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MEMORANDUM
TO: Council Members
FROM: Leann Bleakney, Oregon State Staff
SUBJECT: Presentation by Portland General Electric on their IRP and Grid
Modernization Planning, including Demand Response
BACKGROUND:
Presenters: Jason Salmi Klotz, manager, regulator and policy strategy, grid
architecture, integration and system operations
Shauna Jensen, IRP analyst
Andy Macklin, director of grid products and integration
Summary: For more than 125 years, Portland General Electric has delivered
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electricity to a large portion of Oregon’s population. PGE’s territory
includes most of the Portland metro area, Willamette Valley and beyond.
More than 1.9 million people receive electricity from PGE. More than 50
cities are served by the utility with a territory that includes more than 4,000
square miles.

Late last month PGE released its Integrated Resource Plan. The Oregon
Public Utility Commission requires the state’s investor-owned utilities to
submit plans for meeting its electricity demand. IRPs are conducted every
other year. On July 19, 2019, Portland General Electric filed a 2019
integrated resource plan with the Oregon Public Utility Commission.
PGE’s 2019 IRP Action Plan incluldes an array of actions in the next two
to four years to meet pending resource needs. The proposed actions fall
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into the following categories: customer resource actions, renewable
actions and capacity actions.

Specifically, the IRP calls for:

« 150 average megawatts of additional renewable resources by 2023.

« A similar amount (157 average megawatts) of additional cost-effective
energy efficiency measures.

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

« Additional actions to help meet capacity needs resulting from expiring
contracts and the retirement of baseload coal plants like PGE's
Boardman Generating Station.

Shauna Jensen, IRP analyst, will talk with the Council about this recently
released IRP, the need for resources the company identified and its plan for
meeting that resource need.

Jason Salmi Klotz, manager of regulatory and policy strategy, grid
architecture, integration and system operations; and Andy Macklin, director of
grid products and integration, will introduce the Council to the work PGE is
doing to modernize the utility’s grid and operations.

PGE is moving to rapidly adopt strategies to meet changing customer
demand, resource availability and respond to changes in public policy.

For example, between now and 2030, the utility estimates that to meet
customer demands for renewable energy, it will need about 2.5 times the
wind and solar resources it has in its current portfolio. In addition, PGE
estimates it will require a 10-fold increase in energy storage capabilities, a 20-
fold increase in electric vehicle charging on the grid and a 10-fold increase in
demand response programs.



Portland General Electric proposes clean energy, smart
grid resource plan

Strategy calls for more renewable generating resources, more energy
efficiency, and increased customer demand-response measures to help
balance peak loads

o\
Portland General
\ / Electric

PORTLAND, Ore., July 22, 2019 / -- Portland General Electric Company (NYSE: POR)
has presented a new integrated resource plan to the Oregon Public Utility Commission
for approval. This new plan focuses on adding more renewable power, capturing more
energy efficiency, and strengthening partnerships with customers to help balance
energy supply and demand during periods of peak energy use.

"This is the first resource plan developed since we expanded our commitment to cut
PGE greenhouse gas emissions,” said Maria Pope, PGE's president and CEO. "It
proposes measured steps we can take today to address climate change, while allowing
flexibility for adjustments as technology and policies continue to evolve."”

Developed through a multi-year research and engagement process that included
constructing and testing 43 different portfolios to identify resource actions needed
between now and 2025, the plan calls for:

« 150 average megawatts of additional renewable resources by 2023.

e A similar amount (157 average megawatts) of additional cost-effective energy
efficiency measures.

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

« Additional actions to help meet capacity needs resulting from expiring contracts
and the retirement of baseload coal plants like PGE's Boardman Generating
Station.

PGE filed the plan with the OPUC July 19, kicking off a public review process before
commissioners decide whether the utility has identified an appropriate least-cost, least-
risk plan to reliably serve customers, consistent with applicable state and federal energy
policies. Under the plan, PGE will seek to meet customers' energy needs without
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building greenhouse gas-emitting resources, even as the company prepares to cease
coal-fired operations at Boardman at the end of 2020.

Customer and stakeholder insights and feedback were instrumental in shaping the
company's approach, which was also guided by PGE's Vision for a Clean Energy
Future. The company introduced its vision as a white paper in 2018 to help lay out a
course for accelerating Oregon's clean energy transformation. Recent initiatives in
support of this effort include:

e The announcement earlier this year that PGE will partner in developing the
new Wheatridge Renewable Energy Facility in eastern Oregon, the first
generating plant of its scale to combine wind and solar energy with battery
storage.

« Advancement of electrification in other portions of the economy, especially
through electric cars, transit buses and other vehicles in the transportation
system, which currently account for 40% of Oregon GHG emissions.

« Enhanced reliability through system modernization to create a smarter, more
resilient, more flexible grid.

« Elimination of coal-fired generation from PGE's resource mix no later than 2035
to help decarbonize our energy system, starting with decommissioning of the
Boardman facility.

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, PGE will be able to accommodate shifts
in needs in consultation with the OPUC and stakeholders.

Action on the resource plan by the commission — the formal regulatory term is called
"acknowledgement" — is expected by the first quarter of 2020. If the OPUC
acknowledges the plan, PGE will then conduct a request for proposals for new
renewable resources, implement the necessary energy efficiency actions and demand
response programs, and seek opportunities for bilateral negotiations with existing
generators in the region to meet resource capacity needs. If enough capacity cannot be
acquired through bilateral negotiations, the company will consult with the OPUC and
potentially conduct a second RFP, which would be limited to non-emitting energy
resources.

About Portland General Electric Company: Portland General Electric (NYSE: POR)
is a fully integrated energy company based in Portland, Oregon, serving approximately
887,000 customers in 51 cities. For 130 years, PGE has been delivering safe,
affordable and reliable energy to Oregonians. Together with its customers, PGE has the
No. 1 voluntary renewable energy program in the U.S. With approximately 2,900
employees across the state, PGE is committed to helping its customers and the


https://c212.net/c/link/?t=0&l=en&o=2530177-1&h=520943422&u=https%3A%2F%2Fwww.portlandgeneral.com%2F-%2Fmedia%2Fpublic%2Four-company%2Fenergy-strategy%2Fdocuments%2Fpge-vision-white-paper.pdf%3Fla%3Den&a=Vision+for+a+Clean+Energy+Future
https://c212.net/c/link/?t=0&l=en&o=2530177-1&h=520943422&u=https%3A%2F%2Fwww.portlandgeneral.com%2F-%2Fmedia%2Fpublic%2Four-company%2Fenergy-strategy%2Fdocuments%2Fpge-vision-white-paper.pdf%3Fla%3Den&a=Vision+for+a+Clean+Energy+Future
https://c212.net/c/link/?t=0&l=en&o=2530177-1&h=157970819&u=http%3A%2F%2Fwww.portlandgeneral.com%2Ftrifecta&a=Wheatridge+Renewable+Energy+Facility
https://c212.net/c/link/?t=0&l=en&o=2530177-1&h=2425134950&u=https%3A%2F%2Fwww.portlandgeneral.com%2Fresidential%2Felectric-vehicles-charging-stations&a=electric+cars%2C+transit+buses+and+other+vehicles
https://c212.net/c/link/?t=0&l=en&o=2530177-1&h=3990845625&u=http%3A%2F%2Fwww.portlandgeneral.com%2Fsmartgrid&a=system+modernization
https://c212.net/c/link/?t=0&l=en&o=2530177-1&h=1933285253&u=https%3A%2F%2Fwww.portlandgeneral.com%2F-%2Fmedia%2Fpublic%2Four-company%2Fenergy-strategy%2Fdocuments%2Fpge-decarbonization-white-paper.pdf%3Fla%3Den&a=decarbonize+our+energy+system
https://www.prnewswire.com/news-releases/portland-general-electric-proposes-clean-energy-smart-grid-resource-plan-300888304.html#financial-modal

communities it serves build a clean energy future. For more information,
visit PortlandGeneral.com/CleanVision.

Safe Harbor Statement: Statements in this news release that relate to future plans,
objectives, expectations, performance, events and the like may constitute "forward-
looking statements" within the meaning of the Private Securities Litigation Reform Act of
1995, Section 27A of the Securities Act of 1933, as amended, and Section 21E of the
Securities Exchange Act of 1934, as amended. Forward-looking statements include
statements regarding the company's future energy mix; statements concerning the
company's integration of smart-grid technologies and renewable energy into the grid;
statements regarding construction and operation of generating and battery storage
facilities; as well as other statements containing words such as "anticipates,” "believes,"
"Intends," "estimates," "promises," "expects," "should," "conditioned upon," "will,"
"would," "could" and similar expressions. Investors are cautioned that any such forward-
looking statements are subject to risks and uncertainties, including construction and
operational risks relating to the generation and battery storage facilities, including
resource availability and unscheduled delays or plant outages, which may result in
unanticipated operating, maintenance and repair costs, as well as replacement power
costs; the costs of compliance with environmental laws and regulations, including
changes in weather, hydroelectric and energy markets conditions, which could affect the
availability and cost of purchased power and fuel; changes in capital market conditions,
which could affect the availability and cost of capital and result in delay or cancellation
of capital projects; failure to complete capital projects on schedule or within budget,
failure of the counterparty to perform under the agreements, or the abandonment of
capital projects, which could result in the company's inability to recover project costs;
the outcome of various legal and regulatory proceedings; and general economic and
financial market conditions. As a result, actual results may differ materially from those
projected in the forward-looking statements. All forward-looking statements included in
this news release are based on information available to the company on the date hereof
and such statements speak only as of the date hereof. The company assumes no
obligation to update any such forward-looking statement. Prospective investors should
also review the risks and uncertainties listed in the company's most recent annual report
on form 10-K and the company's reports on forms 8-K and 10-Q filed with the United
States Securities and Exchange Commission, including management's discussion and
analysis of financial condition and results of operations and the risks described therein
from time to time.

Source: Portland General Company

CONTACTS:
Steve Corson, Portland General Electric Company
503-464-8444 or Steven.Corson@pgn.com
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A MODERNIZED
grid platform
for a clear
energy future
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The modern electric grid
is the platform to enable
a lower-carbon future

for all sectors of the
economy, from utilities to
transportation to industry.




Our world is changing —

and so is how we create and

use power. Until recently, electricity
has flowed pretty much as it had
for more than a century —in a
one-way stream from where it's
generated to where it's used.

But new smart grid technologies
create a two-way exchange of
electric power and information
that helps us make our system
more efficient and more reliable
for customers. The modern grid
will empower customers to take
advantage of the cleanest energy
sources, lower their overall
household energy spending and
partner with their utility to help

decarbonize our economy.

The smart grid allows us to work in
collaboration with customers to integrate
renewable energy and other technologies
that improve efficiency and drive
decarbonization. These efforts can be
something as simple as customers installing
solar panels to reduce their electric bills,
which also play an integral part in
addressing climate change. In essence,
the modern electric grid is the platform

to enable a lower-carbon future for all
sectors of the economy, from utilities

to transportation to industry.

At Portland General Electric, our mission is to
connect customers with what matters most,
and our imperatives are to address climate
change and ensure equity in the transition

to a clean energy future. We are enhancing
our grid to enable a seamless platform that
launches our economy into an affordable,
equitable, resilient, safe and clean energy
future. These enhancements include:

- The increasing availability of clean,
renewable sources like wind and solar.

«  The use of electricity for more things
like electric vehicles and heat pumps.

- The integration of new, geographically
diverse energy markets.

«  The deployment of new technologies
like storage, communications networks,
automation and control systems for
flexible loads and distributed generation.

«  The development of connected
neighborhood microgrids and
smart communities.

« The use of data and analytics to better
predict demand and support energy-
saving customer programs.

Building on our foundational infrastructure,
nearly 130 years in the making, PGE is
creating an electric grid that’s more flexible,
resilient and integrated — in a word,
smarter. The modernized grid complements
our transmission and distribution system
operations as we continue to harness new
technologies and move toward our clean
energy future.

Preparing for the future

Between now and 2050, we estimate that
our service area will need about 10 to 15
gigawatts of new renewable resources

to transition to a clean energy economy.
While this amount is within the total
renewable resource potential of our region,
it represents a ten-fold increase in our
current renewables. Expanding our use of
energy storage will also help integrate new
renewable resources while supporting grid
operations. Furthermore, by updating our
communications and control systems, we’ll
support new customer technologies, smart
cities and more efficient grid operations.

Integrating our grid and markets

As we look forward, building the smart

grid on our distribution system foundation
requires the integration of multiple levels
of our generation, transmission, distribution
and customer systems. Grid stability

has traditionally been managed on the
transmission system, but this must expand
to include the distribution system. Ultimately,
an integrated grid will accelerate our
deployment of renewable energy, create
better experiences for customers, support
system-wide optimization and lower energy
costs for everyone.

This integration is also key to obtaining

the lowest cost renewables for customers.
With more renewables being added to the
system, there are times when their variable
output outstrips customers’ need for power.
As a result, that low cost renewable energy
is often curtailed. Because PGE is part of
an integrated Western grid, we’re able to
take advantage of that low-cost resource
for our customers whenever possible. We
support enabling customers who want to
install distributed resources like rooftop solar.
Though when it comes to the lowest cost
renewable energy available, that usually
isn’t coming from your neighbor’s roof —
it's grid-scale wind projects or the excess
renewable energy generated elsewhere

on the Western grid.

RAPID ADOPTION
OF NEW

TECHNOLOGIES

From now to 2030, we estimate:

]
N

We’ll need about 2.5 times the
wind and solar we have today
to meet customer demands
with renewable energy.

We'll see a ten-fold increase
of energy storage capabilities
on the grid.

Demand response programs
will increase ten-fold.

Electric vehicles charging
on the grid will increase

| twenty-fold.




STRATEGY IN ACTION

Meeting demand
on the hottest day of the year

On August 3, 2017, our service
area reached a record 105 degrees
Fahrenheit — and PGE reached

an all-time record summer energy
peak at 3,974 MW.

Prior to the heat wave, we

had integrated data from our
smart meters with our outage
management system to identify
transformers that needed to

be upgraded or replaced. We

had also implemented 13 MW

of demand response and other
dispatchable resources. Finally,
we had upgraded substations with
advance communications and
control systems. All our work kept
customers comfortable on the
hottest day of the year.

Energy for everyone

As the state’s largest electric utility, our
social compact has been to keep energy
affordable and accessible to all customers.
We have worked over the years with partners
to create programs and policies to help
customers who have historically experienced
systemic and social barriers to affordable
and reliable energy because of economics,
geographical location or language barriers.
For example, working with Community
Action Partnership Agencies and counties,
we have a system that makes available
low-income bill payment assistance, low-
income weatherization, time payment
assistance and other ways to help customers
pay their bills.

In the future, maintaining a just and
equitable energy system means recognizing
that energy is an integral part of the fabric
of our society that is growing in importance.
It also means thinking creatively about how
communities benefit from the clean energy
future, from access to clean technologies

to jobs at PGE and elsewhere. Maintaining
a just and equitable energy system means
embracing the role we play as conveners
of access to healthier, more equitable
resources. When the community bands
together to do their part to lower costs

and support for cleaner alternatives, the
benefits are far reaching.

IN THE FUTURE, MAINTAINING A JUST AND EQUITABLE
ENERGY SYSTEM MEANS RECOGNIZING THAT ENERGY
IS AN INTEGRAL PART OF THE FABRIC OF OUR SOCIETY
THAT IS GROWING IN IMPORTANCE

CREATING AVAILABLE,
FLEXIBLE ENERGY

In this new era of dynamic electricity use,
PGE is integrating flexible electricity use

and generating resources while driving
affordability and accessibililty. This paper
outlines a number of focus areas, projects
and plans designed to help us meet our
goals. We are working to apply an equity and
inclusion lens to all we do, acknowledging
that we are learning more and trying to get
better at this as we move forward.

STRATEGY IN ACTION

Salem Smart Power Center:
Energy storage and grid
frequency stabilization

The Salem Smart Power Center was
developed by PGE and our partners
as part of the largest regional smart
grid demonstration at the time —
the Pacific Northwest Smart Grid
Demonstration Project.

The project used state-of-the-art
storage batteries to show how
variable renewable sources, such

as solar and wind, may be stored for
later use. When power sagged briefly
on the regional transmission system
in February 2015, the batteries
immediately fed 5 MW back onto the
grid to help stabilize grid frequency.

Greater flexibility with energy storage

Historically, utilities have been able to alter
generation to balance energy supply with
demand, which fluctuates throughout the
day. To maximize the use of renewable
resources like wind and solar, which
generate variable amounts of power

during the day, flexibility must increase.
Energy storage systems like batteries and
electric vehicles, store electricity during
periods of high generation and provide it
back to the grid during peak usage times.
PGE is turning to energy storage as a way
to leverage more renewable resources and
maintain reliability, while helping regulate
the grid. Looking to the future, when used in
conjunction with microgrids, energy storage
can also supply power to customers during
outages. These local microgrids can meet
the needs of customers in a particular area
during wide-area events impacting the grid.

More efficiency through
automation and control

By automating and optimizing our
operations, we can make our transmission
and distribution (T&D) system smarter than
ever. We're deploying advanced sensing
equipment and automation across our
system. We’ll further enhance grid
efficiency through voltage optimization,
which improves energy efficiency and
reduces energy usage.

Imagine a grid that can automatically identify
outages, diagnose problems and restore
power to customers. Distribution Automation
(DA) uses digital sensors and switches to
manage the flow of power without manual
intervention. This can shorten the duration
of outages and reduce the number of
impacted customers by two-thirds, leading
to greater reliability and cost savings.




IMAGINE A GRID THAT
CAN AUTOMATICALLY
IDENTIFY OUTAGES,
DIAGNOSE PROBLEMS
AND RESTORE POWER
TO CUSTOMERS

Lower costs through flexible loads

When we can reduce the demand on

our grid during peak times, we can

deliver power at lower costs. Flexible

load strategies, such as demand response,
include customer programs like flexible
pricing, building management systems,
smart thermostats and smart water heaters
— all of which help us balance power supply
with power use by shifting load to non-
peak times. From 2016 to 2021, PGE wiill
increase demand response capacity in our
service area by more than 500 percent.
Our approach places PGE as a leader
among utilities in the Pacific Northwest.

Demand response strategies also empower
customers to control their power costs while
keeping long-term prices low for our entire
community. For example, as part of our smart
thermostat program, customers save money
by telling their thermostats to make decisions
based on the cost of energy, the weather
and comfort.

Smarter decisions with analytics
and forecasting

Data, when coupled with analytics, are
powerful. PGE is learning more about the
demands on our grid and how to bring
energy to customers more effectively by
analyzing data from smart meters and other
sources, including distributed

energy resources.

Smart meters are fundamental to our smart
grid, and we’ve been using them across our
system for a decade. These meters, along
with advanced weather forecasts, help
predict how much electricity customers use
on hot summer days or how much energy

is being produced from sources like rooftop
solar. PGE will monitor voltage in near-real-
time to help identify abnormal conditions and
analyze outage data to determine the cause,
so we can shorten restoration times or avoid
the outage altogether.

Better protection with physical
and cyber security

As systems become more sophisticated,
it’s critical that we continue to protect

our energy delivery, data and employees
against both physical and cyber threats.
Our Integrated Security Program focuses
on the safety, protection and reliability of
our operations and information. This means
anticipating business needs and maintaining
our security expertise so we can respond
quickly to threats and be responsible
stewards of customer information.

A reliable, resilient foundation

By strengthening the safety and reliability of
our grid, we can ensure the best experiences
and opportunities for customers. We're
focusing our efforts where they’ll make

the most impact. This involves replacing
aging equipment, redesigning parts of our
T&D system and targeting areas prone to

weather-related outages. To prepare for

a grid with two-way power flow, we are
proactively integrating modern equipment
that includes enhanced monitoring and
control. These enhancements will allow us
to partner with customers to build resilient
microgrids, limiting widespread outages
during major storms or earthquakes.

STRATEGY IN ACTION

Operational technology enables
market access

Energy market participation requires
the control of generation resources
and significant data about the grid
to ensure effective dispatch of
resources. To support participation
in the Western EIM, PGE deployed
new operational technology.

« Telecommunications infrastructure
allows data exchange with market
operators.

- High-accuracy meters measure
energy exchange.

« Supervisory Control and Data
Acquisition (SCADA) systems allow
real-time monitoring and detailed
system modeling.

« Automatic Generation Control
(AGC) systems enable remote,
efficient dispatch of energy
resources in conjunction with
market and system needs.

INTEGRATION:
BETTER TOGETHER

In the deeply decarbonized energy

future we envision, electricity systems

will efficiently integrate vast amounts, sizes
and types of renewable sources, as well

as new technologies. From modernizing
our communications to determining where
distributed energy resources will offer the
most value, integration is a key theme in
our modernized smart grid.

Fast, secure data with upgraded
communications

For our grid to be truly integrated,

all equipment, devices and systems —
including those at customer premises —
must communicate with each other and

PGE quickly and securely. PGE is developing
new capabilities for data and systems
interoperability that will enable us to ingest
large volumes of data from generation,
transmission, distribution, meter and home
appliances to drive even more efficiencies
in how we manage energy. Visibility into,
and integration of, this data is critical in our
path to create the smartest and cleanest
energy for customers. We're also continually
investing in our fiber optic network,

and in 2016, PGE purchased wireless
communication spectrum that covers

our service area as part of a long-term
strategy to support our smart grid.




STRATEGY IN ACTION

Rush Hour Rewards: Smart
thermostats save money

In 2015, PGE launched a smart
thermostat program. The Rush Hour
Rewards program achieved large
demand reductions, averaging about
0.8 KW per customer in the summer —
the equivalent total savings of about
17 kWh.

Today, about 4,800 PGE customers
are enrolled in Rush Hour Rewards,
with a capacity of 3.8 MW. Our goal
is to reach enrollment of 15,500
thermostats for 5.44 MW of demand
response.

More value with
Distribution Resource Planning

Customers are bringing more distributed
generation resources, like rooftop solar,
onto the grid. These will play a key role in
our clean energy future. PGE is working to
ensure that all customers can benefit from
distributed energy resources, which can
lower energy costs for the community as a
whole, especially when paired with energy
storage and flexible loads. PGE is developing
a Distribution Resource Planning (DRP)
process in conjunction with our Integrated
Resource Planning (IRP) and Transmission
Planning processes. As customers add new

WE WANT TO WORK

WITH CUSTOMERS TO
DEPLOY DIVERSE ENERGY
SOLUTIONS, ENABLING

technologies — like EVs, heat pumps and
rooftop solar — we will continue to model,
customize and optimize the system. This
involves forecasting where distributed
energy resources will be installed on the
system, planning and prioritizing locational
modernization, and engaging in public and
regulatory processes. We want to work
with customers to deploy diverse energy
solutions, enabling them to contribute to our
decarbonized energy future. Together, we
will increase efficiency and decarbonize.

A strong core with integrated operations

Our modernized grid must have a strong
center of operations that fully monitors and
integrates new energy resources and flexible
loads, along with traditional utility operations
and community resiliency initiatives.

As generation sources are added to our
distribution system, we’ll need to evolve
our conventional way of balancing load and
generation on the grid. In 2017, PGE joined
the Western Energy Imbalance Market (EIM)
— a real-time energy wholesale market that
automatically dispatches the lowest-cost
electricity generating resources available
to customer needs within the hour, while
optimizing use of renewable energy over

a seven-state region (plus a Canadian
province). Our participation in the EIM is
managed through our operations center,
where we will also soon house our
Advanced Distribution Management System
(ADMS). This will integrate our smart grid
with distributed energy resources and
demand response systems. In effect, our
operations center will soon be the brain that
processes signals from our modern smart
grid, enabling optimal system operations.

Extending market access

The evolution of our grid and technology
investments positions PGE to partner with
customers on the selection, integration

and operation of energy resources. We
have a unique ability to support customers’
specific goals while maintaining the lowest-
cost solutions for reliable grid operations.
We already realize value in aggregating
customer generators, which fills an important
role in providing reliability services during
grid disturbances, while also serving the
needs of their owners as localized back-
up power.

Additionally, we have demonstrated our
ability to achieve value in multiple energy
markets and have already implemented the
systems that allow for real-time trading in the
Western EIM. Our demonstrated competency
in leveraging market opportunities is a great
fit for customers who seek value from their
energy assets by accessing those markets.

SUMMARY

PGE’s proactive investments in an integrated
smart grid platform are enabling the clean
energy future that we, together with
customers, envision. With a modernized
grid, we will:

- Accelerate the path to clean, renewable
energy sources while maintaining equity,
efficiency and reliability.

«  Foster the adoption of distributed energy
resources, and ensure that they are fully
integrated and backed by system-wide
resiliency and security.

« Improve automation throughout the grid
to create further efficiencies, increasing
reliability for customers.

« Integrate customer technologies
to enable transportation electrification,
smart communities and customer choice.

«  Ensure customers can participate in the
smart grid, help address climate change
and reduce their overall spending on
energy.

«  Provide great family-wage clean energy
jobs with a diverse workforce that
reflects the communities we serve.

«  Welcome partnerships with other utilities,
industries and customers. Initiatives like
the Western Energy Imbalance Market
prove utility collaboration and benefits
across the region are possible, both
in the form of more efficient operation
of the system and the potential for
better utilization of renewable energy
resources.

As we move toward our modernized grid,
we are prioritizing our investments based
on what customers want today, as well as
their expectations for tomorrow.

ADDITIONAL RESOURCES

THEM TO CONTRIBUTE

PGE Clean Energy Vision PGE energy storage proposal PGE Green Future®™ program

portlandgeneral.com/ portlandgeneral.com/ portlandgeneral.com/greenfuture
TO O U R D E CA R B O N | Z E D energyvisionpdf 2018storageplan
E N E R GY I: U T U R E PGE Decarbonization Study report PGE energy strategy Electric vehicles and charging stations
portlandgeneral.com/ portlandgeneral.com/ portlandgeneral.com/ev
deepdecarbstudy energystrategy
PGE green tariff program PGE Integrated Resource Plan PGE strategy paper
portlandgeneral.com/greentariff portlandgeneral.com/ The path to a decarbonized

resourceplanning energy economy
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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.
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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.
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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 1. Deep Decarbonization Study.
3 See Section 1Decarbonization Scenario.

4 See Section 1Carbon Prices.

5 See Section 1Scoring Metrics.

6 See Section 1Electric Vehicles.

7 Information from the DER Study is referenced in Chapter 1. Resource Needs and Chapter 1. Resource Options. The study can be found in External
Study 1. Distributed Energy Resource Study.

8See Section 1 Voluntary Renewable Program Sensitivities.
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Executive Summary « ES.3 Growing Resource Needs

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 1 Integration Costs.
10 See Section 1 Flexibility Value.
' See Section 1Flexibility Adequacy.

12 See Section 1 Locational Value.
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Executive Summary « ES.3 Growing Resource Needs

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
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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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Executive Summary « ES.4 Shifting Resource Economics

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 inthe 2019 IRP can be found in Chapter 1. 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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Executive Summary « ES.4 Shifting Resource Economics

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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Executive Summary « ES.5 Portfolio Analysis — Bringing it All Together

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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Executive Summary « ES.5 Portfolio Analysis — Bringing it All Together

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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Executive Summary « ES.5 Portfolio Analysis — Bringing it All Together

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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Executive Summary « ES.5 Portfolio Analysis — Bringing it All Together

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 1Resource 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

18 of 22 Portland General Electric « 2019 Integrated Resource Plan
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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 1, 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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Portland General Electric is a fully
integrated energy company based in
Portland, Oregon.

Diverse generation mix
16 major generation plants providing
a cleaner energy future

Quick Facts

2,750 employees
862,764 retail customers

Bus
12%

Res
88%

» 44% of State’s Population

* 18.9 million MWh delivered

« Peak load*: 4,073 MW
 Summer peak*: 3,972 MW

* No. 1 renewable power program

*Peak Dec. 21, 1998, Summer Peak 2017



2019 IRP Themes

 Engage Customers in New Technologies and Programs

= Energy Efficiency
= Distributed Flexibility

« Cost Effectively De-Carbonize Energy Supply

= Renewable Procurement

 Embrace Clean Technology while Maintaining Reliability

= Pursue Cost-Competitive Existing Resources
» Clean Technology Procurement

poE)
e



2019 IRP Action Plan

1.A. Acquire all cost-effective energy efficiency (157 MWa by 2025)

1.B. Acquire all cost-effective & reasonable distributed flexibility (values by
2025):
= 141 MW (Low: 73 MW, High: 297 MW) winter demand response
= 211 MW (Low: 108 MW, High: 383 MW) summer demand response
= 137 MW DSG
= 4.0 MW (Low: 2.2 MW, High: 11.2 MW) dispatchable customer storage
*Values are cumulative and at the meter
2. Conduct Renewables RFP in 2020
(~150 MWa RPS-eligible resources, online by end of 2023)
= Timing allows PGE to capture 260% PTC for customers
= Propose cost containment screen similar to the 2018 Renewables RFP
= Propose to return value of RECs generated prior to 2030 to customers

3. Pursue staged procurement process to secure capacity to maintain

resource adequacy, while considering the impact of uncertainties \
3.A. Pursue cost competitive existing capacity in the region via bilateral negotiations ={c]=
3.B. Update the OPUC and stakeholders on PGE’s resource needs in 2020 /

3.C. Conduct a Non-Emitting Capacity RFP in 2021 for capacity needs remaining after above actions



Forecast of Need

Low Need Drivers High Need Drivers

Capacity Need (MW)
Capacity Need, MW
Capacity Need, MW
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Demand Response

Low DR Reference Case High DR

Technology Navigant reference

+50% cost by 2030 -50% cost by 2030 i
Costs DR cost model Program Type Program
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Policies Less favorable policy ) More favorable policy
policy model pTR2

. PGE Reference Carbon Residential Pricing
Carbon Prices Mo change ) No change
Price Future

PTR with Technelogy Pairing
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TOU = )
L. 0% residential TOU 10% residential TOU Opt-out residential TOU BYOT* — ACS & Space Heating
participation
BYOT— AC
BYOT — Space Heating
AC/Space Heating DLC®
Residential DLC ACDLC
Space Heating DLC
Smart Water Heater DLC
Water Heating DLC
EV’ DLC
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Non-Residential Pricing
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AC DLC
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Region Dynamics

PGE initiatives:

e DR/DER nascent in Pacific NW but that is

Pilot to scale changing
DR _ _
 NW Power & Conservation Council calls for 600
Transportation MW of DR
Electrification « OPUC requires all achievable, cost effective DR
_ (2016 IRP)
CS:(c))Irgrm Du(;] cltkyet » QOregon passes 50% renewables by 2040
(SB1547)
Storage » Coal retired by 2030, TE, community solar
Proposal « Oregon passes Energy Storage Mandate (HB
2193)

« Atleast 5 MWh up to 38.7 MW by 2020

Portland General Electric




Renewable
generation
exceeds load
In 46% of all
hours in a
typical year

Excess
generation in
a single hour
may be as
high as 8,000
MW in a
typical year

Balancing challenges

2050 High Electricity Scenario to meet decarbonization goals

Load and Renewable Generation

8,000
7,000
6,000
5,000
System
= 4,000 Load

Onshore Wind (MT)
I |

Onshore Wind (PNW)

o Geothermal

1 24
Hour of Day

Source: PGE Decarbonization Study, Feb. 2018 Portland General Electric



In a deeply
decarbonized
future,
flexibility in the
electricity
system is
provided by

both generators
and loads

Balancing solutions

Flexible Resource Dispatch

1,200
800

Discharge

Energy Storage Flexible Load

MW
=
-
-

' V.
800

1,200

ncrease Load

1,200 Hydro Thermal
800
600
400
200

MW

Source: PGE Decarbonization Study, Feb. 2018 Portland General Electric
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Vision & Goals DR/DER

Meet ~6% of peak load by January

Provide 2021
peak =77 MW DR, 38 MW of battery, 135
shaving, MW DSG

storage and Pilot to full-scale flexible load and
grid stability DER

Peak event DR evolves to “always on”

Flexible ecosystem current and future
needs

Portland General Electric 11



Demand Response Context

« Coming out of 2016 IRP, PGE ordered to achieve a minimum of 77 MW in winter and 69 MW
iIn summer of demand response

* PGE’s context for acquiring DR is unique compared to many other utilities:
»Dual peaks: winter and summer
*Winter DR very rare across the country
*Does not directly implement energy efficiency programs
=Heavily residential/commercial service territory (most large industrial is direct access)
*No wholesale market and relatively small vendor community
*"Immature market for DR

 Given this context, PGE sought to develop a portfolio of DR programs that leveraged smaller
customers and capitalized on previous success in EE and renewables

' Portland General Electric



Guiding Design Principles

SR I NV (0] E1E - Provide a mix of firm, non-firm programs
have at least one program [ Minimize upfront costs and risks to participate

Don’t ask customers to - Utilize loads with inherent storage (water heat, thermostats, process)
sacrifice « Shift loads, don’t shed

* Incentives should relate to actions (eg customers control opt-outs, not the a
Pay customers for what —[Entsstaceh ppdbien

they can control - Customers shouldn’t be punished for small variations in baseline calcs

Meet Customer Where » Work with vendors customers already work with

* Don’t require customers to use hardware/software/channels that don't fit their
they are lifestyle

. » Don’t screen out resources just because they don’t meet ideal operating
Don t Ieave value on the characteristics (notification, duration, etc)

table » Find ways to differentiate value between higher and lower quality resources

' Portland General Electric




Guiding Design Principles

Consider customer « Give customers different levels of participation (where possible)
Iifecycle in offerings « Start with manual/price-based, but provide incentives to upgrade to auto

* Give preference to resources that have multiple use cases (DR + EE, DR +
Keep an eye on fUture resilience, DR + ancillary services)

use Cases « Build for what you think your needs will be in 5-10 years, not today

Be Wary Of turn key  Avoid vendor lock; diversify suppliers

. * Where possible, keep software and hardware separate
solutions « Prioritize open standards

Be thOUghthl When * Be inclusive with vendors and carefully consider what performance risks each
a||ocating performance party can realistically be accountable for

} * Wherever possible, terms of participation between customer and utility to
rISk mitigate vendor risk

' Portland General Electric




A MW isn’t just a MW

* |t can be misleading to compare MWs of DR between utilities
 |daho Power and PacifiCorp have large programs in irrigation and AC, but are summer
only
« Utilities with large portfolios largely rely on DR 1.0
= Example: Xcel has ~1.600 MW of DR, all but 20 is DR 1.0

PLMA

Owmnarct Pasgunss | sader Dig Ve e VEry

Demand Response Evolution

ST R—
POV A

Pre-2000s 2000 2005 2010 2015 2020 2025 & Beyond

* Largely manual * Introduced ToWholesale * Provide Multiple Grid
control Markets Services
* Interruptible « Increased automation * Respondto Controls
tariffs for large C&I . ;0 chsed precision and/or Price Signals
= é‘way ID}l'eCt Load . [_v(_\n!u;)[[y'\hc.”agyS(}Njcos * Distribution &
ontroil for r: s i
Resid ial * Behaviocal/voluntary Options Transmission Relief
estaentia « Introduction of Storage
. USed fOI' CapaCitY . P EQUI‘)",)(”“. . Mig‘;ﬂion toDER .
Planning & * 2.waycommunications
Emergencies * SomeNear Real-Time
Visibility

Portland General Electric




2019 Program Plan

Q12019 5 Q2 2019 Q3/Q4 2019 Q1 2020 Q2 2020

Residential Thermostats:

Bring Your Own Thermostat 2019 goal: 16,000 enrolled
Direct Install 2019 goal: 8,000 installed

Energy Partner (Commercial & Industrial) Commercial TSTATs — 500 tstats (~ 1MW)
2019 goal: 21 MW -
Incorporation of BTM energy storage

Water Heaters Single Family — 500 units
2019 goal: 8,000 enrolled

Pilot single family offering

Flex Program: TOD+PTR = 19,000 PTR-only = 36,000
Residential TOD and PTR

2019 goal: 55,000 enrolled

Residential Energy Storage
Customer and utility owned options
Program goal: 525 units

Clean Fuels Program
EV grant fund: ~$2 mil to underserved segments
School bus pilot: ~$1 mil

Business EV Charging
Rebates and assistance to multifamily, businesses, and transit
Program goal: ~100 sites and ~700 chargers

Residential EV Charging
Rebates for residential L2 smart chargers

Residential EV DR

Distributed Flexibility Energy Storage Transportation Electrification
roruaria weneral Electric




Portfolio Dispatch of DR (illustrative)

3,400 3,400
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2,200 2,200
2,000 2,000
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s Thermostats s \Water Heaters Energy Partner
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DR Portfolio Forecast through 2021

Average Forecast MW Demand Response Forecast
120

100

2019 Q1 2019 Q2 2019 Q3 2019 Q4 2020 Q1 2020 Q2 2020 Q3 2020 Q4 2021 Q1 2021 Q2 2021 Q3 2021 Q4

MT-stats ®mFlex WMF uEnergy Partner
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Demand Response (DR)
(MW)

Pilots and Programs to meet 2021 commitments cal 27
« C&l DR (21MW currently) Tstat 10
- BYOT (13.6MW currently) WH 4
* Res Thermostat Direct Install (2018), Ship & DIY Install (2019) Flex 38

« Multi-Family Water Heaters (2018) (1.9MW), Market Transformation DSG 135
* Flex Pricing (14.5MW currently)
« DSG (123MW currently)

« Smart Cities “umbrella”

Expand and grow / DR offering for every customer

* Investigate Business Pricing program
« Residential EV Charging
DR Test Beds expand to DER
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Distributed Energy Resources (DER)
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Grow renewables, expand flexible load & set-up storage

« Demand Response Programs (UM 1708/1514)
« Storage Proposal (UM1856)

« Transportation Electrification (UM1811)

« Smart Cities “umbrella”

Future development

* Implement DER Strategy (systems, markets)
DR Test Bed
 Phase 1 DR “at scale” — 3 substations
* Phase 2 contemplated full DER at scale
 DER programs and distribution use cases

Portland General Electric



Overall Program Structure
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Detailed View of the Enbala Control Layer

Utility Operations Enbala Software Support
Visualization | Operations | Trading Provisioning | Customer Support |
Analytics | Reporting Monitoring
, - —> .
Sé gj 3@ Q Demand Response being
- e delivered now. Other VPP
@ enbalo | A .
—& — services in the planning
4 v stage.
(& enbala o
VPP: Fast Demand Responsen/ I
~_ PGE may deploy DERMS

~~._ Services down the road but
not presently part of this
program.

Enbala REST API

Direct asset control Control via cloud system Control via utility SCADA
(e.g. load control via loT (e.g. battery/thermostat (e.g. utility-owned
device/PLC) vendor cloud system) solar/battery assets)

Portland General Electric
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