas-fired
generation assumed some costs for gas storage. The detailed analysis of gas for
generation fuel found additional gas storage would be cost effective. Further results of
the gas for generation analysis can be found in Chapter 6, Gas Resources.

3 Additional materials from the SPSC’s Task Force is available at
http://www.westgov.org/ngei/index.htm

* Additional information on the PNUCC/NWGA Power and Gas Task Force is available at
http://www.pnucc.org/system-planning/power-natural-gas-taskforce
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Contents This chapter describes the forecasts,

estimates, and assumptions that were

1. Key Input ]
ey Inputs developed as key inputs to the

2. Scenarios, Sensitivities and T .
quantitative analysis conducted for

: this IRP. We combine these into
3. Input Matrices

scenarios and sensitivities to test

4. Summary Table of Scenario, o )
Sensitivity, and Case resource portfolios in different

Assumptions

possible futures and to measure the

effects of an isolated variable.

PSE develops ranges of forecasts, estimates, and assumptions for the following key
areas.

* Demand

* Power prices

* Gas prices

e CO;costs

We then combine these in different ways to create scenarios. Scenarios are “pictures” of
the future that reflect a set of integrated assumptions that could occur together. This
enables us to test how portfolio costs and risks respond to changes in economic
conditions, environmental regulation, natural gas prices, and energy policy. In addition,
we develop sensitivities that allow us to isolate the effect of a single variable; sensitivities
start with the Base Scenario and change only one input. In this IRP, we also developed a
series of cases to test the economic viability of an existing resource, Colstrip, under a
variety of regulatory conditions.
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The scenarios, sensitivities and cases developed for this IRP are listed below.

Scenarios

Base Scenario

Low (load & gas price)

High (load & gas price)

Very Low Gas Prices

Very High Gas Prices

Base + Low CO, Cost

Base + High CO, Cost

Base + Very High CO, Cost

High (load & gas price) + High CO, Cost

Low Gas & Power Price + Base Load
Sensitivities

Peaker Type-Combustion Turbines and Reciprocating Engines for Flexibility
Firm Gas Transport for Peakers

Thermal Plant Location: East and West of Cascades

DSR Ramp Rates

Replacing Colstrip Energy with Energy from Montana Wind

Additional 300 MW of Wind Beyond RPS Requirements

Colstrip Environmental Compliance Cost Cases

Case 1 — Low Cost
Case 2 — Mid Cost

Case 3 — High Cost
Case 4 — Very High Cost
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1. Key Inputs

Demand forecasts

Customer load is the single most important input assumption to the IRP analysis. The
demand forecast PSE develops for the IRP is an estimate of energy sales, customer
counts, and peak demand over a 20-year period. Significant inputs include information
about regional and national economic growth, demographic changes, weather, prices,
seasonality, and other customer usage and behavior factors. Known large load additions
or deletions are also included. Currently, job growth remains below pre-recession levels,
but continued improvement is expected as the national and regional economies slowly
grow out of the recession. Long-term job growth in PSE’s service area is forecast to
continue at a moderate pace in the Base Scenario.

Three demand forecasts were used for P
. R Why don’t they match?
portfolio analysis in this IRP.

The 2013 IRP Base Scenario uses the The load forecasts that appear in
2013 IRP Base Demand Forecast. This the IRP often do not match the load

forecast is based on 2011 macroeconomic forecasts presented in rate cases or
during acquisition discussions.

Why is this?

conditions such as population growth and
unemployment. Details on how the

demand forecast was developed can be
The IRP analysis takes 12 to 18 months

to complete. Load forecasts are so

found in Appendix H.

The 2013 IRP Low scenario uses the central to the analysis that they are one

2013 IRP Low Demand Forecast. This of the first inputs we need to develop.

forecast represents a pessimistic view of

the macroeconomic variables identified in By the time the IRP is completed, the

company will have updated the load
forecast. The range of possibilities in

the base forecast. The pessimistic view

creates a lower demand that PSE needs to
the IRP forecast is sufficient for long-

meet.

term planning purposes, but PSE will
The 2013 IRP High scenario uses the always present the most current
2013 IRP High Demand Forecast, which forecast for rate cases or when making

is a more optimistic view of the base acquisition decisions.

forecast.
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The graphs below show the peak load and annual energy load forecasts for Gas Sales
and Electric. See Appendix H, Load Forecasting Models, for a full discussion of how the

IRP forecasts were developed.

MW

GWh

Figure 4-1: PSE Electric Peak Load Forecast
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Figure 4-2: PSE Annual Electric Energy Load Forecasts 2012-2033
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(MDth/day)

(MDth/year)

Figure 4-3: PSE Peak Day Gas Sales Load Forecast
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Figure 4-4: PSE Annual Gas Sales Load Forecast
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Regional load

To develop power prices, PSE must use a forecast of regional demand. This IRP uses
the Northwest Power and Conservation Council’s preliminary regional forecast from the
6th Power Plan Mid-term Assessment. Figure 4-5 below shows the regional forecast, as
well as high and low variations.

Figure 4-5
NPCC Regional Demand Forecast
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Gas prices

Gas price assumptions for the Base Scenario are a combination of forward market prices
and fundamental forecasts acquired in July 2012 from Wood Mackenzie, a well known
macroeconomic and energy forecasting consultancy. Wood Mackenzie’s gas market
analysis includes regional, North American, and international factors, as well as
Canadian markets and LNG exports. The full range of gas price assumptions was derived
by calculating the relative difference between the Base Scenario gas prices and the very
low, low, high, and very high forecasts in the 2011 IRP, and applying those ratios to the
2012 Wood Mackenzie fundamental forecast. Figure 4-6, below, illustrates the range of
20-year levelized gas prices and associated CO, costs used in these IRP analyses.

Figure 4-6
Levelized Gas Prices by Scenario
(Sumas Hub, 20-year levelized — 2014 to 2033 — nominal $)
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2
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10.00

8.00

6.00

($/MMBtu - nominal $)

0.00 -
VeryLow Low Base Base+ Base+ Base+ High High + Very High
Gas Low CO2 High CO2 Very High High CO2 Gas
COo2



Exhibit No. (TAD-7)
Page 66 of 1000

CHAPTER 4 - KEY ASSUMPTIONS

CO, prices

To capture a range of uncertainty around CO; costs, PSE developed the following
estimates as inputs.

Base CO, Cost. $0 per ton. This estimate is based on existing Washington law
RCW 80.70, which applies to new fossil fuel-fired thermal generation built within the state.
The law’s cost can be reflected on a per ton basis or as a one-time expense included in
the facility’s construction cost. The 2011 IRP tracked the cost at $0.32 per ton; to simplify
modeling, this IRP incorporates the cost as a one-time expense. Base CO, cost was
modeled in all scenarios except the four that specify Low, High, or Very High CO, Cost in
their names.

Low C02 Cost. s6 per ton in 2014 to $20 per ton in 2033. This estimate is
based on the lowest cost estimate in the Technical Support Document: Social Cost of
Carbon for Regulatory Impact Analysis under Executive Order 12866." This cost was
used as an internal CO, penalty that affects fossil fuel costs and dispatch. Low CO; cost
was modeled in the Base + Low CO, Cost scenario.

High CO, Cost. $25 per ton in 2017 to $80 per ton in 2033. This estimate was
developed using the CO; prices modeled and published by the Environmental Protection
Agency (EPA) in their analysis of the Kerry-Lieberman “American Power Act” cap-and-
trade scheme. In this environment, CO; costs are reflected in gas prices and power
prices. High CO, Cost was included in the Base + High CO, Cost and High (load & gas
price) + High CO, Cost scenarios.

Very High CO, Cost. $75 per ton in 2014 to $179 per ton in 2033. This
estimate is based on the highest cost estimate in the Technical Support Document:
Social Cost of Carbon for Regulatory Impact Analysis under Executive Order 12866.7
This cost was used as an internal CO; penalty that affects fossil fuel costs and dispatch.
Very High CO, Cost was modeled in the Base + Very High CO, Cost scenario.

! The study can be found on the Environmental Protection Agency’s website.
* Ibid
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The range of CO, costs used in the IRP is illustrated below in Figure 4-7.
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2. Scenarios, Sensitivities and
Cases

The scenarios developed for this IRP enable us to test portfolio costs and risks in a wide
variety of possible future conditions. Sensitivities enable us to isolate the effects of an
individual variable. Cases enable us to test how an existing resource responds
economically to varying conditions.

The full range of scenarios is described first, followed by a detailed description of the
Base Scenario against which others are defined by reference. Descriptions of the
sensitivities follow, then the cases. Finally, a summary table including all of these
assumptions appears at the end of this chapter.

Scenarios

PSE developed ten scenarios for this IRP. NOTE: Subjective probabilities are not
assigned to the likelihood of any particular scenario occurring; in other words, it is
important to remember that no scenario is judged to be more likely to occur than any
other.

The Base Scenario

This scenario provides a starting set of assumptions; other scenarios are described by
how they differ from it. A full description of the Base Scenario follows these summaries.

Low (load & gas price)
This scenario models weaker long-term economic growth than the Base Scenario.

* Demand for energy is lower in the region and in PSE’s service territory.
* Natural gas prices are lower due to lower energy demand.

A low growth rate has been applied for the WECC region, and the 2013 IRP Low
Demand Forecast has been applied for PSE. The long-run low forecast is applied to
natural gas prices.
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High (load & gas price)
This scenario models more robust long-term economic growth than the Base Scenario.

* Demand for energy is higher in the region and in PSE’s service territory.
* Natural gas prices are higher as a result of increased demand.

The High growth rate has been applied in the WECC region, and the 2013 IRP High
Demand Forecast has been applied for PSE. The long-run high forecast is applied to gas
prices.

Very Low Gas Price
This scenario models the impact of very weak long-term gas prices

* Gas prices remain constant in nominal terms throughout the study period.

Prices remain at 2012 levels ($3.17 per MMBTu) throughout the 20-year period, which
translates to a levelized price of approximately $1.03 per MMBTu lower than the low gas
price forecast.

Very High Gas Price
This scenario models a future in which gas prices are extremely high.
* Gas prices are substantially higher than other forecasts.

The levelized price is $2.17 per MMBtu higher than the high gas price forecast ($9.98
compared to $7.81 for the high price forecast).

Base + Low CO, Cost
This scenario tests portfolio decisions in a world with Low CO, costs.

* Power and gas prices reflect higher CO; costs than the Base Scenario, but lower
than other CO, scenarios.

Low CO; prices are based on the lowest forecast from the EPA Technical Support
Document, and modeled as a CO, cost/price.
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Base + High CO, Cost

This scenario tests portfolio decisions in a world with high CO, costs.
* Power and gas prices reflect higher CO; costs than the Base + Low CO; Case.

High CO, prices based on the American Power Act are used, and are modeled as a CO,
cost/price.

Base + Very High CO, Cost
This scenario tests portfolio decisions in a world with very high CO, costs.
e Power and gas prices reflect the highest CO, costs modeled.

Very high CO;, prices, based on the highest forecast from the EPA Technical Support
Document, are modeled as a CO; cost/price.
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High (load & gas price) + High CO, Cost

This scenario tests portfolio decisions in a high growth, high demand world, with high
CO; costs.

* Demand for electricity is higher, reflecting the robust economic conditions that
would be required to make material CO, costs politically viable.

* Gas prices are much higher.

* CO; emission costs are much higher.

A high growth rate applies for the WECC region, and the 2013 IRP High Demand
Forecast applies for PSE. CO, emission costs rise from $25 per ton in 2017 to $80 per
ton in 2033 — per the High CO, cost estimates developed from the American Power Act.
Demand for natural gas increases and prices move higher as developers of new
generating resources switch from coal to gas to satisfy legal and environmental
requirements. Gas-fired generation also increases as more intermittent, renewable
energy generation comes online (wind and solar).

Low Gas & Power Price + Base Load

This scenario models lower gas prices with the same demand forecast as the Base
Scenario.

* Natural gas prices are lower due to lower energy demand.
* Power prices are the same as in the Low (load and gas price) scenario.
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Base Scenario description

Modifications made in the other scenarios and sensitivities are deviations from the
reference points established in the Base Scenario assumptions described below.

Resource costs. The estimated cost of generic resources is based on a study
conducted by Black and Veach (December 2012) on behalf of PSE and on information
derived from offers received in response to PSE’s formal 2012 Requests for Proposals
(RFPs). Offer prices received were not firm and were occasionally revised. The cost of
each resource is escalated at 2.5% over the 20-year time horizon to reflect an annual

inflation rate.

In general, cost assumptions represent the “all-in” cost to deliver a resource to customers,
which includes plant, siting, and financing costs. PSE'’s activity in the resource acquisition
market during the past five years informs the company’s cost assumptions, and our
extensive discussions with developers, vendors of key project components, and firms that
provide engineering, procurement, and construction services lead us to believe the
estimates used here are appropriate and reasonable.

Heat rates. pse applies the improvements in new plant heat rates as estimated by
the Energy Information Administration (EIA) in the Annual Energy Outlook (AEO) Base
Case scenario. New equipment heat rates are expected to improve slightly over time, as
they have in the past.

Regional demand growth. PSE based regional demand growth on a
preliminary forecast provided by the Northwest Power and Conservation Council as part
of their 6th Power Plan Mid-term Assessment.

PSE demand growth. PSE-specific demand growth incorporates assumptions
about regional demand growth, but also includes many factors specific to the service
territory. Development of PSE demand forecasts is discussed in detail in Appendix H. For
this reference scenario, we assume the 2013 IRP Base Demand Forecast.

Natural gas prices. Gas price forecasts are a combination of forward marks in
the near term and Wood Mackenzie forecasts for the longer term.
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* From 2014 through 2016, PSE used the three month average of forward marks
for the period ending July 09, 2012. Forward marks reflect the price of gas being
purchased at a given point in time for future delivery.

* Beyond 2016, PSE based gas prices on the fundamental forecasts acquired In
July 2012 from Wood Mackenzie. Wood Mackenzie’s modeling assumptions and
resulting forecasts are first compared with other forecasts for reasonableness.

CO, costs. The Base Scenario assumes CO, costs in current state law (RCW
80.70); this is effectively a charge of $0 per ton starting in 2012 which remains constant
over the study period.3

Federal subsidies. Three federal subsidies have reduced renewable resource
costs in the U.S. during the most recent expansion of the renewable resource industry.
While these subsidies are set to expire, it is important to note that in the past they have
expired, only to be renewed and expanded later. Currently there is no momentum for
long-term renewals and PSE does not have a near-term need for more renewable
resources. Therefore, the 2013 IRP does not include any renewable resources that meet
the current eligibility criteria for the current federal subsidies. A description of each of the
maijor federal subsidies follows.

Production Tax Credits. The Production Tax Credit (PTC) is a subsidy identified in
the American Recovery and Reinvestment Act of 2009 (ARRA) for production of
renewable energy. In January 2013, the American Taxpayer Relief Act of 2012 (H.R. 6,
Sec. 407) removed the “placed in service dates” for eligibility and replaced this language
with “begins construction in 2013.” Currently, the PTC amounts to approximately $22 (in
2012 dollars) per MWh for 10 years of production after a project is placed into service.
The PTC is indexed for inflation. The Base Scenario assumes no further PTCs are
available for new resource development as of 2014.

Investment Tax Credits. The Investment Tax Credit (ITC) currently amounts to
30% of the eligible capital cost for renewable resources; it expires at the end of 2013.
These scenarios assume no extension of ITCs.

> RCW 80.70 applies to new fossil fuel-fired thermal generation built in the state. It allows this
cost to be reflected on a per ton basis or as a one-time expense included in the facility’s
construction cost. The 2011 IRP tracked the cost at $0.32 per ton; to simplify modeling, this IRP
incorporates the cost as a one-time expense.
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Treasury Grants. The Treasury Grant (Grant) is subsidy that amounts to 30% of the
eligible capital cost for renewable resources; it also expires at the end of 2013. For
projects placed in service in 2013, construction must have started in 2009, 2010, or 2011
and the project must meet eligibility criteria. This subsidy differs from the previous two in
that it is a cash payment from the federal government, versus a tax credit. No extension
of the Treasury Grant is assumed.

Renewable portfolio standards. Renewable portfolio standards (RPS)
currently exist in 29 states and the District of Columbia, including most of the states in the
WECC and British Columbia. They affect PSE because they increase competition for
development of renewable resources. Each state and territory defines renewable energy
sources differently, sets different timetables for implementation, and establishes different
requirements for the percentage of load that must be supplied by renewable resources.

To model these varying laws, PSE first identifies the applicable load for each state in the
model and the renewable benchmarks of each state’s RPS (e.g. 3 percent in 2015, then
15 percent in 2020, etc.). Then we apply those requirements to each state’s load. No
retirement of existing WECC renewable resources is assumed, which perhaps
underestimates the number of new resources that need to be constructed. After existing
and "proposed" renewable energy resources are accounted for, "new" renewable energy
resources are matched to the load to meet the applicable RPS. Following an internal and
external review for reasonableness, these resources are created in the AURORA
database. Technologies included wind, solar, biomass, and geothermal. Creation of RPS
resources was guided by estimates of potential production by states that appear in the
“‘Renewable Energy Atlas of the West,” which can be found at www.dsireusa.gov. These

vary considerably depending on local conditions; Arizona, for example, has little wind
potential but great solar potential. Appendix K, Electric Analysis, includes a table that
identifies renewable portfolio standards by jurisdiction.
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Build constraints. PSE added constraints on coal technologies to the AURORA
model in order to reflect current political and regulatory trends. Specifically, no new coal
builds were allowed in any state in the WECC. In addition, all the coal plants in the
WECC must meet the National Ambient Air Quality Standards (NAAQS) and the Mercury
and Air Toxics Standards (MATS). Any plant that did not meet these standards and had
no plans to retrofit was assumed to retire. Washington state law RCW 80.80
(Greenhouse Gases Emissions-Baseload Electric Generation Performance Standard)
clearly prohibits construction of new coal-fired generation within the state without carbon
capture and sequestration. Absent constraints, the AURORA model would have identified
coal as a least-cost resource and built some coal units in the WECC. PSE also reflected
the retirement of California power plants that would be shuttered by the state’s Once-
through Cooling regulations. Renewable resources were added to the database to meet
all current state RPS laws or goals in the WECC. Further discussion of the RPS by state
is located in Appendix K, Electric Analysis.
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Sensitivities

Sensitivities change only one variable in the Base Scenario, so that we can isolate the
effect that variable has on the portfolio. In this IRP we tested four sensitivities.

* Firm Gas Transport Cost for Peakers

* Peaker Type

* Thermal Plant Location

* DSR Ramp Rates

* Replacing Colstrip Energy with Montana Wind

* Additional 300 MW of Wind Beyond RPS Requirements

Firm Gas Transport for Peakers

This sensitivity adds higher-priced, firm pipeline capacity costs to the peakers. This
sensitivity also assumes that peakers are unable to use oil as a back-up fuel when
natural gas is unavailable; the Base Scenario assumes that they can.

Peaker Type

This sensitivity explores how the portfolio’s operational flexibility would change depending
on what type of peaker technology was employed. This sensitivity tests the difference
between two peaker types: frame and reciprocating engines.
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Thermal Location

This sensitivity tests whether the economics of thermal generation are affected by the
location of the resource. Thermal generating plants located west of the Cascades within
PSE’s service territory are assumed to have certain advantages because they operate
within PSE’s transmission system, but their fuel cost is higher and they may be subject to
constraints on siting. Thermals located east of the Cascades must rely on the regional
transmission network to deliver power to the service territory but benefit from lower cost
fuel supply and fewer siting constraints. This sensitivity imposes the type of locational
build constraints that could result from local air permitting limits, lack of available
development sites, or lack of transmission resources.

DSR Ramp Rates

For the gas sales analysis, we created sensitivities that tested 10- and 20-year ramp
rates for DSR measures, and a 2-year delay on a 10-year ramp rate. For the electric
analysis, the IRP tested both 10- and 20-year DSR ramp rates.

Replacing Colstrip Energy with Montana Wind

This sensitivity tested the cost impact of replacing the energy from PSE’s Colstrip plant
with wind power from Montana. PSE’s share of Colstrip output is approximately 5 million
MWh per year. Given the uncertainty characteristic of wind generation, two sensitivities
were performed. One assumed the Montana wind would have a 40 percent annual
capacity factor, which would translate to approximately 1,400 MW of wind. The other
assumed a 31% annual capacity factor, which would translate to approximately 1,800
MW of wind.

Additional 300 MW of Wind Beyond RPS Requirements

This sensitivity included an additional 300 MW of southeastern Washington wind added
in 2017 on top of the renewable resources needed to comply with the state’s RPS. This
analysis was used to estimate the fundamental cost of generating Renewable Energy

Credits (RECs) from wind and to estimate the cost of CO2 abatement using Northwest

wind resources.
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Colstrip Environmental Compliance
Cost Cases

Several proposed or recently enacted rules will affect the operation of the Colstrip plant in
eastern Montana in coming years. This IRP developed four compliance cost cases to
analyze the continued economic viability of this resource under varying regulatory
conditions. Operations at Colstrip Units 1 & 2 are analyzed separately from operations at
Units 3 & 4 because the older units are subject to different requirements than the newer
units. Below are brief descriptions of the four compliance cases modeled. The four cases
are described in detail in Appendix J, Colstrip.

Case 1 — Low Cost

In this case, compliance is achieved using existing, installed equipment with a minimum
of modifications or additions.

Case 2 — Mid Cost

This case includes additional equipment that may be needed to assure compliance. It is
largely based on the need for equipment to bring the older Units 1 & 2 into compliance
with the EPA’s Regional Haze FIP.

Case 3 — High Cost

Case 3 assumes all of the Case 2 costs, plus additional costs for new equipment to meet
future requirements. It also reflects a scenario in which coal combustion residuals are
determined to require off-site hazardous waste disposal.

Case 4 — Very High Cost

Case 4 assumes all Case 2 costs plus it triples the hazardous waste disposal costs
included in Case 3 and it accelerates the schedule for meeting other requirements.

NOTE: The assumption that coal combustion residuals will need to be disposed of off-site
as hazardous waste is a significant cost driver for Cases 3 and 4; however, depending on
how potential regulations develop in the future, Colstrip may be able to store CCR waste
on-site, given the quality of its current containment methods. If so, compliance costs for
both cases would be substantially lower.
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3. Input Matrices

Power prices

One of the primary reasons for conducting scenario analysis is to develop the power
prices used in the optimization model. PSE used a deterministic method to develop
power prices. For each scenario, we ran AURORA using the different sets input variables
described in section two of this chapter to calculate power prices. For example, The Base
Scenario uses the 2013 IRP Base Demand Forecast and the 2012 fundamental gas price
forecast from Woods Mackenzie, while the High (load & gas price) scenario uses the
2013 IRP High Demand Forecast and long-run high gas price forecast. The sensitivities
do not require AURORA runs since they rely on the Base Scenario assumptions; they are
simply manipulations of the constraints and assumptions in the optimization model. See
Appendix K for a discussion of how power prices and the stochastic model were used.

The following table shows the power prices used in each of the core scenarios.

Figure 4-8
Input Power Prices by Scenario
Annual Average Mid-C Power Price (Nominal $/MWh)
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Resource assumptions

PSE also uses the resource assumptions shown in Figure 4-9 in the analysis. The
generic CCCT is an F type, 1x1 engine with wet cooling tower. The peaker is also an F
type, wet cooled turbine. The reciprocating engine is a 3-engine design with wet cooling.
In addition to these supply-side resources, PSE also uses the demand-side resource
assumptions identified in Appendix K, Electric Analysis.

Figure 4-9

Electric Supply-side Resources

Frame Frame
CCCT Peaker w/ Peaker
(o]1] w/o Oil
Capacity MW 377 221 221 18 100
Capital Cost $/KW $1,540 $915 $879 $2,186 $2,019
O&M Fixed $/KW-yr $22.06 $19.91 $10.99 $40.57 $23.16
O&M Variable $/MWh $0.42 $0.44 $0.44 $1.80 $3.00
Forced Outage Rate % 3% 3% 3% 3%
Wind Capacity Factor % 30%
Capacity Credit % 100% 100% 100% 100% 4%
Operating Reserves % 7% 7% 7% 7% 5%
Heat Rate — GT Btu/KWh 6,822 10,231 10,231 8,370
Heat Rate — DF Btu/KWh 8,972
Westside Locaon | Caceades | aseades | Cascades | Casoades
Fixed Gas Transport $/KW-yr $43.23 $0.00 $66.94 $54.77
‘T’fgfsz'gfas $IMWh $0.04 $0.24 $0.04 $0.04
Fixed Transmission $/KW-yr $0.00 $0.00 $0.00 $0.00
Variable Transmission $/MWh $0.00 $0.00 $0.00 $0.00
ZeBEE LB CE::;SLS CE:S;SLS CI;::;SZ}S CE:S;SLS CE:S;SLS
Fixed Gas Transport $/KW-yr $27.86 $0.00 $43.13 $35.29
‘T’f;]ast:)'gfas $IMWh $0.01 $0.05 $0.01 $0.01
Fixed Transmission $/KW-yr $17.47 $17.47 $17.47 $17.47 $31.79
Variable Transmission $/MWh $0.00 $0.00 $0.00 $0.00
Emissions:
SO, Ibs/MMBtu
NOy Ibs/MMBtu 0.007 0.009 0.009 0.009
CO; Ibs/MMBtu 115.9 115.9 115.9 115.9
First Year Available 2018 2016 2016 2016
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4. Summary Table of Scenario,

Sensitivity and Case Assumptions
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Electric Analysis

More than a million customers in
Contents Washington state depend on PSE for
1. Resource Need safe, reliable, and affordable electric

w services. The IRP analysis described
2. Existing Resources

in this chapter enables PSE to
3. Resource Alternatives .
develop valuable foresight about how

4. Analytic Methodology.

resource decisions may unfold over

5. Results and the next 20 years in conditions that

Key Findings . . .
depict a wide range of possible

futures.

1. Resource Need

For PSE, resource need has three dimensions. The first is physical: Can we provide
reliable service to our customers at peak demand hours and at all hours? The second is
economic: Can we meet the needs of customers across all hours cost effectively? The
third is policy-driven: Are there enough renewable resources in the portfolio to fulfill the
state’s renewable portfolio standard requirements? Each dimension is described below.

Physical reliability need

Physical reliability need refers to the resources required to ensure reliable operation of
the system. This operational requirement has three components: customer demand,
planning margins, and operational reserves. The word “load” — as in “PSE must meet
load obligations” — specifically refers to the total of generated demand plus planning
margins and operating reserve obligations. The planning margin and reserves must be
maintained in order to minimize interruption of service due to extreme weather or the
unlikely event of equipment failure or transmission interruption.
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Physical characteristics of the electric grid are very complex, so for planning purposes
PSE simplifies physical resource need into a peak hour capacity metric through a loss of
load probability analysis. That is, if PSE has sufficient resources modeled in the IRP to
meet its normal peak hour demand plus a planning margin and the operating reserves
required to dispatch those resources, the company will be able to maintain an adequate
level of reliability across all hours. We can simplify physical resource need in this way
because PSE is much less hydro-dependent than other utilities in the region, and
because resources in the IRP are assumed to be available year-round. If we were more
hydro-dependent, issues like the sustained peaking capability of hydro and annual
energy constraints could be important; likewise, if seasonal resources or contracts were
contemplated, supplemental capacity metrics may be appropriate to ensure adequate
reliability in all seasons.

Figure 5-1 shows physical reliability need for the three demand scenarios modeled in this
IRP. The components of this “peak need” are described more fully following the chart.

Figure 5-1
Electric Peak Need (Physical Reliability Need)
Comparison of projected peak hour need with existing resources
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Customer demand

PSE uses national, regional, and local economic and population data to develop a range
of demand forecasts for the 20-year IRP planning horizon." These forecasts are
incorporated into the scenarios modeled in the electric analysis. (See Chapter 4 for
summary descriptions, and Appendix H for a detailed discussion of the methodologies
and inputs used to develop the forecasts.)

PSE is a winter-peaking utility, meaning that we experience the highest end-use demand
for electricity when the weather is coldest, so projecting peak energy demand begins with
a forecast of how much power will be used at a temperature of 23 degrees Fahrenheit at
SeaTac (a normal winter peak for PSE, see Appendix H, Demand Forecasts). We also
experience sustained strong demand during the summer air-conditioning season,
although these highs do not reach winter peaks.

Planning margin

PSE incorporates a planning margin in its description of resource need in order to

achieve a 5 percent loss of load probability (LOLP). The 5 percent LOLP is an industry
standard resource adequacy metric used to evaluate the ability of a utility to serve its load,
and one that is used by the Pacific Northwest Resource Adequacy Forum.? The process
has two steps. First, we perform an analysis on the likelihood that load will exceed
resources on an hourly basis over the course of a full year with focus on the winter period
since PSE has a winter peaking load. Included are uncertainties around temperature
impacts on loads and conservation savings, hydro conditions, wind, and forced outage
rates (both their likelihood and duration). This analysis allows us to identify the amount of
resources needed to achieve a 5 percent LOLP in the winter period. In step two, the 5
percent LOLP is translated into the planning margin for the winter period. (For the
calculations used to determine the planning margin, see the discussion of PSE’s Loss of
Load Probability Model in Appendix K, Electric Analysis.) Figure 5-2 shows the updated
targets for winter period planning margins that are estimated to result in an adequate

level of reliability. Given that PSE has a winter peaking load, any capacity brought in to
meet the planning margin in the winter is also available to meet capacity in other seasons.

! The demand forecasts developed for the IRP are a snapshot in time, since the full IRP analysis
takes more than a year to complete and this input is required at the outset. Forecasts are updated
continually during the business year, which is why those used in acquisitions planning or rate
cases may differ from the IRP.

2 See http:/[www.nwcouncil.org/library/2008/2008-07.htm
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Figure 5-2
(2013 IRP Winter Period Planning Margin)

Planning Margins Net of Operating Reserves @ 5% LOLP

Winter Winter Winter
2014-2015 2018-2019 2023-2024

IRP2013-Winter Season 13.5% 14.0% 16.0%

In addition to the planning margin, the LOLP model also allows PSE to calculate the
incremental capacity equivalent (ICE) of different types of new resources. The
incremental capacity equivalent is defined as the change in capacity of a generic natural
gas peaking plant that results from adding a new type of resource with any given energy
production characteristics to the system while keeping the LOLP target constant at 5
percent. The new resource could be wind, battery, coal plant, or even a power purchase
agreement (PPA). This allows us to assign the capacity contribution of certain projects
relative to a gas peaker, and it is especially useful for variable energy resources such as
wind. Fixed PPAs have an ICE of more than 100 percent, since they are available all
hours without the forced outage rate peakers must account for. (For a more detailed
explanation of ICE, see Appendix K, Electric Analysis.) Figure 5-3 below shows the
estimated incremental capacity equivalent of certain projects.

Although a generic wind project could be located in many parts of the Northwest,’ a
southeast Washington wind location was chosen as the generic wind for this IRP. Good
historical wind data exists for the area, PSE already owns development rights at the
Lower Snake River site, and transmission to the grid already exists in this location.
Comparison of improvements in the incremental capacity equivalents for other wind sites
must account for the incremental transmission costs required to connect the site to the
regional grid.

3 PSE examined the incremental capacity equivalent of a central Washington wind project in the
2011 IRP.
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Figure 5-3
ICE Comparisons

Incremental Capacity Equivalent @5% LOLP

Winter
Resource Type 2018-2019
** Natural Gas Peaker 100%
1) Existing Wind (Cumulative = 822MW) 10%
2) New Wind (SE Washington = 100MW) 4%
3) Battery (100MW, 400 MWhs Energy, Charge/Discharge Time=4Hrs) 57%
4) Colstrip (All Units =657MW4) 90%
5) Fixed PPA (200MW, 8760Hours) 106%

Operating reserves

North American Electric Reliability Council (NERC) standards require that utilities
maintain a “reserve” in excess of end-use demand as a contingency in order to ensure
continuous, reliable operation of the regional electric grid. PSE’s operating agreements
with the Northwest Power Pool, therefore, require the company to maintain two kinds of
operating reserves: contingency reserves and balancing reserves.

Contingency reserves. Contingency reserves are intended to bolster short-
term reliability in the event of forced outages. Under the Northwest Power Pool’s
contingency reserve sharing agreement, generators must reserve an additional 5 percent
of hydro or wind resources and 7 percent of thermal resources, when such units are
dispatched to meet firm sales obligations. This capacity must be available within 10
minutes, and 50 percent of it must be spinning. For example, if a 100 MW thermal
generator is dispatched to meet firm sales, the utility must have an additional 7 MW of
resources available to meet the contingency reserve sharing obligation. Each member of
the power pool maintains such reserves. If any member’s generator experiences a forced
outage, the contingency reserve sharing agreement is activated. Reserves from other
members come online to make up for the lost generation. This is a very short-term
arrangement. Contingency reserve sharing covers such forced outages for up to one
hour. After that, the utility must balance its load (firm sales plus operating reserves) by
either purchasing resources on the market or, if necessary, shedding load.

* Colstrip capacity of 657 MW reflects the 677 MW of Net Maximum Capacity described in the
Existing Resources section below, minus transmission line losses on BPA’s transmission system.
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The Federal Energy Regulatory Commission (FERC) is likely to approve a new ruling that
will affect the amount of reserves we carry. Instead of 5 percent of hydro and wind and 7
percent of thermal, Bal-002-WECC-1 would require us to carry 3 percent of generating
resources (hydro, wind and thermal) and 3 percent of load. Primarily, this affects daily
operations in hours when we are relying more on market power purchases than PSE-
owned generation. The rule will increase peak hour capacity need in 2014 by
approximately 35 MW. NERC approved the standard on Nov 7, 2012; next, NERC will file
for final approval from FERC.®

Balancing reserves. Utilities must also have sufficient reserves available to
maintain system reliability within the operating hour; this includes frequency support,
managing load and variable resource forecast error, and actual load and generation
deviations. Balancing reserves do not provide the same kind of short-term, forced-outage
reliability benefit as contingency reserves, which are triggered only when certain criteria
are met; balancing reserves must be able to ramp up and down as loads and resources
fluctuate instantaneously each hour. For a more detailed explanation, see Appendix G,
Operational Flexibility.

For PSE, the amount of balancing reserves is 123 MW. This amount is based on a 95
percent confidence interval, or the amount of reserves that would capture 95 percent of
the within-hour load and resource deviations. This confidence interval is derived from
historical data during the months of December and January, coinciding with the period
used for PSE’s winter-peak planning. 123 MW reflects an increase from the 35 MW used
in prior IRPs, which was also termed "regulating reserves.” This was the amount
historically needed for PSE to meet its Control Performance Standard 2, a NERC
reliability metric that measures a utility’s Area Control Error every 10 minutes. While this
amount is adequate for balancing the system over 10 minute periods, it is inadequate for
balancing the system over the entire operating hour. For more information, see Appendix
G, Operational Flexibility.

* For more information,
Q0 to http:/[www.wecc.biz/Standards/Development/WECC-0083/default.aspx.
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Energy need

Meeting customers’ “energy need” is more of a financial concept that involves minimizing
cost rather than a physical planning constraint for PSE. Portfolios are required to cover
the amount of energy needed to meet physical loads, but our models also examine how
to do this most economically. We do not have to constrain (or force) the model to
dispatch resources that are not economical; if it is cheaper to buy power than dispatch a
generator, PSE will choose to buy. Similarly, if a zero (or negative) marginal cost
resource like wind is available, PSE will displace higher-cost market purchases and use
the wind to meet the “energy need.” Figure 5-4, below, illustrates the company’s energy
position into the future, based on the energy load forecasts and economic dispatched of
the Base Scenario presented in Chapter 4, Key Assumptions.

Figure 5-4
Annual Energy Position for 2013 IRP Base Scenario
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Renewable resources

Washington state’s renewable portfolio standard (RPS) requires PSE to meet specific
percentages of our load with renewable resources or renewable energy credits (RECs)
by specific dates. The main provisions of the statute (RCW 19.285) are summarized

below.

For all practical purposes, wind remains the
main resource available to fulfill RPS Washington State
requirements for PSE. Existing hydroelectric RPS Targets

resources may not be counted towards RPS

goals except under certain circumstances for 3% of supply-side resources by 2012

new run of river and efficiency upgrades, and 9% of supply-side resources by 2016

other renewable technologies are not yet 15% of supply-side resources by 2020
capable of producing power on a large

enough scale to make substantial

contributions to meeting the targets.

Renewable resources influence supply-side resource
decisions.

Adding wind to the portfolio increases the need for stand-by back-up generation that can
be turned on and off or adjusted up or down quickly. The amount of electricity supplied to
the system by wind drops off when the wind stops, but customer need does not. As the
amount of wind in the portfolio increases, so does the need for reliable back-up
generation. Appendix G, Operational Flexibility, discusses PSE wind integration
challenges in more detail.

Demand-side achievements affect renewable amounts.

Washington’s renewable portfolio standard calculates the required amount of renewable
resources as a percentage of kWh sales; therefore, if the kWh decreases, so does the
amount of renewables we need to plan for. Achieving demand-side resources (DSR) has
precisely this effect: DSR decreases sales volumes, and therefore the amount of
renewables needed.
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REC banking provision

Washington’s renewable portfolio standard allows for REC banking. Unused RECs can
be banked forward one year or can be borrowed from one year in the future. In this IRP,

PSE assumes that the company would employ a REC banking strategy that would push
the need for additional RECs further into the future.

Figure 5-5 illustrates the need for renewable energy after accounting for REC banking

and the savings from demand-side resources that were found cost effective for the 2013
IRP.

Figure 5-5
RPS Need Based on Achievement of All Cost-effective DSR

== Minimum amounts of produced and banked RECs
C—Hydro

—a—RECNeed:2013 IRP Base Demand less Base DR
—m— RECNeed: 2013 IRP Base Demand Forecast

RECs'000

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

N

029 2030 2031 2032 2033
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2. Existing Resources

Resources are divided into two categories, depending on where they originate. Supply-
side resources generally originate on the company side of the meter, while demand-side
resources (DSR) generally originate on the customer side of the meter.

With supply-side resources, power is generated by means of water, natural gas, coal,
wind, etc., and then transmitted (or “supplied”) to customers.

Demand-side resources include energy efficiency measures, demand-response, and
other techniques that reduce the amount of power customers need (or “demand”) in order
to operate their homes and businesses.

Existing supply-side resources

To build the portfolios for the IRP analysis, we begin with a snapshot of PSE’s existing
resources. The map and tables that follow summarize PSE’s existing resources and their
expiration dates as of March 2013. The location of PSE’s existing supply-side generation
resources is pictured in Figure 5-6.
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Figure 5-6
Location of Supply-side Resources
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PSE’s supply-side resources are diversified geographically and by fuel type. Most of the company’s
gas-fueled resources are in western Washington. The major hydroelectric contracted resources are
in central Washington, outside PSE’s service area. Wind facilities are located in central and

eastern Washington. Coal-fired generation is located in eastern Montana.

Resource capacity note. The following tables represent the capacity value of
resources in terms of Net Maximum Capacity in megawatts. The Net Maximum Capacity
is different than the winter peak capacity used for the IRP peak capacity need. This is
consistent with the descriptions contained in the company’s10K (which is filed with the
U.S. Securities and Exchange Commission) and FERC Form 1. Net Maximum Capacity
is the capacity a unit can sustain over a specified period of time — in this case 60 minutes
— when not restricted by ambient conditions or deratings, less the losses associated with
auxiliary loads.
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You may notice that PSE sometimes references different capacity values in different
publications for the same plant. This is because plant output can vary for many reasons,
among them ambient temperature, fuel supply, whether a natural gas plant is using duct
firing, whether a combined-cycle facility is delivering steam to a steam host, outages,
upgrades and expansions, just to name a few. When talking about the relative size of
resources, it is often necessary to select a single reference point based on a consistent
set of assumptions. Depending on the nature and timing of the discussion, these
assumptions — and thus the capacity — may vary.

Hydroelectric resources

Figure 5-7
Hydroelectric Resources

CONTRACT
EXPIRATION DATE

PSE NET MAXIMUM

SHARE % CAPACITY (MW)"

Total Hydro

Upper Baker River PSE 100 91 None
Lower Baker River PSE 100 79 None
Snoqualmie Falls PSE 100 542 None
Electron PSE 100 223 None
Total PSE-Owned 246

Wells Douglas Co. PUD 29.9 251 3/31/18
Rocky Reach Chelan Co. PUD 25.0 325 10/31/31
Rock Island | & 11 Chelan Co. PUD 25.0 156 10/31/31
Wanapum Grant Co. PUD 0.84 9 04/04/52
Priest Rapids Grant Co. PUD 0.84 9 04/04/52
Mid-Columbia Total 719

996°

NOTES

1 Net maximum capacity reflects PSE's share only.

2 Snoqualmie Falls is running at partial capacity while powerhouse 1 is offline for redevelopment. The plant is expected to

be fully operational and provide a net maximum capacity of approximately 54 MW upon completion of powerhouse 1, which
expected in the second quarter of 2013.
3 As of December 31, 2012, Electron project output is limited to approximately 7 MW due to the condition of the flume that

conveys water to the plant. This limitation is expected into 2013.

4 Based on Grant Co. PUD current load forecast for 2012; our share will be reduced to this level in 2013.

5 Individual resource and Mid-Columbia totals are rounded to the nearest megawatt.
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Coal, natural gas, and wind resources

Exhibit No. ___(TAD-7)

Figure 5-8
Coal, Combined-cycle Combustion Turbines, Simple-cycle Combustion Turbines, and
Wind Resources
POWERTYPE _UNITS OWNERSHIP  CAPACITY (W)
Coal Colstrip 1 & 2 50% 307
Coal Colstrip 3 & 4 25% 370
Total Coal 677
CCCT Encogen 100% 165
CCCT Ferndale 100% 253
CCCT Frederickson 12 49.85% 136
CCCT Goldendale 100% 278
CCCT Mint Farm 100% 297
CCCT Sumas 100% 127
Total CCCT 1,256
SCCT Fredonia 1 & 2 100% 207
SCCT Fredonia 3 & 4 100% 107
SCCT Whitehorn 2 & 3 100% 149
SCCT Frederickson 1 & 2 100% 149
Total SCCT 612
Wind Hopkins Ridge 100% 157
Wind Lower Snake River, Phase 1 100% 343
Wind Wild Horse 100% 273
Total Wind 773
NOTES

1 Net maximum capacity reflects PSE's share only.

2 Frederickson 1 CCCT unit is co-owned with Atlantic Power Corporation - USA.
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Long-term contracts

Long-term contracts consist of agreements with independent producers and other utilities
to supply electricity to PSE. Fuel sources include hydro, gas, waste products, and system
deliveries without a designated supply resource. These contracts are summarized below.
Short-term contracts negotiated by PSE’s energy trading group are not included in this
listing.

Figure 5-9
Long-term Contracts for Electric Power Generation

CONTRACT CAPACITY

EXPIRATION (Mw)!
BPA- WNP-3 Exchange System 6/30/2017 82
Powerex/Pt.Roberts System Ongoing 8
BPA Baker Replacement Hydro 9/5/2029 7
PG&E Seasonal Exchange-PSE Thermal Ongoing 300
Canadian EA Hydro 09/15/2024 -40.5
Barclays Bank System 02/28/2015 75
Centralia Transition Coal Transition Coal 12/31/2025 1802
Klamath Toll Natural Gas 2/29/2016 100
Klondike IlI Wind 11/31/2026 50
Twin Falls Hydro-QF 3/8/2025 20
Koma Kulshan Hydro-QF 3/31/2037 10.9
Weeks Falls Hydro-QF 12/31/2022 4.6
Hutchison Creek Hydro-QF 9/30/2016 1.0
Cascade Clean Energy- Sygitowicz Hydro-QF 212112014 <1
Qualco Dairy Biogas 12/11/2013 <1
Farm Power Lynden Schedule 91 - Biogas 12/31/2019 <1
Farm Power Rexville Schedule 91 - Biogas 12/31/2019 <1
Rainier Biogas Schedule 91 - Biogas 12/31/2020 1.0
Vanderhaak Dairy Schedule 91 — Biogas 12/31/2019 <1
Van Dyk Schedule 91 - Biogas 12/31/2020 <1
Bio Energy Schedule 91 - Biogas 12/31/2021 4.88
Edaleen Dairy Schedule 91 - Biogas 12/31/2021 <1
Bio fuels, WA Schedule 91 - Biogas 12/31/2021 45

5-14
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CONTRACT CAPACITY

EXPIRATION (Mw)!
Skookumchuck Schedule 91 — Hydro 12/31/2020 1
Smith Creek Schedule 91 — Hydro 12/31/2020 <1
Black Creek Schedule 91 — Hydro 3/24/2021 4.2
Nooksack Hydro Schedule 91 — Hydro 12/31/2021 3.5
Island Solar Schedule 91 — Solar 12/31/2021 <1
Finn Hill Solar (Lake Wash SD) Schedule 91 — Solar 12/31/2021 <1
Knudson Wind Schedule 91 - Wind 12/31/2019 <1
3 Bar-G Wind Schedule 91 - Wind 12/31/2019 1.395
Swauk Wind Schedule 91 - Wind 12/31/2021 4.25
Total 828

Notes

1 Capacity reflects PSE share only.

2 The capacity of the TransAlta Centralia PPA is designed to ramp up over time to help meet PSE's resource needs.
According to the contract, PSE will receive 180 MW from 12/1/2014 to 11/30/2015, 280 MW from 12/1/2015 to 11/30/2016,
380 MW from 12/1/2016 to 12/31/2024, and 300 MW from 1/1/2025 to 12/31/2025.

Existing transmission resources

Transmission capacity to the Mid-Columbia (Mid-C) market hub gives PSE access to the
most liquid principal market hub in the Northwest and one of the major trading hubs in the
WECC. It is the central market for northwest hydroelectric generation. As shown earlier in
Figure 5-1, Mid-C transmission access to market is a significant portion of PSE’s peak
supply portfolio. The majority of this transmission is contracted from BPA on a long-term
basis. PSE owns 450 MW of capacity to Mid-C. PSE’s transmission contracts with BPA
and owned capacity are shown in Figure 5-10 below.
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Figure 5-10
Transmission Resources as of 12/31/12

EFFECTIVE = TERMINATION TRANSMISSION
NAME DATE DATE DEMAND
BPA Mid-C Transmission
Midway 11/1/2012 11/1/12017 100
Midway 10/1/2008 10/1/2013 115
Midway 3/1/2009 3/1/2014 35
Midway 4/1/2008 11/1/12035 5
Rock Island 7/1/2007 7/1/12037 400
Rocky Reach 11/1/2012 11/1/12017 100
Rocky Reach 11/1/2012 11/1/12017 100
Rocky Reach 11/1/2009 11/1/2014 40
Rocky Reach 11/1/2009 11/1/2014 40
Rocky Reach 11/1/2009 11/1/2014 40
Rocky Reach 11/1/2009 11/1/2014 5
Rocky Reach 11/1/2009 11/1/2014 55
Rocky Reach 11/1/2011 11/1/2031 160
Vantage 11/1/2012 11/1/12017 100
Vantage 12/1/2010 12/1/2014 2351
Vantage 11/1/2009 11/1/2014 27
Vantage 11/1/2009 11/1/2014 27
Vantage 11/1/2009 11/1/2014 27
Vantage 11/1/2009 11/1/2014 3
Vantage 11/1/2009 11/1/2014 36
Vantage 11/1/2009 11/1/2014 5
Wells 1/24/1966 8/31/2018 266
NWE Purchase IR Conversion 10/1/2011 10/1/2016 94
Spokane Municipal Waste 3/1/2011 3/1/2016 23
Total BPA Mid-C Transmission 2038
McKenzie to Beverly - - 50
Rocky Reach to White River - - 400
Total PSE Mid-C Transmission - - 450

Total Mid-C Transmission 2488

Notes:
1. The capacity of this contract decreases from 235 to 209 MW upon expiration of the existing contract as of 12/1/2014.
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As shown, PSE has 2,038 MW of BPA transmission capacity and owns 450 MW of
capacity for a total of 2,488 MW. The capacities and contract periods for the various BPA

contracts are also shown in Figure 5-11.

PSE’s Mid-C peak transmission capacities are included in Figure 5-1, Electric Peak Need.

The specific allocation of that capacity as of December 2014 is listed in Figure 5-11.

Figure 5-11
PSE Mid-C Transmission Capacity as of December 2014

| Total Mid-C Transmission 2462
|
Allocated to Long-term Resources & Contracts (844)
Available for hedging and short-term market purchases 1618

As of December 2014, PSE will have 2,462 MW of Mid-C transmission. A portion of the
capacity, 844 MW, is allocated to long-term contracts and existing resources such as
PSE'’s portion of the Mid-C hydro projects. This leaves 1,618 MW of capacity available for
short-term market purchases.

Existing demand-side resources

While DSR includes demand-response, fuel conversion, distributed generation,
distribution efficiency, and generation efficiency, energy efficiency measures are by far
the most substantial contributor to meeting resource need. During the 2010-2011 tariff
period, the 72.7 aMW contributed by these programs amounted to enough energy to
power approximately 55,000 homes. Since 1978, annual first-year savings (as reported at
the customer meter) have increased more than 300 percent, from 9 aMW in 1978 to 39.1
aMW in 2011. The cumulative investment and savings from 1978 through 2011 are over
$800 million and 490 aMW respectively. Figure 5-12 shows the cumulative savings from
1978 through 2011. This represents more than the annual output from PSE’s share of
Colstrip 1 & 2, and is equivalent to the electricity used by about 372,000 homes for a year.
As with supply-side resources, PSE evaluates energy efficiency programs for cost-
effectiveness and suitability within a lowest reasonable cost strategy.
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Figure 5-12
Cumulative Electric Energy Savings from DSR, 1978 to 2011
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Our energy efficiency programs serve all types of customers — residential, low-income,
commercial, and industrial. Energy savings targets and the programs to achieve those
targets are established every two years. The 2010-2011 biennial program period
concluded at the end of 2011; current programs operate January 1, 2012 through
December 31, 2013. The majority of electric energy efficiency programs are funded using
electric “rider” funds collected from all customers.®

For the 2012-2013 period, a two-year target of approximately 76 aMW in energy savings
was adopted. This goal was based on extensive analysis of savings potentials and
developed in collaboration with key external stakeholders represented by the
Conservation Resource Advisory Group (CRAG) and Integrated Resource Plan Advisory
Group (IRPAG).

® See Electric Rate Schedule 120 for more information.
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Current electric energy efficiency programs

The two largest programs offered by PSE to customers are the Commercial and
Industrial Retrofit Program and the residential Energy Efficient Lighting Programs.

The Commercial and Industrial Retrofit Program offers expert assistance and grants to

help existing commercial and industrial customers use electricity and natural gas more
efficiently via cost-effective and energy efficient equipment, designs, and operations. This
program gave out grants totaling more than $13.6 million to over 830 business customers
in 2012 to achieve a savings of over 70,000 MWh.

The Energy Efficient Lighting Programs offer instant rebates for residential customers
and builders who purchase Energy Star fixtures and compact fluorescent light bulbs. This

program provided incentives totaling more than $6 million, which resulted in the
installation of over 3.5 million CFL lamps and fixtures in 2011 to achieve savings of over
86,000 MWh.

Figure 5-13
Annual Energy Efficiency Program Summary, 2010-2013
(Dollars in millions, except MWh)

“10/°11 12
’10-’11 Actual '12-13 Actual
Program 2010 - 20011 2-Year VS. 2012 2-Year Vs.
Actual Budget./Goal Budget Actual Budget./Goal ‘“12-13
% Total % Total
Electric o
Program Costs $ 153 $ 167 92.0% $92 $193 48%
N 636,000 622,000 102% | 339,500 666,000 51%
Hour Savings

Figure 5-13 shows program performance compared to two-year budget and savings
goals for the biennial 2010-2011 electric energy efficiency programs, and records 2012
progress against 2012-2013 budget and savings goals.

During 2010-2011, electric energy efficiency programs saved a total of 77 aMW of
electricity at a cost of $153 million. The company surpassed two-year savings goals while
operating at a cost that was under budget. In 2012, these programs saved 39 aMW of
electricity at a cost of $92 million. The average cost for acquiring energy efficiency in
2010-2011 was approximately $240 per MWh, compared to a budgeted cost of
approximately $290 per MWh in the 2012-2013 program cycle.
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Distribution efficiency

This energy efficiency measure consists of conservation voltage reduction (CVR)
accompanied by load phase balancing. In 2012, PSE began preparing to implement
distribution efficiency on three substations. Load flow modeling tools were set up, and
field inspections of equipment were conducted. Also, we updated the energy savings
expected from DE measures using system data and a Northwest Energy Efficiency
Alliance study. The final step requires improving the measurement and verification
capabilities of residential metering infrastructure, and we developed company policies
and procedures for that equipment installation. Implementation at the three initial
substations is scheduled for 2013, and the 20-year rollout of distribution efficiency
measures is captured in DE bundle used in the IRP analysis.

Generation efficiency

PSE assessed potential energy conservation measures at its owned and operated
generation facilities within Washington state to identify opportunities to increase energy
efficiency. Measures identified included lighting, compressor, cooling tower, pump, and
motor upgrades. PSE has focused first on implementing the lighting upgrades; so far full
or partial upgrades have been implemented at nine generation facilities. The table below
summarizes the potential savings from these upgrades based on the original assessment.
None of these savings have been claimed toward PSE’s conservation targets yet, as
these projects still require documentation and verification to meet the standard required

of claimed savings.



CHAPTER 5 - ELECTRICAL ANALYSIS

Figure 5-14
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Energy Savings from Completed Generation Facility Efficiency Upgrades

Generation Facility Measure Annual Energy Savings
Upper Baker Lighting Upgrade 24,601 KkWh
Lower Baker Lighting Upgrade 59,300 kWh
Encogen Lighting Upgrade 37,692 kWh
VFD Air Compressor 127,000 kWh
Fredrickson Lighting Upgrade 15,000 kWh
Fredonia Lighting Upgrade 9,800 kWh
Mint Farm Lighting Upgrade 54,000 kWh
Goldendale Lighting Upgrade 25,600 kWh
Sumas Lighting Upgrade 30,000 kWh
Whitehorn Lighting Upgrade 15,000 kWh
Total 397,993 kWh
0.045 aMW
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3. Resource Alternatives

In addition to supply- and demand-side resource alternatives, this IRP also models
transmission combined with short-term market power purchases as a resource in order to

test if current conditions make it economical.

This IRP also considered how locating gas-fired resources east or west of the Cascades
affected their performance in the portfolio. The analysis is preliminary in nature and
discussed in the Results and Key Findings section of this chapter. It sheds light on the
trade-offs that need to be considered, but the results were too close to produce a
definitive answer. This resource plan assumes all new thermal resources are located on
the west side of the mountains.

More detail on supply-side resource alternatives is included in Appendix D-Electric Resources.

Demand-side resource alternatives are discussed at length in Appendix N.

Power Purchase Agreements (PPAs)

PPAs are contracts of varying lengths for purchasing electricity in the market. The
IRP did not evaluate PPAs as a resource alternative because costs and commitment
terms are market-driven and known only at the time of the offer, so they are not
possible to model over a 20-year period. However, when actual acquisitions are
made and terms and conditions can be known, they will certainly be considered and

evaluated as alternatives.
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Supply-side resource alternatives

Thermal resource alternatives

Coal. The coal resources that are part of PSE’s existing portfolio provide a low-cost,
stable fuel source and resource diversity. New coal resources were not modeled because
of the emissions restrictions set forth in Washington state law RCW 80.80. This IRP
considers the effect that current and proposed rules and regulations may have on the
operation of the company’s existing coal resource, the Colstrip generating plant located in
Montana. Four environmental compliance cost cases were developed to test the
economic viability of this resource under a variety of possible regulatory scenarios.”

Natural gas. Additional long-term coal-fired generation is not a resource alternative,
because RCW 80.80 precludes utilities in Washington from entering into new long-term
agreements for coal. New large-scale hydro projects are not practical to develop today.
Therefore, natural gas generation is extensively modeled in this IRP analysis due to the

following characteristics.

* Proximity. Gas-fired generators can often be located within or adjacent to PSE’s
service area, thereby avoiding costly transmission investments required for long-
distance resources like coal or wind.

* Timeliness. Gas-fired resources are dispatchable, meaning they can be turned
on when needed to meet loads, unlike “intermittent” resources that generate
power sporadically such as wind and run-of-the-river hydropower.

* Versatility. Gas-fired generators have varying degrees of ability to ramp up and
down quickly in response to variations in load and/or wind generation.

e Environmental burden. Natural gas resources produce significantly lower
emissions than coal resources (approximately half the CO,).

Gas storage and fuel supply become increasingly important considerations as reliance on
natural gas grows, so the analysis includes gas storage for some of the resources
included. Three types of gas-fired generators are modeled in this analysis, because each
brings particular strengths into the overall portfolio (for details, see Chapter 4, Key
Assumptions).

” For a complete description of these cases, see Appendix ], Colstrip.
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Combined-cycle combustion turbines (CCCTs). IncccTs, the
heat that a simple-cycle combustion turbine produces when it generates power is
captured and used to create additional energy. This makes it a more efficient means of
generating power than simple-cycle turbines. CCCT plants currently entering service can
convert about 50 percent of the chemical energy of natural gas into electricity. Because
of their high thermal efficiency and reliability, relatively low initial cost, and low emissions,
CCCTs have been the resource of choice for power generation for well over a decade.
This analysis assumes a certain amount of gas storage is available to the CCCT plants
modeled.

Simple-cycle combustion turbines (peaker). simple-cycle
combustion turbines are better at serving peak need than CCCTs because they can be

brought online more quickly. They also have lower capital

costs. However, simple-cycles are less efficient and have “Peaker” is a term
higher heat rates, which make them more expensive to run. used to describe
This analysis models peakers with and without oil back-up. generators that can
The peakers modeled without oil back-up were required to ramp up and down
have firm gas supplies and storage to ensure they would be quickly in order to
able to run when needed. meet spikes in need.

Reciprocating engines (peaker). Like simple-cycle combustion turbines,
these can be brought online quickly to serve peak loads. Unlike gas turbines,
reciprocating engines demonstrate consistent heat rate and output during all temperature
conditions. Generally these units are small and constructed in power blocks with multiple
units. Reciprocating engines are more efficient than simple-cycle combustion turbines,
but have a higher capital cost. Their small size allows a better match with peak loads thus
increasing operating flexibility relative to simple-cycle combustion turbines.

Thermal resources not modeled: nuclear. bevelopment and
construction costs for nuclear power plants are so much higher than the next highest
baseload option as to be prohibitive for all but a handful of the largest capitalized utilities.
In addition, permitting, public perception, and waste disposal pose substantial risks.
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Transmission resource alternatives

In this IRP, PSE modeled the renewal of transmission capacity contracts plus market
power purchases. We wanted to test whether continuing this “transmission-to-market”
strategy to meet peak need would result in lower portfolio costs than adding other
resources. PSE currently relies on approximately 1,500 MW of transmission to acquire
electric energy and capacity from the market; during the planning period, this increases to
almost 1,700 MW.

PSE evaluates the renewal of Mid-C transmission similar to a resource acquisition. We
compare its costs and benefits to other alternatives. Generally, Mid-C transmission is the
lowest cost resource alternative. Due to the multitude of Mid-C transmission contracts
and termination dates (see Figure 5-11), in any given year PSE has the option to renew a
portion of Mid-C capacity and reevaluate Mid-C transmission need. Renewing these
contracts for the minimum 5-year term preserves the company’s roll-over rights and
allows the most flexibility for responding to future conditions. The total capacity available
for renewal ranges from 664 MW in 2014 to 1,567 MW in 2033.

Renewable resource alternatives

Renewable resources modeled

Hydroelectric. Hydroelectric resources are valuable because of their ability to
follow load, and because they cost less relative to other resources. Although water is a
renewable resource, existing hydroelectric may not be counted toward fulfilling
Washington’s RPS requirement unless it is an efficiency upgrade to an existing project;
this IRP does reflect upgrades in Snoqualmie and Lower Baker that qualify under RPS
rules. For new hydroelectric to qualify, it must be a low-impact, run-of-the-river project.

Wind. wind energy is the primary renewable resource that qualifies to meet RPS
requirements in our region due to wind’s technical maturity, reasonable lifecycle cost,
acceptance in various regulatory jurisdictions, and large “utility” scale compared to other
technologies. However, it also poses challenges. Because of its variability, wind’s daily
and hourly power generation patterns don’t necessarily correlate with customer demand;
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therefore, more flexible thermal and hydroelectric resources must be standing by to fill
the gaps. This variability also makes it challenging to integrate into transmission systems.
Finally, because wind projects are often located in remote areas, they frequently require
long-haul transmission on a system that is already crowded and strained.

Renewable technologies not modeled

For this IRP, biomass, batteries, pumped storage hydro, solar, geothermal, tidal, long-
haul wind, and unbundled REC contracts were not modeled. At this time, these
technologies are not capable of producing power on a scale and at a cost that would
make sense for PSE customers.

Biomass. PSE has tried to acquire biomass resources through the RFP process for
more than 8 years, but without success.

Batteries. Based on PSE'’s experience with bids submitted in the 2011 RFP, utility-
scale battery storage costs remain above $2,000 per kW for systems with up to four
hours of discharge capacity compared to a peaker that has a capital cost of $915 per kw,
making them substantially more expensive than natural gas turbines for both capacity
and energy. Energy storage technologies are improving rapidly and PSE is conducting a
detailed study with BPA, Pacific Northwest National Laboratories, and an emerging
battery storage company to more fully assess the multiple values that storage systems
may provide. The ICE (incremental capacity equivalent) for a battery (with capacity of 100
MW peak and 400 MWh energy, and charge time of 4 hours) is about 57 percent
compared to a peaker (see Appendix K, Electric Analysis).

Pumped storage hydro. PSE has examined the cost effectiveness of adding
pumped storage between the Mt. Baker hydroelectric project’s upper and lower reservoirs
in the past, but such a retrofit was too costly. Costs and commercial viability of
developing new pumped storage facilities in the region are very uncertain. While PSE did
not model this resource in the IRP, it is possible that commercially viable projects could
be offered in future RFPs.

Solar. New utility-scale solar has not been found to be cost competitive with wind
technology nor more beneficial from a capacity perspective. We completed the Wild

Horse Solar Facility in 2008, a demonstration project that uses photovoltaic technology to
produce electricity, and we continue to collect data from the facility to evaluate equipment,
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performance, and fit with our resource portfolio. The ability for solar power in the Pacific
Northwest to help meet PSE’s peak demand is limited by the season and timing of PSE’s
system peaks—we are not a summer peaking utility. PSE’s system peaks in the winter.
Loads pick up in the morning, mostly before the sun has risen, then loads pick up again
in the afternoon, after the sun has set.

Geothermal. we continue to monitor technology developments in geothermal as
well, and entertain proposals for geothermal power projects.

Tidal and wave. PSE has made financial contributions in support of two
Northwest ocean energy studies.

A tidal power feasibility study led by the Electric Power Research Institute (EPRI) that
assessed and demonstrated in-stream tidal technology at seven sites in the United
States and Canada. One site reviewed was the Tacoma Narrows, 0.1 miles east of Pt.
Evans, Washington. Environmental and biological effects were considered in addition to
technological and economic factors. Tidal in-stream energy is harnessed by converting
the kinetic energy of tidal flows to electricity. PSE became involved in 2004, and was
considered a sponsor of this assessment. A report documenting the study is available on
EPRI’'s web site at http://oceanenergy.epri.com/streamenergy.html#reports.

Development of an offshore 1 MW pilot project in Makah Bay, Clallam County,
Washington. The plant was intended to convert kinetic wave energy to electrical energy.
The FERC granted a license to this project in December 2007; however, the developer
filed an application to surrender the license in February 20108

Long-haul wind. PSE modeled long-haul wind only for comparison purposes in
the Colstrip replacement portfolio analysis; otherwise, long-haul wind outside the Pacific
Northwest was not modeled in this IRP. Analysis in the 2009 IRP demonstrated that the
added transmission cost required to bring such resources to load made them far more
expensive than wind resources located in Pacific Northwest; analysis on actual
resource/contract bids in the 2010 RFP process confirmed these findings. Current market
fundamentals make long-haul wind difficult to consider. Power prices have fallen by more
than 50 percent since the 2009 IRP, but the capital cost of wind has fallen only 25
percent; meanwhile, transmission costs rose at an annual average rate of more than 3
percent.

¥ For more information, search project number 12751-006 in FERC'’s e-library at
http:/[elibrary.ferc.qov/IDMWS/search/fercadvsearch.asp.
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Unbundled RECS. unbundled RECs are a form of a contract similar to PPAs.
Just like other alternatives, if the acquisition process found unbundled REC contracts to
be more cost effective and lower risk than self-building resources to comply with RCW
19.285, the company would pursue those alternatives. Our experience in the 2011 RFP
process found very limited quantities of unbundled RECs available, but PSE will continue
to consider such offers in the future.

Demand-side resource alternatives

Energy efficiency measures. This label is used for a wide variety of
measures that result in a smaller amount of energy doing the same work as a larger
amount of energy. Among them are codes and standards that make new construction
more energy efficient, retrofitting programs, appliance upgrades, and HVAC and lighting
changes.

Demand-response. Demand-response resources are comprised of flexible,
price-responsive loads, which may be curtailed or interrupted during system emergencies
or when wholesale market prices exceed the utility’s supply cost.

Distributed generation. Distributed generation refers to small-scale electricity
generators located close to the source of the customer’s load.

Distribution efficiency. This involves voltage reduction and phase balancing.
Voltage reduction is the practice of reducing the voltage on distribution circuits to reduce
energy consumption, as many appliances and motors can perform properly while
consuming less energy. Phase balancing eliminates total current flow losses that can
reduce energy loss.

Generation efficiency. This involves energy efficiency improvements at the
facilities that house PSE generating plant equipment. Typical measures target HVAC,
lighting, plug loads, and building envelope end-uses.



Exhibit No. (TAD-7)
Page 110 of 1000

CHAPTER 5 - ELECTRICAL ANALYSIS

4. Analytic Methodology

This section describes the quantitative analysis of electric demand- and supply-side
alternatives. It explains how portfolios were created in response to a variety of key
economic assumptions expressed as scenarios, and how these portfolios were evaluated
for cost and risk. The resulting analysis allowed the company to quantify how sensitive
portfolios were to the planning assumptions, and provided insight into how adding
different types of generation would affect PSE ratepayers’ costs. Among the critical
questions posed were the following.

* How might economic conditions and load growth affect resource decisions?

* What is the cost-effective level of energy efficiency?

* How sensitive are the demand-side portfolios to different levels of avoided costs?

* What are the key decision points and most important uncertainties in the long-
term planning horizon, and when should we make those decisions?

* What impact might very different levels of natural gas prices have on resource
decisions?

* How might future carbon regulation affect the relative value of resource
alternatives?

* What carbon emissions are produced by portfolios under different scenarios?

* How do cost compliance cases impact operations at Colstrip?

* How does the location of resources affect resource decisions?

* How do operational flexibility needs affect resource decisions?
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Electric analytic methodology followed the four basic steps illustrated in Figure 5-15. (For
a detailed technical discussion of models and methods, see Appendix K, Electric
Analysis).

Figure 5-15
Methodology Used to Create and Evaluate Portfolios

Step 1. Identify needs and resources.

1.  Forecast resource needs
Capacity, energy, and renewable needs

2. Gather assumptions and screen supply side resources
Ensure supply side resource to be modeled are commercially available

3.  Gather assumptions and screen demand side resources (DSR)
Screen for technical and achievable potential
Develop bundles and ramp rates

Step 2. Create optimal, integrated portfolios for each scenario.

1. Gather input data for each scenario
Develop power prices for each scenario
Generate dispatch of resources for each scenario

2. Evaluate portfolio costs based on inputs
Develop lowest cost portfolio for each scenario ensuring that each portfolio:

Meets resource need (customer demand + operating reserves + planning margin)

Meets renewable resources/RECS need

Includes optimal DSR bundle

Step 3. Evaluate costs and risks.
1. Use input variable distributions to develop 1000 risk trials

Calculate cost and risk metrics using the results of the 1000 risk trials
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Step 1: Identify needs and resources.

The analysis begins by using the most recently available forecast of customer demand.
We use this information to develop resource need assumptions.
Next, all resources that are available to fill unmet need are identified.

Supply-side resources included natural gas-fired generation, wind, and biomass.

Demand-side resource selection followed the three-step process illustrated
in Figure 5-15 and detailed in Figure 5-16.

* First, each demand-side measure was screened for technical potential.

e Second, market constraints are applied to estimate the achievable potential.

* Finally, the remaining measures were combined into bundles based on levelized
cost for inclusion in the optimization analysis. This analysis identifies the

economic potential (cost-effective level) of DSR.

Screening for technical potential assumed that all opportunities could be captured
regardless of cost or market barriers, so the full spectrum of technologies, load impacts,
and markets could be surveyed.

To gauge achievability, we relied on customer response to past PSE energy programs,
the experience of other utilities offering similar programs, and the Northwest Power and
Conservation Council’s most recent energy efficiency potential assessment. For this IRP,
PSE assumed achievable electric energy efficiency potentials of 85 percent in existing
buildings and 65 percent in new construction.

This methodology is consistent with the methodology used by the Northwest Power and
Conservation Council. A comparison of the two can be found in Appendix B.

For a more detailed discussion of demand-side resource evaluation and the development
of DSR bundles, see Appendix N, Demand-side Resource Analysis.
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Figure 5-16
General Methodology for Assessing Demand-side Resource Potential

Measure
Savings

Develop
Baseline
Forecast

Technical
Potential

Market

Collect, Barriers
Refine, Achievable
Populate Potential
Input Data entia

Portfolio
Analysis

\ 4

Market Prices on
Economic = QupplyQurve
Potential m




Exhibit No. ___(TAD-7)
Page 114 of 1000

CHAPTER 5 - ELECTRICAL ANALYSIS

Figure 5-17 shows the achievable potential of all DSR bundles tested in the IRP. The
effect of these bundles is to reduce load, so the costs of achieving the savings are added
to the cost of the electric portfolios.

Figure 5-17
Achievable Technical Potential by Demand-side Cost Bundles (aMW)
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The achievable potential from generation efficiency (energy efficiency at PSE generating
facilities) was not included in the above bundles since the total value of these savings is
relatively small (3.1 aMW) and development of the measure costs was still under way.
Figure 5-18 shows the measures identified by facility. Once this is completed, the
measures will be incorporated in the supply curve of the bundles to be tested in the next
IRP.

Figure 5-18
Achievable Technical Potential by Generation Facility

Generation Facility Measure Annual Energy Savings
Upper Baker Pumping Station Motors 45,000 kWh
Pumping Station Transformers 51,000 kWh
Pumping Station Controls 150,000 kWh
Electron() Lighting Upgrade 20,061 kWh
Mint Farm Supply Gas Pressure Increase 19,000,000 kWh
Air Compressor Upgrade 77,709  kWh
Exterior Sensors 6,900 kWh
Cooling Tower 2,500,000 kWh
Feedwater Pump 2,349,900 kWh
Goldendale Cooling Tower 2,520,000 kWh
Compressed Air 35,000 kWh
Sumas Compressed Air 70,000 kWh
Tenaska VFD Air Compressor 276,890 kWh
Total 27,102,460 kWh
31 aMW
Note:

1. At present PSE is investigating the sale of this facility. Given that a sale has not been finalized, its potential is still

included.

Distribution efficiency consists of two primary measures: phase balancing and
conservation voltage reduction (CVR).
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Step 2: Create optimal, integrated portfolios for each
scenario.

An optimal, integrated portfolio for each scenario and sensitivity was created using the
portfolio optimization model PSM Il to combine supply-side resources with the demand-
side bundles. The optimization model used the inputs provided to identify the lowest cost
portfolio that:

* Meets capacity need
¢ Meets renewable resources/RECS need
¢ Includes as much conservation as is cost effective

PSE models lowest cost from the customer perspective, so it is measured as the lowest
net present value (NPV) revenue requirement of a portfolio. To arrive at this calculation
the company aligns three analytical efforts:

* An economic dispatch model that can provide a reasonable forecast of variable
costs and wholesale market revenue from operating plants, given market
assumptions. For this process, PSE uses Aurora.

* Arevenue requirement model, to incorporate the costs of capital investments and
other fixed costs the way customers will experience them in rates; the IRP uses
the same financial model the general rate case uses for calculating revenue
requirements.

* An optimization model, to develop and test different portfolios to find the lowest
cost combination of resources; PSM Il uses an LP (linear
programming)/Quadratic optimization model.
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Step 3: Evaluate costs and risks.

Once the optimal portfolio for each of the deterministic scenarios was identified, PSE
conducted risk analysis on select portfolios. The PSM Il process used to calculate risk
measures for each portfolio is briefly discussed below.

A Stochastic model was used to create 250 draws of stochastic input variables for the
Base Scenario, first without explicitly modeling CO;, risks and then including the range of
CO;, policy risks described in Chapter 4, Key Assumptions. Two scenarios internalize
societal costs. For a full analysis of the risks associated with potential CO, policies, see
Appendix K, Electric Analysis.

Each set of input draws imply a set of resource outputs, costs and revenues obtained
from the economic dispatch and unit commitment capabilities of Aurora. These Aurora
outputs are then fed into PSM Il and used in the simulation tool of Risk Solver Platform
to draw 1,000 trials of revenue requirements for any given portfolio. These trials allowed
us to fully understand the risks in portfolio costs or revenue requirements associated with
differing gas prices, power prices, load variations, hydropower, and wind generation
levels. Risk metrics such as Tail Var 90 and volatility were also calculated for each of the
tested portfolios first without any CO,, policy risk, and then with the risk of a CO, policy
being implemented in the future. (A full discussion of PSE’s stochastic modeling
approach appears in the “Stochastic Model” section of Appendix K, Electric Analysis).
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5. Results and Key Findings

The quantitative results produced by this extensive analytical and statistical evaluation
led to several key findings that guided the long-term resource strategy presented in this
IRP. These are summarized below and discussed in more detail in the following pages

Least-Cost portfolio builds are similar across most scenarios.
Colstrip reduces cost and market risk in most scenarios.
Peakers are lower cost than CCCT plants.

hoDd -~

The location of resources (east vs. west of the Cascades) involves trade-
offs.

RPS requirements drive renewable builds.

Emissions results vary across portfolios.

DSR reduces cost and market risk.

© N oo

Transmission renewals look cost effective, but questions remain.

1. Portfolio builds are similar across most
scenarios.

Resource alternatives are so limited that the portfolio builds for all scenarios look very
similar. For all but one scenario in Figure 5-19, transmission renewals, nearly the same
conservation, gas-fired peaking plants, and wind to meet the RPS would be the least cost
set of resource additions. Small variations occur due to load variations from the high/low
load forecasts, but the similarities are striking.

Base + Very High CO; is the only exception. In this scenario, very high CO, and market
power costs create a situation where wind power is cheaper than market power. Left
unconstrained, Base + Very High CO, would have include an unlimited amount of wind.
Because it is unrealistic for a load-serving utility to take such a speculative position, we
constrained the amount of wind allowed to be developed in this scenario to 800 MW. The
lesson learned from this planning exercise is clear: if wind becomes cheaper than market,
PSE will have to develop a reasoned basis to limit the amount it builds, like the “B2
Energy Standard” developed in the 2003 resource plan.
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Figure 5-19
Relative Optimal Portfolio Builds and Costs by Scenario by 2033
Energy in total MW, dollars in billions, Colstrip Case 2

Cost DSR Wind  CCCT Peaker Re::wal Colstrip

Base $13.93 1,007 600 0 2,212 1567 657

Low $10.52 957 400 0 1,769 1567 359

High $18.02 1,004 700 0 3,096 1567 657

Base + Low CO2 $15.10 1,007 600 0 2,212 1567 657

Base + High CO2 $17.63 1,021 600 0 2,433 1567 359
Base + Very High CO2 $22.60 957 800 2,640 221 1567 0

High + High CO2 $22.13 1,004 700 0 3,096 1567 657
Very Low Gas $11.52 706 600 0 3,096 1567 0

Very High Gas $16.32 1,007 600 0 2,212 1567 657

Low + Base Load $11.97 1,007 600 0 2,212 1567 657

Summary of least-cost portfolio analysis

Figure 5-20 displays the MW additions for the optimal portfolios for all Colstrip cases in all
scenarios by 2023. See Appendix K, Electric Analysis, for more detailed information.
Note that with the exception of Base + Very High CO,, the portfolios look very similar.

Note: Three of the four Colstrip environmental compliance cost cases were run in every
IRP scenario. To make the presentation of results less cumbersome, we chose to display
Colstrip Compliance Case 2, the Mid-cost Case, in this summary section. Results for all
four cases are discussed in the next section of this chapter. Complete results for the
Colstrip analyses are available in Appendix K, Electric Analysis.
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Figure 5-20
Resource Builds by Scenario
Cumulative additions by nameplate (M)
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Case 2, 2023

VeryLow Gas 1407
Very High Gas 1407 657
Low(Gas & Power Price) + Base Load 1407 657
Base 1407 657
Low(Load & GasPrice) 1407 359
High(Load & GasPrice) 1407 (74
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Case 4, 2023 Base 1407 359 663
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Range of expected portfolio costs

Figure 5-21 shows the 20-year net present value costs for each of the portfolios.

Figure 5-21
Net Present Value Expected Portfolio Cost

Expected Portfolio Cost

Scenarios (Incremental Rev Req $Billions)

Case 2 Case 3

Base $13.78 $13.93 $14.47 $15.12
Low $10.38 $10.52 $10.76
High $17.87 $18.02 $18.56
Base + Low CO2 $14.95 $15.10 $15.60
Base + High CO2 $17.55 $17.63 $17.74
Base + Very High CO2 $22.60 $22.60 $22.60
High + High CO2 $21.98 $22.13 $22.43
Very Low Gas $11.45 $11.52 $11.52
Very High Gas $16.18 $16.32 $16.86
Low + Base Load $11.83 $11.97 $12.27

The NPV of the costs shown in Figure 5-21, above, represents the expected value of the
least cost portfolios identified in Figure 5-20 based on the deterministic scenario
assumptions.

2. Colstrip reduces cost and market risk in
most scenarios.

Overview of Colstrip analysis

To test Colstrip’s economic performance under a wide range of potential environmental
regulations, PSE developed four Colstrip environmental compliance cost cases. The
continuing operations at Colstrip Units 1 & 2 are analyzed separately from operations at
Units 3 & 4 because the older units are subject to slightly different requirements than the
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newer units. Below are brief descriptions of the four compliance cases. They are
described in detail in Appendix J, Colstrip.

Four Colstrip environmental compliance cost cases

Page 122 of 1000

Case 1- Low Cost

Estimated additional costs are based on
achieving compliance using existing,
installed equipment with a minimum of
modifications or additions to meet the
MATS Rule and the BART requirements
of EPA’s Regional Haze FIP. This case
and Case 2 assume that coal combus-
tion residuals continue to be classified
as non-hazardous.

Case 2 - Mid Cost

This case includes all the costs from
Case 1, plus costs for adding additional
equipment that may be needed to
assure compliance. It is largely based
on EPA estimates for equipment
intended to bring Units 1 & 2 into
compliance with the BART require-
ments of EPA’s Regional Haze FIP.

Case 3 - High Cost

Case 3 assumes the Case 2 costs, plus
additional costs for equipment needed
to meet potential new requirements. It
reflects a scenario in which (1) coal
combustion residuals are defined as
hazardous waste and therefore are
more costly to dispose of, and (2) the
Reasonable Progress requirements of
the Regional Haze program require the
addition of Selective Catalytic
Reduction (SCR) technology on all units
by 2027.

Case 4 - Very High Cost

Case 4 assumes all Case 2 costs, plus
it accelerates the effective date for
installation of SCR technology to 2022.
It also increases the estimated cost of
SCR technology on Units 1 & 2, and it
triples the cost of hazardous waste
disposal for CCR included in Case 3.
Case 4 was examined only in the Base
scenario, as it was developed late in the
IRP process.
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Cost assumptions

Each case incorporated the basic investment costs of maintaining safe and efficient plant
operations (though such costs cannot be publicly disclosed), plus the cost of complying
with the specific set of requirements. Coal costs were assumed to increase at the rate of
inflation.

The analysis included the impact on transmission costs should Colstrip be retired. Three
transmission segments would be affected.

e Garrison, Mont. to PSE on BPA transmission. This segment operates under 5-
year contracts. The cost of this transmission ($13.3 million per year for all four
units) was treated as an incremental cost of continuing to operate Colstrip, and
was included as a cost starting in 2017.

* Townsend, Mont. to Garrison, Mont., on the BPA system. This contract expires
in 2027 at approximately $3.8 million. Until 2027 it is treated as a sunk cost,
after that it is treated as a continuing operations cost.

* Colstrip to Townsend, Mont. This segment is jointly owned by Colstrip owners
and was treated as a sunk cost.’

Two categories of costs were not included in the Colstrip analysis: recovery of
undepreciated costs and remediation costs. Both would increase costs to customers
beyond those reflected in this analysis. In this IRP, undepreciated costs were assumed to
be recovered over the current depreciation period (to 2036 for Units 1 & 2 and to 2046 for
Units 3 & 4), which means they did not impact the results of the analysis. However,
should Colstrip retire early, recovery would probably proceed on an accelerated schedule,
and compressing the time period for recovery would increase costs to customers.
Undepreciated costs are recovered through the ratemaking process, and the Commission
is ultimately responsible for determining the schedule. Potential remediation costs are not
included in the analysis either, because conditions that may be imposed by the state of
Montana have not yet been defined. If remediation costs are significant, retiring Colstrip
early would increase costs to customers on a net present value basis by incurring these
costs earlier.

? Note, the costs shown for transmission are in 2013 dollars. The analysis escalates those costs at
an annual inflation rate of 2.5% per year.

5-42
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How the portfolio analysis was performed

To learn how the cost effectiveness of Colstrip faired under the different cases, each was
analyzed under a broad range of economic and market conditions. Three of the four
cases were analyzed in each of the ten market scenarios, the fourth was analyzed in the
Base Scenario only. In total, 31 separate scenario/case combinations were analyzed.

Using Case 2 as an example is helpful. PSE analyzed Colstrip Units 1 & 2 under Case 2
as if it were a new resource alternative; that is, given the costs of the Colstrip units and
the cost of alternative resources, would Colstrip be part of the least-cost portfolio under a
variety of different gas price/carbon cost scenarios? Incremental Colstrip costs included:
* projected capital investments to keep the plant operating safely and efficiently,
plus
* additional capital costs of $69.7 million
* additional fixed O&M costs of $1.6 million per year
* an additional variable cost of $1.6 per MWh to comply with Regional Haze Rule,
explained in Appendix J
* half the of the transmission costs mentioned above.

The same process was applied to Colstrip Units 3 & 4.

Colstrip Units 1 & 2 and Units 3 & 4 were treated like every other supply-side resource in
the portfolio analysis. In each scenario, the portfolio optimization analysis was used to
identify the least-cost combination of demand-side and supply-side resources in each of
10 different scenarios. All four Colstrip Units were part of the least-cost mix in the Base
Scenario, but Colstrip Units 1 & 2 under Case 2 were not part of the least-cost portfolio in
the Base + High CO; case.

We also performed a “replacement power” portfolio analysis that took Colstrip out of
PSE'’s portfolio across the scenarios so we could compare the cost of continuing to
operate Colstrip under the different cases with the cost of replacing Colstrip. This
provided the basis for comparing the cost of replacing Colstrip with the cost of continuing
to operate the plant.
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Timing assumptions

Addressing the timing of a potential Colstrip retirement involves a complex set of
questions and analyses. This is PSE’s first comprehensive analysis of Colstrip in an IRP
filing. Given the complexity of developing input assumptions and the need to develop new
analytical frameworks, and considering the IRP is not a Colstrip-specific study, it was
necessary to simplify the issue of timing for this analysis. This IRP focuses on 2017 as
the single time to hypothetically decide the future of Colstrip.

2017 was chosen because it was the “deadline” by which new investments to comply with
the Regional Haze Rule would need to be in place. This rule has the greatest impact on
Units 1 & 2, and it is the focus of Cases 1 and 2. As a first-time analysis, it seemed
reasonable to focus on whether these early investments would be cost effective. This
date is also early enough in the planning horizon that it allows for a fuller examine of cost
impacts.

PSE proposed a 2025 date early in the IRP process. However, stakeholders suggested
looking at an earlier date, so that the analysis would better capture the question of
whether or not to make the Case 1 or Case 2 investments (rather than using a later date
that assumed those investments would be made). PSE agreed and moved the date to
2017.

Reflecting more complicated timing scenarios, such as exploring an optimal retirement
date, or modeling alternative dates to support different kinds of negotiated conditions was
also considered. However, as a compliance filing, the IRP must examine a wide range
important issues. The analysis in this IRP provides very useful information on the specific
kinds of policy and market factors that could impact the future economic viability of
Colstrip and provides a reasonable range of estimates on the annual savings to
customers and rate impacts if Colstrip was replaced, but it does not achieve the level of
detail of a resource-specific investment decision.
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Timing and ownership structure

Two qualitative factors are important to keep in mind with regard to Colstrip. The first
relates to timing. Colstrip already complies with many of the impending EPA regulations
that put other U.S. coal plants at risk, so major, multi-year payback investment decisions
will not need to be made until approximately 2016. These will specifically involve
compliance with EPA regional haze requirements. The second factor is the plant’s
ownership structure. Units 1 & 2 are owned equally by PSE and PPL; Units 3 & 4 are
shared by five owners. Multiple ownership makes decisions to modify operations more
complex than if the facility were controlled by a single entity.

Colstrip analysis results

Continuing the operation of Colstrip lowered the cost and market risk of the portfolio.
Figure 5-22 shows the cumulative resource additions for all four cases under the various
scenarios by 2033. Detailed descriptions of the cases can be found in Appendix J,
Colstrip. Complete results for all four cases are available in Appendix K, Electric Analysis.
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Figure 5-22
Resource builds by Scenario and Colstrip Compliance Cases
Cumulative additions by 2033 in MW
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Under Case 1 conditions, all four Colstrip units continue to run in seven of the ten
scenarios. Units 3 & 4 continue to run in two of the remaining three scenarios. Only one
scenario replaces all four units. In this scenario, Base + Very High CO,, CO, prices are
so high that the plant does not even dispatch.

Under Case 2 conditions, all four Colstrip units continue to be economic for customers in

six of the ten scenarios. Units 3 & 4 continue to run in two of the remaining four scenarios.

Again, the Base + Very High CO, scenario replaces all four units with alternative
resources; in this scenario CO; prices are so high that the plant does not even dispatch,
and in the Very Low Gas Scenario, all 4 units are replaced since gas prices are so low.

Under Case 3 conditions, in which coal combustion residuals must be disposed of off-site
as hazardous waste, all four units continue to run in three of the ten scenarios. Units 3 &

4 continue to run in five of the remaining seven scenarios. Again, only in the Base + Very
High CO;, and Very Low Gas scenarios are all four units replaced.
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Under Case 4, in which the cost for off-site hazardous waste disposal of coal combustion
residuals triples and other requirements are accelerated, Units 3 & 4 continued to run in
the Base Scenario.

Three factors had the most influence on Colstrip’s cost-effectiveness as a portfolio
resource: sustained low gas prices, high CO, costs, and the potential for offsite disposal
of coal combustion residuals as hazardous waste. Figure 5-23 shows how gas price and
CO,, price interact around the plant’s cost effectiveness.

Figure 5-23
Gas Price and CO; Price interaction for Colstrip cost-effectiveness
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Green indicates where all four units are cost effective.
indicates where only Colstrip 3&4 are cost effective.
Red indicates scenarios where replacement power was more cost effective.
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Figure 5-24 compares the four Colstrip compliance cases with the cost of replacing
Colstrip power under the Base Scenario. While PSE’s analysis minimizes long-run NPV
of revenue requirements (20+ years including end-effects) presenting annual results can
be helpful to illustrate how customers will experience those long-term costs in rates.
When creating the replacement power portfolio, the option to replace Colstrip with a
combination of peakers and market purchases or CCCT plants is analyzed for the lowest
portfolio cost. In this portfolio, the option to replace Colstrip with peakers for capacity and
market purchases for energy was lower cost than a CCCT. The results indicate that
continuing operations at Colstrip would save customers $131 million per year in 2018,
increasing to $182 million a year in 2033. The revenue requirement of replacement power
is slightly lower than continuing Colstrip operation before 2017, because if Colstrip is
replaced, it does not make sense to invest in maintaining the plant before that.

NOTE: The assumption that coal combustion residuals will need to be disposed of off-site
as hazardous waste is a significant cost driver for Cases 3 and 4; however, depending on
how potential regulations develop in the future, Colstrip may be able to store CCR waste
on-site, given the quality of its current containment methods. If so, compliance costs for
both cases would be substantially lower.
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Figure 5-24
Annual Cost for continued operations of Colstrip and Replacement Power
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Given the costs considered in this IRP, replacement power is expected to have higher
annual revenue requirements than Colstrip; the higher revenue requirements are
estimated to increase average rates by about 1 percent to 6 percent in 2018, depending
on the environmental case. The analysis assumes Colstrip is replaced in 2017 in the
replacement power scenario.

Figure 5-25 below compares the cost savings from Base Scenario Case 2 compliance
costs with replacement power. In this view, the $131 million in the chart above is
expressed as cost savings between continuing operations of all 4 units under Case 2 and
replacing all 4 units in PSE’s portfolio.
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Figure 5-25
Annual Savings/(Cost) of Continuing Operations of Colstrip for Compliance
Case 2 under All Scenarios
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Potential rate impacts of replacing Colstrip may provide a useful context. The most direct
way to estimate this is to compare the annual savings shown in Figure 5-25, with the
annual electric retail revenue requirement from PSE’s last approved general rate case
(Docket UE-111048). That revenue requirement was $2,039,909,367. Dollars shown in
Figure 5-25 are nominal, so they should be adjusted to 2012 dollars. Performing this
calculation for the Base Scenario in Case 2 for 2018 shows an estimated rate impact of
approximately 5 percent. Data for all scenarios is presented in Appendix K, Electric
Analysis. Note the annual revenue requirement impacts are only a subset of the long-
term net present value calculation. For Colstrip, a comparison of annual revenue
requirements is useful, as it approximates how the costs would be experienced by
customers.
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This estimate potentially understates the rate impacts of replacing Colstrip for two

reasons.

¢ Potential changes in depreciation of existing Colstrip ratebase are not reflected.

If Colstrip were replaced in 2017 as this analysis assumed, it would most likely
result in an increase in rates to recover the return of and on that outstanding
balance. The current net book value of the plant is more than $300 million. The
analysis does not reflect this potential impact because the specific depreciation
terms would be determined by the Commission and an unknown ending value of
the plant.

* Potential impacts of remediation costs are not reflected. Replacing Colstrip in

2017 would bring any potential remediation costs closer to the present. This
would impact long-term NPV, but also rates. These costs were not included for
two reasons. First, the State of Montana has not yet specified what remediation
activities will be required. Not knowing what will be required, it is not possible to
develop reasonable cost estimates. Second, these could be fixed but highly
unknown costs, rather than a function of how long the plant operates into the
future, though some aspects would actually be slightly declining over time as
water in exsiting holding ponds continues to be removed. Reflecting these costs
and moving them closer to the present would make continued operation of
Colstrip appear more cost effective. That is, retiring Colstrip earlier would mean
those remediation costs would increase customers’ rates sooner.

Figure 5-26 below shows results of the net cost per kW market risk analysis. Net cost per
kW reflects the market value of the energy produced less the variable cost of generation,
netted against the capital costs as the NPV of revenue requirements; basically it reflects
Fixed Costs — Price per MWh + Variable Cost per MWh + End Effects. On a plant-by-
plant basis, a comparison of the net cost per KW can be made to determine the relative
contribution of each plant to revenue requirements. Figure 5-26 demonstrates that
Colstrip provides revenue for the portfolio instead of cost in 2 of the 7 scenarios. This
lowers the overall portfolio revenue requirement.
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Figure 5-26
Net Cost Comparison

Peaker w/ Oil Colstrip Case 2 CCCT

Net Cost $IKW Net Cost $IKW Net Cost $IKW ‘

Base $384,636 | $1,870 | ($523,370) | ($951) | $931458 | $2,656

Low $380,269 | $1,849 | $717,054 | $1,303 | $991478 | $2,827

High $381,688 | $1,856 | ($1,155822) | ($2,101) | $951,071 | $2,712

Base + Low CO2 $385,666 | $1,875 | $103,483 $188 | $922576 | $2,631
Base + High CO2 $387,277 | $1,883 | $1,062,858 | $1932 | $879234 | $2,507
Base + Very High CO2 | $409.430 | $1,991 | $1,034,727 | $1,881 | $546,556 | $1,559
High + High CO2 $381,571 | $1,855 | $463415 $842 | $934,098 | $2,664

Figure 5-27 below compares the probability distribution of net cost for Colstrip against a
generic peaker and combined-cycle gas plant, based on 250 draws of the risk variables.
It shows that Colstrip, for the most part, produces a net benefit to PSE customers
compared to the generic gas plants which are a net cost to the customers. For a
complete discussion of the peaker and CCCT net costs, see section 3 “Peakers are lower
cost than CCCT plants” below.
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Figure 5-27
Net Cost Distribution
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Since lower gas prices and lower loads, or higher CO, prices, affected continued
operation of Colstrip Units 1 & 2, we tested the least-cost portfolio from the Base
Scenario using a stochastic risk analysis. In this analysis, we varied loads (energy and
peak), gas prices, power prices, hydro generation and wind generation. We also ran a
second risk analysis that added CO, policy risk. Figure 5-28 shows the results of the
stochastic analysis without reflecting CO, policy risk for Cases 1, 2 and 3. Results are all
in long-term portfolio NPV, including the full range from minimum to maximum, the
median, Tail Var 90 risk, and others as shown.

Figure 5-29 shows the results with the risk of a CO; policy. With no CO; policy risk, the
results show that continuing Colstrip operations significantly reduces risk compared to
replacement power under three of the compliance cost cases. When the risks of a CO,
policy are added, the range of risk grows narrower, but continuing to operate the plant
still reduces some risk in the portfolio. Risk is defined as the Tail Var 90 or the average
value of the worst 10 percent of outcomes and volatility as the standard deviation of the
log of the changes from year to year.
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The replacement power is costlier and riskier than continuing Colstrip operations for two
reasons: 1) the capital cost of replacement power through new gas plants is greater than
the capital cost of continuing Colstrip operations by meeting environmental requirements;
and 2) since gas plants and market purchases replace coal power, variations in gas
prices and electric prices have greater upward pressure on revenue requirements, even
when the risk of a CO; policy exists.

Figure 5-28
Range of Portfolio Costs across 1000 Simulations — No CO; Policy Risk
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Figure 5-29
Range of Portfolio Costs across 1000 Simulations — with CO, Policy Risk
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Figure 5-30 below shows the range of savings in annual revenue requirement for the
least-cost portfolio in the Base Scenario with Colstrip Case 2, compared to the annual
revenue requirement for least-cost portfolio in the Base Scenario with replacement power
using the Monte Carlo draws. The middle line shows the mean (or arithmetic average) of
the annual cost savings between Colstrip Case 2 costs and replacement power for the
250 trials along with the 5th and 95th percentile of the cost savings. The replacement
power has a much higher 95th percentile, meaning that the portfolio has a much higher
upside risk. In other words, the replacement power portfolio has much more risk of
costing more than the continued operations of Colstrip. In other words, the highest risk for
the replacement power portfolio costing more is higher than the highest risk for Colstrip
costing more. The rate impacts in 2018 range from an approximate 2 percent increase to
a 9 percent increase for replacement power above the cost of continuing operations of
Colstrip, adjusting for inflation. By 2033, the rate impacts range from a 1 percent rate
decrease to a 10 percent rate increase.
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Figure 5-30
Percentile Range of Savings in Annual Revenue Requirement Between

Colstrip Case 2 and Replacement Power — Base Case Without CO; Policy
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Colstrip energy replacement with Montana wind

Colstrip produces approximately 5 million MWh per year of energy for PSE’s portfolio and
supplies 657 MW of capacity. When looking at wind energy equivalents in Montana, we
modeled two capacity factors. Using a 31 percent capacity factor, 5 million MWh per year
of energy translates to about 1,800 MW of wind; at 40 percent, it translates to about
1,400 MW. Assuming a 10% capacity credit, the wind will only contribute 180 MW or 140
MW respectively, so peakers will still be needed for capacity replacement. The additional
wind was included in the portfolios in 2017 to correspond with the date Colstrip was
removed from the portfolios.

Figure 5-31 below compares the total expected portfolio cost for Colstrip Case 2 to
replacement power with peakers and market purchases, and to Montana wind and
peakers. As illustrated, 1,800 MW of additional wind raises the expected cost by $3.6
billion or 26 percent.
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Figure 5-31
Expected Portfolio Cost Comparisons

Expected Portfolio Cost

Scenarios (Incremental Rev Req $Billions)
Base Scenario + Colstrip Case 2 $13.93
Base + Replacement Power $15.24
Base + Replacement Power MT Wind (31% CF) $17.53
Base + Replacement Power MT Wind (40% CF) $16.44
Figure 5-32
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As mentioned previously, in 2018 the additional annual revenue required for replacement
power compared to Colstrip Case 2 represents approximately a 5 percent rate increase.
As Figure 5-32 illustrates, should Colstrip Case 2 be replaced with Montana wind, annual
revenue requirements would range from $448 million to $580 million in 2018. This
equates to an 18 percent to 23 percent rate increase in one year.



Exhibit No. (TAD-7)
Page 139 of 1000

CHAPTER 5 - ELECTRIC ANALYSIS

3. Peakers are lower cost than CCCT plants.

Peakers proved to be a lower cost resource alternative than CCCT plants across all
planning scenarios except for Base + Very High CO,. Figure 5-33 below compares the
cost of peakers and combined-cycle plants across selected scenarios. Net revenue
requirements were calculated by taking all capital and fixed costs of a plant and then
subtracting the margin (variable costs less market revenue). This calculation lets one
quickly compare how the model evaluated these resources. We considered peaking units
both with and without oil back-up. To those without oil back-up, we assigned higher
priced firm fuel transportation and storage costs similar to those CCCTs are burdened
with. In the table below, plants are assumed to be located on the west side of the
Cascades. (See next section for further discussion on how location affects resources
costs.) In the Base + Very High CO; scenario, the net cost of the CCCT plant drops
significantly compared to the peaker plant. This is because in this scenario, the coal
plants are no longer economic to dispatch, so the CCCT dispatch increases to make up
for the loss of the coal generation in the WECC. This increase in the dispatch increases
the revenue of the plant more than the cost to dispatch, resulting in a lower net cost.

Figure 5-33
Peaker and CCCT Net Costs Compared

Peaker w/ Oil Peaker w/o Oil CCCT
Net Cost $/KW  Net Cost $IKW Net Cost $IKW

Base $384,636 $1,870 | $634,773 | $3,086 $931,458 $2,656

Low $380,269 $1,849 | $578,245 | $2,811 $991,478 $2,827

High $381,688 $1,856 | $634,997 | $3,087 $951,071 $2,712

Base + Low CO2 $385,666 $1,875 | $631,685 | $3,071 $922,576 $2,631
Base + High CO2 $387,277 $1,883 | $634,036 | $3,126 $879,234 $2,507
Base + Very High CO2 $409,430 $1,991 | $643,243 | §$3,127 $546,556 $1,559
High + High CO2 $381,571 $1,855 | $602,236 | $2,928 $934,098 $2,664

The net cost of a CCCT plant is significantly affected by the margin it generates (market
revenue less variable operating costs), and that margin varies as market conditions
change. Figure 5-34 below illustrates the impact of margin on the net cost per MW of a
peaker and CCCT plant in the Base Scenario. This Figure uses a 250-draw Monte Carlo
analysis for a 2017 vintage plant to illustrate how the net cost per MW of peakers and

5-58



Exhibit No. (TAD-7)
Page 140 of 1000

CHAPTER 5 - ELECTRICAL ANALYSIS

CCCT plants are distributed under different market conditions. The probability distribution
of cost for the peakers is very tight, because peakers do not dispatch or create much
margin in many draws. In contrast, the margin on CCCT plants is widely dispersed, which
spreads out the CCCT probability distribution more broadly than the peaker distribution.
The peaker distribution lies entirely below the 90 percent confidence interval for the
CCCT plant. This means that while CCCT plants are expected to operate more and
generate margins from those operations, the margins are not expected to be large
enough to offset the CCCT’s higher fixed cost. Net cost is not specifically used as part of
the cost minimization function; however, showing net cost may provide useful insights.

Figure 5-34
Comparison of Net Cost Distribution: CCCT and Peakers

30%

— OCT
— Peaker
Peaker No Oil BackUp

25%

20%

15%

10%
5%

0% —_—
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

$000/MW

4. Location of resources (east vs. west of the
Cascades) involves tradeoffs.

This is the first IRP to analyze how locating resources on the east side of the Cascades
vs. the west side affects their value. Eastside resources located within PSE’s balancing
authority would carry lower transmission costs than westside resources, but higher fuel
costs. Westside resources incur lower fuel costs, but higher transmission costs since they

5-59
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require the purchase of transmission contracts from BPA to bring the power to our
system.

Figure 5-35, below, indicates that overall costs are very close. The cost of eastside
resources may be somewhat understated because Oregon income taxes were not
included in the analysis. Also, eastside resources built in Northern Oregon would be
located within BPA'’s balancing authority, subjecting them to the risk of BPA transmission
tariff pricing and policy changes. Westside plants, on the other hand, would give PSE
access to all of the short-term operational benefits that thermal resources can provide
(minute-to-minute up to sub-hourly). Access to these benefits from eastside plants would
depend upon BPA transmission policies. Given these considerations, and the small
difference in cost between the two, PSE chose to include Westside peakers in the
resource plan.

Figure 5-35
Annual Revenue Requirements and Total Portfolio Costs for Peakers
Located East and West of the Cascades
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5. RPS requirements drive renewable builds.

The amount of renewable resources included in portfolios is driven by RPS requirements.
In all scenarios but Base + Very High CO,, wind resources are added to meet the
minimum requirements of RCW 19.285 rather than because they are least cost.

In this IRP, in addition to examining Montana wind, we also include an analysis of adding
an additional 300 MW of wind in 2017, above and beyond what is required by the RPS.
When modeling wind for the RPS, we include the cost of replacing the plant at the end of
its useful life as part of the end effects, but for examining the cost of this extra wind, we
did not, so the results would focus just on the impact of this wind on PSE’s portfolio costs.
Figure 5-36 below summarizes the results. That table shows the additional wind
increases total NPV portfolio costs by $358 million. Levelized over the 25-year
depreciable life of the project, the $358 million is approximately $33 million per year.
Dividing this $33 million/year divided by 793,613 MWh (the total generation of the 300
MW of wind), this results in a fundamental REC cost of $41.54 per MWh above the
energy and capacity value of the wind to the portfolio.

Figure 5-36
Fundamental REC Cost
.

Base Expected Portfolio Cost $13,930 Million
Base + 300 MW Wind Expected Portfolio Cost $14,288 Million

Incremental Cost (Difference) $358 Million
Incremental Cost levelized over 25-years $33 Million/Year

Annual Energy Output of 300 MW of Wind 793,613 MWh/Year
Levelized Cost (Fundamental REC Cost) $41.54/MWh
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RPS incremental cost cap analysis

As part of RCW 19.285, if the incremental cost of the renewable resources compared to
an equivalent non-renewable is greater than 4 percent of its revenue requirement, then
the utility will be considered in compliance with the annual renewable energy target.10

Each renewable resource that counts towards meeting the renewable energy target was
compared to an equivalent non-renewable resource starting in the same year and
levelized over the book life of the plant: 25 years for wind power and 40 years for
hydroelectric power. Figure 5-37 presents results of this analysis for existing resources
and projected resources. This demonstrates PSE expects to meet the physical targets
under RCW 19.285 without being constrained by the cost cap. A negative cost difference
means that the renewable was lower cost than the equivalent non-renewable, while a
positive cost means that the renewable was a higher cost.

Figure 5-37
Equivalent Non-renewable 20-year Levelized Cost Difference
Compared to 4 % of 2011 GRC Revenue Requirement
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1" RCW 19.285.050 (1) (a) (b) “The incremental cost of an eligible renewable resource is calculated
as the difference between the levelized delivered cost of the eligible renewable resource, regardless
of ownership, compared to the levelized delivered cost of an equivalent amount of reasonably
available substitute resource that does not qualify as eligible renewable resources.”
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As the chart reveals, even if the company’s revenue requirement were to stay the same
for the next 10 years, PSE would still not hit the 4 percent requirement. The estimated
revenue requirement uses a 2.5 percent assumed escalation from the 2011 General Rate
Case revenue requirement. More detailed information can be found in Appendix K,
Electric Analysis.

6. Emissions results vary across portfolios.

PSE examined how different carbon mitigation strategies will affect portfolio builds, costs,
and emissions. CO, emissions for the least-cost portfolio in each scenario is shown in
Figure 5-38. As the chart illustrates, only four portfolios/scenarios reduce emissions

below 1990 levels. In three of these, the emission levels drop in 2017 when the portfolio
replaces Colstrip Units 1 & 2 with other resources. In one scenario, Base + Very High
CO,, all four units of Colstrip are replaced. Many of the portfolios also show a drop in
emissions in 2026, which corresponds to the expiration of the Coal Transition PPA at Dec.
31, 2025.

Figure 5-38
Emissions by Portfolio (Colstrip Case 2)
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While three of the portfolios modeled achieve emissions below 1990 levels — Base + Very
High CO,, Very Low Gas, and Low (load and gas price) — only the Base + Very High CO,
portfolio actually sustains emissions levels below 1990; the other two portfolios increase
emissions in the later years. In fact, even the Base + Very High CO,, portfolio steadily
increases CO; emissions so much over time that by 2033, its emissions levels are
approaching 1990 levels; following the growth rate, they will rise above 1990 levels a
couple of years later.

DSR and wind resources also affect emissions rates, but to a much smaller extent than
Colstrip or the Coal Transition PPA. Figure 5-39 below illustrates the effect that DSR has
on the portfolio emission rates for the Base Scenario. By 2033, DSR’s effect on load and
builds reduces CO; emissions by 1.7 million tons, but this does not move the portfolio
close to 1990 levels.

Figure 5-39
Emissions by Portfolio (Colstrip Case 2)
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Wind to comply with the post 2020 RCW 19.285 requirements has a small effect on
reducing CO, emissions. Figure 5-40 below illustrates that by 2033, the additional 600
MW of wind resources by 2033 reduces emission by 0.54 million tons.
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Figure 5-40
Emissions by Portfolio (Colstrip Case 2)
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Given the relatively small impact on CO, emissions from adding wind, we focused on the
cost of reducing CO; using wind. This analysis built on the fundamental REC cost
analysis described above in Figure 5-35. Using the fundamental REC cost derived from
adding 300 MW of wind over and above RPS requirements, we calculated the CO,
savings from the “additional wind” portfolio to estimate a CO, abatement cost per MWh of
wind shown in Figure 5-41 below. This converts the fundamental REC cost in $ per MWh
identified above into a $ per ton cost. The “additional wind portfolio” saves on average
0.22 million tons of CO, per year. This translates to about 0.28 tons per MWh. In
comparison to the WECC average for the base scenario (0.35 tons per MWh), the wind is
only abating CO, emissions on 78 percent of market purchases. The total abatement cost
of CO; from wind comes to $151 ton.
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Figure 5 - 41
Fundamental CO, Abatement Cost From Wind

Fundamental REC Cost $41.54/MWh
Average CO2 Savings of 300 MW of Wind 0.22 Million Tons/year
Annual Energy Output of 300 MW of Wind 793,613 MWh/year
Converted to Tons/MWh 0.28 Tons/MWh
Fundamental CO2 Abatement Cost $151/Ton

7. DSR reduces cost and market risk.

Demand-side resources reduce both cost and market risk in portfolios. They must be cost
effective to be included in the plan, so by definition they are also least-cost resources.
Figure 5-43 compares the expected power costs and risk ranges for a No DSR portfolio
with the optimal Base Scenario portfolio, which includes 1,007 MW of DSR by 2033.
Figure 5-44 compares expected costs and cost ranges. Analysis of ramp rates continues
to show that the sooner DSR is acquired, the more cost effective it is, so this IRP applies
the 10-year ramp rate identified in the 2011 analysis.

The amount of cost-effective conservation acquired varies across scenarios, but by 2033,
the range is very tight, 706 MW — 1,021 MW. The avoided cost of capacity plays a big
role in the selection of the optimal bundle; this includes energy, capacity, and renewable
resources. The avoided cost of energy varies depending on the power price scenario.
For example, in the optimal Base portfolio, the least-cost level of DSR is Bundle E, but in
the portfolio that analyzes replacement power for Colstrip (the Base replacement power
portfolio), the optimal level of DSR is Bundle C. This is because in the Base replacement
power portfolio, moving from Bundle C to Bundle E does not supply enough capacity to
offset a peaker build; since the same amount of peakers are built in both, the increase in
DSR cost is not offset by avoiding the cost of a generic peaker. However, in the optimal
Base portfolio that includes Colstrip, moving from Bundle C to Bundle E supplies enough
capacity to offset a peaker build so that the increased DSR cost is offset by avoiding the
cost to build a generic peaker. (For detailed results by scenario see Appendix K, Electric
Analysis.) Figure 5-42 shows the optimal DSR bundle in each scenario when we remove
Colstrip as a factor. That is, Colstrip remains in the portfolio in all scenarios. As the table
shows, Bundle E is the optimal bundle in all but one scenario; the Very Low Gas scenario
is Bundle B.
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Figure 5-42
Optimal DSR Results across Scenarios with Continued Colstrip Operations

MW Additions by 2033 Bundle Demand Response EISA Total
|bjehliei ayeitss | Bl | beveislieapaes (i JEMS ueEl |

Base E 629 1,45 | 140 29 209 1,007
Low E 629 1,5 137 29 209 1,004
High E 629 1,5 137 29 209 1,004
Base + Low CO2 E 629 1,4,5 | 140 29 209 1,007
Base + High CO2 E 629 1,4,5 | 140 29 209 1,007
Base + Very HighCO2 | E 629 5 80 29 209 947

High + High CO2 E 629 1,5 137 29 209 1,004
Very Low Gas B 331 1,5 137 29 209 706

Very High Gas E 629 1,4,5 | 140 29 209 1,007
Low + Base Load E 629 1,4,5 | 140 29 209 1,007

Demand response programs were broken down into 5 categories:

Residential Direct Load Control (DLC) Space Heating and Water Heating
Residential DLC Room Heating and Water Heating

Residential Critical Peak Pricing (CPP)

Commercial and Industrial Critical Peak Pricing

A A

Curtailment

Figure 5-43 below illustrates how DSR reduces cost and risk in the portfolio. The optimal
Base portfolio with DSR is lower cost and has a lower Tvar90, which measures the risk of
how costly a portfolio can get compared to the optimal Base portfolio with no DSR.
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Figure 5-43
Effect of DSR on Costs and Risks
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Figure 5-44
Comparison of Expected Costs and Cost Ranges for No-DSR and Optimal Base
Scenario Portfolios with Colstrip Compliance Case 2

20-yr NPV Portfolio Cost (dollars in billions)

No CO2 Price Base ‘ Base + No DSR Difference
Expected Cost 13.93 15.35 1.42
TVar90 14.68 16.11 1.43

DSR reduces power cost risk relative to No DSR. Figure 5-41 illustrates that the Tail Var
90 of variable costs for the portfolio with No DSR would be a little over $1.43 billion
higher than the Base portfolio with DSR. It also illustrates that the No DSR portfolio
revenue requirement is $1.42 billion more than the optimal Base portfolio, which reflects
the higher costs of adding peakers instead of DSR. This is clearly a reasonable cost/risk
trade-off. Adding DSR to the portfolio reduces cost and risk at the same time.
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8. Transmission renewals look cost effective,
but questions remain.

The IRP analysis indicates that renewing transmission contracts to facilitate purchases of
market power remains a low-cost strategy for meeting customer need at this time. Indeed,
for more than a decade, the region has been capable of producing more energy than it
required; this “surplus” pushed market power prices down and made market purchases a
lowest-cost resource alternative. PSE has captured this value for our customers for many
years. Today, “transmission to market” is the single largest resource in PSE’s electric
portfolio; it supplies 1,618 MW of our customers’ peak capacity need.

However, the Northwest Resource Adequacy Forum recently forecast that the region will
reach load resource balance soon after the end of this decade, and may turn capacity
deficit as 2,000 MW of coal-fired generation retires near the mid-point of the planning

window.

Should the market tighten in this way, the price of market power would inevitably rise,

but the risk to reliability is perhaps of greatest concern. The nature of this risk has more
to do with possibility than probability. The region may be able to meet its expected needs
with a smaller “cushion” in terms of planning margin reserves (i.e. at a higher loss of load
probability), but the possibility of an abnormal event — such as two weeks of extraordinary
cold or heat spells during peak seasons — could result in a situation in which transmission
is contracted for, but there is nothing to fill it with.
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Gas Analysis

Natural gas has become an

Contents

increasingly important resource for
1. Gas Resource Need

PSE. Not only do we supply it for
2. Gas Sales Existing
Resources

end use to more than 770,000 gas

sales customers, we also use it as
3. Gas Sales Resource

Alternatives fuel to generate electricity.

4. Gas Sales Analytic
Methodology

5. Gas Sales Analysis
Results

6. Gas-for-power Portfolio
Analysis Results

1. Gas Resource Need

This IRP develops an integrated resource plan for PSE’s gas sales customers, and it also
examines the utility’s “gas-for-power” need. The former fulfills regulatory requirements,
while the latter adds crucial context around a resource that has become increasingly
important to meeting customers’ electric demand. Here, we present two views of gas
resource need — gas sales and gas-for-power — as well as discuss some of the important

ways in which they are interrelated.

“Gas sales”
refers to PSE’s direct delivery of natural gas to end-use customers.

“Gas-for-power”
refers to the fuel needed to run generators that produce electricity.
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Gas Sales need

Figure 6-1 illustrates gas sales resource need over the 20-year planning horizon. The
lines rising toward the right indicate demand, and the bars below represent current
contracts for the pipeline transportation, storage, and peaking capacity that enable PSE
to transport gas from points of receipt to customers.

Figure 6-1
Gas Sales Resource Need
Existing Resources Compared to Peak Day Demand
Meeting need on the coldest day of the year

1,600

1,400

;‘/'_,’5
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» e —
[51] R — 389
S S [261]
N = 141
1,000 - et

N i I H
400 - I I I

200 -

MDth / day

CTotal Jackson Prairie & Redelivery Service B8 NWP Firm Transport (TF-1)
C0n System Total —6—2013 IRP Base Forecast w/o DSR
=#=2013 IRP High Forecast w/o DSR =&=2013 IRP Low Forecast w/o DSR

Gas sales need is driven by two factors: peak day demand per customer and the number
of customers. For PSE, peak day demand occurs in the winter, when temperatures are
lowest and heating needs are highest. Since the heating season and number of lowest-
temperature days1 in the year remain fairly constant, customer count is the biggest factor
in load growth.

! For gas peak day planning purposes PSE assumes a day with 52 Heating Degree Days (HDDs)
or an average temperature of 13° F.

6-2
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The analysis tested three customer demand forecasts over the 20-year planning horizon:
the 2013 IRP Base Demand Forecast, the 2013 IRP High Demand Forecast, and the
2013 IRP Low Demand Forecast. We currently have sufficient resources to meet peak
day need until the winter of 2016-17 in all three cases.

Gas-for-power need

Natural gas for power generation is increasingly important to the electric side of the utility.
Every IRP since 2003 has identified natural gas-fired generation as the most cost-
effective supply-side resource to include in IRP portfolios. This planning cycle is no
different: All of the electric portfolios produced by the analysis include the addition of
substantial amounts of gas-fired generation as part of the solution to meeting future
electricity demand.

Calculating gas-for-power need is not as straightforward, since different types of gas-fired
generating plants require different types of natural gas resources and their dispatch is
dependent upon the prevailing market heat rate. Combined-cycle combustion facilities
(CCCTs) and simple-cycle combustion engines (peakers) without oil back-up are
assumed to need firm gas transportation. Peakers with oil back-up are expected to
operate with temporary pipeline capacity purchased from the gas sales book, the pipeline,
or through the capacity release market — and to rely on oil back-up when none is
available.

The chart below describes gas-for-power needs for the electric scenario portfolios.
Peakers with oil back-up are the only gas-fired resource type added in all the electric
scenarios except one, and these scenarios require no additional firm pipeline capacity to
meet peak needs. However, as shown in the gas-for-power analysis section, a limited
amount of additional capacity may be needed to deliver sufficient gas over extended time
periods. In the exception, the Base + Very High CO; scenario, no peakers are added but
7 CCCTs are included; this scenario also includes a total of 420 MDth per day of
additional firm pipeline capacity to meet peak requirements.
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Figure 6-2
Two Views of Gas-for-power Resource Need
Existing resources compared to peak day demand
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Combined gas resource need

In past IRPs, PSE has included a SENDOUT analysis of the combined gas sales and
gas-for-power portfolios. Modeling the two portfolios together contributes some insights
but does not provide information on the need and allocation of resources between the
two portfolios. Also, since the extreme peak for both gas sales and gas-for-power loads

typically occurs on the very coldest days of the winter there are no peak capacity
synergies between the two portfolios.

While the combined portfolios are not analyzed using the SENDOUT® model, it is useful

Q;V
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to summarize the combined or total capacity needs. To depict combined need, we added

the peak gas sales need identified in the gas sales Base Scenario to the two views of

gas-for-power need: the electric Base Scenario and the Base + Very High CO, scenario.

Extreme peak combined need is summarized in Figure 6-3 below. Combined need varies



Exhibit No. (TAD-7)
Page 155 of 1000

CHAPTER 6 - GAS ANALYSIS

from 389 to 809 MDth per day by 2033, depending upon which gas-for-power scenario is

assumed.
Figure 6-3
Combined Gas Resource Need (net need in MDth/day)
Extreme peak for gas sales and gas for power

Gas Sales Base plus . . . 2018-19 2022-23 2032-33

Electric Base Case 51 141 389

Electric Base + Very High CO2 171 321 809
Observations

The yearly demand curves for gas sales and gas for power differ in ways that create
some interesting relationships.

Peak events

Perhaps the most significant finding from previous IRP analysis is that there is no savings
in peak capacity requirements due to load diversity between the two portfolios. Both
portfolios can expect, and need to plan for, peak loads to occur at the same time. Both
the gas sales and electric gas loads are largely driven by temperature. Cold weather
increases regional demand, which raises the market heat rate; in turn, generating plants
with higher heat rates are dispatched. In addition, PSE’s gas-fired electric generation
plants are typically dispatched in anticipation of higher electric loads when very cold
weather is forecasted.

Seasonal synergies

The very coldest winter days create short-term spikes in both portfolios, but in general,
gas for sales demand is highest in the winter when heating needs are the greatest, while
sustained high demand for gas for power occurs in the summer because the summer
electric market is heavily influenced by California air-conditioning loads.
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The gas sales portfolio purchases a substantial amount of firm pipeline capacity to make
sure it can deliver all the gas customers need in the winter, but when summer comes and
demand for gas sales subsides, it has surplus capacity. This means that the gas sales
portfolio has excess capacity at the same time the electric utility needs to acquire
capacity to meet its high-demand, summer season needs. Per WUTC requirements,
short-term surplus capacity of the gas sales portfolio is made available to the generation
portfolio at prevailing market rates similar to the rates that would result from release to a
third party through FERC-regulated capacity release rules or available for purchase from
the pipeline. Short-term pipeline capacity, purchased in this way, is generally less

expensive.

Figure 6-4 compares the daily loads for the gas sales and gas-for-power portfolios for
2009 through 2012.

Figure 6-4
Daily Gas Sales and Gas for Power Loads, 2009 — 2012
Comparing demand curves and volatility
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Variability and volatility

Gas-for-power loads are much more variable than gas sales loads. Another look at the
historical data pictured in Figure 6-4 shows that while average gas-for-power loads are
less than a third the size of average gas sales loads — their swings in volume (their
maximum daily increase and decrease) are greater relative to the average load. This is
confirmed by volatility statistics, which are much higher for gas-for-power loads than gas
sales.

Significant additions of gas-fired generation resources — as with the 2,212 MW of peaking
plants added in the Base Scenario electric resource portfolio for this IRP — could create
unprecedented swings in gas loads. As peakers are switched on to meet demand, a
volume of gas equivalent to PSE’s entire gas sales load on a typical winter day could be
required.

Increasing storage needs

The growing reliance on natural gas to generate electricity also increases the need to add
gas storage capacity in the electric resources portfolio. Near-term, using the gas sales
portfolio’s excess capacity or the capacity release market to supply 2 or 3 additional
peaking plants makes a great deal of sense, provided such plants can be permitted to
use back-up fuel during peak periods; however, it is not at all clear that the capacity
release market and pipeline system can handle the volume of activity required for the 10
peakers projected in the Base Scenario by 2033. Increased storage would greatly
improve the ability to manage those swings, and may become a crucial part of the supply
chain for generation.
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Calendar Year 2009
Maximum

Figure 6-5
Variability of Gas Sales and Gas-for-power Loads Compared
Volatility and volumes (MDth per day)

Gas Sales

735

Gas for Power

290
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Minimum 62 0
Average 252 110
Max Daily Increase 133 129
Max Daily Decrease 126 131
Volatility? 0.1364 1.3658
Maximum 757 266
Minimum 69 0
Average 229 99
Max Daily Increase 147 104
Max Daily Decrease 180 107
Volatility? 0.1394 1.1444
C CdendarYewaott
Maximum 642 216
Minimum 76 0
Average 260 41
Max Daily Increase 119 111
Max Daily Decrease 164 86
Volatility' 0.1310 1.8546
Maximum 621 163
Minimum 76 0
Average 247 56
Max Daily Increase 127 79
Max Daily Decrease 127 70
Volatility' 0.1370 2.7469

Note:

Volatility is defined as the standard deviation of the log of the daily change in gas use for the year.

6-8
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Different choices, different impacts

Acquisition choices will affect the amount and type of gas resources needed in the
electric portfolio. Additional peaking plants proved to be the lowest reasonable cost
supply-side resource alternative in the electric portfolio developed for this IRP, but when
the time comes to actually make acquisitions, purchased power agreements may be
judged more cost effective. Less likely but still possible, CCCT plants may be
economically attractive because of their more efficient heat rate. These choices would
have very different impacts:

* Choosing purchased power agreements would reduce the amount of natural gas
resources needed.

* Choosing CCCTs would increase the need for firm gas transportation.

* Peaking plants without alternate back-up fuel capability would also increase the
need for firm gas transportation.

Gas transportation needs are also highly dependent on the specific location of generating
plants. For example, plants located near a gas trading hub or storage facility need less
pipeline capacity to transport fuel but may need more transmission to transport power;
conversely, plants located near PSE loads require less electrical transmission but may
require more gas transport capacity.

The gas for power analysis is discussed further in Section 6 of this chapter.
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2. Gas Sales Existing Resources

Gas Sales supply-side resources

Supply-side gas resources include pipeline capacity, storage capacity, peaking capacity,
and gas supplies.

Existing pipeline capacity

There are two types of pipeline capacity. “Direct-connect” pipelines deliver supplies
directly to PSE’s local distribution system from production areas, storage facilities, or
interconnections with other pipelines. “Upstream” pipelines deliver gas to the direct
pipeline from remote production areas, market centers, and storage facilities.

Direct-connect pipeline capacity. All gas delivered to our gas distribution
system is handled last by PSE’s only direct-connect pipeline, Northwest Pipeline (NWP).
We hold the following capacity with NWP.

* 523,053 dekatherms (Dth) per day of year-round TF-1 (firm) transportation

capacity

* 110,704 Dth per day of special winter-only firm TF-1 transportation capacity

e 323,903 Dth per day of firm TF-2 capacity
Receipt points on the NWP contracts access supplies from four production regions:
British Columbia (BC), Alberta, the Rocky Mountain area, and the San Juan Basin. This
provides valuable delivery point flexibility, including the ability to source gas from different
regions on a day-to-day basis in some contracts.

Upstream pipeline capacity. To transport gas supply from production
basins or trading hubs to the direct-connect NWP system, PSE holds capacity on several
upstream pipelines.
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Figure 6-6
Pacific Northwest Regional Gas Pipeline Map
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Figure 6-7
Gas Sales Pipeline Capacity as of 1/1/2013 (Dth/day)

Year of Expiration

Pipeline/Receipt Point Note Total 2018 2020
Direct Connect
NWP/Westcoast 1 261,501 55,000 198,445 8,056 (2033)
Interconnect (Sumas)
NWP/TC-GTN Interconnect 1 75,936 - 75,936
(Spokane)
NWP/various Rockies 1 185,616 2,464 183,152
Total TF-1 523,053 57,464 457,533 8,056
NWP/Jackson Prairie 1,2 110,704 - - 110,704 (2028)
NWP/Jackson Prairie 1,2 333,480 - 333,480
Total TF-2/Special TF-1 444,184 - 333,480 110,704

\ Total Capacity to City Gate 967,237 57,464 791,013

Year of Expiration
2014 2015

Pipeline/Receipt Point

Upstream Capacity

TC-Alberta/from AECO to 79,744 79,444
TC-BC Interconnect (A-BC

Border)

TC-BC/from TC-Alberta to 4 78,631 70,604 8,027
TC-GTN Interconnect (2023)
(Kingsgate)

TC-GTN/from TC-BC 5 65,392 - - 65,392 (2023)
Interconnect to NWP

Interconnect (Spokane)

TC-GTN/from TC-BC 5,6 25,000 - - 25,000 (2023)
Interconnect to NWP

Interconnect (Stanfield)

Westcoast/from Station 2 to 4,7 129,851 75,481 - 36,922 (2017)

NWP Interconnect (Sumas) 17,449 (2018)
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Notes:

1) NWP contracts have automatic annual renewal provisions, but can be canceled by PSE upon one year’s notice.

2)  TF-2and special TF-1 service is intended only for delivery of storage volumes during the winter heating
season, these annual costs are significantly lower than year-round TF-1 service.

3)  Converted to approximate Dth per day from contract stated in gigajoules per day.

4)  Converted to approximate Dth per day from contract stated in cubic meters per day.

5)  TCPL-GTN contracts have automatic renewal provisions, but can be canceled by PSE upon one year’s notice.

6)  Capacity can alternatively be used to deliver additional volumes to Spokane.

7)  The Westcoast contracts contain a right of first refusal upon expiration.

8)  Upstream capacity is not necessary for a supply acquired at interconnects in the Rockies and for supplies
purchased at Sumas.

It is helpful to understand the significant differences among transportation types,
especially TF-1 and TF-2 service, and firm and interruptible capacity.

TF-1 and TF-2 service. TF-1 transportation contracts are firm contracts,
available 365 days each year. TF-2 service is for delivery of storage volumes and is
generally intended for use during the winter heating season only; contract costs are
based on a quantity related to the storage capacity referenced by each respective
agreement. Therefore, TF-2 service has significantly lower annual costs than the 365-day
service provided under TF-1. The special winter-only TF-1 service has similar
characteristics and pricing as TF-2 service.

Firm and interruptible capacity. Firm transportation capacity carries the
right, but not the obligation, to transport up to a maximum daily quantity of gas on the
pipeline. Firm transportation requires a fixed payment, whether or not that capacity is
used. Interruptible service is subordinate to the rights of shippers who hold and use firm
transportation capacity; the rate for interruptible capacity is negotiable, and is typically
billed as a variable charge. When firm shippers do not use their firm pipeline capacity,
they may release it on the capacity release market.

PSE releases capacity when we have a surplus of firm capacity and when market
conditions make such transactions favorable for customers. The company also uses the
capacity release market to access additional firm capacity when it is available.
Interruptible service plays a limited role in PSE’s resource portfolio, because it cannot be
relied on to meet peak demand.
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Existing storage resources

PSE’s natural gas storage capacity is a significant component of the company’s gas

resource portfolio. Storage capacity improves system flexibility and creates significant

cost savings for both the system and customers.

Ready access to an immediate and controllable source of firm gas supply or
storage space enables PSE to handle many imbalances created at the interstate
pipeline level without incurring balancing or scheduling penalties.

Access to storage makes it possible for the company to purchase and store
additional gas during the lower-demand summer season, generally at lower
prices.

Combining storage capacity with seasonal TF-2 (or special winter-only TF-1)
transportation allows us to contract for less year-round pipeline capacity to meet
winter-only demand.

PSE also uses storage to balance city-gate gas receipts with the actual loads of
our gas transportation customers.

We have contractual access to two underground storage projects. Each serves a different

purpose. Jackson Prairie storage, in Lewis County, WA is an aquifer-driven storage field

designed to deliver large quantities of gas over a relatively short period of time. Clay

Basin in northeastern Utah provides supply-area storage and a winter gas supply. Figure

6-8 presents details about storage capacity.
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Figure 6-8
Gas Sales Storage Resources’ (as of 01/01/2013)

Storage ?;:Zt;ﬂ; V\gtah:ar:itv; a Expiration

Capacity (Dth) (DthiDay) (Dth/Day) Date
Jackson Prairie — Owned 8,528,000 147,500 398,667 N/A
Jackson Prairie — Owned? -500,000 -25,000 -50,000 2016
e rae — NP 1,181,021 17,900 48,390 2014
Clay Basin 12,882,750 53,678 107,356 2018/20
Clay Basin -4,000,000 -37,011 -74,023 2018

Total 18,091,771 430,390

Notes:

1) Storage, injection, and withdrawal capacity quantities reflect PSE's capacity rights rather than the facility's total
capacity.

2)  Storage capacity made available (at market-based price) from PSE gas sales portfolio. Renewal may be
possible, depending on gas sales portfolio needs. The gas sales portfolio may recall 15,000, 35,000 and 50,000
Dth per day of firm withdrawal rights for up to 4 days in each winter 2013/14, 2014/15 and 2015/16, respectively.

3)  NWP contracts have automatic annual renewal provisions, but can be canceled by PSE upon one year’s notice.

4)  Released to third parties through March 2018.

Jackson Prairie storage. PSE uses Jackson Prairie and the associated NWP
TF-2 and special TF-1 transportation capacity primarily to meet the intermediate peaking
requirements of core customers — that is, to meet seasonal load requirements, balance
daily load, and minimize the need to contract for year-round pipeline capacity to meet
winter-only demand. As shown in Figure 6-7, we have 444,184 Dth per day of TF-2 and
special winter-only TF-1 transportation capacity from Jackson Prairie.

PSE, NWP, and Avista Utilities each own an undivided one-third interest in the Jackson
Prairie Gas Storage Project (Jackson Prairie), operated by PSE under FERC
authorizations. In addition to firm daily deliverability and firm seasonal capacity, we have
access to deliverability and seasonal capacity through contracts for SGS-2F storage
service from NWP. The NWP contracts are automatically renewed each year but we have
the unilateral right to terminate the agreement with one year’s notice.
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Clay Basin storage. Questar Pipeline owns and operates the Clay Basin
storage facility in Daggett County, Utah. This reservoir stores gas during the summer for
withdrawal in the winter. PSE has two contracts to store up to 12,882,750 Dth and
withdraw up to 107,356 Dth per day under a FERC-regulated service. As shown in Figure
6-8, 4,000,000 Dth of this storage capacity has been assigned to third parties through
March 2018.

We use Clay Basin for certain levels of base-load supply, and for back-up supply in the
case of well freeze-offs or other supply disruptions in the Rocky Mountains during the
winter. It provides a reliable source of supply throughout the winter, including peak days;
it also provides a partial hedge to price spikes in this region. Gas from Clay Basin is
delivered to PSE’s system (and other markets) using firm TF-1 transportation.

Treatment of storage cost. Similar to firm pipeline capacity, firm storage
arrangements require a fixed charge whether or not the storage service is used. PSE
also pays a variable charge for gas injected into and withdrawn from Clay Basin. Charges
for Clay Basin service (and the non-PSE-owned portion of Jackson Prairie service) are
billed to PSE pursuant to FERC-approved tariffs, and recovered from customers through
a purchased gas adjustment (PGA), while costs associated with the PSE-owned portion
of Jackson Prairie are recovered from customers through base distribution rates.

Existing peaking supply and capacity resources

Firm access to other resources provides supplies and capacity for peaking requirements
or short-term operational needs. The Gig Harbor LNG satellite storage and the Swarr
vaporized propane-air (LP-Air) facility provide firm gas supplies on short notice for
relatively short periods of time. Generally a last resort due to their relatively higher
variable costs, these sources typically meet extreme peak demand during the coldest
hours or days. These resources do not offer the flexibility of other supply sources.
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Figure 6-9
Gas Sales Peaking Resources, as of 01/01/2013

Injection

Storag(g tf;a;pac'ty (%atﬁlagg% Cap‘;"c'i‘t';d(’;m%ay) Transport Tariff
Plymouth LNG (1) 241,700 1,208 70,500 TF-1(1)
Gig Harbor LNG 10,500 2,500 2,500 On-system
Swarr LP-Air 128,440 16,680 (2) 0(3) On-system
Total 380,640 20,388 73,000
Notes:

1) Inthe past PSE has relied on TF-2 pipeline delivery service from Plymouth LNG. However, PSE has confirmed
that TF-2 pipeline delivery service from Plymouth LNG cannot be counted on as firm. While delivery can be
made firm using existing TF-1 capacity, that capacity cannot then be used to deliver other supplies, thus
Plymouth LNG no longer supplies an incremental delivered supply. PSE will turn back the Plymouth LS-1 and
TF-2 contracts to NWP at the earliest data possible (October 31, 2014).

2)  Swarr holds 1.24 million gallons. At a refill rate of 111 gallons/minute, it takes 7.7 days to refill, or 16,680
Dth/day.

3)  Swarr delivery is currently not on-line pending environmental and reliability upgrades.

PIymouth LNG. NWP owns and operates an LNG storage facility located at
Plymouth, Washington, which provides a gas liquefaction, storage, and vaporization
service under its LS-1 and LS-2F tariffs. PSE’s long-term contract provides for seasonal
storage with an annual contract quantity of 241,700 Dth; liquefaction Maximum Daily
Quantity (MDQ) of 1,208 Dth per day; and a withdrawal MDQ of 70,500 Dth per day. The
ratio of injection and withdrawal rates means that it can take more than 200 days to fill to
capacity, but only 3-1/2 days to empty.

NWP has asserted that the TF-2 service related to Plymouth is “secondary firm,” and that
NWP is not obligated to force other customers to nominate the use of their transportation
contracts in a fashion necessary to create the displacement capacity needed to honor
PSE’s contract. PSE disagrees with NWP’s characterization of the service, and we
expressed concern to NWP that the “secondary firm” TF-2 service is no longer reliable
enough to be counted upon under peak conditions. NWP worked with PSE to analyze
how the TF-2 service contract might be modified to guarantee capacity under certain
limited but defined conditions, but NWP was unable to define such conditions. Based on
those analyses, which reflect changes in pipeline facilities, contracts, and flow patterns
since the service was established in the early nineties, PSE has concluded that the TF-2
contract related to Plymouth can no longer be relied upon during the peak conditions that
the resource serves. As a result, we have removed the Plymouth LS service (with the
associated TF-2 service) from the gas resource stack. PSE will turn back the Plymouth

6-17
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LS-1 and TF-2 contracts to NWP at the earliest date possible (October 31, 2014). PSE
will consider retaining the LS-1 contract if it can provide benefit to customers by being
converted to provide LNG to the growing transportation fuel market or released to a third-

party.

Gig Harbor LNG. inthe Gig Harbor area, a satellite LNG facility ensures
sufficient supply during peak weather events for a remote but growing region of our
distribution system. The Gig Harbor plant receives, stores, and vaporizes LNG that has
been liquefied at other LNG facilities; it represents an incremental supply source and is
therefore included in the peak day resource stack. Although the facility directly benefits
only areas adjacent to the Gig Harbor plant, its operation indirectly benefits other areas in
PSE'’s service territory since it allows gas supply from pipeline interconnects or other
storage to be diverted elsewhere.

Swarr LP-AIR. The Swarr LP-Air facility has a net storage capacity of 128,440
Dth natural gas equivalents, and can produce the equivalent of approximately 10,000 Dth
per day. The Swarr LP-Air facility is currently not in service while it awaits upgrades that
would incorporate environmental safety and reliability systems and increase the facility’s
production capacity to 30,000 Dth per day. Swarr connects to PSE’s distribution system,
so it requires no upstream pipeline capacity. The upgrade is a resource alternative
evaluated for this IRP.

Existing gas supplies

Development of the means to economically extract natural gas from shale deposits has
changed the picture with regard to gas supplies. Not only has development of shale beds
in British Columbia directly increased the availability of supplies in the West, but the east
coast no longer relies so heavily on Western supplies now that shale deposits in
Pennsylvania and West Virginia are in production.

Within the limits of its transportation and storage network, PSE maintains a policy of
sourcing gas supplies from a variety of supply basins. Avoiding concentration in one
market helps to increase reliability. We can also mitigate price volatility to a certain
extent; the company’s capacity rights on NWP provide flexibility to buy from the lowest-
cost basin. While we are heavily dependent on supplies from northern British Columbia,
we also maintain pipeline capacity access to producing regions in the Rockies, the San
Juan basin, and Alberta.
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Price and delivery terms tend to be very similar across supply basins, though shorter-
term prices at individual supply hubs may “separate” due to pipeline capacity shortages.
This separation cycle can last several years, but should be alleviated when additional
pipeline infrastructure is constructed. We expect generally comparable pricing across
regional supply basins over the 20-year planning horizon, with differentials primarily
driven by differences in the cost of transportation.

We have always purchased our supply at market hubs or pooling points. In the Rockies
and San Juan basin, there are various transportation receipt points, including Opal and
Clay Basin; but alternate points, such as gathering system and upstream pipeline
interconnects with NWP, allow some purchases directly from producers as well as
marketers. In fact, PSE has a number of supply arrangements with major producers in
the Rockies to purchase supply near the point of production. Adding upstream pipeline
transportation capacity on Westcoast, TC-AB, and TC-BC to the company’s portfolio has
increased our ability to access supply nearer producing areas in Canada as well.

Gas supply contracts tend to have a shorter duration than pipeline transportation
contracts, with terms to ensure supplier performance. We meet average loads with a mix
of long-term (more than two years) and short-term (two years or less) gas supply
contracts. Longer-term contracts typically supply base-load needs and are delivered at a
constant daily rate over the contract period. We also contract for seasonal base-load firm
supply, typically for the winter months. Near-term transactions supplement base-load
transactions, particularly for November through March; we estimate average load
requirements for upcoming months and enter into month-long transactions to balance
load. PSE balances daily positions using storage (from Jackson Prairie and Clay Basin),
day-ahead purchases, and off-system sales transactions, and we balance intra-day
positions using Jackson Prairie. PSE will continue to monitor gas markets to identify
trends and opportunities to fine-tune our contracting strategies.

PSE’s low-load-factor market is highly weather-dependent and therefore seasonal in
nature. Our general policy is to maintain firm supply commitments equal to approximately
50 percent of expected seasonal demand, including assumed storage injections in
summer and net of assumed storage withdrawals in winter.



Exhibit No. (TAD-7)
Page 170 of 1000

CHAPTER 6 - GAS ANALYSIS

Gas Sales demand-side resources

PSE has provided demand-side resources or DSR (that is, resources generated on the
customer side of the meter) since 1993. Figure 6-11 shows that energy efficiency
measures installed through 2012 have saved a cumulative total of 4.0 million Dth — more
than half of which has been achieved since 2007. Through 1998, these programs
primarily served residential and low-income customers. In 1999 the company expanded
to add commercial and industrial customer facilities. PSE has spent more than $110.9
million for natural gas conservation programs from 1995 to 2012. PSE’s energy efficiency
programs operate in accordance with requirements established as part of the stipulated
settlement of our 2001 General Rate Case.

PSE’s energy efficiency programs serve residential, low-income, commercial, and
industrial customers. Energy savings targets and the programs to achieve those targets
are established every two years. The 2010-2011 biennial program period concluded at
the end of 2011; current programs operate January 1, 2012 through December 31, 2013.
The majority of gas energy efficiency programs are funded using gas “rider” funds
collected from all customers.

For the 2012-2013 period, a two-year target of approximately 950,000 Dth in energy
savings has been adopted. This goal was based on extensive analysis of savings
potentials and developed in collaboration with key external stakeholders represented by
the Conservation Resource Advisory Group (CRAG) and Integrated Resource Plan
Advisory Group (IRPAG).
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Figure 6-10
Gas Sales Energy Efficiency Program Summary 2010 — 2013
Total savings and costs

Exhibit No. (TAD-7)
Page 171 of 1000

2010-2011 2010-2011 2012-2013 2012-2013 Percent Percent
Actual Actual Total | Target Total Budget Change in | Change
Total Costs Savings Total Costs Savings | in Costs
CEVI (%) (Therms) (%) (%) (%)
(Therms)
Residential | 4,305,991 $19,469,988 3,790,600 $13,701,000 -11.9% -29.6%
Commercial | 5,914,136 | $13,770,017 5,758,000 $10,564,000 -2.6% -23.2%
/Industrial
Total 10,220,127 | $33,240,005 9,548,600 $24,265,000 -14.6% -5.3%
Figure 6-11
Cumulative Gas Sales Energy Savings from DSR, 1997 — 2012
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3. Gas Sales Resource Alternatives

The gas resource alternatives considered in this IRP address long-term capacity
challenges rather than the shorter-term optimization and portfolio management strategies
PSE uses in the daily conduct of business to minimize costs.

Combinations considered

Transporting gas from production areas or market hubs to PSE’s service area generally
entails assembling a number of specific pipeline segments and gas storage alternatives.
Purchases from specific market hubs are joined with various upstream and direct-connect
pipeline alternatives and storage options to create combinations that have different costs
and benefits. Within PSE’s service territory, demand-side resources are a significant

resource.

In this IRP, the alternatives have been gathered into seven broad combinations for
analyses. These combinations are illustrated in Figure 6-12. Note that, while not shown,
DSR is included in all of the combinations.

Combination #1

This option expands access to northern British Columbia gas (Station 2 hub) with
expanded transport capacity on Westcoast pipeline to Sumas and then on expanded
NWP to PSE’s service area. Gas supplies are also presumed available at the Sumas
market hub. In order to ensure reliable access to supply and achieve diversity of pricing,
PSE seeks to hold Westcoast capacity equivalent to 50 percent of NWP firm take-away
capacity at Sumas.

Combination #2

This combination includes the Kingsvale-Oliver Reinforcement Project (KORP) pipeline
proposal sponsored by Fortis BC and Spectra. Essentially, the KORP project expands
and adds flexibility to the existing Southern Crossing pipeline. This option would allow
delivery of AECO gas to PSE via existing or expanded capacity on the TC-AB and TC-BC
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pipelines, the KORP pipeline across southern British Columbia to Sumas, and then on
expanded NWP capacity to PSE.

Combinations #3 & 4

These options provide for deliveries to PSE via the prospective Palomar/Blue Bridge
pipeline. The increased gas supply could either come from Alberta (AECO hub) via
existing upstream pipeline capacity on the TC-AB, TC-BC, and TC-GTN pipelines to
Stanfield; or from the Rockies hub on the Ruby pipeline to Malin and with backhaul on the
TC-GTN pipeline to Stanfield. Final delivery from Stanfield to PSE would be via the
proposed Palomar/Blue Bridge pipeline.

Combination #5

This combination entails development of an LNG peak-shaving capability built in
conjunction with a potential project that PSE is considering to provide fuel for the natural
gas vehicle market — specifically, maritime vessels and large trucks. This project would
be located near the existing PSE distribution system.

Combination #6

This is an upgrade to the existing Swarr LP-air facility. This upgrade would increase the
peak day planning capability from 10 MDth/day to 30 MDth/day.

Combination #7

This option provides for PSE to lease storage capacity from NW Natural after an
expansion of the Mist storage facility. Delivery of gas would require some expansion of
pipeline capacity from Mist to PSE’s service territory but is assumed to have discounted

redelivery service.
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Figure 6-12
PSE Gas Transportation Map Showing Supply Alternatives
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Pipeline alternatives

Direct-connect pipeline capacity alternatives. The direct-connect
pipeline alternatives considered in this IRP are summarized in Figure 6-13 below.

Figure 6-13
Direct-connect Pipeline Alternatives Analyzed

Name Description

NWP - Sumas to PSE city Expansions considered either independently or in conjunction with
gate upstream pipeline/supply expansion alternatives (KORP or additional
Westcoast capacity). Assumed to be available by 2018.

Palomar/Blue Bridge — Representative of costs and capacity of the proposed Palomar/Blue
Stanfield/TC-GTN to PSE city | Bridge pipeline with delivery on NWP to PSE city gate. Assumed to be
gate available by 2018.

NWP - Washougal to PSE Discounted redelivery option considered in conjunction with a possible
city gate lease of expanded Mist storage facility. Assumed to be available by
2016.

Upstream pipeline capacity alternatives. in some cases, a tradeoff
exists between buying gas at one point, and buying capacity to enable purchase at an
upstream point closer to the supply basin. PSE has faced this tradeoff with our supply
purchases at the Canadian import points of Sumas and Kingsgate. For example, previous
analyses led the company to acquire capacity on Westcoast Energy’s BC Pipeline
(Westcoast), which allows us to purchase gas at Station 2 rather than Sumas and take
advantage of greater supply availability at Station 2. Similarly, acquisition of additional
upstream pipeline capacity on TransCanada’s Canadian and U.S. pipelines would enable
us to purchase gas directly from suppliers at the very liquid AECO trading hub and
transport it to interconnect with the proposed Palomar/Blue Bridge pipeline on a firm
basis. Fortis BC and Spectra have proposed the KORP, which in conjunction with
additional capacity on TransCanada’s Canadian pipelines, would also increase access to
AECO supplies.
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Figure 6-14
Upstream Pipeline Alternatives Analyzed

Name Description

Increase Westcoast Capacity | Acquisition of currently uncontracted Westcoast capacity is considered to

(Station 2 to Sumas) increase access to gas supply at Station 2 and a northern B.C. storage
alternative for delivery to PSE on expanded NWP capacity from Sumas.

Increase TransCanada Acquisition of currently uncontracted capacity of TransCanada pipeline

Pipeline Capacity capacity in Canada (TC-AB & TC-BC) and on TC-GTN in the U.S. to

) increase deliveries of AECO gas to Stanfield for delivery to PSE city gate

(AECO to Stanfield) via the proposed Palomar/Blue Bridge pipeline.

KORP Expansion of the existing Fortis BC Southern Crossing pipeline across
southern BC, enhanced delivery capacity on Westcoast from Kingsvale to
Huntingdon/Sumas. This alternative would include a commensurate
acquisition of uncontracted capacity on the TC-AB and TC-BC pipelines.

The KORP alternative includes PSE participation in an expansion of the existing Fortis
BC pipeline across southern British Columbia which includes a cooperative arrangement
with Westcoast for deliveries from Kingsvale to Huntingdon/Sumas. Acquisition of this
capacity, as well as additional capacity on the TC-AB and TC-BC lines, would improve
access to the AECO trading hub. While not inexpensive, such an alternative would
increase geographic diversity and reduce reliance on British Columbia-sourced supply
connected to upstream portions of Westcoast.

Storage and peaking capacity alternatives

As described in the existing resources section, PSE is a one-third owner and operator of
the Jackson Prairie storage facility, and we also contract for capacity at the Clay Basin
storage facility located in northeastern Utah. Additional pipeline capacity from Clay Basin
is not available and storage expansion is not under consideration. Expanding storage
capacity at Jackson Prairie is not analyzed in this IRP although it may prove feasible in
the long run For this IRP, the company considered the following storage alternatives:

Mist expansion. NW Natural Gas Company, the owner and operator of the Mist
underground storage facility near Portland, Ore., is investigating a potential expansion
project to be completed in 2016. PSE is assessing the cost-effectiveness of participating
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in such an expansion. This could require expansion of discounted winter redelivery
service to PSE’s city gate.

LNG Peaking Project. PSE is considering development of a mid-scale LNG
liquefaction and storage facility within its service territory to serve the growing demand for
LNG as a marine and vehicle transportation fuel. Such a facility would be designed to
produce LNG fuel at a relatively constant rate year-round and provide modest storage
capacity. This IRP evaluates the possibility of enhancing the design of the facility to
substantially increase storage capacity and add vaporization equipment; this would make
it possible for the facility to also serve as a peaking resource for the PSE gas system.
The economies of scale afforded by a combined-use facility may make this a cost-
effective alternative.

The LNG Peaking Project would utilize gas purchased by the PSE gas sales portfolio
throughout the year, transported over NWP and PSE distribution system to the plant,
where it would be liquefied and stored. Under peak demand conditions, up to 30,000 Dth
per day of stored LNG would be vaporized and injected back into the PSE gas
distribution system to meet customer demand. In addition, under peak demand conditions,
up to 20,000 Dth per day of natural gas flowing on NWP to serve the daily liquefaction
requirements of LNG transportation fuel customers could be diverted to other PSE gas
distribution system interconnects to serve PSE customers. The diverted gas volumes
would be replaced with PSE-owned LNG already in storage to keep the LNG
transportation fuel customers whole. As configured, the PSE LNG Peaking Project would
provide a resource of up to 50,000 Dth per day to PSE gas customers for the equivalent
of up to 6 days per year. For analysis purposes, the facility is assumed to enter service in
the fall of 2016, with peaking service available at the start of the 2017-18 heating season
after the initial fill of the storage tank.
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Figure 6-15
Storage Alternatives Analyzed

‘ Name Description
Expansion of Mist Storage Based on estimated cost and operational characteristics of expanded Mist
Facility storage. Assumes a 20-day supply at full deliverability.
LNG Peaking Project These analyses assume a 10-day supply at full deliverability of 30
MDth/day, plus possible use of 20 MDth of diverted supply for a net 6-day
supply.

Two additional gas storage alternatives, Aitken located in northern BC and Ryckman
Creek, located in southwestern Wyoming, were reviewed but not analyzed as alternatives
in SENDOUT. Both resources are located relatively far from PSE’s service territory and
would require incremental firm pipeline capacity in order to meet peaking requirements.
The delivered cost of peak capacity from these resources is much higher than other
alternatives.

Gas supply alternatives

Figure 6-16
Gas Supply Alternatives Analyzed

Description
Swarr LP-Air Facility This upgrade would return this facility to service and increase the peak
Upgrade day planning capability from 10 MDth/day to 30 MDth/day.

As described earlier, gas supply and production are expected to continue to expand in
both northern British Columbia and the Rockies production areas as shale and tight gas
formations are developed using horizontal drilling and fracturing methods. With the
expansion of supplies from shale gas and other unconventional sources at existing
market hubs, PSE anticipates that adequate gas supplies will be available to support
pipeline expansion from northern British Columbia or from the Rockies basin.

Additional cost and capacity data for all of the supply-side resource alternatives is
presented in Appendix L, Gas Analysis.
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Demand-side resource alternatives

There were several steps in evaluating cost-effectiveness of demand-side resource

measures.

First, demand-side measures were screened for technical potential. This step assumed
that all opportunities could be captured regardless of cost or market barriers, so that the
full spectrum of technologies, load impacts, and markets could be surveyed.

A second screen eliminated any resources not considered achievable. To gauge
achievability, PSE relied on customer response to past PSE energy efficiency programs
and the experience of other utilities offering similar programs. For this IRP, the company
assumed that 75 percent and 55 percent of gas demand-side resource potentials in
existing buildings and new construction markets, respectively, are likely to be achievable
over the planning period.

The remaining measures are considered to have “achievable technical potential.” At this
point, any measures impacted by changes in code and standards that will go into effect
during the study period are grouped together into a standards and codes bundle. This
bundle identifies DSR volumes and is assumed to be zero cost, therefore it is always
selected in the portfolio model where it represents a decrement to the load. The
remaining measures with achievable technical potential are ordered into cost bundles,
and the bundles are arranged from lowest to highest cost. (Savings for all measures in
each group were adjusted for interactive effects.) The lower cost bundles were sliced into
narrower price points than in the 2011 IRP, since current lower gas prices mean that
smaller amounts of gas DSR maybe more optimal. Figure 6-17 below lists the cost price
points used as inputs into the portfolio model.

PSE currently seeks to acquire as much cost-effective gas demand-side resources as
quickly as possible. The acquisition or “ramp rate” of gas sales DSR can be altered by
changing the speed with which discretionary DSR measures are acquired. This IRP
tested three ramp rates: a 20-year ramp rate, a 10-year ramp rate, and a “delayed” 10-
year ramp rate, which suspends deployment of discretionary DSR measures for the first
two years of the study. The last option tests whether delaying acquisition during a period
of very low gas prices would result in a lower cost portfolio.
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Figure 6-17
DSR Cost Bundles and Savings Volumes for 10-Year Ramp Rate

Bundle Price Cut-Offs for Bundles 2014 MDth 10-Yr 2033 MDth 10-Yr
Codes & Standards $0 = 1,243
A < $2.20/Dth 133 2,134
A1 $2.2t0 $3.0 5 58
A2 $3.0to $4.5 35 465
B $4.5t0 $5.5 5 58
B1 $5.5t0 $7.0 70 756
C $7.0to $8.5 53 565
C1 $8.5 to $9.5 8 124
D $9.5 10 $12.0 112 1,732
E $12.0 to $15.0 198 1,988
F $15.0 to $20.0 120 1,357
G >=§$20 841 10,239

More detail on the measures, assumptions and methodology used to develop potentials
can be found in Appendix N, DSR Analysis.

Finally, SENDOUT was used to test the optimal level of demand-side resources in each
scenario. To format the inputs for SENDOUT analysis, the cost bundles were further
subdivided by market sector and weather/non-weather sensitive measures. Increasingly
expensive bundles were added to each scenario until SENDOUT rejected bundles as not
cost effective. The bundle that reduced the portfolio cost the most was deemed the
appropriate level of demand-side resources for that scenario. Figure 6-18 illustrates the
methodology described above.
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Figure 6-18
General Methodology for Assessing Demand-side Resource Potential
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AA1A B.B1 s D E F (€]
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Portfolio Optimization
Model - SENDOUT®

Economic Potential

Figures 6-19, 6-20, and 6-21 show the range of achievable technical potential among the
eleven cost bundles used in SENDOUT. It selects an optimal combination of each market
sector for every bundle to determine the overall optimal level of demand-side gas
resource for a particular scenario.

Figure 6-22 shows a sample input format subdivided by market sectors for Bundle A
(<$2.20 per Dth) used in the SENDOUT portfolio optimization model for all the IRP

scenarios.



Exhibit No. ___(TAD-7)
Page 182 of 1000

CHAPTER 6 - GAS ANALYSIS

MDth/YEar

MDth/ YEar

Figure 6-19

Demand-side Resources — 10-year Ramp for Achievable Technical Potential Bundles
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Figure 6-20

Demand-side Resources — 20-year Ramp for Achievable Technical Potential Bundles
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Figure 6-21
Demand-side Resources — 10-year Delayed Ramp for Achievable Technical Potential
Bundles
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Figure 6-22

Savings Formatted for Portfolio Model Input — Bundle A (< $2.20/Dth) in each scenario of
the 10-Year Ramp Rate
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4. Gas Sales Analytic Methodology

In general, analysis of a gas supply portfolio begins with an estimate of resource need
that is derived by comparing 20-year demand forecasts with existing resources. Once
need has been identified, a variety of planning tools, optimization analyses, and input
assumptions help PSE identify the lowest-reasonable-cost portfolio of gas resources
within a variety of scenarios. (Key assumptions are explained in Chapter 4.)

Optimization analysis tools

PSE uses SENDOUT, from Ventyx, to model gas resources for long-term planning and
long-term gas resource acquisition activities. SENDOUT is widely used and employs a
linear programming algorithm to help identify the long-term, least-cost combination of
resources that will meet stated loads. SENDOUT also has the capability to integrate
demand-side resources with supply-side resources to determine an optimal resource
portfolio. While the deterministic linear programming approach used in this analysis is a
helpful analytical tool, it is important to acknowledge this technique provides the model
with "perfect foresight," meaning that its theoretical results may not really be achievable.
For example, the model knows the exact load and price for every day throughout a winter
period, and can therefore minimize cost in a way that is not possible in the real world. In
the real world, numerous critical factors about the future will always be uncertain. Linear
programming analysis can help inform decisions, but it should not be relied on to make
them.

To incorporate uncertainty about future gas prices and weather-driven loads, PSE
acquired the add-in product VectorGas to use with SENDOUT. SENDOUT Version 12.5.5,
which PSE currently uses, has integrated VectorGas’s Monte Carlo capability into
SENDOUT itself. Monte Carlo analysis of physical supply risk indicates whether a
portfolio that meets our design peak day forecast is sufficient, in an otherwise normal-
temperature winter, to meet our obligations under a variety of possible conditions. See
Appendix L, Gas Analysis, for a more complete description of SENDOUT.
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Deterministic optimization analysis

As described in Chapter 4, PSE developed ten scenarios to examine the impact of a
range of possible future demand and price conditions on resource planning; eight of
these were used in the gas sales resource analysis. Scenario analysis allows the
company to understand how different resources perform across a variety of economic
and regulatory conditions. Scenario analysis also clarifies the robustness of a particular
resource strategy. In other words, it helps determine if a particular strategy is reasonable
under a wide range of possible circumstances.

Monte Carlo analysis

PSE performed two kinds of Monte Carlo analyses to test different dimensions of
uncertainty. The first tested how well a single resource portfolio performs under gas price
and load uncertainty over the 20-year planning horizon. For example, this approach can
tell under what percentage of the Monte Carlo draws a specific resource portfolio meets
design peak day loads.

The second application of the Monte Carlo analyses develops optimal resource portfolios
in each of the 100 scenario draws. This approach can be used to generate probability
distributions for each potential resource addition; i.e. in what percentage of the Monte
Carlo draws is a specific resource added. A deterministic analysis often overemphasizes
the importance of the “optimal” portfolio.

PSE used Monte Carlo analyses to generate 100 daily price and temperature scenarios —
or draws — for the 20-year planning horizon. For additional details of the SENDOUT
analyses, see Appendix L, Gas Analysis.
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5. Gas Sales Analysis Results
Key findings

The key findings from this analytical and statistical evaluation will provide guidance for
development of PSE’s long-term resource strategy, and also provide background
information for resource development activities over the next two years.

1. In the Base Scenario, the gas sales portfolio has adequate resources until
the winter of 2016-17. Under both the Low and High scenarios additional
supply-side resources are also not needed until 2016-17.

2. The acquisition of discretionary demand-side resource measures over a 10-
year ramp rate reduces portfolio costs in all scenarios. Delaying acquisition
of discretionary DSR by 2 years in the 10-year ramp increased portfolio costs.
Assuming a 20-year ramp rate also increased portfolio costs.

3. Cost-effective DSR is lower in the 2013 IRP due to lower gas prices and due
to past program achievements, updated end-use energy consumption
model assumptions, and new standards and codes that resulted in some
DSR being shifted out of utility program DSR bundles and into the
standards and codes bundle.

4. The PSE LNG Project is cost-effective in all scenarios. As currently
envisioned, this project will have a total peaking capacity of 50 MDth per day and
be available for service for the 2017-18 winter period.

5. The Swarr upgrade project is cost-effective in all scenarios.

6. The Mist storage expansion is selected in all scenarios.
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Gas Sales portfolio additions

Differences in resource additions are primarily driven by load growth and the gas and
CO,, price assumptions. Demand-side resources are influenced directly by gas and CO,
price assumptions because they avoid commodity and emissions costs by their nature.
However, the absolute level of efficiency programs is also affected by load growth
assumptions.

The optimal portfolio resource additions in each of the eight scenarios are illustrated in
Figure 6-23 for 2018, 2022, and 2032.

Figure 6-23
Gas Resource Additions in 2018, 2022, and 2032

(Peak Capacity — MDth/day)
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Demand-side resource additions

The optimal level of energy efficiency resources for the integrated gas sales portfolios
was determined by SENDOUT, as described earlier. We evaluated three DSR program
designs for the gas sales portion of this IRP: one with a 20-year ramp rate for
discretionary measures, another with a 10-year ramp rate and a third with a 10-year ramp
rate whose start was delayed by two years.

Compared to the 20-year ramp, the 10-year ramp and the 10-year ramp with the two-year
delay increased the DSR acquired during the near- and mid-term years and deferred the
need for acquisition of some supply-side resources. All three acquired similar amounts of
DSR by 2033. Comparing the total portfolio costs of the scenarios for each of the three
ramp rates indicates that the 10-year ramp rate results in a lower net present value (NPV)
portfolio cost in all scenarios. The NPV results are shown in Figure 6-24.

Figure 6-24
Net Present Value Portfolio Costs for Discretionary DSR Acceleration
Rate Alternatives (dollars in billions)

Scenario 10 Year 10 Year Delayed 20 Year ‘
Base 8.142 8.156 8.188
High 10.122 10.143 10.187
Low 6.075 6.084 6.106
High + High CO2 12.175 12.201 12.259
Base + Very High CO2 14.891 14.930 15.009
Base + Low CO2 8.749 8.765 8.799
Very Low Gas Price 4.254 4.259 4.268
Very High Gas Price 11.729 11.757 11.810

Based on these results, the 10-year ramp rate was included in all scenarios.
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Figure 6-25
Cost-effective Gas Energy Efficiency Savings by Scenario
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Compared to the 2011 IRP, there has been a downward shift in gas energy efficiency
potentials. This is due to three factors (1) past program accomplishments have lowered
future achievable potentials, (2) new, higher DOE efficiency standards for some gas
appliances have moved some potentials from utility program bundles to standards and
codes bundles, and (3) lower gas commodity prices. For more information on these
differences from the 2011 IRP see Appendix N, Demand-side Resources Analysis.

DSR remains relatively sensitive to avoided costs in the gas analysis. The amount of
achievable energy efficiency resources selected by the SENDOUT analysis in this plan
ranged from roughly 4,000 MDth in 2033 for the Very Low Gas Price scenario to over
double that at 9,000 MDth in 2033 in the Base + Very High CO, scenario.
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The optimal levels of demand-side resources, selected by market sector in the
SENDOUT analysis, are shown in Fig 6-26, below. (For more information on demand-
side bundles, see the “Demand-side Resource Alternatives” section in this chapter and
Appendix N, Demand-side Resources Analysis.)

Figure 6-26
Gas Sales Cost-effective DSR Bundles by Sector and Scenario

Base +

High+ Very Base +

High High Low

Bundles Base High | Low (6{0)/ C02 CO2
Residential Firm C D B1 D E C D B
Commercial Firm C D B1 D E C D A2
Commercial A2 B1 A1 C C1 B B1 A

Interruptible

Industrial Firm A2 A2 A2 A2 D A2 A2 A1
Industrial Interruptible A2 A2 A2 A2 D A2 A2 A

Overall, the economic potential of DSR in this IRP is lower than in the 2011 gas sales
Base Scenario when the 10-year ramp rate is applied. Lower-cost bundles are being
selected by the analysis as the most cost-effective level of DSR. In the 2011 IRP,
SENDOUT selected the residential bundle up to a cost of $9.50/Dth; in this IRP, the
$8.50/Dth residential bundle is the optimal bundle. A similar pattern is seen across
sectors and scenarios.

Figure 6-27 compares PSE’s energy efficiency accomplishments, current targets and
new range of gas efficiency potentials. In the short term, this IRP indicates an economic
potential savings of 473,640 to 1,318,000 Dth for the 2014-2015 period. The current
target for the 2012-2013 period is within this range, and the scenarios provide guidance
on how much cost-effective gas efficiency is possible to attain within the constraints of
economic and market factors.
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Figure 6-27
Short-term Comparison of Gas Energy Efficiency

Short-Term Comparison of Gas Energy Efficiency

2010-2011 Actual Achievement 1,022,013
2012-2013 Target (Updated Jan 2013) 954,860
2014-2015 Range of Economic Potential 473,640 - 1,318,000

Figure 6-28 shows the impact on CO, emissions at the customer end-use from energy
efficiency measures in the Base Scenario.

Figure 6-28
CO, Emissions Reduction from Energy Efficiency in Base Scenario
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Pipeline additions

Based on lower costs, the predominant pipeline resource addition in all scenarios is the
expansion of the Northwest and Westcoast pipelines; this increases access to northern
BC gas supplies. The KORP/NWP alternative was selected later in the study period in all
but the Low scenario. A limited amount (between 3 and 13 MDth per day) of the
Palomar/Blue Bridge project was selected in all the scenarios. Additional upstream
pipeline capacity on the TC-AB, the TC-BC, and Westcoast pipelines was selected as
needed to deliver supplies to the NWP and Palomar/Blue Bridge direct-connect projects.

Storage additions

Based on lower costs, the LNG Peaking Project and the Mist storage expansion were
selected in all scenarios. These results indicate that PSE should continue to consider
both projects.

Supply additions

The Swarr LP-Air Upgrade project was the only specific supply alternative considered,
and it was selected in all scenarios.

PSE continues to rely on acquisition of natural gas from creditworthy and reliable
suppliers at major market hubs or production areas. For the IRP SENDOUT model, we
assumed continuation of geographically diverse, long-term supply contracts (currently
about two-thirds of annual requirements) throughout the planning horizon. The optimal
portfolio would contain additional gas supply from various supply basins or trading
locations, along with optimal utilization of existing and new capacity.
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Complete picture: Base Scenario

A complete picture of the Base Scenario optimal resource portfolio is presented below in
Figure 6-29. Additional scenario results are included in Appendix L, Gas Analysis.

Figure 6-29
Base Scenario Gas Resource Portfolio
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Average annual portfolio cost comparisons

Figure 6-30 should be read with caution. Its value is comparative rather than absolute. It
is not a projection of average purchased gas adjustment (PGA) rates; instead, costs are
based on a theoretical construct of highly incrementalized resource availability. Also,
average portfolio costs include items that are not included in the PGA. These include
rate-base costs related to Jackson Prairie storage and costs for energy efficiency
programs, which are included on an average levelized basis rather than a projected cash
flow basis. It should also be noted that the perfect foresight of a linear programming
model creates theoretical results that cannot be achieved in the real world.

Figure 6-30
Average Portfolio Cost of Gas for Gas Scenarios
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Figure 6-30 shows that average optimized portfolio costs are largely based on the gas
price and CO; cost assumptions included in each scenario.

¢ Base Scenario portfolio costs are about $5.18 per Dth in 2014 and increase to
about $11.40 per Dth by 2033.

¢ The Base + Very High CO; scenario costs start at about $10.13 per Dth, and rise
to about $21.51 per Dth by 2033. (The only difference from the Base Scenario is
CO, emissions cost.) This is the highest cost scenario primarily due to the very
high CO, cost assumptions. Similarly the Base + Low CO, scenario only differs
from the Base Scenario by the CO, cost assumptions.

* The High + High CO, is similar to the High scenario with the only difference being
the high CO, cost assumptions. This was the second highest cost scenario.

e The Very Low Gas Price and Low scenarios have the lowest portfolio prices;
these reflect lower gas price assumptions and minimal CO; costs.

Results of Monte Carlo analysis

Monte Carlo analyses on the Base Scenario optimal resource portfolio provided a
reasonable test of whether the company’s current planning standard (using normal
weather with one design peak day per year) creates a portfolio that will meet firm demand
under a wide range of temperature conditions. Results indicate that the Base Scenario
resource portfolio, which incorporates the current standard, will meet firm demands in
over 96 percent of the winter periods draws. The current peak planning standard will be
compared with an alternative winter design peak standard later in this chapter.

The Monte Carlo analysis also tested the sensitivity of resource additions in the Base
Scenario. Analyses examined seven specific resource addition alternatives: the various
DSR bundles, Mist storage, the LNG Peaking Project, NWP from Sumas to PSE, KORP,
the Palomar/Blue Bridge pipeline alternative, and the Swarr LP-Air Upgrade project. This
discussion compares the deterministic analysis results with the Monte Carlo resource
optimization analysis.

The Monte Carlo results were evaluated to check the resources selected as of October
2019 and October 2023. The DSR bundles selected in the Monte Carlo analyses were
essentially the same as those selected in the deterministic case; both the deterministic
and Monte Carlo analysis selected a mix of DSR with 16 MDth per day of peak savings in
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2019 and 31 MDth per day of savings in 2023. There were only 2 to 3 draws with minor
differences. The Swarr LP-Air Upgrade project is also selected in all draws.

NWP from Sumas to PSE service territory. Figure 6-31 shows the
frequency distribution with which the NWP pipeline alternative is selected across the
100 draws by the year 2019 and 2023. As shown, no NWP capacity is selected by 2019
in 42 percent of the draws and between 50 and 60 MDth per day of capacity is selected
in 21 percent of the draws. In the deterministic analyses, no capacity was selected by
2019 and 37 MDth per day of capacity was selected by 2023.

Figure 6-31
Frequency Distribution of NWP Pipeline Development by 2019 and 2023
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KORP pipeline. Figure 6-32 illustrates the frequency distribution for the KORP
pipeline alternative. As shown, no KORP capacity is selected by 2019 in 100 percent of
the draws and in 79 percent of the draws by 2023. Note that this option was not selected
until 2030 in the deterministic analyses.

Figure 6-32
Frequency Distribution for the KORP Pipeline by 2019 and 2023
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Palomar/Blue Bridge pipeline. Figure 6-33 illustrates the frequency
distribution for the Palomar/Blue Bridge pipeline alternative. As shown, no Palomar/Blue
Bridge capacity is selected by 2019 in 88 percent of the draws and 15 to 20 MDth per day
of capacity is selected by 2023 in 58 percent of the draws by 2023. Note that 13 MDth
per day of capacity was selected by 2023 in the deterministic analyses.

Figure 6-33
Frequency Distribution for the Palomar/Blue Bridge Pipeline by 2019 and 2023
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LNG Peaking Project. Figure 6-34 shows the frequency distribution for the
LNG Peaking Project alternative. In 78 percent of the Monte Carlo scenarios, the LNG
Peaking Project alternative is selected at the full deliverability of 50 MDth per day by
2019 and 2023. In the deterministic analysis the project is selected with a deliverability of
50 MDth per day.

Figure 6-34
Frequency Distribution for LNG Peaking Project by 2019 and 2023
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Mist storage. Figure 6-35 shows the frequency distribution for the Mist storage
expansion project.

Figure 6-35
Frequency Distribution for Mist Storage Expansion by 2019 and 2023
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Evaluation of resource additions without
LNG Peaking Project and Swarr Upgrade

The LNG Peaking Project and Swarr Upgrade project are selected by 2018 in all the
scenarios evaluated; however, it is important to realize that these projects are in the
evaluation stages and may never be implemented. The LNG project depends upon final
cost-effectiveness, and it will require agreements with transportation customers for the
sale and purchase of LNG. Completion of the Swarr Upgrade project will depend upon

cost-effectiveness and an evaluation of environmental safety.

Two additional SENDOUT evaluations were done to determine least-cost resource
alternatives in the event either or both of projects are not completed. One case assumes
the LNG Peaking Project is not built, but the Swarr Upgrade project is. The second case
assumes that neither project is completed. These results are compared to the Base

Scenario results in Figure 6-36.

Figure 6-36
Gas Resource Additions without the LNG Peaking Project & Swarr Upgrade
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In both cases, additional NWP and Westcoast pipeline capacity to Sumas and Station 2,
respectively, are added to replace the LNG Peaking and Swarr projects.

The net present values of these three cases are shown in Figure 6-37. As expected, the
portfolio costs are higher for the cases without the LNG Peaking and Swarr Upgrade
projects.

Figure 6-37

Net Present Value Portfolio Costs for Portfolios without LNG Peaking Project & Swarr
Upgrade (dollars in billions)

NPV Portfolio Costs ‘

Base 8.142
Base w/o PSE LNG 8.180
Base w/o PSE LNG & Swarr 8.243
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Evaluation of alternative extreme winter
design peak criteria

For the gas sales portfolio PSE currently uses an extreme design peak day planning
standard consisting of an extreme peak day with an average temperature of 13 degrees
in January and 30-year average daily temperatures for the rest of the year. The derivation
of this planning standard is summarized in PSE’s 2005 Least Cost Plan, Appendix I-Gas
Planning Standard.

There is some concern that the current planning standard does not adequately address
the reliability of supply during periods of sustained cold weather. Current pipeline
capacity alone cannot meet loads when average temperatures go below approximately
35 degrees. During cold periods PSE relies heavily on the Jackson Prairie gas storage
project for gas supply. The storage facility accounts for about 44 percent of peak supply
capacity. However, Jackson Prairie’s withdrawal capacity decreases by 2 percent for
every 1 percent that the inventory drops below 60 percent full. At full withdrawal rates
Jackson Prairie can operate at full capacity for about 10 days before capacity begins to
decline. (This assumes full inventory at the start.) During extended periods of cold
weather when loads exceed firm pipeline capacity, it is not possible to refill Jackson

Prairie while also meeting customer loads.

An alternative winter design peak planning standard was developed using historical
temperature data from 1950 through 2011. This standard includes both an extended cold
period as well as a day with an average temperature of 13 degrees F. This alternative
standard uses historical December and January Heating Degree Days (HDDs) that rank
at approximately the 95th percentile for these months. The historical months closest to
the 95th percentile are December 1964 and January 1969. The combined December and
January temperatures result in a 98th percentile 2-month period. Including data from a
normal November and February results in a four-month cold period that ranks at

approximately the 86th percentile.

The daily average temperatures for the two winter planning standards for December and

January are shown in Figure 6-38 below.
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Figure 6-38
Comparison of Daily Temperatures for Current and Alternative Winter Design Peak
Planning Standards
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A number of SENDOUT model runs were performed using the current and alternative

planning standards to evaluate differences in portfolio costs and reliability benefits.

Two SENDOUT model analyses were performed for each standard. First the analysis
made deterministic runs to select the optimal set of resources for each of the design peak
standards. These resources were then selected or “fixed” in the resource portfolios over
the time period of the study (through 2033).

The optimal portfolios developed for the two standards included essentially the same
resources, except that the alternative standard added more NWP capacity. The amount

of NWP capacity added in the two cases is shown in Figure 6-39.
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Figure 6-39
Comparison of NWP Capacity Additions for Current and Alternative Winter Planning
Standards (MDth/day)

2018-19 2022-23 2026-27 2032-33

Current - Normal+13° - 36 132 207

Alternative Design Peak Winter 21 45 139 215

The next step of the analyses was to include these fixed resource portfolios in stochastic,
Monte Carlo model runs where the monthly and daily temperatures were varied based on
historic weather conditions. Gas prices were also varied based on historic gas price
volatility. One hundred Monte Carlo draws were done over the 20-year planning horizon.
In total, the analyses included 2,000 winter periods (20 years x 100 draws). In both
planning standard cases, there were periods where resources were not sufficient to
supply the load. In some cases the peak loads in the Monte Carlo runs exceeded the
design peak load used to develop the portfolio (13 degrees or 52 HDDs). In other cases a
series of high-load days resulted in declines in the Jackson Prairie withdrawal capacity

that resulted in unserved load.

The impact on costs and the number of unserved energy events are compared in Figure
6-40. For the alternative standard, levelized annual fixed costs are about $1.8 million
higher per year, reflecting the increased NWP capacity included in this case. The
increased pipeline capacity reduces the number and magnitude of the periods with
unserved energy. There are 12 less outage events in the case using the alternative
standard than in the case using the existing Normal+13 degree standard. The amount of
unserved energy and the maximum percent of load not served are also less in the case

using the alternative design peak standard.
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Figure 6-40
Comparison of Costs and Outages for Current and Alternative Winter Design Peak
Standards
Normal+13°  Alternative
Design Standard Difference
Levelized Annual Fixed Costs ($-millions) 169 171 1.8
Total Unserved Demand (MDth) 19,031 12,229 -6,802
Number of Outage Events 61 49 -12
% of Years with an Outage Event 3.1% 2.5% -0.6%
Average Load Unserved During an Outage Events 312 245 67
(MDth)
Average % of Load Unserved During Outage Events 1.7% 1.3% -0.4%
Maximum % of Load Unserved During Outage Events 6.5% 5.5% -1.0%

Based on the analyses done to date, it is not yet clear whether changing to the alternative
design peak winter planning standard is justified. Further analyses and review will be

needed before a change is made.



Exhibit No. (TAD-7)
Page 207 of 1000

CHAPTER 6 - GAS ANALYSIS

6. Gas-for-power Portfolio Analysis
Results

In past IRPs, PSE has included a SENDOUT analysis of the combined gas sales and
gas-for-power portfolios. Modeling the two portfolios together contributes some insights
but does not provide information on the need and allocation of resources between the
two portfolios.

The results discussed in this section are for the electric Base Scenario. As discussed in
Chapter 5, the Base Scenario results call for 10 additional gas-fired peakers to be added
over the next 20 years. It is assumed that these plants will be located along the I-5
corridor.

Key findings
The key findings provide guidance for development of PSE’s long-term resource strategy,
and also provide background information for resource development activities over the

next two years.

1. As with the gas sales portfolio analysis, the Mist storage expansion
alternative appears cost-effective for the gas-for-power portfolio.

2. Over the longer term, a limited amount of additional NWP capacity is
selected.
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Gas-for-power supply-side resources

Pipeline and storage capacity

Figure 6-41 summarizes the firm pipeline transportation capacity for delivery of fuel to
PSE’s gas-fired generation plants.

Figure 6-41
Power Generation Gas Pipeline Capacity (Dth/day, as of 01/01/2013)
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Fredonia | ,C085¢8% | py @) Woolley) to 2021 | Yr.toYr.
Natural Gas
Plant
Cascade NWP
Mint Farm Natural Gas Firm (2) (Longview) to 2013,2018 | Yr.toYr.
Plant (6)
21747 Westcoast
Freddy 1 NWP Firm ’ (Sumas) to 2018 Yr.toYr.
Plant
Westcoast
Goldendale NWP Firm 45,000 (Sumas) to 2018 Yr.toYr
Everett (4)

Upstream Capacity

Capacity : Year of Renewal

Plant Transporter (Dthiday) Primary Path ‘ Expiration Right

Various | Westcoast | Firm 21,829 (3) Stgtﬂ‘azs to 2014 Yes

Various | Westcoast | Firm | 51345 (3) Stgtﬂ‘azs to 2018 Yes
Station 2 to

Various Westcoast Firm 33,313 (3) Sumas or 2017 Yes
Kingsgate (7)

! ) Stanfield to Deer Assumed
Various NWP Firm 2,128 Island 2025 (®)
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Year of Renewal

Capacity

Plant Transporter ~ Service (Dthiday) Primary Path Expiration Right
. . Stanfield to Assumed
Various NWP Firm 4,928 Bellingham 2025 (8)
. . Stanfield to Assumed
Various NWP Firm 21,872 Jackson Prairie 2025 (®)
. ) Sumas to
Various NWP Firm 2,000 Tacoma 2013 Yes
Various NWP Firm 25,000 Sumas to Deer | 5545 Yes
Island
. . Sumas to
Various NWP Firm 6,829 Longview 2013 Yes
. ) Sumas to
Various NWP Firm 18,171 Jackson Prairie 2014 Yes
. . Sumas to
Various NWP Firm 10,710 Stanfield 2044 Yes
. . Sumas to
Various NWP Firm 500 Longview 2044 Yes
. ) Sumas to
Various NWP Firm 9,000 Longview 2012 Yes
Storage Capacity
. Deliverability Storage Yearof  Renewal
Plant  Transporter Service  nyda)  Capacity (Dth)  Expiration  Right
Jackson NWP Firm 6,704 140,622 2026 Yes
Prairie
Jackson PSE Firm 50,000 500,000 2016 No
Prairie (5)
Notes:
1) 50% of plant requirements.
2) Full plant requirements.
3) Converted to approximate Dth/day from contract stated in cubic meters/day.
4) Gas transported from Everett to Goldendale under NWP flex rights, backed by exchange agreement with PSE’s gas sales

portfolio.

5) Storage capacity made available (at market-based price) from PSE gas sales portfolio. Renewal may be possible,
depending on gas sales portfolio needs. The gas sales portfolio may recall 15,000, 35,000 and 50,000 Dth per day of firm
withdrawal rights for up to 4 days in each winter 2013/14, 2014/15 and 2015/16, respectively.

6) 30,000 Dth/day is year to year; 22,000 terminates in 2018.

7) 29,488 Dth/day has an option for Kingsgate delivery; this option terminates 10/31/2014.

8) PSE does not have guaranteed renewal rights on this segmented capacity, however, the releasing shipper has indicated
willingness to renew the agreement, subject to approval by the pipeline. PSE assumes for planning purposes that such
release would be renewed.

PSE has firm NWP pipeline capacity to serve our combined-cycle generating plants that
require NWP service (Encogen, Freddy 1, Goldendale, and Mint Farm); Sumas is directly
connected to Westcoast. Ferndale is connected to Sumas via firm capacity on Cascade
Natural Gas. All of our simple-cycle combustion turbine generation units (Whitehorn,
Fredonia, and Frederickson) have back-up fuel-oil firing capability and thus do not require
firm pipeline capacity on NWP.
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Existing gas-for-power supplies

As discussed earlier, gas supply contracts tend to have a shorter duration than pipeline
transportation contracts, with terms to ensure supplier performance. We meet average
loads with a mix of long-term (more than two years) and short-term (two years or less)
gas supply contracts. Longer-term contracts typically supply base-load needs and are
delivered at a constant daily rate over the contract period. We estimate average load
requirements for upcoming months and enter into transactions to balance load. PSE
balances daily and intra-day positions using storage (from Jackson Prairie), day-ahead
purchases, and off-system sales transactions. PSE will continue to monitor gas markets
to identify trends and opportunities to fine-tune our contracting strategies.

Biogas supplies. PSE has purchased biogas from King County’s wastewater
treatment plant in Renton, Wash. since 1985. The daily output of this plant is
approximately 500 Dth per day.

PSE also purchases pipeline-quality gas processed by Bio-Energy-Washington from
landfill gas produced at the King County Cedar Hills Regional Landfill. The gas is
delivered into NWP (which is adjacent to the landfill) and from there to both intrastate and
interstate biogas markets. PSE captures the market value of the bio-gas and the
associated environmental attributes and credits the net benefit of the transaction to
PSE'’s electric customers. Cedar Hills is expected to supply an average of approximately
4 to 5 MDth per day of methane.

Gas-fired generating plants

PSE’s existing gas-fired generating plants are located generally along the 1-5 corridor in
western Washington, as the map in Figure 6-42 shows. The exception is Goldendale,
which is located near Goldendale, Washington. The peak gas requirement and the type
of gas pipeline delivery are also listed. The capacity and heat rates for the plants are
included in Chapter 5, Electric Analysis.
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Figure 6-42

PSE’s Existing Gas-fired Generating Plants
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EXISTING PSE GAS FIRED GENERATION

International Border

Huntingdon / Sumas

A

Station 2
Vancouver

Fortis BC
Service

Teritory
cececdeenad

Sumas (CCCT)
25,000 Dthild Gasreqd
Transport: PSE Firm

No oil back-up

Jo—
e

Ferndale (CCCT)
52,000 Dth/ld Gasreqd
Transport: CNGC discount firm
Oil back-up

Westcoast
Pipeline

—

Whitehorn 2 & 3 (CT)

43900 Dthd Gasreqd
Transport: CNGC discount firm
Oil back-up

Encogen (CCCT)

34,800 Dth/d  Gasreqd
Transport: NWP firm plus CNGC
Oil back-up

Fredonia 182 (CT)
59,500 Dth/d Gas req'd

7 Seattle
Mint Farm (CCCT) Fredonia 384 (CT)
43500 Dth/d  Gasreqd g 27,600 Dth/d  Gasreqd
Transport: NWP firm plus CNGC firm | Eﬂ E— Transport: NWP interruptible plus
No oil back-up PSE CNGC discount firm
Service QOil back-up
Territory
Freddie 1 (CCCT)
Ega 22,000 Dihd  Gasreqd
Transport: NWP firm
Key & 'Ecom;! No oil back-up
PSE owned D
and Fueled Frederickson 1&2 (CT)
43,900 Dth/d Gas req'd
PSE owned Jackson Transport: NWP interruptible
and fueled w/ Praitie Oil back-up
oil back-up _( )
st Goldendale (CCCT)
42500 Dth/d  Gasreqd
Washougal | Transport: NWP firm
Notes: Portland No oil back-up
NWP = Northwest Pipeline
WEI = Westcoast Energy Inc. g E O
CNGC = Cascade Natural Gas Co.
(Base LOAD Ratings, excl. duct fire) Eé’iﬁvﬂi\‘ . E
CCCT = Combined Cycle Turbine atura Columbia
CT = Simple Cycle Turbine Seryice Gorge N|:?|rt2\|,|v:: t Natural Gas Resources
Territory P 03/1/2013
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Gas-for-power analytic methodology

For this IRP, PSE developed a separate SENDOUT database to evaluate the resource
needs of the gas for power portfolio. Two primary sets of data are required to model this
portfolio: 1) the costs and capacities for the existing pipeline, storage, and gas supply
markets as well as for the new supply resources, and 2) forecasts of the loads of the
existing and future gas-fired plants. The existing and possible new supply resources are
generally the same and are described earlier in this chapter. The Aurora model develops
forecasts of the gas required for the gas-fired plants when performing the stochastic
analyses of the various electric portfolio scenarios; Aurora also dispatches the resources
and calculates the electric generation and gas burned.

SENDOUT modeling methodology was discussed earlier in this chapter. While the
methodology for the gas-for-power portfolio is very similar, the approach to developing
the electric loads is different from gas sales loads. In general, the gas-fired plants are
economically dispatched based on the relationship of the market heat rate to the plant
heat rate.

Because electric and gas prices vary based on regional factors such as loads and hydro
generation as well as demand for electricity from adjoining regions, the dispatch of gas-
fired plants varies greatly depending on market and weather conditions. The stochastic

approach used by the Aurora model incorporates these conditions SENDOUT modeling
for the gas for power portfolio is also done using a Monte Carlo approach.

Several statistics of the monthly gas loads from the Aurora stochastic analysis (250
Monte Carlo draws) were calculated and used as input to SENDOUT. These statistics
included the average, maximum, minimum, and standard deviation for each month for the
250 draws. Using these statistics SENDOUT determines the monthly gas use for each
generating plant over the 20-year analysls period for each Monte Carlo draw. The
SENDOUT approach used 100 Monte Carlo draws.

The daily plant dispatch patterns from the Aurora stochastic analysis were used to
allocate monthly gas use across to the days of the month. This data allows SENDOUT to
represent the daily gas loads over the 20-year study period for each of the 100 draws.
The results shown in the next section are based on these stochastic results.
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Gas-for-power analysis results

Two basic resource alternatives were evaluated for additional supply for the gas for
power portfolio. These alternatives are the expansion of NWP and Westcoast pipeline to
Sumas and northern BC, and expansion of the Mist storage facility.

The average amount of these resources selected across the 100 Monte Carlo draws is
shown in Figure 6-43. The Mist storage expansion is assumed to be available by 2016
with withdrawal capacity of 50 MDth per day available. Essentially this expansion
replaces the Jackson Prairie capacity currently leased by the gas-for-power portfolio from
the gas sales portfolio. This lease is assumed to end in 2016. An additional 50 MDth per
day of capacity is selected by 2018, and 50 MDth per day is added in 2026. Additional
NWP capacity is also added over the period for a total of 156 MDth per day of capacity
additions by 2032.

As discussed earlier and illustrated in Figure 6-2, all of the gas-fired plants added in the
Base Scenario are peakers with oil back-up, so no additional firm pipeline capacity would
be needed — if the plant needs are considered independently. However, when analyzed
as part of a supply portfolio (with other gas-fired plants’ needs) additional gas pipeline
capacity may be required to supply the volumes needed to support the total load and
maintain sufficient storage to ensure reliable service. This is the case in the majority of
the Monte Carlo draws; an average of 31 MDth per day of capacity is added by 2019, 86
MDth per day is added by 2023 and 156 MDth per day is added by 2033.
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Figure 6-43
Average Resource Capacities Selected for the Gas for Power Portfolio (MDth/day)
‘ 2018-19 2022-23 2032-33 ‘
NWP/Westcoast Expansion 31 86 156
Mist Expansion 100 100 150

Figure 6-44 shows the frequency distribution with which the NWP pipeline and Mist
storage alternatives are selected across the 100 draws by the year 2019. As shown, the
average amount of NWP capacity selected shows a relatively wide distribution from 0 to
82 MDth per day. The average amount selected in the 100 draws was 31 MDth per day.
The full amount of Mist storage expansion available is selected in all 100 draws.

Figure 6-44
Frequency Distribution of NWP and Mist Storage Development by 2019

120
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capacity is selected in
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As noted earlier, ten peakers with a total capacity of 2,212 MW are added to the portfolio
in the electric Base Scenario by 2033. The peak gas need of these plants is
approximately 543 MDth per day. It is assumed that these peakers have 2 days of oil
back-up supply sufficient to meet extreme peak needs and that additional firm pipeline
capacity will not be required. However, the SENDOUT analysis indicates that on a
portfolio basis, additional pipeline capacity will be required to meet portfolio needs when
a number of peakers are added.

A total of 150 MDth per day of Mist expansion storage capacity is added in the
SENDOUT analysis. This is in line with the estimate of having storage capacity equal to
approximately 20 percent of the peak gas-supply needs for gas-fired plants. Twenty
percent of the 543 MDth per day peak gas need is 109 MDth per day.



Exhibit No. (TAD-7)
Page 216 of 1000

CHAPTER 7

Delivery Infrastructure Planning

This chapter addresses planning for
Contents the PSE-owned delivery system that
1. System Overview delivers electricity and natural gas
2 What Drives Infrastructure within our local service area to more
Investment?....................... 7-6 than 1.8 million customers.
3. Planning Process Merchant-based delivery systems that
4. 2013-2023 Infrastructure involve arrangements with outside

companies and organizations to

5. Challenges and
Opportunities

transport power and natural gas to

our service area are discussed in

Chapter 5, Electric Analysis.

1. System Overview

Responsibilities

PSE’s delivery system is responsible for delivering natural gas and electricity through
pipes and wires safely, reliably, and on demand. We are also responsible for meeting all
regulatory requirements that govern the system. To accomplish this, we must do the
following.

* Operate and maintain the system safely and efficiently on a year-by-year, day by-
day, and hour-by-hour basis.

e Accomplish timely maintenance and reliability improvements.

* Meet state and federal regulations and complete compliance-driven system work.

* Ensure that gas and electric systems meet both peak demands and day-to-day

demands.
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e Ensure that localized growth needs are addressed when they differ from overall
system growth needs.

* Meet the interconnection needs of independent power generators that choose to
connect to our system.

* Plan for future needs so that infrastructure will be in place when the need arrives.

Some of these are regional responsibilities. For instance, all PSE facilities that are part of
the Bulk Electric System and the interconnected western system must be planned and
designed in accordance with the latest approved version of the North American Electric
Liability Corporation (NERC) Transmission Planning Reliability Standards. These
standards set forth performance expectations that affect how the transmission system —
100 kV and above — is planned, operated, and maintained. PSE also must follow Western
Electricity Coordinating Council (WECC) reliability criteria; these can be more stringent
than NERC standards at times.

PSE must also ensure that the system is flexible enough to adapt to coming changes.
Smart Grid components, electric vehicles, customer distributed resources, and demand
response programs are some of the effective solutions the industry is moving toward in
the future, and we need to be prepared to integrate them for the benefit of our customers.

The goal of PSE’s planning process is to help us fulfill these responsibilities in the most
cost-effective manner possible. Through it, we evaluate system performance and bring
issues to the surface. We identify and evaluate possible solutions. And we explore costs
and consequences of potential alternatives. This information helps us make the most
effective, and cost-effective decisions going forward.
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Existing system

The table below summarizes PSE’s existing delivery infrastructure as of December 31,
2012. Electric delivery is accomplished through wires, cables, substations, and
transformers. Gas delivery is accomplished by means of pipes and pressure regulating
stations.

Figure 7-1
PSE-owned Transmission and Distribution System as of December 31, 2012

‘ Electric Gas
\
Customers: 1,092,306 Customers: 767,601
Service area: 4,500 square miles Service area: 2,800 square miles
Substations: 362 City gate stations: 40
Miles of transmission line: 2,619 Pressure regulating stations: 652
Miles of overhead distribution line: 10,643 Miles of pipeline: 12,041
Miles of underg;oouggzdlstr/but/on line: Supply system pressure: 150-550 psig
Transmission line voltage: 55-500 kV Distribution pipeline pressure: 45-60 psig
Distribution line voltage: 4-34.5 kV Customer meter pressure: 0.25 psig
Customer site voltage: less than 600 V
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How electric delivery systems work

Distribution Feeders
410 35 kv

Electricity is transported from power generators to consumers over wires and cables, using a wide
range of voltages and capacities. The voltage at the generation site must be stepped up to high
levels for efficient transmission over long distances (generally 55 to 500 kilovolts). Substations
receive this power and reduce the voltage in stages to levels appropriate for travel over local
distribution lines (between 4 and 34.5 kV). Finally, transformers at the customer’s site reduce the
voltage to levels suitable for the operation of lights and appliances (under 600 volts). Wires and
cables carry electricity from one place to another. Substations and transformers change voltage to
the appropriate level. Circuit breakers prevent overloads, and meters measure how much power is

used.
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How natural gas delivery systems work

City Gate Station
Custody Transfer and

Transmiss1 Odorization o )
Pipeline Pressure reduction Pre;:gsr: ];;Tel(timft E’)ﬁmon
: ; u u
450 - 1000 psig N to 1501ﬂ)' psig 10 110 - 150 psig
AN e .
Point of Supply Main District Regulator Station
D¥arcation (6" to 16") Pressure reduction

to 1/4 - 60 psig

Limited Supply Main
(6" to 10")

Distribution Main
(2H - 8”)

Natural gas is transported at a variety of pressures through pipes of various sizes. Large
transmission pipelines deliver gas under high pressures (generally 450 to 1,000 pounds per square
inch gauge [psigl) to city gate stations. City gate stations reduce pressure to 150 to 450 psig for
travel through supply main pipelines. Then district regulator stations reduce pressure to less than
60 psig. From this point the gas flows through a network of piping (mains and services) to a meter
set assembly at the customer’s site where pressure is reduced to what is appropriate for the
operation of the customer’s equipment (0.25 psig for a stove or furnace) and the gas is metered to

determine how much is used.
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2. What drives infrastructure
investment?

Despite a slow economy and minimal load growth, infrastructure expenditures may stay
the same or even increase. This is because load growth is only one of the drivers of
infrastructure investment. Aging equipment must be maintained or replaced; regulatory
requirements may require spending on upgrades or alterations; public projects can
necessitate equipment relocation; and we are required to integrate new generation
resources. Below, we describe the six factors that drive infrastructure investment. Some
can be known in advance, others can be forecasted, and some circumstances arise from
external events.

Load growth

PSE’s first and foremost obligation is to serve the gas and electric loads of our
customers; when customers turn on the switch or turn up the heat, sufficient gas and
electricity need to be available. Load drives system investment in three ways: We must
meet overall system loads. We must meet short-term peak loads. And we must meet
point (block) loads

Overall system growth

Demands on the overall system increase as the population grows and economic activity
increases in our service area even given the increasing role of demand-side resources.
PSE regularly evaluates economic and population forecasts in order to stay abreast of
where and when additional infrastructure, including electric transmission lines,
substations, and high-pressure gas lines may be needed to meet growing loads.

Peak loads
Peak loads occur when the weather is most extreme. To prepare for these events, PSE

carefully evaluates system performance during periods of peak loading each year,
updates its system models, and compares these models against future load and growth
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predictions. This prepares us to determine where additional infrastructure investment is
required to meet peak loads.

Electric delivery design is based on an expected winter peak of 23 degrees F' (which we
expect to experience once every two winters), and a summer peak of 86 degrees F
(which is a planning criteria used uniformly by electric utilities throughout western
Washington). The gas system is designed to operate on a day with an average
temperature of 10 degrees F. The gas system is designed more conservatively than the
electric system because during a peak event the gas system pressure is drawn to zero as
loads increase. Once gas pressure reaches zero, customers lose gas to pilot lights in
their appliances. For this reason, gas outages have much greater public and restoration
impacts than electric outages, and must be avoided for all but the most extreme
conditions. The electric system is more flexible. For short periods of time components
can often carry more current than their nameplate ratings call for with no adverse effects,
and restoration is achieved instantly when power is rerouted and switches are reset.

Point loads

System investments are sometimes required to serve specific “point loads” that may
appear at a specific geographic location in our service territory. Electrical infrastructure to
serve a computer server facility is one example, gas infrastructure to serve an industrial
facility such as an asphalt plant is another.

Reliability

The energy delivery system is reviewed each year to improve the reliability of service to
existing customers. Past outages, equipment inspection and maintenance records,
customer feedback, and PSE field input help identify areas where improvements should
be made. Additional consideration is given to system enhancements that will improve
redundancy (such as being able to provide a second power line from one substation to
another). Some of the investments to improve reliability include replacing aging
conductors, installing covered conductors (tree wire), and converting overhead lines to
underground.

" We also evaluate the electric system at 13 degrees F (a one-in-twenty-year condition) for
operational planning considerations such as load shifting, the use of a mobile substation, etc., but
this lower temperature is not used to justify infrastructure investments.

7-7
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Regulatory compliance

PSE is committed to operating our system in accordance with all regulatory requirements.
The gas and electric delivery systems are highly regulated by several state and federal
agencies including NERC, FERC (Federal Energy Regulatory Commission), the WUTC
(Washington Utilities and Transportation Commission), and various safety regulations.
Infrastructure investments driven by compliance requirements include electric
transmission projects that are aimed at preventing cascading power outages that could
extend outside PSE’s system. Gas regulations drive very specific inspection and
maintenance activities and often require the replacement of assets based upon age
and/or condition.

External commitment

PSE must respond to city, county, and state jurisdictions within our service area when
government-sponsored projects impact our facilities. Where PSE gas and electric
facilities are installed in public rights of way, we must relocate them to accommodate
public projects such as road widening or underground conversion of electrical facilities.
We look for opportunities to minimize future costs and disruptions by using these
construction events to install larger or additional infrastructure that will accommodate
anticipated load growth.

Aging infrastructure

With continued maintenance, gas and electric infrastructure can provide safe, reliable
service for decades. PSE has a number of programs in place that address aging
infrastructure by replacing poles, pipes, and other components that are nearing the end
of their useful life. Our goal is to maximize the life of the system and at the same time
minimize customer interruptions by replacing major infrastructure components prior to
unplanned failure.
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Integration of resources

FERC and state regulations require PSE to integrate generation resources into our
electric system per processes outlined in federal and state codes. A new generation plant,
whether it is owned by PSE or operated by others, can require significant electric
infrastructure investment to integrate and maintain appropriate electrical power flows
within our system and across the region.

3. Planning Process

The planning process begins with an evaluation of the system’s current performance and
future need through data analysis and modeling tools. Next project alternatives are
developed, those alternatives are vetted and reviewed, and projects are compared
against one another. Performance criteria include, but are not limited to, reliability,
compliance, and customer expectations. Finally, a portfolio of projects is adopted. The
process is the same for both long-term and short-term planning.

The IRP produces a long-term view, a general 10-year projection of infrastructure
investments that can be expected based on today’s conditions and forecasts. As the
horizon shortens and the actual plan year approaches, those projections are refined
based on new developments and actual rather than hypothetical conditions. Even after
the portfolio for a given year is approved, we continue to monitor changing conditions and
make alterations as necessary.

Figure 7-2
Delivery System Planning Process

System performance Issue(s) identification Peer and Investment Decision ~ Management review and
Load forecasts System modeling Management Optimization Tool approval
External Inputs Probabilistic outcomes Review process
Goals Alternatives Resource planning
Commitments Financial analysis
Cost / Benefit
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System evaluation

System evaluation begins with an evaluation of system performance, a review of existing
operational challenges, and consideration of load forecasts and known commitments and
obligations. Performance is measured by the system’s ability to maintain quality and
continuous service during normal and peak loads throughout the year while meeting the
regulatory requirements that govern them.

Performance criteria for electric and gas delivery systems lie at the heart of the process
and are the foundation of PSE’s infrastructure improvement planning.

Electric delivery system performance

criteria are defined by:

Gas delivery system performance
criteria are defined by:

Safety and compliance

Safety and compliance

The temperature at which the system
is expected to perform

The temperature at which the system
is expected to perform

The nature of service and level of reliability
that each type of customer is contracted for

The nature of service each type of
customer is contracted for (interruptible vs.
firm)

The minimum voltage that must be
maintained in the system

The minimum pressure that must be
maintained in the system

The maximum voltage acceptable in the
system

The maximum pressure acceptable in the
system

The level of reliability that customers
are willing to pay for

The target levels of performance that
customers are willing to pay for

The interconnectivity with other utility
systems and resulting requirements;
including compliance with NERC Planning
Standards

PSE collects system performance information from field charts, remote telemetry units,
supervisory control and data acquisition equipment (SCADA), employees, and customers.
Some information is analyzed over multiple years to normalize the effect of variables like
weather that can change significantly from year to year. For near-term load forecasting at
the local city, circuit, or neighborhood level, we use system peak load and customer
growth trends augmented by permitted construction activity for the next two years. For
longer-term forecasting, we use an econometric forecasting method that includes
population growth and employment data by county (see Appendix H, Load Forecasting
Models). External inputs such as new regulations, municipal and utility improvement
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plans, and customer feedback, as well as company objectives, are also included in the

system evaluation.

System needs, modeling, and analysis

PSE relies on several tools to help identify and weigh the benefits of alternative actions.

Figure 7-3 provides a brief summary of these tools, the planning considerations (inputs)

that go into each, and the results (outputs) that they produce.

Delivery System Planning Tools

Figure 7-3

Tool Use Inputs Outputs
Gas and electric distribution
SynerGEE®  |Network modeling infrastructure and load Predicted system performance
characteristics
Power World Electric transmission infrastructure
Simulator — Power |Network modeling and load/generation Predicted system performance
Flow characteristics
PSS/E Power Electric transmission infrastructure

Flow & Stability

Network modeling

and load/generation
characteristics

Predicted system performance

Electric transmission infrastructure

PSLF Powgr Flow Network modeling and load/generation Predicted system performance
& Stability o
characteristics
Electric Predictive Predictive . . .
Spreadsheet analysis Outage history Predicted outage savings
Gas Outage Predlctlye Network model ogtput for future Predicted outage savings
Spreadsheet Analysis capacity
Investment Project data Project scope, budget, - . -
Decision storage & justification, alternatives and Opt|m|zed prOJect portfollq, )
L i o , . benefit cost ratio for each project;
Optimization Tool portfolio benefits; resources/financial roiect sconing document
(iDOT) optimization constraints pro) ping

Area Investment
Model (AIM)

Electric Financial
analysis

Project costs; 8760 load data;
load growth scenarios

NPV; income statement; load
growth vs. capacity comparisons;
EUE

PSE’s gas system model is a large integrated model of the entire delivery system. It
uses a software application (SynerGEE® Gas) that is continually updated to reflect new

customer loads and system and operational changes. This model helps predict capacity

constraints and subsequent system performance on a variety of degree days and under a

7-11
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variety of load growth scenarios. Results are compared to actual system performance
data to assess the model’s accuracy. Where issues surface, the model can be used to
evaluate alternatives and their effectiveness. PSE augments potential alternatives with
cost estimates and feasibility analysis to identify the lowest reasonable cost solution for
both current and future loads.

For our electric distribution system, PSE also uses SynerGEE software. Here,
the feeder systems within PSE’s service territory are modeled rather than the entire
system at once, because of the limited connectivity between regions and the complexity
of modeling such a large system. As with gas, PSE uses the model to evaluate system
performance and predict capacity constraints on a variety of degree days and under a
variety of load growth scenarios.

Modeling is @ three-step process. First, we build a map of the infrastructure and its
operational characteristics. For gas, these include the diameter, roughness and length of
the pipe, connecting equipment, regulating station equipment, and operating pressure.
For electric infrastructure, these include conductor cross-sectional area, resistance,
length, construction type, connecting equipment, transformer equipment, and voltage
settings. Next, we identify customer loads, either specifically (for large customers) or as
block loads for address ranges. Existing customer loads come from PSE’s customer
information system or actual circuit readings. Finally, we vary temperature conditions,
types of customers (interruptible vs. firm), time of daily peak usage, and the status of
components (valves or switches closed or open) to model scenarios of infrastructure or
operational adjustments. The goal is to find the optimal solution to a given issue.

To simulate the performance of the electric transmission system, PSE uses
three different programs: Power World Simulator, PSS/E (from Siemens Power
Technologies International), and PSLF (from General Electric). These simulation
programs use a transmission system model that spans 11 western states, 2 provinces in
western Canada, and parts of northern Mexico. The power flow and stability data for
these models is collected, coordinated, and distributed through regional organizations
including Columbia Grid and WECC, one of 8 regional reliability organizations under
NERC. These power system study programs support PSE’s planning process and
facilitate demonstration of compliance with WECC and NERC reliability performance
standards.
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System alternatives

The alternatives available to address delivery system capacity and reliability issues are

listed below. Each has its own costs, benefits, challenges, and risks.

Figure 7-4

Alternatives for Addressing Delivery System Capacity and Reliability

Electric
* Add energy source
Substation
« Strengthen feed to local area
New conductor
Replace conductor
* Improve existing facility
Substation modification
Expanded right-of-way
Uprate system
Rebalance load
Modify automatic switching scheme
* Load reduction
Distributed energy resource
Conservation / Demand response
Load control equipment
Possible new tariffs

* Do nothing

Gas

* Add energy source
City-gate station
District regulator

» Strengthen feed to local area
New high pressure main
New intermediate pressure main
Replace main

* Improve existing facility
Regulation equipment modification
Uprate system

* Load reduction
Fuel switching
Conservation
Load control equipment
Possible new tariffs

Do nothing

The same alternatives can be used to manage short-term issues like peaking events or

conditions created by a construction project. For example:

e Temporary adjustment of regulator station operating pressure, as executed
through PSE’s Cold Weather Action Plan.
e Temporary adjustment of substation transformer operating voltage, as done

using load tap changers to alter turn ratios.

* Automatic capacitor bank switching to optimize VAR consumption and maintain

adequate voltage.

e Temporary siting of mobile equipment such as compressed natural gas injection

vehicles, liquid natural gas injection vehicles, mobile substations, and portable

generation.
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Evaluating alternatives and recommended
solutions

When it's time to evaluate alternatives, PSE compares the relative costs and benefits of
various solutions (i.e. projects) using the Investment Decision Optimization Tool (iDOT).
iDOT allows us to capture project criteria and benefits and score them across multiple
factors including reliability, safety, capacity addition, deferred future costs, and external
stakeholder inputs. iDOT makes it easier to conduct side-by-side comparisons of projects
of different types, thus helping us evaluate infrastructure solutions that will be in service
for 30 to 50 years.

Figure 7-5
Benefit Structure to Evaluate Delivery System Projects

Maximize value

to PSE Regulatory

customers Compliance

Cost Health & safety lestom_er Stakeho!der Platform for
performance satisfaction perception success

Project costs are calculated using a variety of tools, including historical cost analysis and

unit pricing models based on service provider contracts. Cost estimates are refined as
projects move through detailed scoping. Through this process, alternatives are reviewed
and recommended solutions are vetted and undergo a peer review process. Further
minor adjustments are made to ensure that the portfolio addresses resource planning
and other applicable constraints or issues.

In the case of the IRP, a general, long-term projection of likely infrastructure expenditures
is produced. Annual plans approved by operations management provide a specific
portfolio of projects for the year. While annual plans are considered final, throughout the
year they continue to be adjusted based on changing factors (e.g. public improvement
projects that arise or are deferred; changing forecasts of new customer connections;
project delays in permitting) so that we can ensure the total portfolio financial forecast
remains within established budget parameters.
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4. 2013-2023 Infrastructure Plans

PSE develops both short-range and long-range infrastructure plans based upon
economic, population, and load growth projections, as well as information from large
customers and government stakeholders. The plan is reviewed annually and remains
dynamic. As the plan year gets closer, the company refines plan projections based on
new developments or information, and performs additional analyses to reveal and
evaluate additional alternatives. The plan may change as a result of these investigations.

The infrastructure additions described below are intended to indicate the scope of
investment that will be required over the next ten years in order to serve our customers
reliably and fulfill regulatory requirements. They are expressed in general terms.

Electric infrastructure plan

Transmission lines

In the next decade, PSE anticipates building approximately 200 plus miles of new
transmission lines (100 kV and above) and upgrading over 300 miles of existing
transmission lines to carry greater loads. In addition, we anticipate needing to add up to
six 230 kV bulk power transformation across our service area.

Distribution substations

Distribution infrastructure additions are highly dependent on localized patterns of load
increases and known planned "point loads" at specific geographic locations in our service
territory. In the next decade, PSE anticipates the need to build approximately eight new
distribution substations to help serve new load and where adjacent existing

substations cannot adequately serve. Additionally, we are monitoring preliminary "point
load" needs where another four to eight new substations maybe needed to serve this
load. The timing of the construction of these substations will be aligned with the customer
plans to add the point loads and available capacity from existing substations to serve this
load. We also anticipate upgrading approximately three existing substations in the
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coming decade to replace aging substation infrastructure and to add additional capacity
to serve local load growth.

Ongoing maintenance

Based upon current projections and past experience, PSE expects to replace 500 to
1,000 miles of underground cable, approximately 2,000 transmission poles, and up to
10,000 distribution poles over the next 10 years. Additionally, PSE replaces many major
substation components on a continuous basis as a result of ongoing inspection and
diagnostics.

Figure 7-6
Summary of 2013-2023 Electric Infrastructure Potential Projects

Asset Number Location
New Distribution Substations Eight System-wide
Upgraded Distribution Substations Three System-wide
New Transmission 200 miles System-wide
Upgraded Transmission 300 miles System-wide
New Bulk Power Transformation Up to Six System-wide
Cable Replaced 500 - 1,000 miles System-wide
Distribution Poles Replaced Up to 10,000 System-wide
Transmission Poles Replaced 1,000 System-wide
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Gas infrastructure plan

Gate stations

PSE plans to build or upgrade approximately seven gate or limit stations where we take
gas from the Northwest Pipeline.

Pipelines and mains

We expect to add approximately 27.5 miles of high pressure main and 28 miles of
intermediate pressure main as loads grow in our service area.

Ongoing maintenance

As with the electric system, PSE is always addressing aging gas infrastructure within the
system in accordance with regulatory requirements and prudent operating practices. In
the next decade, PSE plans to replace over 200-300 miles of gas main that is reaching
the end of its useful life.

Figure 7-7
Summary of Gas Infrastructure Potential Projects.

Asset Number Location
New High Pressure Pipe 27.5 miles System-wide
New Intermggjiate Pressure 28 miles System-wide
ipe
Gate or Limit Station Upgrades Seven System-wide
Gas Main Replaced 200-300 miles System-wide
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5. Challenges and Opportunities

New regulations

Regulatory compliance is a significant driver of PSE infrastructure investment, but it is
difficult to anticipate what rules may be adopted in the future or to predict how they may
impact spending on our delivery systems. NERC, FERC, and the WUTC are among the
agencies and organizations that regulate our businesses. Examples from the last decade
illustrate the kind of expenditures that regulatory activity can necessitate.

Gas system

Beginning with the Pipeline Safety Improvement Act (PSIA) of 2002 and again in 2006
with the Pipeline Inspection, Protection, Enforcement, and Safety (PIPES) Act, Congress
has directed the Pipeline and Hazardous Materials Safety Administration to increase the
strength of integrity management programs covering natural gas transmission and
distribution pipelines. These programs require PSE to perform detailed inspections and
analysis of pipeline systems to gain more knowledge of pipeline integrity risks and to
devise measures to mitigate these risks. Numerous actions have resulted from this effort,
including expanded pipe replacement programs, enhanced damage prevention activities,
and increased inspection intervals. Recent pipeline safety incidents have occurred
across the country, and this continues to focus the attention of state and federal
regulators and lawmakers on improving pipeline and public safety performance.
Proposed legislation includes:

* expanding the mileage of pipelines subject to more rigorous inspection and
testing,

e requiring the use of automatic and remote controlled shut-off valves,

e expanding the use of excess flow valves, and

e requiring more timely notification of pipeline incidents.

All require additional investment in processes and infrastructure to support compliance
with new regulations.
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Electric system

In 2007, new regulations mandated by The Energy Policy Act of 2005 became effective
and enforceable by regional electric reliability organizations. This act was triggered by
concern about the robustness and reliability of nation’s electrical grid, and it moved the
industry into an era where system planning, performance, and operating requirements
are mandated by law, audited, and enforced by fines and sanctions. Complying with
these new reliability standards has required PSE to make significant investments in both
hardware and software assets for the portions of our system operating above 100 kV.

Emerging alternatives

PSE and the region’s utilities have a vested interest in finding optimal solutions to
transmission constraints and bulk power delivery problems, and we are studying several
emerging alternatives that have the potential to help meet today’s transmission and
distribution challenges. Among them are the following.

Distributed generation

Distributed generation is the name for incorporating small-scale generation into the
electric grid close to where the users are (close to load). Many such sources exist:
internal combustion engines, fuel cells, gas turbines and micro-turbines, hydro and micro-
hydro applications, photovoltaics, wind energy, solar energy, and waste/biomass. The
challenge for the delivery system is how to integrate this power into a system that was
designed to move electricity in only one direction — typically from large, remote
generating plants to far-away end users.

Conservation voltage reduction

Reducing the voltage at an end-user’s site by a small percentage can result in energy
savings without compromising the operation of customers’ equipment. In 2006, PSE
began a conservation voltage reduction (CVR) pilot program in conjunction with
Northwest Energy Efficiency Alliance (NEEA). The homes of 10 residential customers in
two locations were fitted with meters capable of monitoring energy usage at the
residence and transmitting that information back to PSE every 15 minutes over telephone

7-19
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lines. On alternate days, PSE reduced the substation bank voltage from a set 123 volts to
a range of 119 volts. This resulted in a feeder voltage reduction of 3%. (Two-way
communication helped PSE determine whether the reduced voltage adversely affected
any customers.) Results from the study were favorable, indicating a 2% energy savings
at both pilot locations with no adverse effects. As technology for two-way communication
over the electric grid advances, making it easier to implement this technique,
conservation voltage reduction has the potential to play a much larger role in the delivery
system. PSE continues to evaluate locations where conservation voltage reduction may
be practical to implement and similar energy savings may be realized.

In 2013, three substations are scheduled to implement CVR. This involves three things:
installing several new customer meters to verify end of line (EOL) voltage is within
standard, phase balancing, and adjusting voltage settings. After CVR is implemented, the
substations will be monitored and evaluated for cost effectiveness. In 2014, six more
substations will implement CVR. The results of the cost-benefit analysis from these nine
substations will help guide future development of the CVR program.

Demand response alternatives

When demand for power is at its highest and customers reduce their energy use in
response, utility delivery system planners call it “demand response.” Based on estimated
demand response capacity for residential, commercial, and industrial customer sectors in
our 2007 and 2009 IRPs, PSE developed two voluntary demand response pilots, one for
residential loads that was conducted from 2009-2011, and one for commercial/industrial
loads that was conducted from 2008-2010. While most participating residential customers
were comfortable with direct load control, participation rates and system impacts were
low, and costs were high. Commercial/industrial customers present a more cost-effective
market, but prefer manual (non-automated) control of their loads with 1-hour-ahead
notice.

With regard to managing peak load, automated demand response with 10-minute
response time is preferable to manual control from the utility perspective. Future
residential load control programs will greatly benefit from improvements in technology
and two-way communication. Demand response program costs are higher than supply-
side alternatives at this time, and PSE does not currently have a program in place. We
will continue to monitor industry news regarding demand response technologies and
benefits.
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Electric vehicles

PSE’s customers are adopting electric and plug-in hybrid vehicles. We have developed
estimates of expected energy needs, performed initial assessment of distribution impacts
on select circuits, and performed some tests of the effectiveness of curtailed charging. All
of these studies determined that initial adoption of electric vehicles and plug-in hybrids
would not have significant effects on PSE’s energy needs or distribution system. As the
trend continues, PSE will expand data collection efforts to develop better models based
on real-world conditions. Simulations will be performed to determine when system
upgrades are needed.

Smart grid technologies

Smart grid is a term used to describe the integration of intelligent devices and new
technologies into the electrical grid to optimize the system to a degree not possible with
existing infrastructure. It is less well developed than demand response technologies, but
has the potential to connect all parts of the electric power system — production,
transmission, and distribution — in ways that would be very beneficial to customers. In
2012, PSE submitted a Smart Grid report to the Washington Utility & Transportation
Commission detailing the company’s plans for Smart Grid technology and

development. The report can found at the following link:

http://www.utc.wa.gov/docs/Pages/DocketLookup.aspx?FilinglD=121426
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Key Definitions and Acronyms

Abbreviation Meaning

ACE Area Control Error

AECO Alberta Energy Company,the gas hub in Alberta, Canada

AFUDC allowance for funds used during construction

AGC automatic generation control

AIM Area Investment Model, used to calculate financial performance
indicators for projects
The average number of megawatt-hours (MWh) over a

aMW specified time period; for example, 295,650 MWh generated
over the course of one year equals 810 aMW (295,650/8,760
hours).

AOC Administrative Order Of Consent
one of the models PSE uses for integrated resource

AURORA planning, which uses the western power market to produce
hourly electricity price forecasts of potential future market
conditions

BA Balancing Authority, the area operator that matches generation
with load

BACT best available control technology (required of new power plants
and those with major modifications

BART best available retrofit technology
reserves sufficient to maintain system reliability within the
operating hour; this includes frequency support, managing load
and variable resource forecast error, and actual load and

balancing generation deviations. Balancing reserves do not provide the
same kind of short-term, forced-outage reliability benefit as

reserves contingency reserves, which are triggered only when certain
criteria are met; balancing reserves must be able to ramp up
and down as loads and resources fluctuate instantaneously
each hour.

BcF billion cubic feet
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balance of plant (work inclusive of project substations, turbine

BOP foundations, collection system, roads and the operations and
main building)

BPA Bonneville Power Administration

BTA Best Technology Available

CAGR compounded average growth rate

CAIR Clean Air Interstate Rule

CAISO California Independent System Operator
a set of assumptions designed to test the economic viability of

case an existing resource under a variety of regulatory conditions

CARB California Air Resources Board

CCCT combined cycle combustion turbines

CCR coal combustion residuals

CCSs carbon capture and sequestration

CEC California Energy Commission

CFL compact fluorescent light

Cl confidence interval

CNG compressed natural gas

CNGC Cascade Natural Gas Corporation

CO; Carbon dioxide

COE U.S. Army Corps of Engineers

COL construction and operating license
reserves intended to bolster short-term reliability in the event of
forced outages (for up to one hour). Under the Northwest

contingency Power Pool’s contingency reserve sharing agreement,
generators must reserve an additional 5% of hydro or wind

resenves resources and 7% of thermal resources, when such units are
dispatched to meet firm sales obligations. This capacity must
be available within 10 minutes, and 50% of it must be spinning.

Council Northwest Power Planning Council

CPUC California Public Utility Commission

CRAG Conservation Resource Advisory Group

CSAPR Cross State Air Pollution Rule
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CT natural gas-fired combustion turbine
natural gas-fired combustion turbine used for meeting

CT peaker peak resource need (also simply referred to as
a “peaker”)

CVR conservation voltage reduction

DSO Dispatcher Standing Order

DOE Department of Energy

bSO dispatch standing order (BPA’s protocol to manage a growing
amount of wind on its system)

DSR Demand Side Resources

Dth dekatherms

EIA U.S. Energy Information Agency
RCW 19.285, Washington’s State’s Energy

EIA Independence Act, commonly referred to as
the state’s renewable portfolio standard
(“RPS”)

EISA Energy Independence and Security Act

ELCC equivalent load carrying capability

EPA Energy Policy Act (2005)

EPA Environmental Protection Agency

EPRI Electric Power Research Institute

EPS Washington state’s Emissions Performance Standard

ESP electric service provider

ESP electro-static precipitator

FERC Federal Energy Regulatory Commission

FIP Federal Implementation Plan

GDP gross domestic product

GHG greenhouse gas

GRC General Rate Case

GTN Gas Transmission Northwest

HDD heating degree days

HHV high heating value

HVAC heating, ventilation and air conditioning
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Washington state's renewable portfolio standard (RPS), a

[-937 citizen-based initiative codified as RCW 19.285, Energy
Independence Act
incremental capacity equivalent, defined as the change in
capacity of a generic natural gas peaking plant that results from
adding a new type of resource with any given energy

ICE production characteristics to the system while keeping the
LOLP target constant at 5 percent. This allows us to identify the
capacity contribution of the new resource relative to a gas
peaker, and it is especially useful for variable energy resources.

DOT Investment Optimization Tool to identify a set of projects that
will create maximum value
integrated gasification combined cycle (generally refers to a
model in which syngas from a gasifier fuels a combustion

IGCC turbine to produce electricity, while the combustion turbine
compressor compresses air for use in the production of oxygen
for the gasifier)

IOU investor owned utility

IPP Independent power producers

IRP Integrated Resource Plan

IRPAG Integrated Resource Plan Advisory Group

ISO independent system operator
Investment Tax Credit, a federal tax credit currently amounting

ITC to 30% of the eligible capital cost for renewable resources; it
expires at the end of 2013.
Kingsvale-Oliver Reinforcement Project, a pipeline project

KORP proposed by Fortis BC and Spectra that expands and adds
flexibility to the existing Southern Crossing pipeline across
southern British Columbia to Sumas

kV kilovolt

kW kilowatt

kWh kilowatt hours

LADWP Los Angeles Department of Water and Power
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(Mid-C) market hub

LBNL Lawrence Berkeley National Laboratory

LNG liquefied natural gas

oad the total generated demand plus planning margins and
operating reserve obligations

LOLP loss of load probability

LP linear program

LP-Air vaporized propane air

MATS Mercury Air Toxics Standard

MDEQ Montana Department of Environmental Quality

MDQ maximum daily quantity

MDth thousand dekatherms

Mid-Colurmbia principle electric power market hub in the Northwest and

one of the major trading hubs in the WECC, located on
the Mid-Columbia River

MMBtu million British thermal units

MSTI Northwestern Energy’s Mountain States Transmission Intertie

MW megawatt

MWe megawatts electric

MWh megawatt hours
National Ambient Air Quality Standards (set by the EPA, which

NAAQS enforces the Clean Air Act, for six criteria pollutants: sulfur
oxides, nitrogen dioxide, particulate matter, ozone, carbon
monoxide and lead)

NARUC National Association of Regulatory Utility Commissions

NEEA Northwest Energy Efficiency Alliance

NEEDS National Electric Energy Data System

NEPA National Environmental Policy Act

NERC North American Electric Reliability Council

net maximum

the capacity a unit can sustain over a specified period

of time -in this case 60 minutes - when not restricted by

capacity ambient conditions or deratings, less the losses associated
with auxiliary loads
NGV natural gas vehicles
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NOS Network Open Season, a BPA transmission planning process

NO, nitrogen oxides

NPV net present value

NRC Nuclear Regulatory Commission

NREL National Renewables Energy Laboratories
new source performance standards (new plants and those with

NSPS major modifications must meet these EPA standards before
receiving permit to begin construction)

NUG nonutility generator

NWGA Northwest Gas Association

NWP Northwest Pipeline (only pipeline directly to west WA)

NPCC Northwest Power & Conservation Council

NWPP Northwest Power Pool

NYMEX New York Mercantile Exchange

OASIS Open Access Same-Time Information System

OATT Open Access Transmission Tariff

OFM Washington state Office of Financial Management

OTC once-through cooling

PCA power cost adjustment (electric)

PCORC power cost only rate case

veaker natural gas-fired combustion turbine used for meeting peak
resource need (also sometimes referred to as a “CT peaker”)
ColumbiaGrid’s planning and expansion functional

PEFA agreement, which defines obligations under its
planning and expansion program

PGA purchased gas adjustment

PG&E Pacific Gas & Electric

PGE Portland Gas Electric

PIPES Act Pipeline Inspection, Protection, Enforcement, and Safety Act
(2006)

M planning margin = (generation capacity — normal peak
loads)/normal peak loads

PM particulate matter
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PNUCC Pacific Northwest Utilities Coordinating Committee

portfolio specific mix of generic power resources
purchased power agreement (a bilateral wholesale or retail

PPA power short term or long term contract, wherein power is sold at
either a fixed or variable price and delivered to an agreed-upon
point).

PTP point-to-point

PTSA Precedent Transmission Service Agreement

PSE Puget Sound Energy

PSIA Pipeline Safety Improvement Act (2002)
portfolio screening model (one of the two models PSE uses for

PSM integrated resource planning, which tests electric supply and
demand portfolios to evaluate PSE’s long-term revenue
requirements for incremental portfolio)

PSO Power Supply Operations
Production Tax Credit, a federal subsidy for production of
renewable energy. Currently, the PTC amounts to

PTC approximately $22 (in 2012 dollars) per MWh for 10 years of
production after a project is placed into service for projects that
begin construction in 2013. The PTC is indexed for inflation.

PUD public utility district

PV photovoltaic

R&D research and development

RAS remedial action scheme
the amount of investment in plant devoted to the rendering of

rate base service upon which a fair rate of return is allowed to be earned.
In the State of Washington, rate base is valued at the original
cost less accumulated depreciation and deferred taxes.

RCRA Resource Conservation Recovery Act

RCW Revised Code of Washington

RCW 19.285 Washington’s State’s Energy Independence Act, commonly
referred to as the state’s renewable portfolio standard (“RPS”)

REC renewable energy credit
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Washington’s renewable portfolio standard allows for unused

REC banking RECs to be banked forward one year or borrowed from one
year in the future

regulatory lag the time that elapses between establishment of the need for
funds and the actual collection of those funds in rates

revenue

requirement Rate Base * Rate of Return + Operating Expenses

RFP request for proposal

RPG Renewable Portfolio Goal

RPS renewable portfolio standard (mandates 3% renewables by
2012, 9% by 2016 and 15% by 2020)

RTO regional transmission organization

SCADA supervisory control and data acquisition
Simple cycle combustion turbine, natural gas-fired unit used for

SCCT meeting peak resource need (also sometimes referred to as a
“peaker”)

SCR selective catalytic reduction

. consistent set of data assumptions to define a specific future;

scenario
takes holistic approach to uncertainty analysis
a set of data assumptions based on the Base Scenario in which

sensitivity only one input is changed. Used to isolate the effect of a single
variable.

SENDOUT PSE’s model used to help identify the long-term least cost
combination of gas resources to meet stated loads.

SIP State Implementation Plan

SNCR selective non-catalytic reduction
a company that collects and disseminates corporate, financial

SNL and market data on several industries including the energy
sector (www.snl.com). The letters SNL stand for savings and
loan.

SO, sulfur dioxide

SOFA system separated over-fire air system

TailVar90 a metric for measuring risk defined as the average value of the
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worst 10 percent of outcomes

TEPPC WECC Transmission Expansion Planning Policy Committee

TCPL-Alberta TransCanada’s Alberta System (also referred to as TC-AB)

TCPL-British TransCanada’s British Columbia System (also referred to as

Columbia TC-BC)

TF-1 firm gas transportation contracts, available 365 days each year
gas transportation service for delivery or storage volumes

TF-2 generally intended for use during the winter heating season
only

T&D transmission and distribution

TOP transmission operator

Treasury Grant

The Treasury Grant (“Grant) is a federal subsidy in the form of
a cash payment that amounts to 30% of the eligible capital cost
for renewable resources; it expires at the end of 2013. For
projects placed in service in 2013, construction must have
started in 2009, 2010 or 2011 and the project must meet

eligibility criteria.

UPC use per customer

VERSs Variable energy resources

VectorGas facilitates the ability to model price and load uncertainty
WAC Washington Administrative Code

WACC weighted average cost of capital

WCI Western Climate Initiative

WECC Western Electric Coordinating Council

WECo Western Energy Company

WEI Wescoast Energy, Inc.

WIEB Western Interstate Energy Board

WUTC Washington Ultilities and Transportation Commission
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Public Participation

PSE is committed to public

Contents

involvement in the planning process.

1. Integrated Resource Stakeholder meetings generated
Planning Advisory Group .
(IRPAG) valuable constructive feedback, and

2. Conservation Resources the SuggeStzonS and practzcal

RCVEVACIU NIRRT  i1iformation we received from both

organizations and individuals helped
quide the development of this 2013 IRP. We wish to thank all who
participated.

By the time this plan was filed with the Washington Utilities and Transportation
Commission (WUTC), eight formal Integrated Resource Plan Advisory Group (IRPAG)
meetings had been held, as well as numerous Conservation Resource Advisory Group
(CRAG) meetings and dozens of informal meetings and communications. Stakeholders
who actively participated in one or more meetings include WUTC staff, Public Counsel,
Northwest Industrial Gas Users, Northwest Gas Association, Northwest Pipeline,
conservation and renewable resource advocates, the Northwest Power and Conservation
Council, project developers, other utilities, customers, the City of Bellevue and the
Washington State Department of Commerce.

This appendix briefly describes the purpose of the IRPAG and CRAG, and summarizes
the formal IRPAG meetings held to date. We especially want to thank those who
attended these meetings, for both the time and energy they invested, and we encourage
their continued participation. The IRPAG covers all elements of the IRP, while the CRAG
focuses on energy efficiency and demand-side resources. While the two groups meet
separately, they have many members in common.
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1. Integrated Resource Planning
Advisory Group (IRPAG)

Throughout the development of the IRP, PSE works with external stakeholders through
an informal group called the IRPAG. WAC 480-90/100-238 requires PSE to develop the
IRP and implement the two-year action plan it recommends; the IRPAG is the primary
means of satisfying the public involvement requirements of the law. While the IRP
document is not a product of “consensus,” the IRPAG engages PSE and stakeholders in
a consultative process that has proven to be an effective means for PSE planning staff to
receive input on many key framework assumptions and related issues.

Since the 2003 Resource Plan, PSE has kept the IRP Advisory Group process informal,
loosely structured, and without formal notes to better encourage brainstorming. Feedback
about the process from the Advisory Group was overwhelmingly positive through the
2011 IRP, but this planning cycle has been different. Part way through, some
stakeholders requested PSE hire a facilitator, so we engaged Milepost Consulting, which
has also facilitated PSE’'s CRAG meetings. By the end of the planning cycle, it was clear
that PSE needed to reassess and revise the stakeholder process for the next IRP. This
goal is included in the Action Plan presented in Chapter 1, Executive Summary.

Dialogue with stakeholders during this IRP cycle was very useful for the company in
developing the plan, and we are grateful for the time each individual took to help provide
input, feedback, and alternative perspectives. Here are two examples of how this dialog
with stakeholders influenced the 2013 IRP.

CO, costs and environmental risks. The topic of carbon “costs” versus
“potential taxes” generated considerable dialog among the group. Stakeholders provided
numerous journal article references and also suggested we discuss the issue with staff at
Lawrence Berkley Labs. PSE staff reviewed the articles and contacted the lab. Ultimately,
this led us to the “social costs” for carbon that are modeled in this IRP analysis: A contact
at Lawrence Berkley Lab recommended using the Technical Support Document: Social
Cost of Carbon for Regulatory Impact Analysis under Executive Order 12866. Dialogue
with stakeholders also led directly to an updated discussion of the potential regional
impacts of climate change in Appendix C, Environmental Matters.
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Colstrip analysis. Stakeholders influenced two key aspects of the Colstrip
analysis through the IRPAG process. The first was to focus the analysis on market
conditions that could impact the economic viability of continuing to operate Colstrip,
rather than on a “what if PSE sold its interest” scenario. PSE agreed the former was a
more appropriate focus for the IRP analysis. Second, stakeholders — specifically the
Sierra Club — reviewed the assumptions in the three environmental compliance cost
cases we developed for Colstrip in detail and provided thorough feedback. In response to
this feedback, we developed a fourth case that modeled significantly higher costs for
disposal of coal combustion residuals (CCR) should federal guidelines designate CCR as
“hazardous waste.” This provided a wider bookend of potential results than the initial
three cases PSE developed.

During the development of the 2013 IRP, PSE engaged the IRPAG in two ways: through
a series of structured IRPAG meetings, and in individual discussions with various IRPAG
members. IRPAG meetings are open to all, including individual customers and other
utilities.

As part of the formal IRPAG meetings, each building block of the IRP was presented and
discussed. Often the group worked through significant levels of detailed analysis. Other
PSE departments also spoke about topics of interest, such as the 2011 Request for
Proposals (RFP).

In addition to the structured IRPAG meetings, PSE spoke one-on-one with individual
IRPAG members. These conversations were very productive, allowing a freer flow of
ideas than is often possible to achieve in a group setting. The combination of one-on-one
discussions and group meetings was particularly helpful in gaining feedback.

Discussions with IRPAG members often broadened the scope of information available to
PSE for use in the planning process. Also, these interactions brought a variety of
perspectives to the process that enhanced our thinking.
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Summary of IRPAG meetings

Summaries of each meeting are included below. Copies of the full presentations made
by PSE staff at the IRP Advisory Group Meetings are posted on PSE’s website at:
http://pse.com/aboutpse/EnergySupply/Pages/Resource-Planning.aspx

Kick-off meeting, March 6, 2012

A presentation on how Washington state law defines integrated resource planning kicked
off the 2013 IRP meetings followed by a discussion about how IRP planning relates to
PSE’s resource acquisition process. We described how the IRP process unfolds,
suggested potential subject matter for future meetings, and sought feedback from IRPAG
members regarding topics of interest and the level of detail they would like to see. Key
uncertainties, scenarios and sensitivities, and resource alternatives for this IRP were
introduced to the group. The company’s Resource Acquisition department gave a
presentation on the status of the evaluation process for PSE’s Request for Proposals for
All Generation Sources, which was underway at the time.

May 1, 2012 IRPAG meeting

After a quick review of the definition of integrated resource planning and how it fits into
the overall resource acquisition cycle, the proposed assumptions, scenarios and
sensitivities introduced in March were discussed in more detail. PSE then proposed a
strategy for analyzing the Colstrip generating plant, of which the company is a part owner.
In response to input from the group, PSE agreed to model the “social” costs of CO, in
addition to the CO, tax approach we have used in the past.

June 21, 2012 IRPAG meeting

After an overview of the IRP (what the document does and does not do), and a summary
of the outputs produced and how they are used, PSE updated the group on the
developing scenarios and sensitivities, identified new questions to be considered in the
IRP analysis, and discussed a variety of assumptions including draft CO, costs and draft
gas and power prices for the 2013 IRP Base Scenario.
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September 6, 2012 IRPAG meeting

PSE summarized highlights of the 2012 IRPAG meetings to date, and looked ahead to
review upcoming objectives. PSE presented power prices for all scenarios, and the
assumptions and results associated with the market power price analysis. PSE also
discussed analyzing electric operational flexibility — physical and financial — and an
approach to incorporating this kind of analysis into the 2013 IRP.

November 14 & 15, 2012 IRPAG meeting

This two-day workshop began with a brief overview of material covered to date in the
2012 IRPAG meetings, a review of PSE's draft scenarios and sensitivities, and another
look at various cost assumptions. PSE’s F2012 electric and gas load forecast and the
methodology and assumptions involved in its development were discussed in detail. PSE
presented electric and gas resource needs and introduced a discussion of regional
electric resource adequacy. Electric and gas resource alternatives were described,
including demand-side resources. The Cadmus Group (PSE consultants) presented an
overview of their methodology for calculating demand-side resource potentials, their
assumptions, and their results. PSE also hosted a Colstrip discussion. This covered the
facility's ownership and decision-making structure, the role Colstrip plays PSE's power
portfolio and the transmission that serves the plant. PSE also discussed approaches and
assumptions for modeling Colstrip in the 2013 IRP.

January 22, 2013 IRPAG meeting

This meeting reviewed a number of key inputs to PSE's modeling process: scenarios and
sensitivities, gas prices, CO, costs and power prices. PSE also presented electric
capacity need, renewables need for RCW 19.285 compliance, and the initial electric
portfolio and Colstrip analyses. A discussion of PSE's gas resource need and the initial
analysis results for the gas sales portfolio followed.



Exhibit No. (TAD-7)
Page 255 of 1000

APPENDIX A - PUBLIC PARTICIPATION

March 5, 2013 IRPAG meeting

This meeting reviewed and discussed the results of PSE's IRP modeling. After a brief
process "check-in," discussion of gas analysis results began with an update on gas price
forecasts and recent developments in PSE's gas book, followed by current load-resource
balance outlooks for gas for sales and gas for power. Results for the demand-side
resources and gas sales portfolio analyses were presented next. Gas for power analysis
was still in progress at the time of this meeting. An "alternative winter design planning
standard" that may be better able to address supply adequacy during sustained cold
periods was introduced at the conclusion of the gas portion of the meeting. PSE reviewed
current and proposed planning standards, but indicated that further study will be
necessary before a recommendation can be made. Electric analysis results were
discussed next. PSE reviewed the Colstrip cases considered in the electric analysis and
introduced the new Very High Cost Case (Case 4). PSE also presented a detailed
overview of the stochastic model and process, including a variety of modeling inputs and
outputs. The meeting concluded with a look at the results of PSE's electric portfolio and
Colstrip analyses and a discussion of key findings.

April 23, 2013 IRPAG meeting

This meeting reviewed and discussed the final results of PSE’s IRP analysis, and
presented updates since the draft IRP was released for public preview on April 1, 2013.
PSE specifically focused on Chapter 2 of the draft IRP, which describes PSE’s electric
and gas resource plans and how those plans were developed. PSE also scheduled
additional unstructured time to allow stakeholders an opportunity to raise questions and
discuss any part of the draft IRP. Finally, there was a structured dialogue about what
worked well and what could be improved for future IRP stakeholder processes.
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2. Conservation Resources Advisory
Group (CRAG)

The CRAG was formally established as part of the settlement of PSE's 2001 General
Rate Case, which the WUTC approved in Docket No. UE-11570 and

UG-011571. The group specifically works with PSE on development of energy efficiency
plans, targets and budgets. The CRAG consists of ratepayer representatives, regulators
and energy efficiency policy organizations.

The CRAG participated in the development of the 2013 IRP and energy efficiency
program review through formal meetings in which it reviewed and offered feedback on
the assessment of all demand-side resources (energy efficiency, fuel conversion, and
demand response). The CRAG is also instrumental in reviewing IRP guidance to develop
PSE'’s biennial energy efficiency targets and programs, as well as to review our progress
toward achieving those targets. Many members participated in other aspects of the IRP
advisory process as well.
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Legal Requirements and Other
Reports

Contents PSE is submitting this IRP pursuant

to state regulations contained in
1. Regulatory

Requirements - WAC 480-100-238 regarding electric

2. Report on Previous resource planning, and WAC 480-90-

Action P '
ction Flans 238 regarding natural gas resource

3. Other Reports

planning. Section 1 of this chapter

outlines the requlatory requirements
for electric and gas integrated resource plans, and identifies where
each of these requirements is addressed within the IRP. Section 2
reports on the electric and gas resource action plans put forward in
the previous IRP. Section 3 offers two additional reports. The first is a
table illustrating the consistency of PSE’s electric demand-side
resources assessment with the Northwest Power Planning Council’s
methodology. The second is a table summarizing the load-resource

balance information presented in this IRP.

This IRP is the product of robust analysis that considered a wide range of future risks and
uncertainties. PSE believes this plan meets applicable statutory requirements, and seeks
a letter from the WUTC accepting this filing.
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1. Regulatory Requirements

Tables B-1 and B-2 delineate the regulatory requirements for electric and natural gas
integrated resource plans, and identify the chapters of this plan that address each
requirement.

Figure B-1
Electric Integrated Resource Plan Regulatory Requirements

Statutory/Regulatory Requirement Chapter

WAC 480-100-238 (3) (a) A range of forecasts of future
demand using methods that examine the effect of economic
forces on the consumption of electricity and that address
changes in the number, type and efficiency of electrical end-
uses.

WAC 480-100-238 (3) (b) An assessment of commercially
available conservation, including load management, as well as
an assessment of currently employed and new policies and
programs needed to obtain the conservation improvements.

WAC 480-100-238 (3) (c) An assessment of a wide range of »  Chapter 5, Electric Analysis

»  Chapter 4, Key Assumptions
*  Appendix H, Demand Forecasts

»  Chapter 5, Electric Analysis

e Appendix N, Demand-side
Resources Analysis

conventional and commercially available nonconventional «  Appendix D, Electric Resource

generating technologies. Alternatives

WAC 480-100-238 (3) (d) An assessment of transmission »  Chapter 7, Delivery Infrastructure

system capability and reliability, to the extent such information Planning

can be provided consistent with applicable laws. «  Appendix E, Regional Transmission
Resources

WAC 480-100-238 (3) (e) A comparative evaluation of energy | »  Chapter 5, Electric Analysis
supply resources (including transmission and distribution) and |« Chapter 2, Developing the Resource
improvements in conservation using the criteria specified in Plan

WAC 480-100-238 (2) (b), Lowest reasonable cost. . Appendix E, Regional Transmission

Resources

e Appendix K, Electric Analysis
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Statutory/Regulatory Requirement

Chapter

WAC 480-100-238 (3) (f) Integration of the demand forecasts
and resource evaluations into a long-range (e.g., at least ten
years; longer if appropriate to the life of the resources
considered) integrated resource plan describing the mix of
resources that is designated to meet current and projected
future needs at the lowest reasonable cost to the utility and its
ratepayers.

Chapter 5, Electric Analysis

Chapter 2, Developing the Resource
Plan

WAC 480-100-238 (3) (g) A short-term plan outlining the
specific actions to be taken by the utility in implementing the
long-range integrated resource plan during the two years
following submission.

Chapter 1, Executive Summary
(Section 3, Action Plans)

WAC 480-100-238 (3) (h) A report on the utility's progress
towards implementing the recommendations contained in its
previously filed plan.

Appendix B, Legal Requirements
and Other Reports

WAC 480-100-238 (4) Timing. Unless otherwise ordered by
the commission, each electric utility must submit a plan within
two years after the date on which the previous plan was filed
with the commission. Not later than twelve months prior to the
due date of a plan, the utility must provide a work plan for
informal commission review. The work plan must outline the
content of the integrated resource plan to be developed by the
utility and the method for assessing potential resources.

2013 Integrated Resource Plan
Work Plan filed with the WUTC in
May 2012

Chapter 1, Executive Summary
(Section 3, Action Plans)

WAC 480-100-238 (5) Public participation. Consultations with
commission staff and public participation are essential to the
development of an effective plan. The work plan must outline
the timing and extent of public participation. In addition, the
commission will hear comment on the plan at a public hearing
scheduled after the utility submits its plan for commission
review.

Appendix A, Public Participation
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Figure B-2

Gas Integrated Resource Plan Regulatory Requirements

Statutory/Regulatory Requirement Chapter

WAC 480-90-238 (3) (a) A range of forecasts of future natural
gas demand in firm and interruptible markets for each
customer class that examine the effect of economic forces on
the consumption of natural gas and that address changes in
the number, type and efficiency of natural gas end-uses.

Chapter 4, Key Assumptions
Appendix H, Demand Forecasts

WAC 480-90-238 (3) (b) An assessment of commercially
available conservation, including load management, as well as
an assessment of currently employed and new policies and
programs needed to obtain the conservation improvements.

Chapter 6, Gas Analysis

Appendix N, Demand-side
Resources Analysis

WAC 480-90-238 (3) (c) An assessment of conventional and
commercially available nonconventional gas supplies.

Chapter 6, Gas Analysis

WAC 480-90-238 (3) (d) An assessment of opportunities for
using company-owned or contracted storage.

Chapter 6, Gas Analysis

WAC 480-90-238 (3) (e) An assessment of pipeline
transmission capability and reliability and opportunities for
additional pipeline transmission resources.

Chapter 6, Gas Analysis

Chapter 2, Developing the
Resource Plan

Appendix L, Gas Analysis

WAC 480-90-238 (3) (f) A comparative evaluation of the cost
of natural gas purchasing strategies, storage options, delivery
resources, and improvements in conservation using a
consistent method to calculate cost-effectiveness.

Chapter 6, Gas Analysis

WAC 480-90-238 (3) (g) The integration of the demand
forecasts and resource evaluations into a long-range (e.g., at
least ten years; longer if appropriate to the life of the resources
considered) integrated resource plan describing the mix of
resources that is designated to meet current and future needs
at the lowest reasonable cost to the utility and its ratepayers.

Chapter 6, Gas Analysis

Chapter 2, Developing the
Resource Plan

WAC 480-90-238 (3) (h) A short-term plan outlining the
specific actions to be taken by the utility in implementing the
long-range integrated resource plan during the two years
following submission.

Chapter 1, Executive Summary
(Section 3, Action Plans)

WAC 480-90-238 (3) (i) A report on the utility's progress
towards implementing the recommendations contained in its
previously filed plan.

Appendix B, Legal Requirements
and Other Reports
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Statutory/Regulatory Requirement Chapter

WAC 480-90-238 (4) Timing. Unless otherwise ordered by the
commission, each natural gas utility must submit a plan within
two years after the date on which the previous plan was filed
with the commission. Not later than twelve months prior to the
due date of a plan, the utility must provide a work plan for
informal commission review. The work plan must outline the
content of the integrated resource plan to be developed by the
utility and the method for assessing potential resources.

WAC 480-90-238 (5) Public participation. Consultations with
commission staff and public participation are essential to the
development of an effective plan. The work plan must outline
the timing and extent of public participation. In addition, the *  Appendix A, Public Participation
commission will hear comment on the plan at a public hearing
scheduled after the utility submits its plan for commission
review.

» 2013 Integrated Resource Plan
Work Plan filed with the WUTC in
May 2012

»  Chapter 1, Executive Summary
(Section 3, Action Plans)
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2. Report on Previous Action Plans

2011 Electric Resources Action Plan

Per WAC 480-100-238 (3) (i), each item from the 2011 IRP electric resources action plan
is listed below, along with the progress that has been made in implementing those
recommendations.

Item: Resource adequacy

Continue to refine PSE’s analysis of resource need, including the impacts of demand-
response. Also, remain actively engaged in regional groups and forums focused on

regional resource adequacy for energy and capacity.

Progress made

» Refine PSE's analysis of resource need: The resource need assessment in the 2013
IRP includes several refinements:

Weather sensitivity of heating-related energy efficiency measures are now
reflected in PSE’s loss of load probability (LOLP) analysis. The conservation
effect is now a function of temperature in that analysis. That is, as loads increase
because temperatures fall, the amount of energy efficiency from heating
measures increases.

The planning margin — the amount of capacity needed above a normal peak to
achieve a 5 percent LOLP target — now changes across time as additional
sample years have been added. In the 2011 IRP, the planning margin was 15.7
percent across the planning horizon. In this IRP, the planning margin is 13.5
percent through winter 2017 to 2018, rises to 14.5 percent through winter 2023 to
2024, and is 16 percent for the rest of the period.

The capacity contribution of all resources was adjusted using an incremental
capacity equivalence (ICE) analysis. In the 2011 IRP, such an analysis was used
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only to estimate the capacity contribution of additional wind. In this IRP, ICE
calculations were made for Colstrip, DSR, wind, CT, CCCT, and battery storage.

In this IRP, a check-in on performance of the planning methodology was included.
That is, we ran the portfolio from the electric optimization analysis back through
the LOLP analysis, to make sure application of the planning margin and ICE
calculations were operating as intended.

» Engage in regional groups and forums focused on regional resource adequacy for
energy and capacity:

PSE was actively engaged in the Pacific Northwest Resource Adequacy Forum
in that organization’s Technical and Steering committees.

PSE staff co-chaired the Pacific Northwest Utilities Coordinating Committee’s

(PNUCC) System Planning committee.

PSE staff has also been actively engaged in the joint PNUCC and Northwest Gas
Association’s (NWGA) Power and Natural Gas Task Force to examine and
address planning and operational issues that arise from increasing use of natural

gas for electric generation.

PSE has participated in the Western Interstate Energy Board’s Western Gas-
Electric Regional Assessment Task Force and related subcommittees.

Item: Electric demand-side resources

Work with external stakeholders in the CRAG process to separate demand-side
resources in the plan into non-programmatic and programmatic potentials. Consider real-
world risks to achieving conservation potentials as we work with the CRAG in
establishing goals and targets for compliance and tariff filings, using this IRP as a starting
point. Also, begin ramping up efforts to increase demand-response programs based on
cost effectiveness. Issue RFPs, as appropriate, to assist with efficient acquisition of

demand-side resources.
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Progress made

» Separate programmatic and non-programmatic demand-side resources potentials in
the plan: We identified the measures impacted by the Energy Independence and
Security Act (EISA) as a distinct non-programmatic bundle. That assisted the Energy
Efficiency Services group in setting their targets based on the remaining
programmatic conservation selected to be cost effective in the IRP. We have also
included this approach for gas measures as new federal standards have impacted
gas programs in the current IRP.

« Ramp up efforts to increase cost effective demand-response programs, including
issuing requests for proposals (RFPs) as appropriate: An RFP was issued based on
the results of the 2011 IRP, several bids were shortlisted and one was selected for
evaluation against other supply-side bids. It was not the least-cost resource, and so
the proposal was not selected.

Item: Renewable resources

Continue to work toward meeting renewable energy targets via the formal RFP process
and by looking for market opportunities to capture cost-effective renewable resource
acquisitions for our customers. Continue refining our forecasting capabilities for wind-
related ancillary service needs.

Progress made

* Meet renewable energy targets: With the addition of the 343-megawatt Lower Snake
River Wind Facility in Garfield County, which began commercial operations in
February 2012, PSE is expected to meet its near-term renewable energy milestones.

» Refine wind-related ancillary service need forecasting capabilities: Details of these
efforts are described in Appendix G, Operational Flexibility.

Item: Transmission to market

Develop actionable alternatives for additional transmission to market. Consider those
alternatives along-side other supply-side resource alternatives in the acquisition process.
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Progress made

» PSE solicited transmission-only products as part of its 2011 Request for Proposals
for All Generation Sources, but received no viable offers.

» Information presented in the 2013 IRP highlights significant concerns with reliance on
existing firm transmission to market as a long-term strategy. Renewal of expiring
transmission contracts have been reviewed on a consistent basis with other supply-
side acquisitions.

Item: Thermal resources/additional resources

Use the formal RFP process, seek market opportunities, and consider self-build
alternatives for base-load and peaking resources to capture cost-effective thermal
resource acquisitions for our customers, and to ensure reliable and stable operation of
the electric system. Develop actionable thermal resource plans informed by results of the

RFP/acquisition process.

Progress made

PSE filed and conducted a Request for Proposals for All Generation Sources in October
2011. The 2011 RFP updated the assumptions from the 2011 IRP and sought resources
to help the company meet the following capacity needs:’

2013 2014 2015 2016
Projected MW shortfall 242 460 554 728

In response to the RFP PSE received and evaluated 29 resource proposals. In the end
PSE selected the following two proposals for execution.

1. Ferndale combined-cycle combustion turbine (CCCT) natural gas-fired plant
purchase option, 280 MW capacity beginning in December 2012.

2. Centralia Coal Transition purchased power agreement (PPA), up to 380 MW of
firm energy beginning in December 2014, ending in December 2025.

! These expected shortfalls reflect the mix of energy efficiency programs deemed cost effective in
the 2011 IRP.
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With the addition of the Ferndale CCCT plant and the Centralia Coal Transition PPA,
PSE expects to have sufficient resources to meet its long-term capacity need through the
foreseeable future.

Item: Resource needs as balancing authority

Engage in discussions with the Commission and other stakeholders on how balancing
authority-level operational issues should be addressed in the company’s resource
planning process. Work toward investigating whether it is worthwhile to reflect this level of
operating detail in the resource planning framework.

Progress made

» PSFE’s effort has been directed at refining the analysis of flexibility and system
volatility, rather than focused on native load versus BA operations.
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2011 Gas Resources Action Plan

Per WAC 480-90-238 (3) (i), each item from the 2011 IRP gas resources action plan is
listed below, along with the progress that has been made in implementing those
recommendations.

Item: Gas demand-side resources

Work with external stakeholders in the CRAG process to separate demand-side
resources in the plan into non-programmatic and programmatic potentials. Consider real-
world risks to achieving conservation potentials as we work with the CRAG in

establishing goals, targets, and tariff filings, using this IRP as a starting point. Issue RFPs,
as appropriate, to assist with efficient acquisition of demand-side resources.

Progress made

» Separate programmatic and non-programmatic demand-side resources potentials in
the plan: There were no non-programmatic potentials for gas measures.

» Consider real-world risks to achieving potentials: Lower gas prices meant lower
avoided costs. The program cost effectiveness was reviewed mid-period in the 2012-
2013 program cycle, and program delivery was adjusted accordingly.

* Issue RFPs as appropriate: An energy efficiency RFP were issued for the 2012-2013
Biennium, and some contracts were awarded, to augment PSE program delivery.

Item: Supply-side resource alternatives

Prepare for potential need for additional capacity in the future. Work with other owners of
Jackson Prairie to study the feasibility and possible costs of future expansion. Look for
opportunities to possibly acquire existing capacity in the next two years which may be
more cost effective than waiting until 2013/2014 to begin pipeline expansion/acquisition

designed to meet 2016/17 needs.
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Progress made

PSE’s gas sales load growth has slowed under forecasts subsequent to the 2011 IRP,
delaying need for a few more years. Jackson Prairie staff has begun more detailed and
extensive reservoir modeling that may eventually lead to a potential expansion
opportunity. (The reservoir expansion that commenced in 2002 was just completed in the
summer of 2012.) PSE has remained actively engaged in the market, watching for
opportunities and participating in Northwest Pipeline’s recent non-binding Expansion
Open Season for capacity that may be available in the 2016 through 2020 timeframe.
PSE is also analyzing other short and long-term solutions to mitigate the loss of Plymouth
LNG, including permanent releases of pipeline capacity held by others, a more creative
use of Jackson Prairie storage, and the potential of LNG peak-shaving within the service

territory.

Item: Generation fuel supply

Coordinate fuel supply planning with energy supply acquisitions. As additional gas-fired
generation requirements are added to the portfolio, additional regional storage resources

may be needed to manage the physical swings in gas supply needed for generation fuel.

Progress made

PSE obtained additional pipeline capacity in conjunction with the Ferndale acquisition, in
part through an amendment providing greater flexibility within an existing agreement.
PSE continues to remain engaged with another developer of incremental storage
capacity in the region and is monitoring their progress. PSE has extended the generation
portfolio’s access to Jackson Prairie storage until the expected availability of third-party
storage by implementing a creative sharing of the resource with the gas sales portfolio.
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3. Other Reports

Electric demand-side resource assessment:
Consistency with Northwest Power
Planning Council Methodology

There are no legal requirements for the IRP to address the Northwest Power Planning
Council’s (Council) methodology for assessing demand-side resources. Such comparison,
however, may be useful for PSE and stakeholders in implementing sections of WAC 480-
109. PSE has worked closely with Council staff on several aspects of our analytical
process, including approaches to modeling demand-side resources. We're most grateful
for the dialogue, and very much appreciate the opportunity to work with Council staff.
WAC 480-109 does not define “methodology.” PSE developed the detailed checklist that
follows to demonstrate that our process in the IRP is consistent with the Council’s
methodology.z This checklist was presented and discussed during the January 22, 2013
IRP Advisory Group meeting. Additional information on consistency with Council
methodology can be found in the Cadmus report, attached as Appendix N to this IRP.

? References in Figure B-4 refer to the Council’s assessment of its methodology, found at:
http:/[www.nwcouncil.org/energy/powerplan/6/supplycurves/1937/default.htm
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Figure B-4

PSE is consistent with NW Power and Conservation Council's Conservation Assessment
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Integrated resource plan cover sheet:
Department of Commerce

The WUTC is required to provide summary information about IRPs of investor-owned
utilities to the Department of Commerce. Information for the cover sheet is included in
Table B-5, below.

Figure B-5

Load-resource Balance Summary

Resource Plan Year: 2014

Base Year Start: 01/01/2014

Base Year End: 12/31/2014

Five-year Report Year: 2019

Ten-year Report Year: 2024
Report Years Base Year 2019 2024

Winte

Period r  Summer  Annual Winter Summer  Annual Winter ~ Summer  Annual
Units (MW) (MW)  (MWa)  (MW) (MW)  (MWa)  (MW) (MW)  (MWa)
Loads 4,922 3,167 2,644 5423 3,603 2,957 5963 4,077 3,291
Exports 36 336 70 21 321 68 0 319 63
Resources
Conservation/ Efficiency 75 36 26 391 250 242 703 469 473
Demand Response 13 80 116
Cogeneration
Hydro 914 829 523 879 794 509 864 779 519
Wind 82 82 251 82 82 251 82 82 251
Other Renewables 25 21
Thermal - Gas 2,024 1,572 1,107 2,024 1,572 1,107 2,024 1,572 1,107
Thermal - Coal 592 592 565 592 592 565 592 592 565
Long Term:
BPA Base Year or Tier
1
Net Long Term
Contracts: Other 402 20 88 432 422 408 418 407 396
Net Short Term
Contracts 1,618 1,606 1,673 1,635 1,666 1,647
Other
Imports 383 83 73 308 8 49 308 8 49
Total Resources 6,067 4,484 2,564 6,439 5,033 3,064 6,773 5,236 3,297
Load Resource -
Balance 1,145 -1,316 80 -1,016 -1,430 -107 -810 -1,159 -7
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Climate and environmental impact

Contents

policies continue to evolve at the state,

1. Federal Legislative regional, and federal levels, and PSE
Activity

remains involved in these

2. EPA Regulations . . Lo .
policymaking activities. This

3. State & Regional

Activi appendix summarizes the main rules
ctivity

and regulations that apply to PSE

4. Climate Change Impacts on
the Northwest activities.

1. Federal Legislative Activity

The 112th Congress (2011-2012) blocked all efforts to curb carbon emissions during its
tenure. A total of 113 bills, resolutions and amendments related to climate change were
introduced. Many more focused on energy, transportation, agriculture, and other areas
that have an impact on climate change. However, Congress enacted very few of these
proposals, and for the first time since the introduction of the McCain-Lieberman
greenhouse gas cap-and-trade bill in 2003, not one greenhouse gas cap-and-trade bill
was introduced. Two bills proposed a comprehensive approach to reducing greenhouse
gas (GHG) emissions by establishing a carbon tax, but neither passed. The measures
that did pass were simply small steps towards climate change adaptation; these
preserved voluntary greenhouse gas reduction programs and funding for certain carbon
sequestration projects.
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2. Environmental Protection Agency
Regulations

Most of the rules recently proposed and enacted by the Environmental Protection Agency
(EPA) are directed at the power sector, particularly coal-fired generating sources. These
include new standards that address toxic emissions, coal-ash disposal, greenhouse
gases, and water discharges. According to the EPA, these rules reflect statutory
mandates and court orders that require the agency to act.

Mercury and Air Toxics Standard (MATS). The EPA published the
final Mercury and Air Toxics Standard in February 2012. The MATS rule establishes
emissions limitations at coal-fired power plants for mercury (1.2 Ib/TBtu), acid gases and
certain toxic heavy metals using a particulate matter surrogate (0.03 Ib/MMBtu).
Generating units have 3 years, until April 2015, to comply with MATS and could receive
up to a 1-year extension from state permitting authorities if necessary for the installation
of controls. Various industry and environmental groups have challenged the MATS rule in
the courts.

Coal combustion residuals (CCR). on June 21, 2010, the EPA issued
proposed rules for the “Identification and Listing of Special Wastes: Disposal of Coal
Combustion Residuals (CCR) from Electric Utilities.” These proposals concern the
regulation of coal ash. The EPA received over 450,000 comments on more than 2 million
pages for the respective proposals in November 2010. No schedule for issuing a final
regulation has been adopted.

Three proposals were put forward. Under the first two, coal ash would continue to be
regulated as a solid waste under Subtitle D provisions of the Resource Conservation and
Recovery Act (RCRA). This would give authority to the states to oversee a set of
performance standards for handling and disposal. Coal ash would continue to be listed as
non-hazardous, but wet handling would not be allowed to continue. Under the third option,
coal ash would be regulated as a hazardous waste under Subtitle C provisions of the
RCRA. This would make coal ash subject to a comprehensive program of federally
enforceable requirements for waste management and disposal. Regulation under Subtitle
C would essentially require the phase-out of wet handling and surface impoundments.
The EPA estimates over 500 surface impoundments would be affected by this ruling.
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Cooling water intake and discharge. on March 28, 2011, EPA
proposed a new standard under Section 316(b) of the Clean Water Act affecting the
intake and discharge of cooling water at steam electric generating units that withdraw
water from a body of water through cooling water intake structures. These standards will
reflect the Best Technology Available (BTA) to protect water quality from cooling water
intake and discharges. Section 316(b) will affect all existing and new fossil steam and
nuclear steam electric generating units. The EPA estimates the BTA standard will apply
to over 440 power plants (approximately 325 GW), but because 316(b) permits are
written on a case-by-case basis, the actual number of retrofits to meet compliance is
difficult to estimate. Forced retrofits are expected to begin between 2015 and 2018. EPA
recently agreed to finalize the 316(b) rule by July 27, 2013.

National Ambient Air Quality Standards. As part of the Clean Air Act,
every five years the EPA is required to review and revise, if needed, the National Ambient
Air Quality Standards (NAAQS). There are two types of standards, a primary standard
whose level is set with an adequate margin of safety to protect public health, and a
secondary standard whose level is set to protect public welfare values. The standards in
and of themselves do not directly mandate pollution control requirements on the electric
power sector. EPA is proposing to tighten the health-based standards for Particulate
Matter 2.5 (PM2.5) from 15 to 12-13 micrograms per cubic meter (ug/m3). Tightening the
PM2.5 standard will create new non-attainment areas, state implementation plans, and
new control measures. EPA is expected to release a proposal in the fall of 2013, and
intends to implement a final rule by the end of 2014.

Regional Haze Rule. Following a recent lawsuit, the EPA is working under a
consent decree to take action on visibility impacts (regional haze) in western states by
requiring a review of the Regional Haze Rule. The Regional Haze Rule review applies to
facilities built between 1962 and 1977 with a potential to emit more than 250 tons a year
of visibility-impairing pollution in classified areas. The rule requires the states to consider
the visibility impacts from each affected facility, and to assess whether they have to install
Best Available Retrofit Technology (BART) controls. Below is a summary of SIP
mandates considered or implemented so far in Montana, Oregon, Washington, and
California.
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Montana

The EPA finalized a Federal Implementation Plan (FIP) on October 18, 2012 to
address regional haze in Montana. EPA developed this FIP in response to
Montana’s decision in 2006 to not submit a regional haze SIP revision. The FIP
satisfies requirements of the Clean Air Act that require states or the EPA to
promulgate an FIP, to assure reasonable progress towards the national goal of
preventing any future impairment of visibility in mandatory areas, and to remedy
any existing impairments.

Oregon

On May 23, 2012, EPA proposed to approve portions of a State Implementation
Plan (SIP) revision submitted by Oregon on December 10, 2010 and
supplemented on February 1, 2011, as meeting the Regional Haze Rule
requirements in 40 CFR 51.308. In a previous action on July 5, 2011, EPA
approved portions of the December 10, 2010, SIP submittal as meeting the
requirements for interstate transport for visibility and certain requirements of the
program including the requirements for BART.

California

The California Regional Haze Plan fulfills all the relevant requirements of the
Regional Haze Rule. EPA has ruled the state has established baseline visibility
conditions and reasonable progress goals for each of its classified areas, and
has developed a long-term strategy with enforceable measures ensuring
reasonable progress towards meeting the Reasonable Progress Goals for the
first ten-year planning period, through 2018.

Washington

EPA has partially approved and partially disapproved parts of Washington’s SIP
to address regional haze. However, on December 6, 2012 EPA took final action
to approve the BART determination for the TransAlta coal-fired power plant in
Centralia, Washington. EPA plans to act on the remaining regional haze SIP
elements for Washington in the near future.

Tailoring Rule. In the absence of meaningful greenhouse gas legislation, the

Administration directed the EPA to regulate certain industries by imposing new standards

limiting carbon emissions. The Tailoring Rule, which became effective January 2, 2011,

C-4
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sets permitted levels for greenhouse gas emissions in two phases for power plants and
other large stationary sources. The ruling limits the amount of greenhouse gas emissions
a facility can emit by requiring installation of Best Available Control Technology (BACT).
Phase | requires existing facilities that emit more than 100,000 tons of GHG emissions
per year to comply with the new BACT rules when air permits are renewed or when major
modifications are made after January 2011. Phase Il, which began in July 2011, requires
preconstruction permits using BACT for new projects that emit 100,000 tons of emissions
per year, or existing projects that make major modifications and that emit more than
75,000 tons per year. Currently the EPA has released BACT guidance only for coal

technology; work on natural gas turbine guidance is ongoing.

New Source Performance Standard (NSPS). on March 27, 2012,
the EPA proposed a New Source Performance Standard to limit carbon dioxide from new
fossil fuel-fired electric generation units. The proposed standard would apply only to new
generating units. The EPA did not propose standards for existing fossil fuel power plants,
nor did it indicate a timeline for proposing these in the future. The proposed output-based
standard for new units is 1,000 pounds of carbon dioxide per megawatt-hour (MWh).

3. State & Regional Activity

Washington Emissions Performance Standard (EPS). on July
19, 2008, an Emissions Performance Standard went in to effect in Washington state. It
required base-load electric generation facilities to meet a greenhouse gas emission limit
of 1,100 pounds of carbon dioxide per megawatt hour (Ib/MWh). The EPS applies to new,
in-state base-load electric generation, power plants that undergo a change in ownership,
and to generation delivered under long-term contracts that begin on July 1, 2008 or later.
Every five years the Department of Commerce (Commerce) is required to update the
EPS to match the average emissions rate of new combined-cycle natural gas power
plants. Commerce initiated the update in March 2012 and finalized the revised value of
970 Ibs/MWh on March 17, 2013.

Renewable portfolio standards (RPS). Renewable portfolio ptandards
require utilities to obtain a specific portion of their electricity from renewable resources.
Currently 29 states, the District of Columbia, Puerto Rico, and Northern Mariana Islands
have RPS mandates; an additional eight states and two territories have renewable
portfolio goals. Washington state’s RPS requires PSE and other utilities to meet 3

C-5
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percent of load with renewable resources by 2012, 9 percent by 2016, and 15 percent by
2020, but RPS provisions vary widely among the different jurisdictions in the absence of
a federal mandate. Differences include the specific portion of renewable resources
required, the timeline to meet the requirements, the types of resources that qualify as
“renewable,” the geographic location renewable resources can be sourced from, eligible
commercial on-line dates, and any applicable technology carve-outs (such as solar). The
result is a patchwork of regulatory mandates, evolving regulations, and segregated
environmental markets. Managing these moving parts is complex from both a resource
acquisition perspective and an environmental markets perspective. Figure C-1, below,
illustrates the wide variety of RPS requirements that exist.

Figure C-1
RPS Requirements by State

Renewable Portfolio Standard Policies
WWW. dsureusa org / January 2013

VT: (1] RE mests any increase
i retal sales x 2013
2} AP RE R CHP x 2017

[l Renewable portfolio standard " Minimum solar or customer-sited requirement
. Renewable portfolio goal sk Extra credit for solar or customer-sited renewables
a Solar water heating eligible 4+ Includes non-renewable alternative resources

PSE must actively monitor RPS requirements throughout the Western region, because

the interconnectedness of the grid and regional energy markets means that changes in

one state can have a pronounced impact on the entire system. In particular, PSE pays

close attention to requirements in Oregon, California, and Idaho (which currently has no
RPS).

Because of California’s decade-long commitment to an RPS mandate and its relentless
efforts to increase the state’s renewable requirements, California utilities have been

C-6
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extremely active in acquiring renewable resources located both inside and outside of the
state, effectively increasing competition for renewable resources, renewable energy
credit (REC) products, and available transmission.

On the flip side, Idaho does not currently have an RPS mandate. Therefore, Idaho utilities
are not required to purchase environmental attributes associated with the acquisition of
the underlying energy, effectively bringing additional RECs to the Pacific Northwest
market. Should Idaho adopt an RPS mandate in the future, one would expect to see
additional heightened competition for renewable resources (and thus their associated
environmental attributes in the form of RECs).

California renewable portfolio standard. The size and the
aggressiveness of California’s RPS mandate make it the region’s primary driver of
renewable resource availability and cost, REC product availability and cost, and
transmission and integration.

California has one of, if not the most aggressive RPS mandate in the nation. Senate Bill
1078 established the California RPS program in 2002. Governor Schwarzenegger sought
to accelerate the standard, asking for 20 percent by 2010; this became law when he
signed Senate Bill 107. In 2008, Schwarzenegger signed Executive Order S-14-08, which
increased requirement to 33 percent by 2020. Two RPS bills were passed at the end of
the 2009 legislative session, however, the governor elected not to sign either. Instead, he
signed Executive Order S-21-09, which allowed the California Air Resources Board
(CARB), under its AB 32 authority, to adopt a regulation consistent with the 33 percent
RPS target established in Executive Order S-14-08. In 2010, the CARB adopted its
Renewable Electricity Standard (RES), requiring 33 percent by 2020. Legislative
endorsement of this standard was achieved when Governor Jerry Brown signed Senate
Bill SB 2 (1X) into law in April 2011.

SB 2 (1X) extends the original RPS goal from 20 percent of retail sales by the end of
2010 to 33 percent of retail sales by 2020 for all California independently owned utilities
(IOUs), electric service providers (ESPs), and the community choice aggregators (CCAs);
it also obligates publically owned utilities to meet these goals. In addition, the new law
modifies many details of the program and creates portfolio content categories for RPS
procurement. The California Public Utilities Commission (CPUC) and the California
Energy Commission (CEC) were tasked with implementing the expanded RPS. In
December 2011, the CPUC issued a decision that addressed the criteria for inclusion in
each of the new RPS portfolio content categories and the percentage of the annual
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procurement target that could be sourced from unbundled RECs. The use of unbundled
renewable energy credits was capped at 25 percent of a utility’s RPS requirement
through December 31, 2013; this steps down to 15 percent in 2014 and 10 percent in
2017. The decision applies to contracts and ownership agreements entered into after
June 1, 2010.

After many years of speculation and uncertainty, the CPUC rules established clearer
guidelines regarding the criteria for eligible resources. Renewable projects located
outside of California will now be in a better position to support future California
renewables demand if they are able to interconnect to a California balancing area or if
they can schedule or dynamically transfer energy directly into a California balancing area.
As a result of the new rules, much of the Pacific Northwest REC supply that had been
held back in hopes of selling into the California market is now added to other local supply,
which in turn has contributed to significantly lower REC values for renewable energy
generated in the Pacific Northwest.

California cap and trade. on December 16, 2010, the California Air
Resources Board (CARB) adopted final rules to enact cap-and-trade provisions in
accordance with California’s Global Warming Solutions Act of 2006 (Assembly Bill 32).
The final rule defines the ground rules for participating in the cap-and-trade program,
including enforcement and linkage to outside programs. The compliance obligations
became binding on January 1, 2013.

The cap is designed to reduce carbon emissions to 1990 levels by the year 2020 in two
phases. In phase one, electricity generation, electricity imports and large industrial
polluters must comply with the cap. Beginning in 2015, transportation fuels and all other
fuel distributors will be brought into the program. The proposal includes a number of
mechanisms designed to minimize the costs of reducing GHGs. Some of the
mechanisms include three-year compliance periods, banking, offsets, an allowance price
containment reserve, and linkage to other trading systems.

The first auction for emission allowances was conducted by CARB in November 2012.
Approximately 75 participants, ranging from utilities to large financial institutions, were
authorized to bid in the first auction. All 23 million allowances offered for 2013 compliance
were purchased.

CARB intends to auction close to 95 million greenhouse gas allowances in 2013, starting
with a floor price of $10.71 per metric ton (tonne). CARB will offer about 56.85 million
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2013 vintage allowances and 38.24 million 2016 vintage allowances. Starting in 2013,
auctions will be held quarterly on February 19, May 16, August 16 and November 19.

Western Climate Initiative. in 2007, the governors of Arizona, California,
Montana, New Mexico, Oregon, Utah, and Washington, along with the premiers of British
Columbia, Manitoba, Ontario, and Quebec, signed the Western Regional Climate Action
Initiative Agreement (WCI). In doing so, they agreed to reduce regional greenhouse gas
emissions to 15 percent below 2005 levels by 2020. The group identified cap-and-trade
as a means of achieving the reductions, and began a multi-year process to design a
regional system of tradable permits.

In September 2008, the WCI commissioned a report entitled “Design Recommendations

for the WCI Regional Cap-and-Trade Program.” The report recommended a broad-based
cap-and-trade system to achieve the reduction goal. Covered industries included electric
utilities, large industrial and commercial facilities, industrial processing (including oil and

gas), residential, commercial, and fuel combustion facilities, and transportation fuels.

However, the economic recession that began in 2008 ultimately sapped the political
appetite for cap-and-trade in most of the Western states, and by November 2011
Washington had joined Arizona, Montana, New Mexico, Oregon, and Utah in abandoning
the Western Climate Initiative. The WCI now consists of California and four Canadian
Provinces (British Columbia, Manitoba, Ontario, and Quebec).
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4. Climate Change Impacts on the
Northwest

Scientists are studying recent trends and using various models to consider the impact of
climate change on the Northwest. Two particular areas interest utilities: changes in
temperature, which affect energy loads; and changes in stream flows, which affect the
seasonality and availability of hydro-generated electricity. Other issues — such as
irrigation, water flows for fish, and flood control — are also factors since they may take
priority over power generation.

In 2009, the Climate Impacts Group (Impacts Group) at the University of Washington
completed a study on the potential effects of climate change on regional energy demand
for heating and cooling and on hydropower production from the Columbia River system.
The study explored the following questions:1

“How will seasonal and annual total hydropower production from the Columbia
River basin change over the next century in response to projected warming and
changes in precipitation?”

“How will heating and cooling energy demand change over the next century in
response to warming and population growth?”

“How do electrical peak energy demand sensitivities to temperature compare in
the PNW and California, and how can this information be used to understand
potential changes in peak energy demand in the region related to warming?”

Hydropower production. The Columbia River basin depends on snowpack
as a natural reservoir to hold winter precipitation until it runs off as stream flow in spring,
summer, and fall. Modeling by the Impacts Group suggests hydropower production on
the Columbia River will increase in winter and decline in summer, with a slight overall
decline on an annual basis by the middle of the twenty-first century. A summary of these
findings appears below.

! Effects of projected climate change on energy supply and demand in the Pacific Northwest and
Washington State; University of Washington Climate Impacts Group; Alan F. Hamlet, Se Yeun
Lee, Kristian E.B. Mickelson, Marketa M. Elsner; published May 5, 2010.

C-10



Exhibit No. (TAD-7)
Page 282 of 1000

APPENDIX C - ENVIRONMENTAL MATTERS

Year

Figure C-2
Hydropower Production Findings

Annual

Winter Summer
2020 Increase by Decrease by Total reduction of
1-4.5% 8.6 -11% 0.8-3.4%
2040 Increase by Decrease by Total reduction of
4.7 - 5% 12.1-15.4% 2-3.4%
2080 Increase by Decrease by Total reduction of
7.7-10.9% 17.1-20.8% 26-3.2%

Heating and cooling energy demand. According to the Impacts Group,
heating energy demand is expected to increase in Washington state. If no regional
warming occurred, population growth is expected to drive up heating demand by 38
percent in the 2020s, 68 percent in the 2040s, and 129 percent in the 2080s. With
regional warming and population held to year 2000 levels, the heating demand would still
increase in Washington by 11-12 percent in the 2020s, 15-19 percent in the 2040s, and
24-32 percent in the 2080s. When regional warming and increased demand from
population growth are combined, the model indicates regional heating demand will
increase in Washington by 22-23 percent in the 2020s, 35-42 percent in the 2040s, and
56-74 percent in the 2080s.

Cooling energy demand is also expected to increase in Washington. As with heating
energy demand, without regional climate warming, population growth in the region is
expected to increase demand by 38% in the 2020s, 69 percent in the 2040s, and 131
percent in the 2080s. With regional warming and population held to year 2000 levels,
cooling demand would increase in Washington by 92-118 percent in the 2020s, 174-289
percent in the 2040s, and 371-749 percent in the 2080s. When regional warming and
increased demand from population growth are combined, regional cooling demand is
modeled to increase in Washington by 165-201 percent in the 2020s, 363-555 percent in
the 2040s, and 981-1,845 percent in the 2080s.
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Impacts to regional energy demand. The combined effects from
changes to the hydropower production system and the energy demand requirements
suggest that adaptation to climate change will be easier in the cool season than in the
warm season. However, Columbia River flow will decrease in May, June, July, and
August, thus reducing hydropower supplies and the ability to deliver power to local
energy demand and to outside markets like California and the Southwest.
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Section one of this appendix is
designed to provide additional
information about PSE’s existing
fleet of electric resources. Section
two offers context related to a
variety of electric resource
alternatives, including a brief
technology summary, information
about the viability and availability
of each resource for PSE, and
estimated ranges for anticipated

capital and operating costs.

1. Existing Resources

PSE'’s existing resources include supply-side resources, demand-side resources, and

Green Power and small-scale renewables. Supply-side resources include power

generated by PSE-owned and contracted facilities, primarily hydroelectric power and

power from coal-fired plants, natural gas-fueled turbines, and wind-powered resources.

Demand-side resource contributions to the resource pool are generated on the customer

side of the meter, primarily through energy efficiency programs. Green Power and small-

scale renewables are two renewable energy programs offered by PSE, one for customers

who want to support additional development of renewable energy through voluntary bill

payments, and one for customers who produce their own power from small-scale

renewables.
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Supply-side resources

The following tables describe PSE's existing electric resources using the Net Maximum
Capacity of each plant in megawatts. Net Maximum Capacity is the capacity a unit can
sustain over a specified period of time — in this case 60 minutes — when not restricted by
ambient conditions or deratings, less the losses associated with auxiliary loads. This is
consistent with the way plant capacities are described in the 10K report1 that PSE files
with the U.S. Securities and Exchange Commission and the Form 1 report we file with the
Federal Energy Regulatory Commission.

You may notice that PSE sometimes references different plant capacity values in
different publications. This is because plant output varies depending upon a variety

of factors, among them ambient temperature, fuel supply, whether a natural gas plant is
using duct firing, whether a combined-cycle facility is delivering steam to a steam host,
outages, upgrades, and expansions. When describing the relative size of resources, it is
often necessary to select a single reference point based on a consistent set of
assumptions. Depending on the nature and timing of the discussion, these assumptions —
and thus the expected capacity — may vary.

Hydroelectricity

While restrictions to protect endangered species limit the operational flexibility of
hydroelectric resources, these generating assets remain valuable because of their ability
to track customer load, and because of their low cost relative to other power resources.
High precipitation levels generally allow more power to be generated, while low-water
years produce less power. During low-water years, the utility must rely on other, more
expensive, self-generated power or market sources to meet load. The analysis conducted
for this IRP accounts for both seasonality and year-to-year variations in hydroelectric
generation. PSE owns hydroelectric projects in western Washington and has long-term
purchased-power contracts with three public utility districts (PUDs) that own and operate
large dams on the Columbia River in Central Washington. In addition, we contract with
smaller hydroelectric generators.

! PSE’s most recent 10K report was filed with the U.S. Securities and Exchange Commission in
March 2013 for the year ending December 31, 2012.

D-2
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Figure D-1
Hydroelectric Resources

G o CONTACoERATO
Upper Baker River PSE 100 91 None
Lower Baker River PSE 100 79 None
Snoqualmie Falls PSE 100 542 None
Electron PSE 100 223 None
Total PSE-Owned 246
Wells Douglas Co. PUD 29.9 251 3/31/18
Rocky Reach Chelan Co. PUD 25.0 325 10/31/31
Rock Island | & 11 Chelan Co. PUD 25.0 156 10/31/31
Wanapum Grant Co. PUD 0.84 9 04/04/52
Priest Rapids Grant Co. PUD 0.84 9 04/04/52
Mid-Columbia Total 750
Total Hydro ‘ 9965

NOTES

1 Net maximum capacity reflects PSE's share only.

2 Snoqualmie Falls is running at partial capacity while powerhouse 1 is off-line for redevelopment. The plant is expected to be fully
operational and provide a net maximum capacity of approximately 54 MW upon completion of powerhouse 1, which is expected in the
second quarter of 2013.

3 As of December 31, 2012, Electron project output is limited to approximately 7 MW due to the condition of the flume that conveys
water to the plant. This limitation is expected to continue in 2013.

4 Based on Grant Co. PUD current load forecast for 2012; our share will be reduced to this level in 2013.

5 Individual resource and Mid-Columbia totals are rounded to the nearest megawatt.

BAKER RIVER HYDROELECTRIC PROJECT. This facility is located in Washington's
north Cascade Mountains. It consists of two dams and is the largest of PSE's three
hydroelectric power facilities. The project contains modern fish-enhancement systems
including a "floating surface collector" to safely capture juvenile salmon in Baker Lake for
downstream transport around both dams, and a second, newer collector on Lake
Shannon for moving young salmon around Lower Baker Dam. In addition to generating
electricity, the project provides public access for recreation and significant flood-control
storage for people and property in the Skagit Valley. Hydroelectric projects require a
license from the Federal Energy Regulatory Commission (FERC) for construction and
operation. These licenses normally are for periods of 30 to 50 years and then they must
be renewed. In October 2008, after a lengthy renewal process, FERC issued a 50-year
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license allowing PSE to generate 707,600 MWh (average annual output) from the Baker
River project.

SNOQUALMIE FALLS HYDROELECTRIC PROJECT. Located east of Seattle on the
Cascade Mountains' western slope, the Snoqualmie Falls Hydroelectric Project consists
of a small diversion dam just upstream from Snoqualmie Falls, and two powerhouses.
The first powerhouse, which is encased in bedrock 270 feet beneath the surface, was the
world's first completely underground power plant. Built in 1898-99, it was also the
Northwest's first large hydroelectric power plant. FERC issued PSE a 40-year license for
the Snoqualmie Falls Hydroelectric Project in 2004. The terms and conditions of the
license allow PSE to generate an estimated 300,000 MWh per year.

ELECTRON HYDROELECTRIC PROJECT. Located about 25 miles southeast of
Tacoma in the western foothills of Mount Rainier, this facility was completed in 1904. The
project draws water from the Puyallup River and funnels it to the power plant via a 10-
mile span of wooden flume that runs through the winding river valley.

MID-COLUMBIA LONG-TERM PURCHASED POWER CONTRACTS. Under long-term
purchased-power agreements with three PUDs, PSE purchases a percentage of the
output of five hydroelectric projects locat