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Acronym Agency/Entity/Term Acronym Agency/Entity/Term

AAGR annual average growth rate Operator
AC alternating current CCA community choice aggregation
ACE Affordable Clean Energy (ACE) rule CCCT combined-cycle combustion
ACP Alternative Compliance Payment turbine
ADF Augmented Dickey Fuller o) eoEliiigeEses ey
AECO AECO Hub(TM) CEAE Canadian Entitlement Allocation
Extension
AEO Annual Energy Outlook (EIA) ) . o
CEC California Energy Commission
AGC automated generation control )
CHP combined heat and power
AMI advanced metering infrastructure L
co, carbon dioxide
aMw average megawatts . .
cob commercial operation date
ANSI American National Standards . .
. COLA combined construction and
Institute o L
operating license application
APS Arizona Public Service .
cos cost of service
ARIMA autoregressive integrated moving .
copr21 21st Conference of the Parties
average
(cop21)
ATC available transfer capacity
CcPP Clean Power Plan
BAA Balancing Authority Area . )
CT combustion turbine
BA Balancing Authority . .
CVR conservation voltage reduction
BDR Behavioral Demand Response
DA day-ahead
BESS battery energy storage system
y gy Be ¥ DC direct current
BEV battery-electric vehicle .
DEQ Department of Environmental
BLM Bureau of Land Management Quality (Oregon)
BNEF Bloomberg New Energy Finance DER distributed energy resources
BPA Bonneville Power Administration DF distributed flexibility
BYOT bring your own thermostat DG distributed generation
c&l commercial & industrial DLCgy EV direct load control
CA California DLC direct load control
CAA Clean Air Act DOE Department of Energy
CAES compressed air energy storage DOJ Department of Justice
CAFE Corporate Average Fuel Economy DR demand response
CAIR Clean Air Interstate Rule DRP distribution resource planning
CAISO California Independent System DRRC Demand Response Review
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Committee HDD heating degree days
DSG dispatchable standby generation HDR HDR Engineering, Inc.
DSM demand-side management IE independent evaluator
DSP distribution system planning 10U investor owned utility
process IRP Integrated Resource Plan
— eyl Al ezl IRS Internal Revenue Service
E3 Energy + Environmental ITC investment tax credit
Economics, Inc.
o KPSS Kwiatkowski, Phillips, and Shin
EE energy efficiency
kW-yr kilowatt year
EER Evolved Energy Research
o . kw kilowatt
EFSC Energy Facility Siting Council
(Oregon) kWh kilowatt hour
EIA U.S. Energy Information Agency LCOE levelized cost of energy
EIM Energy Imbalance Market LDV light-duty vehicle
ELCC effective load carrying capability Li-ion lithium-ion
Energy Trust  Energy Trust of Oregon LOLE loss-of-load expectation
EPA Environmental Protection Agency LOLH loss-of-load hour
(U.S.) LT long term
EPC engineer, procure and construct LTDA long-term direct access
EPRI Electric Power Research Institute LTF long-term firm transmission
EQC Environmental Quality Commission LRB load resource balance
ESS electricity service suppliers Mid-C Mid-Columbia River
EUE expected unserved energy misc. miscellaneous
EV electric vehicle MMBtu million British Thermal Units
FERC Federal Energy Regulatory MRDAP Montana Renewables
Commission Development Action Plan
GAMS General Algebraic Modeling MsI Market Strategies International
System MT Montana
GDP gross domestic product
MW megawatt
GEAR Green Energy Affinity Rider
MWa megawatt average
GHG greenhouse gas
MW MW on the AC side of the inverter
GW gigawatt
MWh megawatt hour
GWa gigawatt average
My model year
HA hour-ahead
NCAT National Coalition for Advanced
HB House Bill

Transportation
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OAR Oregon Administrative Rule QF qualifying facility
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Information System RDF Renewable Development Fund
OATT Open Access Transmission Tariff REC Renewable Energy Credit
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OPUC Public Utility Commission of SAFE Safer Affordable Fuel-Efficient rule
Oregon SB Senate Bill
OR Oregon SCCT simple-cycle combustion turbine
ORS Oregon Revised Statutes SD standard deviation
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PEV plug-in electric vehicle SSO supply side option
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PGE (or the Portland General Electric Company ST short term
Company) T&D transmission and distribution
PGEM PGE's Marketing Function Tou time-of-use
PHEV plug-in hybrid electric vehicle
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Portland General Electric’s 2019 Integrated Resource
Plan embraces the positive change that is shaping
our industry, while prioritizing universal access

to clean, affordable and reliable electricity.

This is the first plan developed since we made - The Boardman plant will cease coal-
our commitment to cut PGE’s greenhouse gas fired operations at the end of 2020.
emissions by more than 80% by 2050. It
proposes measured steps we can take today
to address the climate crisis, while allowing
flexibility for adjustments as technology and
policies continue to evolve.

- We are working to advance
electrification in other areas of the
economy, especially the transportation
system, which accounts for 40% of
Oregon’s GHG emissions.

This document underscores our commitment

to transparency and collaboration. We engaged

customers and stakeholders throughout its
development, and their insights and feedback
were instrumental in shaping our resource strategies. Our 2019 IRP is the culmination of a multi-year
research and engagement process — our most
exhaustive analysis ever. After constructing and
testing 43 different portfolios, we identified actions
needed between now and 2025 to move us forward
on our path to our 2050 goal. The plan calls for:

« We are enhancing reliability by
modernizing our systems to create
a smarter, more resilient grid.

This IRP also embodies the spirit outlined in

our “Vision for a Clean Energy Future.” Since
we introduced our vision in 2018, we have been
accelerating the transformation of our company:

- We announced the Wheatridge
Renewable Energy Facility, the first
of its scale to combine wind and solar
energy with battery storage.

. 150 MWa of renewable resources
by 2023.

2019 INTEGRATED RESOURCE PLAN | PORTLAND GENERAL ELECTRIC COMPANY


https://www.portlandgeneral.com/-/media/public/our-company/energy-strategy/documents/pge-vision-white-paper.pdf?la=en

« A similar amount (157 MWa) of
cost-effective energy efficiency.

« Increased reliance on demand
response to help balance sources and
uses of electricity during peak months.
This includes 141 MW during winter
months, 211 MW during summer months
and 4 MW of customer battery storage.

- Additional actions to help meet
capacity needs as a result of expiring
contracts and the retirement of
baseload coal plants like Boardman.

The energy industry is undergoing a period of
profound change and uncertainty driven by climate
change, new technologies and changing customer
expectations. By incorporating maximum flexibility

into the plan, we will be able to accommodate shifts
in needs, in consultation with the Oregon Public
Utility Commission and our stakeholders.

We believe our 2019 IRP represents the very best
path forward and welcome feedback from our
customers and stakeholders during the coming
review process. Combatting the climate crisis while
ensuring universal access to reliable, affordable
electricity demands leadership, vision and
commitment.

It's a call for all of us to work together for a clean
energy future for Oregon.

Sincerely,

o frome P

Maria Pope | President and CEO
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Executive Summary

Portland General Electric (PGE, orthe Company) is proud to submit our 2019 Integrated Resource
Plan (IRP) for consideration by our customers, stakeholders, and the Public Utility Commission of
Oregon (OPUC, orthe Commission). In 2018, we made a simple but daunting commitment to lead the
transformation to a clean energy future for our customers and our corner of the Pacific Northwest. We
made that commitment to lead because we believe combatting climate change while ensuring
universal access to reliable and affordable electricity is a societal imperative, and that it will not
happen without leadership, vision, and commitment. We also have an obligation to ensure that the
electric system transformation does not leave anyone behind, with all customers sharing in the
benefits and opportunities of a clean energy future. Our 2019 Integrated Resource Plan is our first
long-term plan since making that commitment, and it incorporates this vision for our clean energy
future. It shows a pathway to reach our long-term goals given what we know today, and
acknowledges the vast uncertainty that faces our industry in the coming decades. We propose
measured near-term actions to set us in the right direction while ensuring that we can continue to
deliver affordable and reliable electricity. Our plan focuses on three major steps to meet
commitments to customers in service of our shared clean energy future.

1. Engage our customers around new technologies and programs.

Our plan asks that everyone play their part in creating a clean energy future. To help us, we will ask
our customers to engage with us in new ways.

Energy efficiency. PGE has long used energy efficiency (EE) to deliver low-cost and low-carbon
results for our customers. We estimate that, with the help of our customers, we currently avoid about
one million metric tons of greenhouse gas emissions (MMtCO»e) per year with energy efficiency
investments made since 2010. That’s equivalent to taking about 150,000 cars off the road or about 17
percent of our annual greenhouse gas (GHG) emissions. Our plan calls for continued investments in
cost-effective energy efficiency, which we estimate could avoid an additional 0.7 MMtCOe per year
by 2025.

Distributed flexibility. With distributed flexibility, we can use the technologies and energy behaviors
of our customers (in their home or business) to provide the same services and value that power plants
and grid investments provide. This includes demand response programs, such as installing smart
thermostats and smart electric vehicle (EV) chargers, as well as programs that allow customers to
help support the grid with their backup power and battery storage systems. Under our plan we
estimate that by 2025 our distributed flexibility programs will avoid the need for approximately 200
MW of conventional generation, about half the size of the Carty Generating Station. And we expect
these programs to continue to grow as more of our customers adopt new clean technologies, like
EVs, overtime.

These distributed energy resource (DER) programs are critical to our ability both to drive carbon out
of our economy and to maintain reliability in the electricity system at a low cost.
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Executive Summary -

2. Decarbonize our energy supply as cost effectively as possible.

To reach our long-term decarbonization goal, we will need additional renewable resources, like
wind and solar, to drive greenhouse gases out of our generation portfolio. Specifically, we estimate
that we will need to add at least 50-60 MWa' of new renewables every year for the next thirty years.
To make meaningful progress while taking advantage of continued cost declines and the limited
remaining availability of federal tax credits, our plan calls for additional renewables in the near term.
These renewables will expand our renewable portfolio and complement the voluntary options, like
our Green Tariff, that allow customers who so choose to decarbonize even faster.

Renewable procurement. Our plan calls for an additional 150 MWa of new renewable resources by
2023, with conditions that will ensure low-cost outcomes for our customers. We estimate these
renewables will save about 0.6 MMtCO,per year through 2050. Our near-term plan will help us make
real progress toward our goal while maintaining flexibility to respond as conditions change in the
future.

3. Maintain reliability by leveraging what we have today and embracing new clean technologies.

Our plan identifies the potential need for significant amounts of additional resources to maintain
reliability in the mid-2020s, due in part to the loss of about 350 MW of capacity as contracts that
we’ve signed for resources in the region expire. During this same time, we expect the Pacific
Northwest region to require additional resources due to retiring coal plants. Forecasts also show that
the costs of new clean technologies, like energy storage, will continue to decline. We propose a
staged process to allow us to take measured actions that support reliability in the face of continued
uncertainty.

Pursue cost-competitive existing resources. To continue to drive down both carbon and costs, it is
essential that we make the best use of resources that are already available in the region. Our first
step to ensuring reliability is to seek agreements for capacity on existing resources in the region to
the extent that they are available and cost-competitive.

Clean technology procurement. If, despite our other actions, we still forecast a potential reliability
shortage inthe mid-2020s, we plan to conduct a competitive solicitation for new non-emitting
resources that support reliability. This could include battery storage, pumped hydro, renewable
resources, or combinations of renewables and storage. The solicitation would exclude new fossil
fuel-based generation.

When taken together, we believe these actions will allow us to meet our customers’ needs while
maintaining affordability in a way that is consistent with our values and the values expressed within
the public process that supported the development of this plan.

The following sections briefly summarize the observations, assumptions, and analysis that underpin
our plan.

TAn average MW (or MWa)is shorthand forthe amount of energy that a resource produces on average over the course of a typical year. Because
renewables and many power plants do not produce energy all of the time, they typically produce fewer MWa than theirtotal generating capacity.

22 of 678 Portland General Electric « 2019 Integrated Resource Plan



Executive Summary « ES.TA Changing Energy Landscape

ES.1 A Changing Energy Landscape

The 2019 IRP was developed against a landscape of rapid growth in clean energy. Our customers,
and electricity customers across the country, want clean energy and expect us to act to help avert
the climate crisis. Policymakers in Oregon and around the West have responded with new state
policy proposals that support decarbonization through both economic signals and clean energy
mandates. Many states in the West have adopted aggressive new clean energy policies that further
the expansion of renewable resource development and the retirement of emitting thermal
resources, including California, Washington, New Mexico, Nevada, and Colorado. In Oregon, the
legislature contemplated House Bill (HB) 2020, which would have authorized a cap and trade
program—called the “Oregon Climate Action Program”—starting January 1, 2021. HB 2020 would
have helped facilitate decarbonization of our energy supply and accelerated transportation
electrification, and would have protected our customers from unnecessary price impacts while doing
so. PGE joined environmental and consumer advocates, organized labor, businesses, family
forestland owners, rural economic development organizations, and other utilities in supporting
passage of HB 2020. Although this bill did not pass during the 2019 legislative session, PGE is
committed to reducing our greenhouse gas emissions by more than 80 percent by 2050, consistent
with our proportionate share of the state’s economy-wide GHG reduction goal, and will continue to
engage in and advocate for policies that are consistent with our strategy while protecting
affordability and reliability.

Amidst broad consumer- and policy-driven change, clean energy technology companies are rising to
the challenge. As a result, cost declines for wind, solar, and battery technologies continue, and clean
technologies are increasingly competitive with conventional fossil fuel-based generators. The make-
up of the grid has shifted quickly and wholesale electricity markets in the West are increasingly
experiencing the availability of zero or negative marginal-cost renewable power. Simultaneously, the
retirement of thermal generators has accelerated the potential for capacity shortages in the West
and reinforced the need for both sound utility planning and regional solutions.

ES.2 Our Planning Process

Integrated resource planning provides a thoughtful way for PGE and the region to pursue and
embrace the positive change that our industry is undergoing, while ensuring that our customers have
access to affordable and reliable energy. The process allows us to align the way we do business with
our customers’ values, as well as local and state energy policies. To engage the public in the
development of our plan, we host a public process in which we provide information and request
feedback to help guide our decision-making.

Before we began work on the 2019 IRP, we engaged stakeholders in a conversation around guiding
values. We heard that affordability, sustainability, and transparency were paramount to many of our
stakeholders as they engaged in the IRP process. We kept these values in mind throughout our
planning and took tangible steps to be responsive to what we heard. Specifically, we shared draft
analyses more frequently, requested feedback on specific design questions, invited stakeholders to
submit informal comments throughout the process, and modeled specific portfolios requested by
stakeholders.

Portland General Electric « 2019 Integrated Resource Plan 23 of 678



Executive Summary « ES.2 Our Planning Process

Over the 17-month public process for the development of the 2019 IRP, we held 12 public meetings,
which were attended by 221people online and in person. We received 58 written comments, five
portfolio requests, and hosted our first community listening session to seek feedback from
traditionally underrepresented groups that work within the communities we serve. We are grateful to
everyone who chose to participate in our public process and hope those who participated will see
their vital feedback reflected in our plan. While we received generally positive feedback about our
efforts to engage stakeholders that traditionally participate in our process, we were much less
successful in bringing new perspectives into our process. This will be an area of continued focus for
PGE as we work to engage the communities we serve in our planning and decision-making
processes.

To address both the evolving energy landscape and the feedback that we heard throughout our
process, we designed and implemented the 2019 IRP with a focus on four key themes:
decarbonization; customer decisions; uncertainty and optionality; and technology integration and
flexibility. These themes encompass some of the most pressing questions facing our industry today
and in the coming decades.

m Decarbonization. We are committed to enabling local transformation to a clean energy
economy. By 2050, we will reduce our greenhouse gas (GHG) emissions by more than 80
percent and help decarbonize other sectors in the economy by enabling the adoption of new
clean electric technologies, like EVs. To support these goals, we considered decarbonization
and the clean energy transition through several new innovative analyses within the IRP,
including our Decarbonization Study2 and related Decarbonization Scenario,® carbon pricing
reflective of a potential cap and trade program in Oregon,4 a scoring metric reflecting
portfolio performance in a carbon-constrained future,® and incorporation of market-based EV
forecasts throughout our analysis6 These components of our plan help to ensure that PGE will
continue to drive GHGs out of our energy economy and that we will be well positioned to
serve our customers in a clean energy future.

m Customer decisions. Increasingly, customer decisions around their energy use and the source
of their energy are impacting the electricity sector, including long-term planning. In the 2019
IRP, we address customer decisions through a comprehensive study (the Navigant “DER
Study”) of customer adoption of DERs and customer participation in distributed flexibility
programs (including demand response and dispatchable customerstorage).7 We also tested
sensitivities related to customer participation in voluntary renewable programs.8 Ourgoalin
these exercises is to ensure that our plans are robust across a range of potential customer

2 The Decarbonization Study can be found in External Study A. Deep Decarbonization Studly.
3 See Section 7.4.1 Decarbonization Scenario.

4 See Section 3.2.2 Carbon Prices.

5 See Section 7.2.1Scoring Metrics.

6 See Section 4.1.3.1Electric Vehicles.

7 Information from the DER Study is referenced in Chapter4.Resource Needs and Chapter 5. Resource Options. The study can be found in External
Study C. Distributed Energy Resource Study.

8See Section 4.7.2 Voluntary Renewable Program Sensitivities.
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decisions in the future and to ensure that utility actions and customer actions remain
compatible and coordinated.

m Uncertainty & optionality. We anticipate the current rapid change in technology, policy, and
wholesale markets is likely to continue in the foreseeable future. As such, our 2019 IRP
provides a robust treatment of uncertainty in terms of both the range of potential futures
considered and the incorporation of these futures into portfolio analysis. We consider 810
potential futures that depend on economic conditions, technological progress, natural gas
prices, carbon prices, hydro conditions, and the future deployment of renewables across the
West. In response to our stakeholders, we have also evolved our portfolio construction and
scoring process to better reflect the value of optionality amidst these uncertainties and to
better capture the risks associated with commitments to new large and long-lived energy
infrastructure.

m Technology integration and flexibility. With the continued proliferation of renewable and
distributed resources, it is increasingly important that our planning consider the challenges
and opportunities associated with integrating these technologies. Building on PGE’s
leadership in renewable integration and energy storage analysis, the 2019 IRP incorporates a
holistic evaluation of flexibility challenges and potential solutions through three related
exercises: an integration cost study for renewables,’ a flexibility value analysis for
dispatchable resources,® and a flexibility adequacy study for our portfolio.ﬂ In anticipation of
future distribution resource planning (DRP) efforts, we also provide an example of how
locational value may factor into resource economic evaluation in future IRPs.™?

ES.3 Growing Resource Needs

Our analysis to support the 2019 IRP begins with a detailed evaluation of our need for resources. PGE
meets customer needs with a diverse portfolio of resources, including energy efficiency,
renewables, hydropower, and thermal generation. Over time, our resource needs shift due to
changes in demand, changes in our resource mix (due to retirements or expiring contracts), and
policy drivers, like the Renewable Portfolio Standard (RPS).

Our analysis shows that PGE faces growing resource needs and uncertainty throughout the 2020s. As
approximately 350 MW of capacity contracts expire in the mid-2020s, we face increasing needs for
resources that support reliability (i.e., capacity needs), even after considering the potential impacts of
distributed energy resources like energy efficiency, customer-sited solar and storage, and demand
response. Under Reference Case assumptions, these capacity needs grow to 685 MW by 2025.
However, uncertainties in economic conditions, DER adoption, EV adoption, and market availability
suggest that our needs in 2025 could range between approximately 350 MW and approximately
1,000 MW. These estimates exclude the potential impacts to regional reliability of loads that elect to
take energy service from an energy service supplier (ESS) through long-term direct access (LTDA) or

9 See Section 6.1.3 Integration Costs.
10 See Section 6.2.2 Flexibility Value.
" See Section 4.6 Flexibility Adequacy.

12 See Section 6.4 Locational Value.
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New Load Direct Access (NLDA). In Docket No. UE 358, PGE urges the OPUC to allow PGE to plan for
the capacity needs associated with these loads so that we can effectuate our role as their reliability
provider as the region becomes more capacity-constrained.

Our need for new dispatchable capacity resources in the mid-2020s will depend strongly on our
ability to replace expiring contracts with similar quantities of capacity. As shown in Figure ES-1below,
if we replace all expiring contracts with new contracts, on a 1-for-1 capacity basis, and our needs grow
relatively slowly (as indicated by the Low Need Future), we may be capacity-adequate without new
resource additions. However, if cost-competitive capacity options are not available in the market and
we face more quickly growing needs (as indicated by the High Need Future), over 1,000 MW of new
capacity resources may be required by 2025. The possibility of these two widely divergent scenarios
requires our Action Plan to be both flexible enough for us to respond to evolving conditions and
robust enough to provide for significant procurement of new resources should the identified needs
persist.

FIGURE ES-1: Future capacity needs under various scenarios

2,000
< 1,500
=3
8 __/_——
o 1,000
z
=
‘o Jp———
8 500 —mmm——— -
o P p— i
&} -
0
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
High Need High w/o Contract Exp.
Reference Case = = = Reference w/o Contract Exp.
Low Need Low w/o Contract Exp.

Our analysis also suggests that without incremental action, our generation portfolio is expected to be
short to the market on an average annual basis beginning in 2021, with the forecast market shortage
generally growing into the future. By 2025, the market shortage exceeds 344 MWa in 90 percent of
futures and is forecast to be 515 MWa in the Reference Case. Consistent with this finding and the
potential for voluntary programs to provide incremental energy to the portfolio, we considered only
those portfolios that add less than 250 MWa in incremental resources through 2025 in selecting our
preferred portfolio.

Our analysis did not identify near-term needs for additional Renewable Energy Credits (RECs) to
meet Renewable Portfolio Standard (RPS) obligations. Our forecasts indicate that we expect to be
physically compliant with the RPS through 2029 and that banked RECs could be used to defer the
need forincremental RECs until 2036. However, deferring action would preclude the opportunity to
secure low-cost resources to meet near-term capacity and energy needs with clean technologies. It
would also create an impractical requirement that we successfully procure 627 MWa of additional
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renewables over two years to comply with the RPS in 2037. We do not believe that our near-term
renewable strategy should rely on such an unrealistic assumption about future procurement.

The energy and capacity needs we identified in the mid-2020s can be met in a variety of ways. For
example, we can meet energy needs through a combination of purchases from wholesale energy
markets and new energy resources, like wind and solar. Similarly, we can meet capacity needs
through a combination of renewable resources, dispatchable capacity resources (such as thermal
generators and energy storage), or contracts with other entities in the region. More information about
the resource options considered in the 2019 IRP can be found in Chapter 5. The remainder of the IRP
focuses on the tradeoffs between these resource options and the identification of the best
combination of resource options for PGE to pursue to meet our customers’ needs.

ES.4 Shifting Resource Economics

One of the primary changes influencing the electricity sector and resource planning is the continued
cost decline of clean technologies like wind, solar, and battery energy storage. The combination of
cost declines and the continued availability of federal tax credits in the near-term create a time-
limited opportunity to secure cost-competitive clean resources to meet our customers’ needs.
Figure ES-2 shows the real-levelized cost of each of the generic energy resource options
considered in our 2019 IRP.

FIGURE ES-2: Levelized costs of energy resource options by type and online date
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Our analysis suggests that wind resources may provide the lowest-cost energy compared to other
energy resources, including combined-cycle combustion turbines (CCCTs). It also indicates that cost
uncertainty is relatively large compared to the cost differences between energy resource options.
This highlights the importance of taking incremental actions to procure renewable resources, while
preserving optionality with respect to technology, resource type, and location in competitive
solicitations.
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The levelized costs also highlight the benefits of near-term renewable action to qualify for federal tax
credits. Wind projects that come online by December 31, 2022 may qualify for the federal
production tax credit (PTC) at the 60 percent level. The PTC steps down to the 40 percent level for
projects that come online the following year and then goes away. At the 60 percent level, we find
that the PTC lowers the cost of wind by approximately 20 percent, providing an incentive of about
$170 million to pursue 150 MWa of wind in the near-term, rather than waiting until 2025 or later. The
federal investment tax credit (ITC) provides a similar incentive for solar. The ITC scales down from 30
percent to 10 percent for projects that come online after December 31, 2023. We estimate that the
availability of the 30 percent ITC reduces the cost of solar and solar plus storage by approximately 16
percent relative to the 10 percent ITC, providing an additional incentive to acquire renewable
resources priorto 2025.

In addition to cost, we analyzed the various benefits that renewable resources bring to the system
and compared them to alternative ways of meeting customer needs. We found that by helping to
meet both our energy and capacity needs, wind resources are expected to bring more benefits than
costs over their lifetime (see Figure ES-3). In the Reference Case, a 150 MWa Washington Wind
resource that qualifies for the 60 percent PTC saves about $180 million over its lifetime relative to a
strategy of relying on the market for energy and a simple-cycle combustion turbine for an equivalent
amount of capacity.

FIGURE ES-3: Costs and benefits of Washington Wind resource that comes online by December 31,
2022
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While the long-term benefits of pursuing near-term renewables are compelling, our stakeholders
have raised questions about whether today’s customers should be paying for resources that will
benefit customers in future years. To address this question of intergenerational equity, we estimated

13 Our analysis considers such a project to have a 2023 online date.

14 These projects come online in 2025 in our analysis because we assume that projects that would come online in 2024 would be accelerated to
December 31,2023 to qualify for the higher level of tax incentive.
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the potential average impact to retail power prices of pursuing renewables within the 2019 IRP
Action Plan between 2021and 2035. Our analysis found that pursuing near-term wind is expected to
cause a small net increase in power prices between 2023 and 2026 (approximately 0.04 cents per
kWh15) but is expected to result in lower power prices beginning in 2027 or 2028, relative to a
strategy of meeting customer energy and capacity needs without the renewable addition. Waiting
until 2026 for the same wind addition would result in larger estimated power price impacts due to
the unavailability of federal tax credits (approximately 0.05 cents per kWh between 2026 and 2030)
and would not result in net reductions to power prices until 2031. While we found that near-term
renewable action does bring forward some costs and the associated potential for small increases in
power prices, the benefits of securing federal tax credits also reduce the expected magnitude of
near-term power price increases and brings forward the potential for power price reductions
associated with renewables from the early 2030s to the late 2020s. The exact impacts to rates and
timing of these impacts will depend on the cost and performance of acquired resources and future
market conditions.

Technological innovation has also led to dramatically reduced costs for battery storage in recent
years, challenging the notion that meeting capacity needs will necessarily require new fossil fuel-
based resources. Our analysis suggests that by 2025, battery resources may be cost-competitive
with a simple-cycle combustion turbine (SCCT). The 2019 IRP made significant progress toward
better understanding the potential role of battery storage within our portfolio, particularly with the
analysis of storage capacity contribution and flexibility value. However, we have identified energy
storage as a critical area for additional learning. Future efforts will focus on quantification of
locational value of battery storage through PGE’s distribution resource planning (DRP) process, and
continued refinements in energy storage methodologies in the IRP.

ES.5 Portfolio Analysis — Bringing it All Together

We constructed 43 portfolios of resource options that tested a wide range of potential strategies for
meeting our near-term needs. Some portfolios tested specific resource options in isolation or tested
variations in the size and timing of resource actions, while others utilized optimization algorithms to
design portfolios to meet objectives of interest to PGE and/or our stakeholders. Figure ES-4
summarizes the resulting resource additions through 2025.

To compare the portfolios, we evaluated each across a set of non-traditional scoring metrics as well
as traditional cost and economic risk metrics. We selected the non-traditional scoring metrics based
on feedback received in our public process and to account for risks not captured with the traditional
economic risk metrics. We excluded portfolios that performed among the worst with respect to any
non-traditional metric from further evaluation. We then identified the best performing portfolios
based ontheir performance with respect to the traditional cost and economic risk metrics. The near-
term resource additions in these portfolios are shown in Figure ES-5.

15 Forreference, total revenues per kWh as reported in the FERC Form 1for 2018 were approximately 10.2 cents/kWh.
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FIGURE ES-4: Resource additions through 2025 across the portfolios investigated
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FIGURE ES-5: Resource additions in best performing portfolios
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Table ES-Tand Table ES-2 list the traditional and non-traditional scores for each of the best
performing portfolios.
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TABLE ES-1: Portfolio scores for best performing portfolios, traditional scoring metrics

Portfolio Category Cost Variability  Severity

Min Avg LT Cost, No Energy Optimized 25,436 30,987
SCCT Dispatchable Capacity 25,351 3,675 30,699
LMS100 Dispatchable Capacity 25,515 3,652 30,863
200 MWa in 2023 Renewable Size & Timing = 25,744 3,653 30,987
250 MWa in 2023 Renewable Size & Timing = 25,620 3,605 30,807
200 MWa in 2024 Renewable Size & Timing 25,804 3,648 31,043
250 MWa in 2024 Renewable Size & Timing = 25,693 3,611 30,879

TABLE ES-2: Portfolio scores for best performing portfolios, non-traditional scoring metrics

GHG- Near High Tech Incremental 2025

GHG
Portfolio Constrainted Term Future . Criteria Energy
Emissions ..
Cost Cost Cost Pollutants Additions

Min Avg LT Cost, No

Energy 25,351 15,313 108 61 10
SCCT 25,266 6,051 15,256 102 61 160
LMS100 25,430 6,067 15,418 102 265 189
200 MWa in 2023 25,713 6,099 14,919 100 183
250 MWa in 2023 25,577 6,097 15,009 97 236
200 MWa in 2024 25,773 6,093 14,977 101 183
250 MWa in 2024 25,650 6,089 15,080 98 236

The best performing portfolios share the following commonalities:

m  Customer resources: All portfolios include all cost-effective energy efficiency and DER
adoption and participation assumptions based on the Navigant DER Study.

m Renewable resource additions: Six of the seven best performing portfolios incorporate
renewable actions priorto 2025 (four add renewables in 2023 and two add renewables in
2024). Renewable addition sizes across these six portfolios range from 150 MWa to 250 MWa.

m Capacity resource additions: All seven of the best performing portfolios incorporate capacity
additions prior to 2025. Capacity is provided by battery storage in four portfolios, a simple-
cycle combustion turbine (SCCT) in two portfolios, and three LMS100 units in one portfolio.
The portfolios that incorporate battery storage add incremental capacity in both 2024 and
2025, while the portfolios that add thermal resources for capacity make a single larger
capacity addition in 2024 due to thermal unit sizes. Capacity additions through 2025 range
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between 238 and 299 MW in the portfolios that include storage and between 279 MW and
347 MW in the portfolios that add thermal units. Remaining capacity needs are met with the
Capacity Fill resource described in Section 7.1.1.1 Resource Adequacy.

We designed an additional portfolio, the Mixed Full Clean portfolio, to capture the most common
elements across the best performing portfolios. The Mixed Full Clean portfolio met all of the
screening criteria and performed among the best performing portfolios on the basis of the traditional
cost and risk metrics—making it our preferred portfolio. In this portfolio, we meet our resource needs
(after accounting for DERs and potential capacity contracts) with a combination of renewable
resources and energy storage. Specifically, we add 150 MWa of additional wind in 2023 that qualifies
forthe 60 percent PTC and approximately 250 MW of energy storage by 2025 that has a duration of
at least six hours. Table ES-3, Table ES-4, and Table ES-5 summarize the cumulative components of
the preferred portfolio in more detail.

TABLE ES-3: Cumulative customer resource additions in the preferred portfolio

Reference Case Low Need High Need

2023 2024 2025 2023 2024 2025 2023 2024 2025

Energy Efficiency (MWa)* 108 133 157 111 140 167 108 133 157

Demand Response*

Summer DR (MW) 190 202 211 329 359 383 104 106 108

Winter DR (MW) 129 136 141 263 282 297 72 73 73

Dispatchable Standby Generation
(Mw)

Dispatchable Customer Storage
(MW)

136 137 137 136 137 137 136 137 137

2.2 3.0 4.0 7.3 9.1 11.2 11 1.6 2.2

*Energy efficiency savings reflect the forecast of deployment by the end of the yearand are at the meter.
‘Distributed Flexibility values are at the meter.

TABLE ES-4: Cumulative renewable resource additions in the preferred portfolio

Reference Case Low Need High Need

2023 2024 2025 2023 2024 2025 2023 2024 2025

Wind Resources
Gorge Wind (MWa) 41 41 41 41 41 41 41 41 41
WA Wind (MWa) 0 0 77 0 0 77 0 0 77
MT Wind (MWa) 109 109 109 109 109 109 109 109 109
Total Renewables (MWa) 150 150 227 150 150 227 150 150 227
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TABLE ES-5: Cumulative dispatchable capacity additions in the preferred portfolio

Reference Case Low Need High Need

2023 2024 2025 2023 2024 2025 2023 2024

Storage Resources
6hr Batteries (MW) 0 37 37 0 37 37 0 37 37
Pumped Storage (MW) 0 200 200 0 200 200 0 200 200
Total Storage (MW) 0 237 237 0 237 237 0 237 237
Capacity Fill (MW) 123 79 358 0 0 0 425 423 739
Total Dispatchable Capacity (MW) 123 316 595 0 237 237 425 660 976

ES.6 PGE’s Action Plan

The analysis presented in this IRP confirms that amid the rapid technological and market changes
being experienced in the West, utilities, including PGE, face large uncertainties in future needs and
resource economics. This IRP also demonstrates that PGE can take low-risk, near-term actions to
meet near-term needs and set the company on a course to achieve critical long-term goals. In
support of our goals and in alignment with our preferred portfolio, we are seeking acknowledgment
of the 2019 IRP Action Plan briefly summarized below.

m Customer resource actions. Customer participation will be critical to achieving long-term
decarbonization at the lowest cost to customers. Based on the findings of the Navigant DER
Study, PGE proposes the following actions to support customer participation in demand side
management programs.

o Action1A. Seek to acquire all cost-effective energy efficiency, which is currently
forecasted by the Energy Trust of Oregon to be 157 MWa on a cumulative basis by
2025.

o Action1B. Seek to acquire all cost-effective and reasonable distributed flexibility, which
is currently forecasted to include, on a cumulative basis:

m 141 MW of winter demand response (Low: 73 MW, High: 297 MW).

m 21T MW of summer demand response (Low: 108 MW, High: 383 MW).

m 137 MW of dispatchable standby generation.

m 4.0 MW of utility-controlled customer storage (Low: 2.2 MW, High: 11.2 MW).

m Renewable actions. Through portfolio analysis, PGE determined the best balance of cost and
risk includes a near-term renewable action that contributes to meeting near-term energy and
capacity needs as well as long-term renewable obligations and that qualifies for federal tax
credits. PGE proposes to pursue the following action to acquire renewable resources:
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o Action 2. Conduct a Renewables Request for Proposals (RFP) in 2020, seeking up to
approximately 150 MWa of RPS-eligible resources to enter PGE’s portfolio by the end
of 2023. PGE proposes the following conditions as part of this action:

m The Renewables RFP would be open to all RPS-eligible resources.

m The Renewables RFP would incorporate a cost-containment screen similar to
PGE's 2018 Renewables RFP.

m PGE would return the value of RECs generated from acquired resources prior to
2030 to customers, similar to the proposal in PGE’s 2016 IRP Revised
Renewable Action Plan.

m PGE plansto provide a proposal for transmission requirements for this RFP
within the 2019 IRP docket.

m Capacity actions. To ensure that PGE can meet our future capacity needs, while taking into
consideration the potential impact of uncertainties, PGE plans to conduct the following
staged process to secure capacity inthe 2024 to 2025 timeframe.

o Action 3A. Pursue cost-competitive agreements for existing capacity in the region.

o Action 3B. Update the Commission and stakeholders on the status of PGE’s bilateral
negotiations and any resulting impacts on capacity needs.

o Action 3C. Conduct an RFP for non-emitting resources to meet remaining capacity
needs.

In addition to meeting our near-term needs, this Action Plan will help us continue on the course to
meeting our goal of reducing GHGs by more than 80 percent by 2050. We estimate that the
proposed renewable action would avoid approximately 16 million metric tons of GHGs between
2023 and 2050 and would represent 5 to 12 percent of the total additional clean and renewable
resources that we need between now and 2050 to hit our goal. The GHG emissions forecast
associated with our plan is shown, with uncertainties, in Figure ES-6 below. The trajectory reflects the
effects of both near-term and outer year renewable additions, the effects of ceasing coal-fired
operations at Boardman by the end of 2020, the exit of Colstrip Units 3 and 4 from our portfolio no
later than the end of 2034, and the impacts of a potential future cap and trade program in Oregon.
Our analysis suggests that with continued effort to deploy energy efficiency, implement Senate Bill
1547, and respond to potential climate and clean energy policies, we would be on course to stay
close to or below our target emissions trajectory between now and 2050.

16 In Cha pter 7, we explore additional sensitivities related to Colstrip’s inclusion in our portfolio over time.
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FIGURE ES-6: Greenhouse gas emissions forecast
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ES.7 Conclusion

Throughout the 2019 IRP, we aimed to design an Action Plan that reflects our values, responds to
customer and stakeholder feedback, and embraces the positive change that continues to shape the
electric utility industry. Oregon’s traditional, yet robust, IRP framework has aided us in these efforts. In
some cases, we have proposed evolutions in how this framework may adapt to the shifting demands
of customers and the opportunities afforded by new technologies. Our proposed Action Plan allows
us to continue pursuing low-cost and clean technologies to benefit customers, while mitigating
future risks. Our plan also gives us the flexibility to adapt and learn as conditions change and new
opportunities arise. More importantly, the Action Plan provides clarity on our priorities and invites
further conversation with customers, stakeholders, and the Commission. We look forward to working
togetherin this IRP and in future planning efforts to chart the course toward a clean, affordable, and

reliable energy future.
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CHAPTER 1. 2016 IRP in Review

Portland General Electric Company’s (PGE, or the Company) 2016 Integrated Resource Plan (IRP) was
a collaborative plan developed in consultation with the Oregon Public Utility Commission (OPUC or
Commission) Staff and public stakeholders. Through two orders, entered on August 8, 2017" and
December 12, 2017' respectively, the Commission acknowledged the 2016 IRP, which focused on
four categories of actions: demand-side actions, supply-side actions, integration actions, and

enabling studies.

Below is a high-level overview of our substantial progress in implementing the actions in our 2016 IRP
Action Plan and the directives from OPUC acknowledgment Orders No. 17-386 and 18-044,
summarized in the green boxes in the text. Each action also provides a reference to additional
information in the 2019 IRP.

Chapter Highlights
PGE is on track to meet 2021 demand side procurement targets.
PGE successfully procured 300 MW of regional capacity through bilateral contracts.

PGE successfully completed its 2018 Renewables RFP and selected the Wheatridge
Renewable Energy Facility.

PGE expects to bring up to 39 MW of energy storage online by the end of 2020.

PGE implemented and completed numerous modeling enhancements and enabling
studies and discussed the results with stakeholders at multiple public meetings.

17 In the Matter of Portland General Electric Company, 2016 Integrated Resource Plan, Docket No. LC 66, Order No. 17-386 (entered Aug. 8, 2017 and
filed Oct. 9, 2017).

18 In the Matter of Portland General Electric Company, 2016 Integrated Resource Plan, Docket No. LC 66, Order No. 18-044 (Feb. 2, 2018).
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1.1 Demand Side

PGE made significant demand-side resource acquisitions following the 2016 IRP acknowledgement
and is on course to fulfill the actions included in our 2016 Action Plan.

1.1.1 Energy Efficiency

Action ltem: Acquire 135 MWa of cost-effective energy efficiency.
Modifications Required by the Commission:

1. PGE will use the Energy Trust’s most recent forecast data for changes to the 2021 capacity
need,

2. PGE will provide an update on the Energy Trust’s activities and progress on the large
customer funding issue in its IRP update in 2018; and

3. PGE will make available the Energy Trust’s energy efficiency forecast data and provide an
explanation of their model in the company’s next IRP.

Order No. 17-386 at 8.

We are ontarget to procure 135 MWa of cost-effective energy efficiency (EE) by 2021. As noted in
our 2016 IRP Update, filed March 3, 2018, OPUC Order No. 17-466 directs the Energy Trust of Oregon
(Energy Trust) to increase the large customer funding cap from 18.4 percent to 20 percent. In this IRP,
we use the Energy Trust’s most recent forecast data for changes to the 2021 capacity need and
provide the Energy Trust’s EE forecast data and explanation of the agency’s model in External Study
B. Additional discussion of the Energy Trust’s forecast and its use in the 2019 IRP portfolios is
provided in Section 4.1.2 Energy Efficiency.

1.1.2 Demand Response

Action ltem: Acquire 77 MW (winter) and 69 MW (summer) demand response.
Modifications Required by the Commission:
1. Through 2020, acquire at least 77 MW (winter) and 69 MW (summer) of new demand

response resource, while working to reach the demand response high case targets of 162
MW (summer) and 191 MW (winter);

2. Hire a third party to conduct a study for demand response specific to PGE’s service territory
with results in time to inform PGE’s subsequent IRP;

3. Work with Staff to establish, manage, and support a "Demand Response Review
Committee" to assist in the development and success of PGE’s demand response activities
including review of PGE’s proposals for demand response programs; and

4. Within nine months (of August 8, 2017), present multiple viable demand response test bed
sites to the Demand Response Review Committee, and by July 1, 2019, establish a demand
response test bed.

Order No. 17-386 at 9.
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1.1.2.1 Demand Response Acquisition

We are making good progress on the demand response (DR) requirements ordered by the
Commission in the 2016 IRP. Currently, we have four DR products in operation:

m Smart Thermostats. Residential product that leverages electric ducted heating/cooling

systems to shift energy consumption during winter and summer events.

m Energy Partner. Business and government product that curtails energy from heating/cooling
and/or process equipment during peak periods using nominations agreed upon between
PGE and participating customers.

m  Multi-family Water Heater. Product designed for multi-family residences that shifts tenant
water heater electricity usage.

m Flex Pilot. Program to encourage residential customers to shift their peak period consumption
during winter and summer events. The pilot ended on April 30, 2019, but we have relaunched
the program as Flex 2.0 (approved April 9, 2019 by the OPUC),” and introduced a
standardized approach to peak time events. We are in the process of refining the Time of Day
rate.

To date, we have achieved 21 MW of the 77 MW of winter DR and 32 MW of the 69 MW of summer
DR. We are ontarget to achieve our 2020 DR goals. We anticipate scaling up the Flex 2.0 offering to
bring in an additional 17 MW of DR capacity through the remainder of 2019.

1.1.2.2 Demand Response Study

We continue to work with consultants to better understand the potential for DR in the Northwest
(NW), to inform our design of DR programs, and to establish inputs to the integrated resource
planning process.20 Forthe 2016 IRP, we worked with The Brattle Group to examine load reduction
capabilities we could gain through the deployment of specific DR programs, along with the
expected cost-effectiveness of these programs.21 Building on the Brattle DR-potential study we
engaged Navigant Research to include DR in a propensity-to-adopt study for distributed resources
and flexible load. The Navigant study sought to help us better understand the likelihood of customer
participation in several existing and potential DR programs. Scenarios from this study informed
analysis forthe 2019 IRP, as described in Section 5.1 Distributed Flexibility.

1.1.2.3 Demand Response Testbed

Since the 2016 IRP, PGE has implemented a Demand Response Testbed pilot program. In late 2017,
we began working with Commission Staff to establish a Demand Response Review Committee
(DRRC). On February 23, 2018, the DRRC began meeting to discuss the development and review of
future PGE DR program proposals. A subset of the DRRC met for intensive workshops from May 1-4,
2018 at the Rocky Mountain Institute’s E-Lab. In September of 2018, we shared a draft Demand

19 OPUC Docket ADV 920.

20 The Brattle Group and Global Energy Partners, Assessment of Demand Response Potential for PGE, prepared for PGE, March 16, 2009. Also,
Ahmad Faruquiand Ryan Hledik, An Assessment of Portland General Electric’s Demand Response Potential, prepared by The Brattle Group for
Portland General Electric, November 28, 2012.

21 The Brattle Group, Demand Response Market Research: Portland General Electric, 2016 to 2035, prepared for PGE, January 2016.
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Response Testbed program proposal with the DRRC. After review by the DRRC, we filed the
proposal with the OPUC on October 25, 2018.%2

We proposed Schedule 13, Opt-Out Residential Demand Response Testbed Pilot in Advice No. 18-14.
Schedule 13 seeks to establish high program participation in DR by eligible residential customers
through a peak time rebate (PTR), in which customers may receive a rebate when they respond to
our notification of peak time events. Customers living in specific geographical areas are
automatically enrolled in the program and can opt out if desired. Schedule 13 became effective April
10, 2019 and we will offer the testbed pilot through June 30, 2022.

1.1.3 Conservation Voltage Reduction

Action ltem: Deploy 1 MWa of conservation voltage reduction through 2020

Order No. 17-386 at 9.

We are making progress on conservation voltage reduction (CVF%)23 work and we provided an
update in our annual Smart Grid Report filed on May 31, 2017.2% In 2017, we worked to develop the
analytics needed to increase observability and customer-level alarms for instances of voltage levels
outside of ANSI voltage limits. We will use this communications network and analytics to capture CVR
benefits for customers through 2020 and beyond and align CVR work with other distribution
resource planning efforts. We will continue providing future updates on CVR in our Smart Grid Report
(OPUC Docket UM 1657), which PGE files with the Commission every two years. The 2019 Smart Grid
Report was filed May 31, 2019.

1.1.4 Dispatchable Standby Generation

Action ltem: Acquire 16 MW of dispatchable standby generation
Order No. 17-386 at 18.

We are ontrack to reach the 2021 goal of 135 MW of dispatchable standby generation (DSG), with
approximately 127.8 MW enrolled as of December 2018. We also have several sites in construction
and a queue of other customers planning to deploy DSG. Appendix E provides more about our DSG
program and Appendix F provides our recommended DSG actions.

1.2 Supply Side Actions

Action ltem: Pursue actions to meet PGE’s capacity needs in 2021, which were estimated at 561
MW, 240 MW of which must be dispatchable. Procure capacity via bilateral negotiations and filing
of waiver of Competitive Bidding Guidelines. Issue all-source RFP for any capacity needs

22 OPUC New Schedule 13, Opt-Out Residential Demand Response Testbed Pilot and Application, Docket No. ADV 859, Advice No. 18-14 (filed Oct.
25,2018).

23 CVRis the strategic reduction of feeder voltage, deployed with phase balancing and distributed voltage regulating devices to ensure end-
customervoltage is within the low range of ANSI (American National Standards Institute) acceptable voltages (114V —120V).

24 n the Matter of Portland General Electric Company, Annual Smart Grid Report, Docket No. UM 1657 (filed May 31, 2017).
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(including dispatchable capacity) that may remain unfilled after completing bilateral negotiations.
Modifications Required by the Commission:

1. Complete bilateral negotiations, with periodic updates to Staff as to status of negotiations
and progress toward completing negotiations of key terms and conditions;

2. Concurrently, work with Staff and stakeholders to scope and launch a regional market study
of potentially available resources to be run in parallel with the company’s efforts to
complete the bilateral negotiations; and

3. Report to the Commission, within four months (of August 8, 2017), the results of the bilateral
negotiations and the need for: (a) completing the market study; (b) re-running models and
developing a new preferred portfolio using data from the bilateral contracts, the market
study, and any other new analyses; and (c) issuing an initial RFP for specific short- to
medium-term resources before proceeding with an all-source RFP.

Order No. 17-386 at 17-18.

1.2.1 Bilateral Negotiations

Our 2016 IRP Update, filed March 8, 2018, updated the Commission on our use of bilateral
negotiations to procure needed capacity. Pursuant to OPUC Order No. 17-494, we kept the
Commission and Staff informed on negotiations, and ultimately executed contracts totaling 300 MW
of capacity using the bilateral procurement process:25

m 200 MW of annual capacity with five-year term.

m 100 MW of seasonal peak capacity during summer and winter periods with a five-year term
beginning in 2019.

Because we did not seek a major capacity resource acquisition after completing the bilateral
negotiations, we did not complete a study of “potentially available resources” in the region.
However, we conducted a market capacity study to support the 2019 IRP as discussed in Section
1.4.5 and Section 2.4.2.1, and the final report is available in External Study E.

1.2.2 Renewable Actions

In November 2017, we filed an addendum to the 2016 IRP proposing to acquire approximately 100
MWa of renewable resources by 2021. In Order No. 18-044, the OPUC conditionally acknowledged
our revised renewable action item, allowing us to proceed with issuing a Request for Proposals (RFP)
for new renewable energy resources.?® The Commission’s conditions required us to:

m Provide updates to the Company’s energy, capacity, and Renewable Portfolio Standards
(RPS) needs.

m Discuss aspects of RFP design and scoring that impact the treatment of Montana wind
resources.

25 |n the Matter of Portland General Electric Company, Application for Waiver of Competitive Bidding Guidelines, Docket No. UM 1892, Order No. 17-
494 (Dec. N, 2017).

26 OPUC Order No. 18-044 at 1.
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m Provide a full description of the cost containment mechanism proposed by PGE.
m Develop a glide path analysis for use in future IRPs.

m Staff may request that the Commission open a docket?’ to “determine a specific mechanism

for delivering value from incremental [renewable energy certificates] (RECs) to customers.”®

1.2.2.1 2018 Renewables RFP

PGE fulfilled the first three conditions in Docket UM 1943, the 2018 Renewables RFP docket.?? In
collaboration with Staff, stakeholders, and interested parties, we designed and conducted our 2018
RFP in compliance with the Competitive Bidding Guidelines, in accordance with Commission Order
No. 18-171, and with oversight by the Commission-selected independent evaluator (IE), Bates White.
The Commission acknowledged our final shortlist on December 19, 2018.%°

On February 12, 2019, we announced the results of the 2018 RFP and that PGE and NextEra were
jointly developing the Wheatridge Renewable Energy Facility (Wheatridge), North America’s first
major energy facility to co-locate wind (300 MW), solar (50 MW), and battery storage (30 MW). PGE
will own 100 MW of Wheatridge’s wind project and will purchase the output of the balance of the
project under power purchase agreements (PPAs). The wind portion of Wheatridge will be
operational by December 2020, allowing it to qualify for 100 percent of the federal production tax
credit (PTC). We expect the solar and battery resources to be operational in 2021 and to qualify for

the federal investment tax credit (ITC).

1.2.2.2 Glide Path Analysis

Condition four of OPUC Order No. 18-044 instructs PGE to develop a glide path analysis in future IRPs.
We designed the glide path analysis as a means for assisting us, the Commission, and stakeholders
to understand our long-term renewables strategy and the incremental procurement steps needed to
accomplish this strategy. For the 2019 IRP, we sought stakeholder feedback regarding both portfolio
construction and the renewable glide paths embedded in the 2019 IRP portfolios. See Section 7.3.3
for more information on renewable glide paths in the 2019 IRP.

1.3 Energy Storage

Action ltem: Submit storage proposal in accordance with House Bill 2193, by January 1, 2018.
Order No. 17-386 at 18.

Pursuant to House Bill 2193 and OPUC Docket No. UM 1751, we submitted a proposal for the
development of energy storage systems in Docket No. UM 1856. In total, our proposed projects
combine to approximately 39 MW of energy storage resources. Descriptions of these resources are

27 At the time of filing of this IRP, the Commission had not opened a docket to establish the mechanism for valuing RECs.

28 g,

29 |n the Matter of Portland General Electric Company, 2018 Request for Proposals for Renewable Resources, Docket UM 1934 Order No. 18-171 (May
21,2018).

30 Order No. 18-483.
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available in our testimony filed in Docket No. UM 1856 on January 5, 2018. Pending completion of all
regulatory requirements, we anticipate that these resources will come online in 2020

1.4 Enabling Studies to Inform 2019 IRP

Action ltem: Perform enabling studies to inform next IRP.
1. Flexible Capacity and Curtailment Metrics
2. Customer Insights
3. Decarbonization
4. Risks Associated with Direct Access
Modifications Required by the Commission:
Perform the following additional studies.
5. Treatment of Market Capacity
6. Accessing Resources from Montana
7. Load Forecasting Improvements

Order No. 17-386 at 19.

We conducted six key enabling studies to help inform the 2019 IRP. The studies performed
represent our continuous effort to enhance our long-term planning process and improve modeling
assumptions. This section provides synopses of each study and references to additional information
in this IRP. We discuss load forecasting improvements in Section 1.5.1.

1.4.1 Flexible Capacity and Curtailment Metrics

We considered resource flexibility, flexibility adequacy, and renewable curtailment in the 2019 IRP
through three parallel studies, summarized below.

m Variable renewable integration cost study. As in past IRPs, we estimated the cost associated
with balancing renewable resources integrated into our system by simulating system dispatch
and costs in the Resource Optimization Model (ROM). The resulting integration costs and
curtailment statistics for Pacific Northwest (PNW) wind, Montana wind, and central Oregon
solar are available in Section 6.1.3 Integration Costs.

m Flexibility value study. We incorporated the value of flexibility for flexible capacity resources
directly into the 2019 IRP portfolio analysis. We also calculated the flexibility value using ROM
to simulate the operational cost impacts of introducing flexible capacity resources. Section
6.2.2 Flexibility Value discusses this analysis.

m  Flexibility adequacy study. Building upon previous flexibility adequacy work in our 2016 IRP,
we engaged Blue Marble Analytics to research existing literature on flexibility adequacy, to
develop methodologies and metrics to assess system flexibility adequacy for the PGE system,
and to conduct an analysis of flexibility adequacy and the potential contribution of flexible

31 In the Matter of Portland General Electric Company, Draft Storage Potential Evaluation, Docket UM 1856, Order No. 18-290 (Aug. 13, 2018).
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capacity for PGE. Section 4.6 Flexibility Adequacy presents the results of the study and
describes how we used the results inthe 2019 IRP.

1.4.2 Customer Insights

To assess and better understand our customers’ resource preferences and cost expectations, we
engaged Market Strategies International (MSI) to conduct our 2017 Customer Insights Survey.32 We
discussed the study with stakeholders at an IRP Roundtable Meeting on February 14, 2018, and we
used the results to inform our 2019 IRP long-term resource planning. Section 2.1.2 Customer
Preferences summarizes the survey results.

1.4.3 Decarbonization

We engaged Evolved Energy Research (EER) to conduct a Decarbonization Study for the PGE
service area. The primary goal of the study was to develop scenarios in which our customers engage
in dramatic decarbonization of the local energy economy and to understand how this transformation
might impact the electricity sector and our resource needs. We worked with EER to scope three
deep decarbonization scenarios each of which meets an 80 percent reduction in energy-related
greenhouse gas emissions (GHG) relative to 1990 levels by 2050. We discussed the study with
stakeholders at IRP Roundtable 18-1 on February 14, 2018, and we incorporated the findings into a
sensitivity analysis, described in Section 7.4.1. The full study report can be found in External Study A.

1.4.4 Risks Associated with Direct Access

Forthe 2019 IRP, we conducted a sensitivity analysis to examine the potential scale of the capacity
adequacy impacts associated with long-term direct access load. Section 4.7.3 provides detailed
information on this analysis.

1.4.5 Treatment of Market Capacity

To inform the 2019 IRP’s treatment of market capacity, we engaged Energy + Environmental
Economics, Inc. (E3) to investigate PNW resource adequacy, regional market capacity availability, and
future load and resource changes. We worked with Staff and stakeholders to scope this study and
ultimately shared the results at PGE’s Roundtable 18-5 on October 31, 2018.% This study broadly
examines the PNW capacity load resource balance under reference, low, and high need scenarios.
Section 2.4.2.1 Market Capacity Study provides the results from the study and discusses how we
incorporated the results into the 2019 IRP. E3’s report is available in External Study E.

1.4.6 Accessing Resources from Montana

Previous analyses, including analysis within our 2016 IRP, have suggested that wind resources in
Montana may provide improved capacity factors and resource diversity benefits over additional wind
development in the Columbia River Gorge. To better understand our ability to make use of these

32 PGE, 2017 Integrated Resource Plan Survey. Retrieved Jul. 9, 2019, from https://www.portlandgeneral.com/-/media/public/our-company/energy-
strategy/documents/msi-customer-insights-study-rt-18-1-2018-02-14.pdf?la=en.

33 PGE Roundtable 18-5 (2018, October 18). IRP Public Meetings. Retrieved from https://www.portlandgeneral.com/our-company/energy-
strategy/resource-planning/integrated-resource-planning/irp-public-meetings. See also Appendix C. 2019 IRP Public Meeting Agendas for a list of
public meetings where PGE discusses the Market Capacity study.
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resources, the Commission and stakeholders requested that we assess the potential for accessing
renewable resources from Montana in the 2019 IRP. In developing the 2019 IRP, we held stakeholder
workshops to discuss the potential for accessing resources, particularly wind, from Montana.®* These
discussions provided critical input on transmission pricing and availability, diversity benefits, regional
planning efforts, and other issues related to accessing Montana resources.

In 2017 and 2018, we actively participated in the development of the Montana Renewables
Development Action Plan (MRDAP), a process led by the state of Montana and the Bonneville Power
Administration (BPA). BPA released the MRDAP®® in June of 2018, and a subsequent update®® in
October of 2018. The MRDAP sets forth the opportunities and barriers related to renewable resource
development in Montana and provides recommendations for next steps. Section 5.2.1Wind Power
and Section 5.5.4 Transmission Modeling in the IRP describe how we used or considered
information from the MRDAP in the 2019 IRP.

1.5 Additional Items

1.5.1 Load Forecasting Improvements

Action ltem: Conduct ongoing workshops, including consideration of probabilistic forecasts with
interested stakeholders to improve PGE’s forecasts.

1. Conduct out-of-sample testing and select models based on these results.

2. Include atechnical appendix that describes forecast methodology and contains a list of the
forecast modeling assumptions (and explanations) and the model specifications
(equations).

Order No. 17-386 at 19.

New technologies, changing consumer preferences and end uses, and energy efficiency gains are
just a few of the factors that impact our load forecasting. For the 2016 IRP, we contracted ltron, an
independent industry expert, to conduct a review of our load forecast methodology. Iltron found our
methodology to be effectively consistent with industry standards, and provided recommendations to
further align our methodology and models, which we implemented. For the 2019 IRP, we added
probabilistic forecasting, conducted out-of-sample testing, reassessed long-term models, and
included a technical appendix that discusses our load forecast methodology. Chapter 4. Resource
Needs offers additional information on our load forecast, and Appendix D describes our load
forecast methodology, modeling assumptions, and model specifications.

34 PGE Roundtable 18-3 (2018, August 22) and Roundtable 18-7 (2017, December 19). IRP Public Meetings. Retrieved from
https://www.portlandgeneral.com/our-company/energy-strategy/resource-planning/integrated-resource-planning/irp-public-meetings .

35 Montana Renewables Development Action Plan. Retrieved Nov. 5, 2018, from https://www.bpa.gov/Projects/Initiatives/Montana-Renewable-
Energy/Documents Montana/Montana-Renewables-Development-Action-Plan-June-2018.pdf.

36 Montana Renewables Development Action Plan (Update — October 2018). Retrieved Nov. 5, 2018, from
https://www.bpa.gov/Projects/Initiatives/Montana-Renewable-Energy/Documents Montana/Action ltems - MRDAP - October Update_Final.pdf.
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1.5.2 Portfolio Ranking and Scoring Metrics

Action ltem: Hold workshops with interested parties to develop a simple and clear set of portfolio
scoring metrics, with a focus on using only metrics that have a clear interpretation and robust
discussions on the appropriate way to incorporate short- and medium-term options and the
relative importance of high-cost versus low-cost outcomes.

Order No. 17-386 at 19.

We held multiple workshops with interested stakeholders to discuss and develop portfolio scoring
metrics for the 2019 IRP. At Roundtable 17-3, we had an open conversation with stakeholders about
the stakeholder values that attendees wanted to see reflected through scoring in the 2019 IRP. We
provided a summary of our takeaways from that conversation at IRP Roundtable 18-1on February 14,
2018. Five common themes emerged from the conversation :

m Cost and risk

m Sustainability

m Fairness and transparency
m Reliability and resiliency

m [ncrementalism and optionality

We incorporated these themes into both scoring metric design and other aspects of the IRP analysis.
At the request of stakeholders, we provided multiple iterations of draft portfolio analysis and scoring
throughout the Fall of 2018. This gave stakeholders the opportunity to provide feedback on scoring
metric design with a more tangible understanding of how scoring metric design decisions might

influence portfolio analysis findings. Chapter 7. Portfolio Analysis describes the resulting scoring
methodology.

1.5.3 Distribution Resource Planning

Action ltem:

1. Work with Staff and other parties to advance distributed energy resource forecasting and
distributed energy resource representation in the IRP process.

2. Work with Staff to define a proposal for opening a distribution system planning
investigation

Order No. 17-386 at 19.

To advance the forecasting and representation of distributed energy resources in the 2019 IRP, we
engaged Navigant Consulting to holistically evaluate the potential for PGE customers to adopt
distributed resources and to participate in distributed resource programs (the DER Study). Navigant
presented draft results to stakeholders at IRP Roundtable 18-3 on August 22, 2018 and incorporated
feedback from stakeholders into the final analysis, which Navigant presented at IRP Roundtable 18-4
on September 26, 2018. The results of the DER Study became major inputs for our needs
assessment and portfolio analysis. A summary of the DER Study is available in External Study C. The
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study results and implications on long-term planning are discussed throughout the 2019 IRP,
particularly in Chapter 4. Resource Needs (adoption of electric vehicles, customer solar, and non-
dispatchable customer storage) and Chapter 5. Resource Options (demand response and
dispatchable customer storage).

In 2017, we began exploring options forimplementing distribution resource planning (DRP) into our
current transmission and distribution (T&D) planning processes. We focused on processes that would
allow us to more effectively and reliably integrate distributed energy resources (DERs) into the
Company’s T&D system, while continuing to meet core operational imperatives. We believe that DRP
will form the foundation for our efforts to modernize the electricity grid, making it more flexible,
efficient, and cost-effective. DRP will also accelerate our decarbonization goals by enabling the
integration of low carbon resources into the grid.

In 2018, we began conversations with Commission Staff in preparation for a DRP investigatory
docket. In February 2019, Staff issued its white paper, A Proposal for Electric Distribution System
Planning, which set forth a proposal for launching an investigation into distribution system planning.
PGE, along with other stakeholders, provided feedback on Staff’'s proposal and Staff held a pre-
docket workshop on March 1, 2019 to further discuss and refine the proposal. Following the
workshop, Staff modified its proposal and formally requested that the Commission open an
investigatory docket into distribution system planning.37

The Commission officially opened Docket No. UM 2005 on March 22, 2019. We are actively
participating in this docket and continue to work on advancing our capabilities in the four areas
detailed in Figure 1-1: data integration and forecasting, DER operability and functionality, hosting
capacity analysis, and locational value assessment.

FIGURE 1-1: PGE focus areas for advancing the use of DERs to support the grid

. - Improve data quality, validate distribution models, integrate AMI nodal summaries
Data Integration & -é\dvgnoe forecaslt:?g processes for DEI?Iand EV
. - Feeder seasonal Loa esource profiles
FOrecaStIng - Day-ahead and real-time distribution models
ili - Streamlined System Impact Study Process
DER Qper.abll Ity & - Standards Implementation / Passive Smart Inverter Functions
Functlonahty - Enable Advanced Smart Inverter Functionality

- System-wide baseline Hosting Capacity assessment for PV solar
- Refine methodology to consider seasonal values & load profiles
- Quantify impact of smart inverter functionality on Hosting Capacity

: - Identify and Benchmark a uniform set of Value Streams
Locatlonal Value - Validate locational value and stacked benefits per learnings from PGE pilots
- Refine methods, tools, and processes for reporting locational value
Assessment . porng

- NWA suitability criteria and study process

37 In the Matter of Public Utility Commission of Oregon, Investigation into Distribution System Planning, Docket No. UM 2005, Staff Report (Mar. 14,
2019).
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1.5.4 Boardman Biomass
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Since the 2016 IRP, we continued to explore the possibility of reconfiguring the Boardman
Generating Station to use torrefied biomass for fuel after coal-fired operations cease by December
31, 2020. We extensively researched this option because of the significant potential benefits a
conversion might offer by diversifying our energy mix with a large-scale, dispatchable, carbon-neutral
renewable generating resource. We explored all aspects of a potential conversion and conducted
test burns in 2016 and 2017. Our analysis found that while running Boardman on torrefied biomass is
technically feasible, a conversion is not expected to be economically competitive with other
resources at this time. This is due to a combination of factors, notably the cost of securing a reliable
fuel supply and the costs associated with retrofitting the plant with new controls to meet required
emissions standards. We are preparing a decommissioning plan for the plant given that a biomass
conversion will not proceed at this time. The decommissioning plan will address the steps needed to
prepare and manage the facility in a manner that would preserve any potential value for customers, in
the event we determine at a future date the plant’s non-coal-related equipment or facilities could
beneficially be repurposed for other energy-related functions that are consistent with our resource
plan and clean energy commitments.
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CHAPTER 2. Planning Environment

With each IRP, PGE reviews the diversity of external factors that impact our long-term resource
planning. Factors such as changes in law and policy, general economic conditions, technological
advances, and environmental concerns can influence our overall resource strategy. The 2019 IRP

examines the following external influences:
m Evolving customer expectations
m Federal and state policy changes
m Wholesale market landscape
m Technological innovation

This chapter examines the potential implications of these external influences and describes how we
consider the effect of these outside factors in the 2019 IRP.

Chapter Highlights

% PGE’s 2019 IRP addresses the impact of the rapid change on the electricity industry by
focusing on four key themes: decarbonization, customer decisions, uncertainty and
optionality, and technology integration and flexibility.

% Energy-, environmental-, and technology-conscious customers are enabling PGE to

enhance and develop energy products and services that provide customers with options.

% Performance improvements and cost reductions continue to drive growth in clean energy
resources.

% Thermal resource retirements in the West may create resource adequacy challenges in
the near future.
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2.1 Customer Landscape

Every day, PGE’s customers are discovering and embracing new ways of living with and using
electricity. Sparked by evolving technology and an increasing desire for more environmentally
conscious energy options, customers are expressing ever-changing energy preferences and needs,
presenting us with the opportunity to engage differently with them. Traditionally, our relationship with
customers focused on providing safe, reliable, and affordable energy, with all electricity and
information flowing unidirectionally from PGE to the customer. Today, more customers want
flexibility, the bidirectional flow of energy and information, and the ability to manage their energy use
to meet their savings and sustainability goals. As Oregon’s largest electric utility, we are actively
assessing these changing customer preferences and aligning our products, processes, and systems
to quickly meet our customers’ needs.

We are constructing a more customer-centric business model through enhanced customer analytics,
varying media channels, touchpoint surveys, and market research. These tools are helping us
understand and appreciate the varying customer preferences that exist for high tech customers
versus office complexes, schools, or retail stores. Similarly, we are learning what products and
services meet the needs of residential customers living in multi-family dwellings as opposed to

single family dwellings, and for renters versus owners.

This new model will also help us promote beneficial programs such as energy efficiency and our
growing list of voluntary renewable energy programs. As we strive to be our customers’ most-trusted
energy partner, PGE is moving beyond providing basic electricity service to create a diversified
portfolio of resources and rates products based on changing customer preferences and increasing
customer energy sawiness. To align planning and operations, our 2019 IRP applies a customer-
focused lens to the analysis and Action Plan.

2.1.1 Economic and Migration Trends

50 of 678

Oregon’s economic outlook is a key input to PGE’s macroeconomic projections of customer and
load growth, as discussed in Chapter 4. Resource Needs. Oregon’s economic expansion has
continued since the last IRP cycle, although at a gradually slowing rate. Employment growth has
slowed from peak expansion levels of approximately 3.5 percent in mid-2015 to 2.3 percent in 2017
and 1.8 percent in 2018. These employment growth levels remain in step with growth in the labor
force, keeping the unemployment rate in Oregon at historic lows which in turn encourages migration
into Oregon and increases incomes. Per capita personal income grew at an average annual rate of
3.3 percent for 2016 and 2017. As Oregon growth has outpaced the U.S., our service area has grown
even more rapidly, as urban areas continue to outpace growth in rural communities across Oregon.
Population growth in the Portland metro area averaged 1.7 percent compared to 1.5 percent for
Oregon from 2015 to 2018.

While the current expansion is past its peak, Oregon’s growth advantage is anticipated to continue. In
its 10-year forecast, Oregon’s Office of Economic Analysis (OEA) expects employment growth in
Oregon to outpace the national trend. OEA forecasts annual growth rates for Oregon averaging 0.9
percent versus 0.6 percent for the U.S. Alongside a strong employment forecast, migration is

Portland General Electric « 2019 Integrated Resource Plan



Chapter 2. Planning Environment « 2.7 Customer Landscape

expected to continue to drive Oregon’s population growth, which averages 1.1 percent, outpacing
the average annual growth rate for the U.S. of 0.7 percent.

As described in Chapter 4. Resource Needs, these combined economic factors result in continued
growth in our customer base and the demand for electricity in the Reference Case. However,
uncertainties in future economic conditions create a large range of future potential loads and
resource needs. The 2019 IRP incorporates new methodologies and frameworks to account for
these uncertainties in the long-term planning process.

2.1.2 Customer Preferences

PGE engaged Market Strategies Incorporated (MSI) to conduct an updated Customer Insights Survey
in 2017 to assess customers’ resource preferences and cost expectations.38 We used the survey
results to help inform our 2019 IRP portfolio construction, scoring metrics, and Action Plan. The survey
involved a random sample of 502 residential PGE customers and 168 general business customers.
MSI recruited and screened customers to complete a web survey focused on our future energy
supply. PGE and MSI designed the survey with the following four objectives in mind:

m Provide information on customer preferences to support the public process of integrated
resource planning.

m Understand customer concerns and preferences as they relate to integrated resource
planning.

m  Quantify customers’ perceptions and receptivity to a variety of energy resource options,
allowing us to assess individual resource and resource mix options on a ratio scale of
customer support.

m Determine which resource options customers would be most likely to support, and the
degree to which certain options would be supported over others.

The findings from our 2017 customer survey reinforce those from the 2016 IRP public and regulatory
process: that some stakeholders and many customers express a strong preference for and interest in
seeing PGE transition its generation from fossil fuel to clean and renewable resources. As shown in
Figure 2-1below, clean resources such as energy efficiency and renewables have high favorability
and very low unfavorability with both residential and general business customers. Preferences for
otherresources, including energy storage, hydropower, natural gas, and demand response, varied
more between residential and general business customers, with a significant portion of customers
indicating a neutral or unfavorable response to demand response.

38 PGE, 2017 Integrated Resource Plan Survey. Retrieved Jul. 9, 2019, from https:/www.portlandgeneral.com/~/media/public/our-company/energy-
strategy/documents/msi-customer-insights-study-rt-18-1-2018-02-14.pdf?la=en.
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FIGURE 2-1: Customer resource preferences across key resource options
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Reinforcing the preference for renewable resources, customers also indicated a strong willingness
to pay more for electricity to bring about this transformation of the system. As shown in Figure 2-2
below, 54 percent of residential customers stated a willingness to pay 10 percent or more for
incremental renewables. The figure also shows that 34 percent of general business customers are
willing to pay 10 percent or more for additional renewables, while 64 percent of business customers
are willing to pay 5 percent or more.

FIGURE 2-2: Customer support for use of more renewable resources
Q. Do you think that PGE should use more renewable

resources even if this meant that all PGE customers
needed to pay more for electricity?

mYes mNotsure mNo

-715% -50% -25% 0% 25% 50% 75%

The survey also showed that customers expect PGE to provide 100 percent renewable power to
theirhome or business within 20 years or less (see Figure 2-3). Additionally, a large majority of
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residential (65 percent) and general business (55 percent) customers believe that PGE should
achieve 100 percent renewable energy across its entire service territory within 20 years.

FIGURE 2-3: Customer expectations for 100 percent clean and renewable energy

Desired number of years for PGE to provide YOU with 100%
renewable energy
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Desired number of years for PGE to provide ALL CUSTOMERS
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As PGE considers these stated customer preferences for faster access to more renewable energy,
we must balance these preferences with other considerations, such as equity and affordability. Many
of PGE’s customers are low-income and impacted by the current costs of energy despite many
discount and energy assistance programs offered by PGE. To address this reality, we design our
voluntary renewable energy programs to respond to preferences of participating customers without
harming non-participants. Additionally, our 2019 IRP's proposed renewable actions leverage federal
tax credits and employ cost containment screens in resource evaluation to limit the financial impact
of the incremental resources on all customers. Going forward, we will continue to seek ways to bring
more clean and renewable energy to our customers as affordably as possible.

Portland General Electric « 2019 Integrated Resource Plan 53 of 678



Chapter 2. Planning Environment « 2.7 Customer Landscape

2.1.3 Voluntary Green Energy Programs, Products and Services

As indicated in the Customer Insights Survey conducted by MSI, many of PGE’s customers are
environmentally conscious and want reliable and renewable energy, even if they must pay more for it.
Customers want the ability to choose among options. As with other utilities, we must construct
programs and adjust planning processes to address the breadth and diversity of customer choices,
preferences, and needs. An example of this is our current Green FutureSM renewable energy options,
designed to meet our customers’ preference for renewables. Green Future renewable energy
products include:

m Green SourceSM, Allows residential customers the option to obtain all their paid energy from
100-percent renewable energy sources.

m Clean WindSM. Offers commercial and industrial customers the option to purchase up to 100
percent of their energy from various wind projects in 200-kWh blocks.

m Green FutureSM Solar. Allows residential and business customers to purchase one-kW blocks
of solar energy from a solar project in Willamina, Oregon.

These products allow our customers to be 100 percent renewable through the purchase of
renewable energy credits (RECs) that match the customers’ load. We created the Green Future
program 20 years ago, and thanks to a strong partnership with Green Mountain Energy Company
(Green Mountain),39 it is the first renewables program in the country to reach 200,000 participants.
For the past nine years, Green Future has been ranked number one in the country for the largest
customer participation in a voluntary renewables program, according to the U.S. Department of
Energy’s National Renewable Energy Laboratory (NREL).40

In April 2018, we sought to expand our voluntary renewable portfolio to offer large nonresidential
customers the opportunity to receive bundled renewable energy through a green tariff. We filed a
proposal for a subscription-based, green tariff program that allows large non-residential customers to
be directly assigned the costs and output of a new, utility-scale renewable resource via long-term
agreements with the utility. Under this green tariff, customers receive the energy and the RECs from a
new renewable resource. The Commission opened Docket UM 1953 to address our proposal. After
multiple rounds of testimony, workshops, a hearing, and briefs, the Commission issued Order No. 19-
075 on March 5, 2019, authorizing PGE to develop and offer its customers a green tariff, with the
initial program limited to 300 MW nameplate capacity of new renewable resources acquired via
power purchase agreements (PPA).‘H PGE’s Green Energy Affinity Rider (GEAR), Schedule 55,
became effective on March 8, 2019.%

39 Green Mountain promotes and sells the Green Future renewable options to PGE customers via door-to-door efforts (Courtesy Knock Program)
and staffing tables at storefronts and events.

40 National Renewable Energy Lab. Top Ten Utility Green Pricing Programs. Retrieved July 9, 2019, from
https://www.nrel.gov/analysis/assets/pdfs/utility-green-power-ranking.pdf.

41 |n the Matter of Portland General Electric Company, Investigation into Proposed Green Tariff, Docket No. UM 1953, Order No. 19-075 (Mar. 5, 2019).
(The 300 MW includes 100 MW for the Company Procured Option or subscription-based program and 200 MW for a Customer Supply Option (bring-
your-own PPA). A second phase of the docket will consider additionalissues such as: utility ownership, credit calculations, green tariff interaction
with Oregon’s direct access program, and reassessment of the Commission’s previously adopted nine conditions for green tariffs.)

42 Advice No.19-06, New Schedule 55, Green Energy Affinity Rider (GEAR).
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Customer participation in voluntary green energy programs that provide both energy and RECs to
customers have the potential to impact our resource needs (including energy and capacity) and
greenhouse gas (GHG) emissions. Some programs, such as Community Solar, may also impact our
REC position by reducing the retail sales that affect the determination of RPS requirements. Because
these programs have not yet started or are relatively new, the 2019 IRP does not explicitly
incorporate forecasts of customer participation in these programs within its core portfolio analysis.
However, Section 4.7.2 Voluntary Renewable Program Sensitivities explores the potential impacts of
customer participation in these programs and we have designed the Action Planto be robust to
potential customer enrollment in these programs. As we roll out these programs, we will monitor
customer participation and incorporate its impacts in future IRPs and IRP Updates.

2.2 Policy Landscape

Local, state, and federal policy, including legislative actions, can impact our integrated resource
planning process and assumptions. The following sections provide a summary of the key current,
changing, and new policy options that impacted our 2019 IRP. We continue to engage in energy and
environmental policy conversations at the local, state, and federal level to pursue prudent and
sustainable policies that will achieve real GHG reductions on our system while maintaining safe,
reliable, and affordable power for all our customers.

2.2.1 Federal Policies

The current federal administration has significantly modified several energy and environmental
policies enacted by the prior administration. This has included the replacement of the Clean Power
Plan (CPP), pausing the U.S. Environmental Protection Agency (EPA) GHG tailpipe standards for light-
duty vehicles, and withdrawing from the U.S. commitment under the Paris Agreement.

2.2.1.1 Clean Power Plan

Underthe Obama Administration, the EPA established the Clean Power Plan (CPP) by rulemaking
that was finalized in October 2015. The rule established emission guidelines for states to develop
plans to address GHG emissions from existing power plants. The rule was intended to result in a
reduction of carbon emissions from existing power plants across all states to approximately 32
percent below 2005 levels by 2030. Implementation of the CPP was stayed by the Supreme Court
on February 6, 2016, and there has been ongoing litigation on the CPP, brought by both supporters
and opponents. Meanwhile, on October 10, 2017, the Trump Administration’s EPA proposed to
withdraw the CPP and in August 2018, the EPA proposed the Affordable Clean Energy (ACE)43 rule to
replace the CPP. This rulemaking was finalized on June 19, 2019 and included the repeal of the CPP.
Given the uncertainty around the CPP, we did not include CPP assumptions in the 2019 IRP. We will
continue to monitor the developments around the new ACE rule, including likely litigation, and any
other federal climate policy. We are supportive of a federal system to address GHG emissions and
we hope the federal government will address this global pollutant at a federal level.

43 The EPA proposed the ACE rule on August 21, 2018, with the goal of establishing emission guidelines to address the GHG emissions from
existing coal-fired power plants. See Affordable Clean Energy rule proposal.
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2.2.1.2 EPA Greenhouse Gas Tailpipe Standards

On August 24, 2018, the EPA and the U.S. Department of Transportation’s National Highway Traffic
Safety Administration (NHTSA) published in the Federal Register a proposal to freeze the Corporate
Average Fuel Economy (CAFE) and GHG emissions standards for cars and light-duty trucks for Model
Years (MY) 2021through 2026 at the MY 2020 levels. The proposed rule, The Safer Affordable Fuel-
Efficient (SAFE) Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light Trucks, would
revoke California’s preemption waiver, which allows California to adopt standards for vehicle
emissions that are more stringent than the federal Clean Air Act standards. The comment period for
this rulemaking ended on October 26, 2018.

PGE is part of the National Coalition for Advanced Transportation (NCAT) which is currently
challenging the underlying determination of the proposed SAFE Rule. NCAT is a coalition of leading
companies that support electric vehicle (EV) and other advanced transportation technologies and
related infrastructure. NCAT’s primary objectives are to defend against potential threats to federal,
California, and other state motor vehicle emissions and fuel economy standards that incentivize
electric vehicles and infrastructure. NCAT also participates in negotiations and rulemakings
regarding such standards and promotes appropriate electric vehicle and infrastructure incentive
programs.

PGE strongly opposes any action that would undermine state regulatory authority, which is critical to
protecting public health and the environment. Additionally, strong federal and state vehicle
standards are necessary for providing the regulatory and financial support for electric vehicles, as
well as related infrastructure. Although this rulemaking is not directly relevant to the IRP,
transportation electrification will be key to meeting societal GHG reduction goals as the
transportation sector accounts for the largest source of GHG emission nationwide. This is also true in
Oregon, where transportation accounts for nearly 40 percent of the GHG emissions in the state.
Transportation electrification also has the added benefit of improving local air quality and public
health and may additionally help with the system integration of renewable energy resources.

2.2.1.3 U.S. Commitment under the Paris Agreement

OnJune 1, 2017, President Trump announced that the United States would withdraw from the Paris
Agreement on climate change, which seeks to limit the increase in the global average temperature
and increase the ability to adapt to climate change and foster climate resilience. A summary of the
Paris Agreement and the U.S. commitment made by the prior administration under the agreement is
included in the 2016 IRP.** In the absence of federal leadership regarding GHG emissions, PGE
joined more than 2,500 businesses, local governments, and organizations from across the U.S. in
declaring their intent to continue to ensure the U.S. remains a global leader in reducing carbon
emissions by signing the #WeAreStillin pledge.45 PGE also set its own goal of reducing GHG
emissions on its system by more than 80 percent by 2050, consistent with the goals of the Paris
Agreement.

44 pGE’s 2016 IRP, Section 3.14.1. November 2016. https:/www.portlandgeneral.com/our-company/energy-strategy/resource-planning/integrated-
resource-planning/2016-irp.

45 The full list of #WeAreStillin signatories can be found at https://www wearestillin.com/signatories.
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2.2.1.4 Federal Tax Credits

Federal tax credits continue to play a significant role in renewable energy investment decisions.
Congress’s extension of the production tax credit (PTC)46 and investment tax credit (ITC)47 in
December 2015 (through the 2016 Consolidated Appropriations Act), created an opportunity for PGE
to reduce lifetime costs for customers through the Company’s recently completed 2018 Renewables
RFP. Our 2019 IRP incorporates these continuing tax benefits into resource evaluation for qualifying
projects. More information is available in Section 5.2.1 Wind Power and Section 5.2.2 Solar PV.

2.2.2 State Policies
2.2.2.1 Legislative

Without federal government action, much of the conversation regarding GHG emissions has been at
the state and local level. Below are various state policies that have the potential to impact 2019 IRP
assumptions.

Oregon Clean Electricity and Coal Transition Plan

In 2016, we worked with a wide range of stakeholders to craft and pass the Oregon Clean Electricity
and Coal Transition Plan (Senate Bill 1547), which doubles the Oregon RPS to 50 percent by 2040
and puts an end date of 2035 on PGE serving its customers with coal-fired electricity. With passage
of the Oregon Clean Electricity and Coal Transition Plan, Oregon’s electricity sectoris on a path to
meet its proportionate share of the state’s 2050 greenhouse reduction goal. A detailed summary of
the Oregon Clean Electricity & Coal Transition Plan and its IRP considerations were included in the
2016 IRP.

Cap and Trade

Passage of a cap and trade bill was a priority for Oregon’s legislative leadership and Governorin the
2019 legislative session. A Carbon Policy Office was established (HB 5201 — 2018) to convene
workgroups and commission studies ahead of the 2019 legislative session. The goal of the Carbon
Policy Office is to provide policy recommendations to the Legislature to help craft cap and trade
legislation that can achieve the state’s climate goals while continuing to grow the state’s economy.

The 2019 Oregon Legislature contemplated House Bill (HB) 2020, which would have authorized a
cap and trade program—called the "Oregon Climate Action Program"—in Oregon starting January 1,
2021. The basic structure of the program had the following elements.

m Economy-wide cap on GHG emissions. Covered electricity, natural gas, transportation fuels,
and manufacturing; would regulate about 100 entities that comprise more than 80 percent of
the state’s emissions.

m Regional. Design intended to facilitate linkage with the Western Climate Initiative (WCI), which
currently includes California and Quebec cap and trade programs.

46 The PTC is a tax-credit awarded for each megawatt-hour (MWh) of generation from a qualifying energy resource for the first ten years of the
resource’s operation. Currently, the tax credit is only available to wind energy resources.

47 The ITC allows for receipt of a tax credit equal to a fixed percentage of eligible equipment costs.
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m Mandatory GHG reduction goals. Mandatory statewide GHG reduction goal set to at least 45
percent below 1990 emission levels by 2035 and at least 80 percent below 1990 levels by
2050.

m Compliance. Allowances required for each ton of carbon dioxide equivalent (CO,e) emitted.

Although HB 2020 did not pass during the 2019 legislative session, we are committed to helping
Oregon achieve a clean energy future and to reducing GHG emissions on our system by more than
80 percent by 2050. As the largest electricity service provider in the state serving almost 50 percent
of Oregon’s population and about 75 percent of the state’s economic activity, it is critical that the
transition to a clean electricity system is done in a cost-effective way that keeps the system
affordable and reliable. An economy-wide mandatory cap on GHG emissions could help Oregon
realize its reduction goals in the most efficient manner if the compliance program is designed to
protect Oregonians from unnecessary costs.

Consistent with past IRPs, the 2019 IRP accounts for the potential effects of future carbon regulation.
While it did not pass in the 2019 legislative session, cap and trade remains the most relevant carbon
policy proposal in Oregon at this time. It therefore provides the basis for estimating the impacts of
future carbon regulations within the IRP. Specifically, we apply a carbon price for electric generation
within the state of Oregon and for imports into the state of Oregon beginning in 2021. Additional
information on our cap and trade modeling is found in Section 3.2.2 Carbon Prices and Appendix .

Senate Bill 1044

Senate Bill 1044, passed by the legislature and awaiting signature by the Governor, sets a state policy
linking Oregon’s greenhouse gas reduction goals to the adoption of zero-emission vehicles (ZEVs) in
the state. The bill requires the Oregon Department of Energy to monitor ZEV adoption and, if the
state is off track, to recommend strategies to the Legislature to spur ZEV adoption. These could
include policies to develop more infrastructure (such as electric vehicle charging and hydrogen
fueling stations) and increase public awareness about ZEVs and their benefits. Also promoted by the
bill, ZEV purchasing by state government and the creation of the ability for school districts to utilize
public purpose charge moneys on the purchase of electric buses and fleet vehicles.

2.2.2.2 Regulatory
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During the 2019 IRP planning process, several regulatory dockets raised critical issues impacting
customers, reliability, the environment, or future utility planning. Below are a few of the dockets
influencing the 2019 IRP analysis and Action Plan.

Transportation Electrification

Technological advancements in transportation electrification along with increasing customer choice
for clean energy require legislative and regulatory changes that keep pace. To that end, we created
a comprehensive transportation electrification plan that supports our and Oregon’s clean energy
goals, aids grid integration, and supports customer adoption of electric vehicles. We continue to
keep the OPUC abreast of transportation electrification work through our biennial Smart Grid Report
and separate Transportation Electrification Plans.
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m UM 1811 (Transportation Electrification Plan). In UM 1811, PGE filed a set of Transportation
Electrification program proposals on December 27, 2016 and an update to the proposed
plans on February 15, 2019. In these filings, we proposed to:

o Partner with TriMet to conduct an electric mass transit pilot.

o Expand our Electric Avenue network up to an additional six charging stations (station
defined as up to four DC fast chargers with Level 2 charging on-site).

o Conduct an outreach and education pilot.

o Implement a residential EV charging pilot program that encourages customers to
deploy connected Level 2 EV charging infrastructure at their homes.

o Implement a business EV charging pilot that mitigates the cost of installing charging
infrastructure at 90 different nonresidential customer sites.

m UM 1826 (Clean Fuels Program). PGE filed a plan on March 29, 2019 with the following
components:

o AnEV grant fund: We will launch a competitive grant fund to support non-residential
customers in a variety of project types to advance transportation electrification to the
benefit of residential customers.

o A school bus electrification project: We will work with up to 5 school districts to help
them acquire an electric school bus and install charging infrastructure.

o Subsidized Electric Avenue access: We will offer free two-year subscriptions to the
Electric Avenue network of charging stations to any Oregonian who receives the
state’s income-qualified rebate for the purchase orlease of a new or used electric
vehicle.

o Public outreach activities for transportation electrification: We will educate residential
customers and raise awareness about the benefits of electric vehicles. These activities
include a total cost of ownership tool on our website, engagement with dealers and at
public events, and a ride-and-drive event with a national vendor.

As established in AR 609, PGE will file a Transportation Electrification Plan later this year that will
analyze PGE’s portfolio of near-term and long-term transportation electrification actions. In addition
to the activities described above, the 2019 IRP includes explicit forecasts for EV adoption and the
associated impacts to loads and resources needs. Additional information can be found in Section
4.1.3.1 Electric Vehicles.

Energy Storage

Pursuant to OPUC acknowledgment of the 2016 IRP and as directed by HB 2193, we filed an energy
storage proposal in November 2017 with the OPUC (Docket UM 1856). The proposal called for 39
MW of storage to be developed at various locations across the grid. In August 2018, the OPUC
issued an order that outlined an agreed approach to the development of five energy storage
projects by PGE. The 2019 IRP includes battery storage resources that represent our proposed
storage projects within our existing and contracted resources in all portfolios (see Section 4.2
Existing and Contracted Resources).
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Senate Bill (SB) (978)

In 2017, the Oregon legislature passed SB 978, directing the OPUC to investigate and report to the
legislature on how developing industry trends, technology, and policy drivers in the electricity sector
might impact the existing regulatory system and incentives. We actively worked on this initiative with
both external stakeholders and the OPUC to provide guidance and support for the report. The OPUC
issued the final report to the legislature on September 14, 2018 in which the OPUC committed to four
focus areas:

m Utility Incentive Alignment. Explore performance-based ratemaking and other regulatory
tools to align utility incentives with customer goals, industry trends, and statewide goals.

m Regional market development. Cooperate with other states to support and explore
development of an organized regional market.

m Participation. Develop a strategy for low income and environmental justice groups’
engagement and inclusion in OPUC processes that will carry forward beyond the SB 978
proceeding.

m Retail choice. Improve the Commission’s regulatory tools to value system costs and benefits,
which enables customer choice and a strong utility system.

Community Solar

As directed by SB 1547, the OPUC initiated a rulemaking in July 2016 to develop a community solar
program in Oregon. Through a collaborative process, parties agreed on rules to govern the program,
which were subsequently adopted by the Commission in November 2017. In Docket UM 1930, the
OPUC and stakeholders are currently working to develop a program implementation manual to
govern certification, consumer protection, credit price, and program launch. The program
administrator, Energy Solutions, is working with staff and stakeholders to develop a program
implementation manual with an anticipated program launch in 2019. We do not forecast participation
in Community Solar in this IRP, but we discuss potential future impacts relative to our needs in
Section 4.7.2 Voluntary Renewable Program Sensitivities.

New Load Direct Access

In 2018, the OPUC created a New Load Direct Access program, capped at approximately 120 MWa,
forunplanned, large, new loads and large load growth at existing sites. As a result, PGE filed its first
New Load Direct Access tariff (Advice 19-04, Schedule 689) on February 5, 2019 for OPUC approval.
The PUC suspended the tariff filing for further investigation to be completed in early 2020. See
Docket No. UE 358.

PGE’s proposed program offers the ability for customers with new, separately metered load of 10
MWa or more to choose alternate energy supply. Because these loads are not included in our load
forecast, they are not included in the resource needs assessment in the 2019 IRP. Despite our role as
the reliability provider, we currently have no ability to ensure that these loads are planned for from a
reliability perspective and that they do not pose reliability risks to our other customers. In addition to
the standard program requirements set forth by the OPUC through rulemaking Docket No. AR 614
and resulting OPUC Order 18-341, we proposed two resource-adequacy mechanisms to ensure that
system reliability is protected and that cost-of-service customers are protected from cost and risk
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shifts as we serve the role of reliability provider. We provide analysis and discussion of the potential
risks associated with Direct Access in Section 4.7.3 Direct Access and Resource Adequacy.

2.2.3 Local Policies

In addition to substantive efforts at the state level to advance clean energy goals through cap and
trade and regulatory dockets, local municipalities within our service territory are taking a leadership
role by setting aggressive clean energy goals. On June 1, 2017, the City of Portland and Multnomah
County4849

the city and county’s electricity will come from clean and renewable sources by 2035; and all energy

passed resolutions focused on 100-percent clean energy with two key milestones: all of

in the city and county (including transportation, residential, and commercial building sectors) will
come from clean and renewable sources by 2050. Both milestones are based on the entire city and
county, not just for public operations. Other key elements of the resolutions included:

m  Accelerating the shift to electric cars, buses, and freight.

m Supporting frequent and affordable transit service.

m Prioritizing community-based renewable development and local electricity generation.
m Opposing any new fossil fuel development.

m  Anongoing commitment to meet the city and county’s proportionate GHG reductions under
the Paris Climate Agreement.

Other cities and jurisdictions within our service territory are also looking to develop renewable
energy goals and/or climate action plans, including the cities of Beaverton, Hillsboro, Milwaukie,
Salem, and Silverton. We support increasing renewables as part of our commitment to clean energy
and overall efforts to reduce GHG emissions and look forward to partnering with local cities and
counties that want to go 100-percent clean and renewable.

2.3 Technology Trends

Clean technologies, notably wind, solar, and energy storage, have benefited from significant
technology improvements in recent years that have increased performance and decreased costs of
these resources. This section describes the major recent trends for each of the technologies. The
guidance from each of the technology trends inform the Technology Futures used in the 2019 IRP
portfolio analysis (see Section 3.3 Technology Cost Uncertainties).

2.3.1 Wind Power

According to the Department of Energy, wind power additions continued at a rapid pace in 2017,
with 7,017 MW of new capacity added in the United States and $11 billion invested. Supported by
favorable tax policy, state renewable policies, and other factors, cumulative wind power capacity

48 C. of Portland. Resolution No. 32789. Retrieved April 9, 2019, from https://www.portlandoregon.gov/auditor/article/642811.

49 Mult. Co. Board of Commissioners. (2017, June 1. 100% Renewable Resolution Final.doc. Retrieved June 15, 2019, from https:/multco.us/file/100-
renewable-resolution-finaldoc.
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grew to 88,973 MW.%% Wind power also represented the third-largest source of U.S. electric-
generating capacity additions in 2017, behind solar and natural gas.51

Following a long-term trend, average turbine capacity, rotor diameter, and hub height have been
increasing. The Department of Energy’s (DOE) 2017 Wind Technology Market Report shows the
average nameplate capacity of installed wind turbines in the U.S. in 2017 was 2.32 MW, up 8 percent
over 2016 and average hub height up 4 percent.52 Turbine design changes are driving capacity
factors significantly higher overtime.>® The DOE report also states that the average 2017 capacity
factor among projects built from 2014 to 2016 was 42 percent, compared to an average of 31.5
percent among projects built from 2004 to 2011, due largely to increases in hub height and rotor
diameter.>* These capacity factorimprovements have coincided with continued reductions in
installed costs, driving the levelized cost of wind down significantly in recent years.55 See Section
5.2.1Wind Power forinformation about how wind resources are characterized in the 2019 IRP.

2.3.2 Solar Power

Solar photovoltaic (solar PV) system costs have also declined in recent years, primarily due to
reductions in soft costs.56 57 The declining cost of solar as well as policies that support the

development of solar have driven investment in solar across the United States, but especially in areas
with a strong solar resource, such as California and the Southwest.>8 Utility-scale solar represented
more than 25 percent of all generating capacity additions nationwide in each of the past five years.5°
Most of the projects are single-axis tracking crystalline silicon modules.69 In 2017, solar made up 31
percent of all U.S. capacity additions although these capacity additions declined in comparison to
2016’s record year, which was driven by the investment tax credit’s (ITC) then-planned phaseout.6! In
2018, cumulative U.S. solar installations totaled 10.6 GW4.—6.2 GW 4. of which was utility solar,
accounting for 58 percent of total U.S. annual capacity additions.62 See Section 5.2.2 Solar PV for

information about how solar resources are characterized in the 2019 IRP.

50 Department of Energy 2017 Wind Technologies Market Report. Retrieved Mar. 16, 2019, from
https://www.energy.gov/sites/prod/files/2018/08/f54/2017_wind_technologies_market_report_8.15.18.v2.pdf.

S1yq.

52 g
53/d.
54/q.
55 d.("The average installed cost of wind has dropped from $2405/kW in 2010 to $1610/kW in 2017, a decrease of 33%.")

56 “Soft costs are the non-hardware costs associated with going solar. These costs include permitting, financing, and installing solar, as well as the
expenses solar companies incurto acquire new customers, pay suppliers, and cover their bottomline. These "soft costs" are tacked-on to the
overall price a customer pays for a solar energy system.” Retrieved Mar. 16, 2019, from https://www.energy.gov/eere/articles/soft-costs-101-key-
achieving-cheaper-solar-energy.

57 Utility-Scale Solar, Empirical Trends in Project Technology, Cost, Performance and PPA Pricing in the United States, 2018 edition. Retrieved May 15,
2019, from https://emp.Ibl.gov/sites/default/files/Ibnl_utility_scale_solar_2018_edition_slides.pdf.

584,
59 g,

60,

61/d.

62 Wood Mackenzie/SEIA U.S. Solar Market Insight®, Executive Summary, 2018 Year in Review, p. 5 (Mar. 2019).
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2.3.3 Battery Storage

Battery energy storage costs have declined significantly in recent years. A confluence of three
factors has driven these cost declines. These include market transformation efforts such as
California’s energy storage mandate, and incentives for fast response via market design such as
those undertaken by PJM Interconnection. Another factor is the effect of increased adoption of
lithium ion batteries outside of the electricity industry for both personal devices and increasingly,
electric vehicles.

Inthe U.S., 708 MW of power capacity, representing 867 MWh of energy capacity of utility-scale
battery storage was in operation at the end of 2017.°% Over 80 percent of these batteries are based
on lithium-ion chemistry.64 While battery systems can provide multiple “stacked” benefits over
various timescales, systems in operation to date have primarily been designed to provide a small set
of services, depending on the needs of the system for which they were built. These services include
local reliability, as in the California Independent System Operator (CAISO) territory, and frequency
regulation, as shown by PJM.5®

Recent battery proposals and development in the West are increasingly focused on providing
capacity and mitigating the impacts of the evening ramp that has resulted from rapid adoption of
solarin California and the Southwest. In November 2018, California utility regulators approved Pacific
Gas & Electric’s (PG&E) proposal to build a 567.5 MW battery project at Moss Landing, California to
displace gas-fired peaking resources.®® Thenin February 2019, Arizona Public Service (APS)
announced its plan to add 850 MW of battery storage to its fleet.®” The planincludes coupling
batteries with solar resources at the solar sites.®® The battery storage will integrate APS solar
resources to provide capacity to the system when demand peaks during sunset.®® Despite the
significant growth in the battery storage market over the last five years, considerable uncertainty
remains regarding future cost and performance trajectories. See Section 4.1.3.2 Distributed Solar and
Non-dispatchable Battery Storage, Section 5.3.1 Battery Energy Storage, and Section 5.2.3 Solar Plus
Storage for information about how battery resources and solar plus storage are characterized in the
2019 IRP.

63 EIA U.S. Battery Storage Market Trends, May 2018. Retrieved May 10, 2019, from
https://www.eia.gov/analysis/studies/electricity/batterystorage/pdf/battery_storage.pdf.

64 4.

65 g,

66 Retrieved May 10, 2019, from https://www.naturalgasintel.com/articles/116525-california-oks-pge-plan-to-replace-gas-fired-power-plants-with-
battery-storage.

67 Retrieved May 10, 2019, from https://www.publicpower.org/periodical/article/ariz-utility-plans-add-850-mw-storage-100-mw-solar.

68/,
69 /g,
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2.4 Regional Wholesale Electricity Landscape

2.4.1 Recent Trends

The Western wholesale electricity system is currently undergoing transformations in energy supply,
available capacity, and consumption patterns. The combination of expanded solar and wind
deployment with ongoing thermal plant retirements creates the potential for price volatility and
uncertainty in the West, with low or negative pricing during hours with high renewable output and
very high pricing during hours with high load and supply constraints.

Recently, these factors have been compounded by aging gas infrastructure and supply disruptions.
Gas-related constraints tend to vary by time of year but have posed challenges in both winter and
summer seasons. Pipelines and natural gas storage have experienced strain in the winter due to high
demand from heating loads, while limited hydro resources, the timing of solar ramping, and high
peak loads have exacerbated summer demands for gas generation and flexibility from the gas fleet.
Gas withdrawal constraints imposed on Aliso Canyon by the California Public Utility Commission
(CPUC) have further complicated constraints on the Western power grid, highlighting the
interdependence of the electricity and gas systems in the West.

Markets in the West are experiencing further uncertainty about future supply due to the evolving
policy and regulatory landscape in the West. Key drivers of this uncertainty include: plans to retire
thermal resources in the West, which are summarized in the following section; long-term planning
uncertainty in California due to the rapid expansion of Community Choice Aggregation (CCA),
uncertainty regarding the implications of the PG&E bankruptcy; and new 100-percent clean energy
standards, including California’s Senate Bill 100’ and New Mexico’s Senate Bill 489.”" Amid this
uncertainty, the market has yielded increasing forward trading curves, challenging the notion that the
availability of low-priced gas and electricity can be expected to continue well into the future in the
West.

2.4.2 Regional Capacity Changes

The Pacific Northwest electricity generating resource fleet will change significantly in the next few
years as several thermal generating units retire. Additional resources are scheduled to retire across
the West. The tightening of capacity regionally and in the West has created interest in regional
adequacy, but little by way of new capacity resource commitments. Table 2-1provides a list of
announced retirements in the Pacific Northwest for a total of over 2,600 MW by the end of 2025.
According to the U.S. Energy Information Administration, nearly 19,000 MW of generating capacity in
the West is scheduled to retire between 2019 and 2030.”2

Many IRPs and regional adequacy studies assume some availability of unsecured capacity from other
regions or unspecified market entities. Historically, these assumptions of available unsecured
capacity have not led to regional reliability failures in the Northwest due largely to the flexibility

70 Retrieved May 15, 2019, from https:/leginfo legislature.ca.gov/faces/billNavClient xhtmi?bill_id=201720180SB100.

71 Retrieved May 15, 2019, from https://www.nmlegis.gov/Sessions/19%20Regular/final/SB0489.pdf.

72 Electric Power Monthly, Table 6.6 Planned U.S. Electric Generating Unit Retirements, U.S. Energy Information Administration. Retrieved May 9,
2019, from https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_6_06.
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afforded by hydro reservoirs and gas storage. However, as the capacity length of the region is
reduced (and the fueling risk profile changes), events such as cold snaps, fuel disruptions, low hydro,
or major plant outages have the potential to cause regional instability. In these situations, the
assumed availability of unsecured capacity becomes important.

TABLE 2-1: Announced retirement plants in the Pacific Northwest

State Plant Name Operator Capacity (MW) Retirement Year Fuel
OR John CBoyle 1_2 PacifiCorp 83.6 2019 Hydro
OR Boardman (OR) PGE 585 2020 Coal
WA Centralia Generation1  TransAlta Corp 670 2020 Coal
MT Colstrip 1 Talen Energy 307 2019 Coal
MT Colstrip 2 Talen Energy 307 2019 Coal
WA Centralia Generation 2 TransAlta Corp 670 2025 Coal

Regional resource adequacy may be further challenged by programs that exclude loads from long-
term planning exercises and resource adequacy requirements. For example, utilities in Oregon have
traditionally excluded Direct Access loads from load resource balance in the IRP process. With the
expansion of Direct Access to new loads and the tightening of supply in the West, it is increasingly
important to consider resource adequacy for these loads in the regulatory process in order to
maintain reliability in the region. Additional discussion about Direct Access is provided in Section
4.7.3 Direct Access and Resource Adequacy.

2.4.2.1 Market Capacity Study

In Order No. 17-386, the OPUC directed PGE to conduct a market capacity study to inform the next
IRP cycle.73 We contracted with Energy + Environmental Economics (E3) to conduct the study of
market capacity. The two-part study contains a review of the recent regional adequacy assessments
and a heuristic model of regional capacity with recommendations for market capacity assumptions
for our long-term planning. E3 shared the results of their study with stakeholders at the PGE
Roundtable on October 31, 2018. Their presentation slides are available on the IRP website.
addition, External Study E provides a report prepared by E3 and the capacity model is available on
the IRP website.”

74 n

E3’s review of regional adequacy assessments included the Northwest Power and Conservation
Council’s (NWPCC or the Council) 2023 Regional Adequacy Assessment, the Bonneville Power
Administration’s (BPA) 2017 Pacific Northwest Loads and Resources Study (the White Book), and the
Pacific Northwest Utilities Conference Committee’s (PNUCC) 2018 Northwest Regional Forecast of
Power Loads and Resources. While the regional adequacy studies use different methodologies and

73 OPUC Order No. 17-386 at 19.

74 Retrieved May 15, 2019, from https://www portlandgeneral.com/-/media/public/our-company/energy-strategy/documents/2018-10-31-irp-
roundtable-18-5.pdf?la=en.

75 Retrieved May 15, 2019, from https://www.portlandgeneral.com/-/media/public/our-company/energy-strategy/documents/e3-market-capacity-
study-rt-18-5-2018-10-28.pdf?la=en.
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assumptions, each concluded that the regional capacity supply in winter was short by the year 2021.
E3 determined that key uncertainties in forecasting regional adequacy include “loads, new build
expected to come online before 2021, level of DSM (demand side management) that is realized,
contribution of unknown status IPP (independent power producer) generation, and external market

purchases.”76

Forthe second part of the study, E3 prepared a fifteen-year heuristic model of the winter and
summer regional capacity supplies and demand calibrated to the Council’s 2023 Regional Adequacy
Assessment with inputs from the Council’s 7th Power Plan. In addition to a base case, E3 prepared
low and high scenarios that examine the impacts of uncertainties in load, energy efficiency, demand
response, and import assumptions. Figure 2-4’7 summarizes the model’s base case results for the
regional capacity supply for winter and summer, revealing a regional winter capacity deficit
beginning in 2021 and a summer capacity deficit beginning in 2026. The low and high scenarios are
shown in E3’s report in External Study E.

FIGURE 2-4: Base Case Northwest capacity balance by season
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The model also provides E3’'s recommended market capacity assumptions for each scenario for
PGE’s long-term adequacy planning, as shown in Figure 2-5.”8 These recommendations were
incorporated into our capacity adequacy assessments and represent the amount of capacity that we
assume can be secured on an hour-ahead basis in constrained conditions with no prior agreements.
We consider the opportunity to meet capacity needs with agreements for existing resources
separately in Section 7.1.1 Portfolio Design Principles and Chapter 8.

76 Roundtable 18-5 (2018, October 2018). IRP Public Meetings. Retrieved from https://www.portlandgeneral.com/our-company/energy-
strategy/resource-planning/integrated-resource-planning/irp-public-meetings.

77 E3, Northwest Loads and Resources Assessment, Figure 11.

78 E3, Northwest Loads and Resources Assessment, Figure 14.
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FIGURE 2-5: Recommended market capacity assumption for PGE’s long-term planning
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2.5 Integrated Resource Planning Themes and Innovations

Across all the key considerations comprising today’s planning environment, the electricity industry
continues to see significant change, often at an accelerating pace. In such an environment, it could
be tempting to defer plans and decisions until conditions or a path forward become more certain. At
PGE, we recognize that thoughtful planning in the context of rapid change can be challenging, but
we believe that long-term planning is even more critical in times of great change and uncertainty.

The electricity industry must continue to evolve at a rapid pace to meet the needs of its customers,
its communities, and the environment. Integrated resource planning helps PGE and the region to
thoughtfully pursue these changes. To accomplish this, we focused on four key themes in the design
and implementation of the 2019 IRP. These themes, which encompass some of the most pressing
questions regarding the future of the electricity industry, include decarbonization, customer
decisions, uncertainty and optionality, and technology integration and flexibility.

2.5.1 Decarbonization

To meet the expectations of our customers and to be a leader in the community, we are committed
to enabling local transformation to a clean energy economy. Our goal is to reduce GHG emissions in
our service area by more than 80 percent by 2050 and to help decarbonize other sectors in the
economy by enabling the adoption of new clean electric technologies such as electric vehicles. To
support these goals, we considered decarbonization and the clean energy transition through several
new innovative analyses in the IRP, including:

m PGE’s Decarbonization Study. We commissioned an independent study to identify
technology pathways toward reducing economy-wide GHGs in our service area by 80 percent
by 2050. This study identified three pillars to successful decarbonization: energy efficiency,
decarbonizing electricity, and electrification. We used the findings of this study to inform our
goals around a clean energyfuture79 and to design a Decarbonization Scenario, which is
described in Section 7.4.1 Decarbonization Scenario. See External Study A for the full study.

m Electric Vehicle forecasting. As identified in our Decarbonization Study, transportation
electrification is a critical strategy to reducing economy-wide GHGs and has the potential to
significantly impact the electricity sector over time. For the first time, the 2019 IRP explicitly

79 PGE, The Path to a Decarbonized Energy Economy, 2018. Retrieved May 8, 2019, from https://www.portlandgeneral.com/-/media/public/our-
company/energy-strategy/documents/pge-decarbonization-white-paper.pdf?la=en.
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incorporates the potential effects of future market adoption of electric vehicles on our
resource needs. More information on the EV forecasts and their incorporation into the needs
assessment can be found in Section 4.1.3.1 Electric Vehicles.

m Carbon Pricing. Similar to prior IRPs, we incorporate carbon pricing impacts into market price
forecasting and the economic evaluation of new resource options. See Section 3.2.2 Carbon

Prices for more information.

m Carbon-constrained portfolios. We believe that our 2050 goal to reduce GHG emissions by
more than 80 percent is in the interest of our customers, the communities we serve, and the
state of Oregon. The 2019 IRP incorporates this goal into both the design and evaluation of
portfolios, ensuring that the Action Plan allows us to pursue resource actions that best balance
cost and risk to customers. This is achieved by ensuring that all near-term actions under
consideration do not preclude achievement of the 2050 GHG goal and by incorporating a risk
metric that considers the potential economic performance of each portfolio in a carbon-
constrained future. More information on our approach to incorporating our 2050 GHG goal
into IRP analyses can be found in Section 7.2.1 Scoring Metrics.

These aspects of the 2019 IRP allow for a traditional evaluation of cost and risk while ensuring that
proposed near-term actions do not preclude deep decarbonization in the long run. Our resulting
GHG forecast through 2050 can be found in Section 7.3.4 Greenhouse Gas Emissions.

2.5.2 Customer Decisions
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Consistent with the IRP Guidelines and the original intent of utility integrated resource planning, the
2019 IRP remains focused on identifying actions that we may take to best serve our customers. While
not determined within the IRP, customer decisions ultimately affect the context in which PGE takes
resource actions and, in some cases, may directly affect our decision-making process. For example,
as customers grapple with whether to purchase an electric vehicle or to install rooftop solar, we must
account for the potential impacts of these decisions on future resource needs, especially if these
customer resources are to be utilized to benefit the entire system. Customer decisions also have the
potential to create additional burden for cost-of-service customers if costs and benefits are not
appropriately evaluated and allocated. The integrated resource planning process provides an
opportunity to quantify these costs and benefits in a way that is consistent with the treatment across
other resource actions.

The 2019 IRP addresses customer decisions in the following ways:

m DER adoption. The 2019 IRP incorporates the results of a detailed study (DER Study),
conducted by Navigant Consulting, of the potential for customers to adopt new technologies,
including electric vehicles, rooftop solar, and storage. The study, which can be found in
External Study C, developed low, reference, and high forecasts for customer adoption based
on technology prices and policy and market drivers, as well as customer propensity-to-adopt
models. More information on how these forecasts are incorporated into IRP analysis can be
found in Section 4.1.3 Passive Customer DER Forecasting. The DER Study also includes
forecasts for customer participation in demand response or flexible load programs as well as
dispatchable customer storage programs. Over time, these programs may contribute to
meeting material portions of our capacity and flexibility needs, especially as adoption of
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electric vehicles enables a growing direct load control resource through flexible EV charging.
More information on the impacts of distributed flexibility in the 2019 IRP can be found in
Section 5.1 Distributed Flexibility.

m Voluntary renewable programs. Voluntary renewable program growth and development
present both challenges and opportunities for our long-term resource planning process.
Participation in voluntary programs may help us to decarbonize our generation portfolio much
faster than Oregon’s RPS would otherwise dictate, without placing additional costs on
customers who cannot afford to decarbonize as quickly. However, the design and
implementation of these programs require care to fairly attribute costs and benefits and to
maintain reliability. The IRP process provides valuable insight and information to inform these
design and implementation questions. The potential impacts of customer participation in
voluntary renewable programs on resource planning are discussed in Section 4.7.2 Voluntary
Renewable Program Sensitivities.

m Direct Access. Direct access programs allow a subset of commercial and industrial customers
to enterinto agreements with energy service suppliers for their energy. Agreements with
energy service suppliers for unsecured resources shift costs and risks associated with
reliability to cost-of-service customers. While we are required to exclude long-term direct
access loads from integrated resource planning, the Commission acknowledged our request
to study the risks associated with Direct Access in OPUC Order No. 17-386. This analysis is
provided in Section 4.7.3 Direct Access and Resource Adequacy.

In addressing customer decisions in the 2019 IRP, our goals are to ensure that our plans are robust
across a range of potential outcomes and that utility actions and customer actions remain compatible
and coordinated.

2.5.3 Uncertainty and Optionality

We anticipate that the rapid change in technology, policy, and wholesale markets observed in recent
years will likely continue in the future. Long-term planning will continue to require evaluation of risk
across a wide range of potential future conditions. The 2019 IRP more thoroughly treats the uncertain
range of potential futures and more robustly incorporates these futures into portfolio analysis. In total,
the 2019 IRP considers 810 potential futures that depend on economic conditions, technological
progress, natural gas prices, carbon prices, hydro conditions, and the future deployment of
renewables across the West. Chapter 3. Futures and Uncertainties describes these futures, which we
use to develop portfolios and to evaluate the cost and risks of portfolio economic performance.

The futures examined in the 2019 IRP also provide a means for addressing optionality in portfolio
construction and scoring. In the past, we have constructed portfolios with specified resource
additions through the entire analysis period (through 2050), while noting that the IRP Action Plan
focuses only on near-term actions. In this way, portfolios lacked the flexibility to adjust as potential
futures are ultimately realized over time; portfolio scoring therefore neglected the benefits of
optionality. In Section 7.1 Portfolio Construction, we introduce a means to account for the benefits of
optionality through a new approach to portfolio construction that specifies near-term resource
additions, while allowing outer-year resource additions the flexibility to evolve differently in different
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futures. The economic performance in these futures factors directly into the risk metrics used for
portfolio scoring, ensuring that portfolio performance considers the impact of optionality.

Through robust uncertainty analysis and new methodologies for capturing the value of optionality, we
ensure that near-term resource actions put us on the path to accomplishing our long-term goals,
while considering the technology, policy, and market uncertainties facing the electricity industry.

2.5.4 Technology Integration and Flexibility
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As described in Chapter 2. Planning Environment, the availability and cost competitiveness of new
clean technologies are rapidly changing how electricity is produced, consumed, and managed. The
rapid expansion of renewable resources in the West requires that utilities better understand the
operational implications of high penetrations of renewables within the planning process. In the past,
resource planning has predominantly focused on the potential for renewable resource integration to
result in additional costs associated with operating the system—variable renewable integration costs.

Today, flexible and distributed technologies, such as energy storage and flexible load, offer new
solutions with potential value to the grid on shorter timescales and with more granular geographic
resolution than traditional dispatchable resources provide. In this environment, the planning
challenge must address the potential costs of integrating variable clean technologies, but also the
value provided by flexible resources, including those that may be deployed on the distribution
system or at a customer site.

Building on our leadership in modeling renewable integration costs and energy storage value, the
2019 IRP incorporates a holistic evaluation of flexibility challenges and potential solutions through
three related exercises:

m  Anupdate to the traditional determination of renewable integration costs (see Section 6.1.3
Integration Costs).

m  The calculation of a flexibility value for each dispatchable resource option (see Section 6.2.2
Flexibility Value).

m  An evaluation of PGE’s flexibility adequacy needs (see Section 4.6 Flexibility Adequacy).

Our flexibility analysis requires rigorous analytics to characterize the behavior of renewables and
flexible resources over very short time scales. Distributed technologies pose an additional layer of
complexity because their behavior and value may vary geographically and on very short time scales.
While the 2019 IRP provides new and consequential insights regarding the adoption of distributed
technologies and their performance at the bulk system level, the 2019 IRP does not include
locational resource evaluation as might be considered within a distribution resource planning
process. In parallel with, but outside of the IRP process, we have initiated a distribution resource
planning process. Future IRPs will integrate the results from this pro