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In 2017, the Oregon Department of Energy, recognizing that the energy world has changed
dramatically since the 1970s, introduced HB 2343. The bill charged the department with developing
a new Biennial Energy Report to inform local, state, regional, and federal energy policy
development and energy planning and investments. This report — based on analysis of data and
information collected and compiled by the Oregon Department of Energy — provides a
comprehensive review of energy resources, policies, trends, and forecasts, and what they mean for
Oregon.

The inaugural Biennial Energy Report provides foundational energy data about Oregon. It also
examines the existing policy landscape and identifies a number of options for continued progress
toward meeting the state’s goals in the areas of climate change, renewable energy, transportation,
energy resilience, energy efficiency, and consumer protection.

As each chapter of the report discusses, Oregon is on a path toward transitioning to a cleaner, low
carbon future. Looking at what this means for Oregon is a main theme throughout the report. Data
and examples included in the report illustrate the effects from the state’s early and sustained
investments in energy efficiency, renewable energy resources, and conservation. These efforts have
positioned Oregon to successfully tackle today’s energy challenges, which are driven by growing
demand from consumers for cleaner energy, forecasted population growth, and emerging
technologies.

The report begins by looking at energy by the numbers—detailed information on Oregon’s overall
and sector-based energy use, energy production and generation, energy expenditures, and the
strategies Oregon has employed to meet growing energy demand. This chapter also provides
background information on Oregon’s foundational energy policies and regulatory framework.

The climate change chapter presents an overview of current literature on strategies to reach deep
decarbonization, with consideration of policy design issues such as timing, costs and benefits, equity
and environmental justice concerns, and environmental tradeoffs. This section delivers an overview
of greenhouse gas emissions mitigation options and opportunities across Oregon’s energy sectors.

Oregon’s renewable energy capacity has grown over the years. The renewable energy chapter looks
at how and why this has happened: the policies supporting renewable energy, the growing demand
for cleaner electricity, plus the substantial reductions in the costs of renewable energy technologies.
The chapter also identifies a number of challenges and opportunities as Oregon integrates more
variable renewable electricity onto the grid. It ends with a case study on solar energy.

The fourth chapter, on transportation, focuses on fuel use and emissions of fuels used in light-duty
vehicles—passenger cars, pickup trucks, and SUVs. This segment of road users represents the bulk
of Oregon’s transportation-related fuel costs and is the highest emitter of

greenhouse gases in the transportation sector. The chapter begins with an
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adoption of electric vehicles in Oregon.

With the prospect of a major earthquake and tsunami in Oregon, the state is working to prepare and build
resilient energy systems. The fifth chapter explores what activities are currently underway to improve the
resilience of Oregon’s energy sector when facing extreme or disruptive events. It also considers what more
can be done to prepare, with a particular focus on improving community energy resilience. The chapter also
touches on how energy resilience factors into climate change policy discussions.

Energy efficiency has been the cornerstone of Oregon energy policy for decades. The sixth chapter discusses
policies that promote energy efficiency in Oregon, how efficiency is acquired through programs and
incentives, and specifically how Oregon is performing in our energy efficiency activities. While accounting for
the success Oregon has had in this field, the chapter also looks forward and discusses actions Oregon can
take to achieve further energy efficiency.

The seventh chapter takes on some of the most important energy issues facing Oregonians: energy burden,
consumer protection, and equity. This chapter explores the effects on residential consumers, especially
those who are most vulnerable, when faced with a rapidly changing energy sector, and uncertainties about
what these changes may bring. In the energy world, consumer protection has been around for almost a
century, but challenges persist for energy-burdened customers. As energy-related policies and programs
evolve, there is increasing interest in securing more equitable outcomes for all Oregonians.

o Key Takeaways — each chapter contains key takeaways that capture the essence of the information
being provided

e Energy Sector and Use Information — chapter one provides energy sector profiles, including a section for
2016 energy consumption and energy expenditures

e County-Specific Information — chapter one delivers a county-by-county look at how Oregonians heat
their homes

e Oregon GHG Emissions Data — includes 2040 GHG targets for Oregon metropolitan areas, passenger
vehicle emissions, and other relevant information

The Biennial Energy Report contains several recommendations in the closing pages. The recommendations
are a reflection of the work conducted by the Oregon Department of Energy and informed by our many
stakeholders, as well as our state and regional partners. The report organizes recommendations around four
key themes: gaps in data, addressing equity and energy burden, planning for the future, and assessing the
need for state engagement and investment.

The Biennial Energy Report may be found in its entirety at
https://energyinfo.oregon.gov/ber

or
www.oregon.gov/energy/Data-and-Reports/Pages/Reports-to-the-Legislature.aspx

The Department of Energy welcomes your comments and questions. Please
contact our agency at askenergy@oregon.gov. a OREGON
DEPARTMENT OF

s ENERGY
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https://energyinfo.oregon.gov/ber
https://www.oregon.gov/energy/Data-and-Reports/Pages/Reports-to-the-Legislature.aspx

About a year ago, the Oregon Department of Energy asked what we thought was a fairly
simple question: what would you like to see in a new Biennial Energy Report for the state?
We figured we'd get some interesting feedback, but we underestimated just how varied
and rich those suggestions would be.

Between an online survey, in-person meetings, and informal conversations, we heard from
more than 250 people across the state. Oregonians wanted information and research and,
above all, answers to all sorts of questions, from relatively straight-forward inquiries about
how much renewable energy we have in the state to more complicated questions such as
what resource is being used to produce electricity at a given time of day.

We weren't able to follow up on every suggestion we received, but we certainly tried,
which is why this first report is not exactly a quick read. The fact is, energy is complex and
often complicated, and it's interconnected to so much that matters across our state — from
land use and air quality to how we get to work or whether we can afford to pay our bills.

LETTER FROM THE DIRECTOR

It's inextricable from some of the biggest issues facing our state: climate change,
emergency preparedness, a strong economy. Once we started pulling one thread, we just
kept going.

We also found while putting this report together that
it's hard to write about energy in Oregon without
feeling proud about our state. When it comes to energy
and climate leadership, Oregon punches above our
weight. We've developed home-grown renewable
energy resources and are moving the state beyond
coal-fired electricity. We've invested in energy
efficiency that delivers countless returns — from
avoiding the need for new power plants fo more
comfortable and efficient homes. We're leaders on
reducing greenhouse gas emissions, supporting
adoption of electric vehicles, and encouraging energy

innovations and emerging technologies.

And that's just part of the story we're telling in 2018.

s ENERGY
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One thing that really stood out as
we explored the suggestions we
received from stakeholders is that
Oregon'’s energy story today is
very much a product of decisions
made in years past. And that
reminds us that the decisions we
make over the next few years will
not only inform future energy
reports, they will also influence
Oregonians’ lives for decades —
for a generation or more.

So when this report comes around
again in two years, we want to be able to tell a new story about energy in Oregon and about the
progress we've made on the state’s most pressing energy and climate issues. As proud as we are of
Oregon’s energy accomplishments today, it’s incumbent upon us to help shape what our state looks like
tomorrow - where we work together to find the appropriate policies, plans, and actions that address the
serious challenges ahead, and where we continue to make meaningful steps toward a clean energy
future.

We also acknowledge that while this report answers a lot of questions, it probably raises even more. We
hope Oregonians will reach out and provide feedback on this report and ideas for the next edition.

For now, Oregon decision-makers need comprehensive data and information to draw on as they weigh
options for addressing various energy and climate issues and developing leading-edge policy. Hopefully,
the statistics and deep dives into diverse energy topics included in this inaugural Biennial Energy Report
support thoughtful and deliberate planning and, ultimately, continued climate and energy leadership
across the state.

Janine Benner
Director, Oregon Department of Energy

£ orecon
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In 2017, the Oregon Legislature charged the Oregon Department of Energy with developing a comprehensive
energy report to inform local, state, regional, and federal energy policy development and energy planning
and investments, and to identify opportunities to further energy policies in our state. Our goal is to
summarize and analyze Oregon’s current energy resources while exploring energy topics important to people
across the state. As we see in the news every day, energy is a fast-moving topic. This inaugural Biennial
Energy Report is intended to help Oregonians keep up with trends, impacts, and changes in the energy sector
and—more importantly—understand what those changes mean for our state.

Our mission: leading Oregon to a safe, clean, and sustainable energy future

At the Oregon Department of Energy, we’re dedicated to keeping our state on the leading edge of energy
efficiency, renewable energy, and energy resilience. Our focus is on reliable, accessible energy for every
Oregonian, and on safe, secure energy systems with diverse resources that can withstand change, including
emergencies. As we support efforts to meet our most pressing challenges, including climate change, we’re
committed to meaningful, effective energy systems and policy that reflect Oregonians’ needs and values.
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ENERGY BY THE NUMBERS

CHAPTER 1

of Oregon’s
2016 energy
consumption

Oregon relies on energy from a variety of
resources. We import energy such as 38%
transportation fuels, natural gas,
propane, and other fuels. We use
electricity from both in—and out-of-state
sources—including hydropower, coal,
natural gas, nuclear, wind, and other

Energy consumption is often tracked by

Transportation, and Industrial. In Oregon
in 2016, those four sectors combined
consumed 977 trillion Btu of energy.
Profiles of each sector are included later
in the report.

Transporiation
Fuels

Natural Gas, Eleciricity -
renewable resources. Propane, Includes Source
Heating Oil, Energy Used in
Biomass and Generation
- . Direct Use 35%
how it is used among four main end-use 27%

sectors: Residential, Commercial,

For this introduction to Oregon’s energy use, and in the next section on our energy production, the
report sorts energy into three main categories:

Electricity: this is where most people begin when thinking about energy —the critical
resource that powers our day-to-day lives. The electricity Oregonians use comes from
facilities across the western United States and in Oregon. This percentage also accounts
for source fuels that come from out of state, such as natural gas, but generate electricity
in-state.

of Oregon’s
2016 energy
consumption

Direct Use Fuels: this category includes fuel oil and natural gas used to heat homes
and commercial spaces, fuels used for other residential purposes, such as gas stoves,
solar thermal heating, and fuels used directly in industrial processes.

of Oregon’s
2016 energy
consumption

References: 1, 2

Transportation Fuels: this includes personal, passenger, and commercial vehicles, both
on and off the roads, plus airplanes, boats, barges, ships, and trains. Nearly all
transportation-related sources of energy are imported from out of state for in-state use.
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Coal
Natural Gas

41.1% Hydropower
28.4% Coadl
18.5% Natural Gas Wind
7.1%  Wind /
of Oregon’s 3.4%  Nuclear ‘ N::::r
2016 .54%  Solar yan
energy .33%  Biomass Bl_omuss
consumption .16%  Biogas ‘ e
12%  Geothermal SIS Dl
Hydro Waste / / \_Other Biogenic
Petroleum | Other Non-Biogenic
Natural Gas
)}__Biomc:ss
61.4% Natural Gas
of Oregon’s 26.7% Biomass
9% Heating Oil
2016 2.8%  Hydrocarbon Gas
energy Liquids Including
consumption Propane " Heating O
lHydrocarbon Gas
Liquids / Propane
Jet Fuel
Ethanol
Diesel Asphalt &
53.5% Gasoline Read O
26.6% Diesel pBiodiesel
8.6%  Jet Fuel .‘:  Lubricants
of Oregon’s 4.4%  Ethanol A\A;::SGEZS;?:;
2016 3.9% A.sphcl’r, Road Oil N\ Elcticiy
energy 1.8%  Biodiesel oG
_ .60%  Lubricants e
consumption 15%  Aviation Gas |Bio-CNG

References: 1,2

12%

Renewable Diesel Bio-LNG

Gasoline g

Biennial Energy Report Chapter 1 — Page 2



In 2016, Oregon

Oregon’s Energy Consumption Over Time ranked 13th lcO_r
lowest per capita (per
Oregon saw an overall trend of increased energy use for almost four person) energy use

decades—an average of 3.6 percent growth per year from 1960 to 1999.
During that time, we shifted from a reliance on fuel oil and wood to
increased usage of natural gas and electricity in our homes and businesses. Oregon reached our highest
consumption in 1999; since then, energy use has been decreasing. The amount of energy we used in Oregon
declined by 12.5 percent between 2000 and 2016.

Factors affecting Oregon’s energy consumption over time include energy efficiency; economic recessions,
recovery, and growth; and changes to Oregon’s industrial sector, such as the closure of energy-intensive
aluminum plants.

. Oregon'’s Total £nergy Consumption Over Time
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Energy Use in Oregon
Per Capita Energy Consumption

Per capita energy consumption in Oregon is
the lowest since 1960. After a peak in 1972,
per capita consumption declined by 37
percent, reaching 239 million Btu per capita
in 2016 compared to the U.S. median of 301
million Btu per person. That same year,
Oregon consumed 19 percent less than the N
U.S. median. Our per capita use is also the
lowest in the Pacific Northwest.

.
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Between
2000 and 2016:
Energy Consumption and Economic and Population Growth Oregon Population

Between 1960 and 1999, economic and population growth in the U.S. generally

corresponded with growth in energy consumption. Starting in the early 2000s, in

Oregon and the country as a whole, energy consumption is no longer directly Oregon GDP
correlated with growth factors like population and gross domestic product.

Energy efficiency and changes in industry have led to decreases in Oregon’s total
and per capita energy use. As discussed later in this chapter and in chapter 6,
Oregon’s emphasis on energy efficiency has helped reduce both total and per
capita energy use despite an increasing population, thereby avoiding the need to
build new electricity generation plants.

Oregon Energy Use

Oregon’s GDP and Energy Consumption: 2000-2016
Consumption axis starts at 850 TBtu
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Resources Used for Oregon’s Electricity Mix

In 2017, Oregon used 49,615,797 megawatt hours, or MWh, of electricity from
both in-state and out-of-state sources. Hydropower, coal, and natural gas
make up the bulk of Oregon’s electricity resources, commonly called resource
mix, although the share of each resource is evolving. Oregon’s only coal plant
will cease coal operations in 2020, and renewable energy makes up an
increasingly larger share of the mix each year.

The breakout below of electricity resources used in Oregon is based on
statewide averages using three years of data. A three-year average helps to
round out variability of the output from hydropower electricity due to annual
weather patterns in the Pacific Northwest. The five largest sources of
electricity fuels are labeled; the other resources are each under 1 percent.

Percentage of Oregon’s
current electricity mix
that comes from coal

Year by which Oregon’s
two largest utilities will
no longer be able to
generate or contract for
electricity from coal for
use by Oregon consumers

Resources Used to Generate Oregon’s Electricity

Based on a three-year average (2014-2018), this chart shows the energy resources used to generate the
electricity that is sold to Oregon’s utility customers.

Nuclear

Wind
6.499

Hydro Coal
40.47% 31.89%
19,488,884 MWh 15,358,984 MWh

Natural Gas
16.58%
7,983,566 MWh

References: 3, 4, 5, 6
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B Geothermal
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Investor-Owned Utility Resource Mix

The resources utilities use to generate electricity consumed in Oregon vary depending on the utility provider.
The electricity resource mixes for Oregon’s three investor-owned utilities are shown below. One year of data is
shown for each utility; mixes will fluctuate year to year depending on the availability of certain resources.
Oregon Department of Energy’s online Electricity Resource Mix tool uses a three-year average of data to
account for variability in hydroelectricity. The information below includes real-time supplemental market
purchases of electricity that utilities make to meet demand.

Solar Wasle wind . Sol Wind
Biogas olar  Waste in .
Petroleum 1-48% .'0'00% . 8.38% 0,]95% 0.20% 0.23% r]2‘27% Biogas Bi
0.13% /" ; . . 0.32% Biomass
BN / Biomass Other Non-Biogenic || L 009%
Other Non-Biogenic | L 0.64% 0.10% N\ ‘
0.14% — N L \
Pefroleum
Other Biogenic 0.10% - Codl
0.01% 23.63%
Other Biogenic
Nuclear 0.26% s
0.40% \ Nuclear
Natural Gas_ 0.31%
16.63%
Hydro
12.36%

Natural Gas Hydro

/ 34.53% . 27.86%

Geothermal / Coal |
0.37% 59.31%
Pacific Power Portland General Electric
2016 2016

LTP Geothermal LTP Biomass
1.4% I 0.8%
LTP Hydro 2.9% /
ydro ~ | / ~_LTP Other 0.4%

LTP Solar 3.2%

Other )
Purchases 5.1%

Natural Gas _
8.4%

LTP Wind |
10.0%

Coal 18.3% / Hydro 49.5%

Idaho Power
2017

References: 4 Biennial Energy Report Chapter 1— Page 7



Electricity Use

Consumer-Owned Utility Resource Mix

The electricity resource mixes for the Eugene Water & Electric Board and a composite of other consumer-
owned utilities operating in Oregon are below. One year of data is shown for each utility; mixes will fluctuate
year to year depending on the availability of certain resources. Oregon Department of Energy’s online
Electricity Resource Mix tool uses a three-year average of data to account for variability in hydroelectricity.
The information below includes real-time supplemental market purchases of electricity that utilities make to
meet demand; these purchases are called “unspecified” because the exact mix delivered to consumer-owned
utilities is not certain. For example, the charts below include a percentage of coal from BPA’s unspecified
market purchases on behalf of COUs.

Petroleum (SC’ 8';% Wind
0.02% ’ . 0.78% Biomass Petroleum 0.03% Waste 0.07%
Other Non-Biogenic / ~0.09% Other 0.10%__ R
0.02% —— ! — S _Biomass 0.12%
 Codl Nuclear 10.26% ~. |

. . Coal 3.20%

Nuclear 11 1.04% Natural Gas
9.41% 132%

Natural Gas LandfillGases
0.59% 0.15%

Hydro 84.75%

Hydro
. 87.96%
Eugene Water & Electric Board Average of Oregon Consumer-
2016 Owned Utilities, Not Including
Eugene Water & Electric Board
2016

Bonneville Power Administr

The Dalles Dam in the Columbia
River Gorge produces up to 2,000
MW of power.
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Electricity Use

Rise In Renewables

Renewable electricity in Oregon has grown due to customer demand, dramatic
decreases in costs, and policies like the Renewable Portfolio Standard.

In 2008, Oregon’s electricity resource mix included 28 MWh of solar
generation out of a total of more than 49 million megawatt hours for the year.
In 2013 — five years later — solar was up to 30,000 MWh, with small increases
over the next two years until 2016, when the resource mix jumped to 266,000
MWh of solar for the year.

Oregon’s percentage of wind — topping 7 percent of our energy resource mix
in 2016 — continues to grow as new wind facilities open up across the western
u.S.

With this increase in renewable energy, other resources in our electricity mix
have changed as well. The amount of coal included in Oregon’s resource mix
has been dropping since 2005. Natural gas—a resource that can help to
integrate variable renewable resources like wind and solar into the grid—has
increased. The percentage of natural gas-powered electricity in Oregon’s
resource mix increased from 12.1 percent in 2012 to 18.4 percent in 2016.

Renewable Hydropower

Percentage of Oregon’s
electricity that must
come from renewable
resources by 2040
through the Renewable
Portfolio Standard (RPS)

Percent increase in wind
energy consumed in
Oregon between 2004
and 2016

Megawatt hours of solar
photovoltaic added to
Oregon’s electricity mix
between 2015 and 2016

Increase in natural gas
used for electricity
between 2012 and 2016

/\/\egowct’r [MVV): A unit of measurement for power. One million watts of electricity capacity—the
equivalent of 1,340 horsepower, or enough power to simultaneously illuminate 25,000 standard 40 Watt
lightbulbs. /\/\egowo’rt Hour [IMVWh]: A unit of measurement for energy output that represents the amount of
energy supplied continuously by 1 MW of capacity for one hour. Average /\/\egowoﬁ [aMVV|: Represents 1
MW of energy delivered continuously 24 hours/day for one year. A power plant with 50 MW capacity that
operates at full output for 50 percent of the hours in a year delivers 25 aMW of energy.

References: 4, @
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Electricity Use

Energy Efficiency

Average megawatts of
regional electricity
savings due to energy
efficiency from 1978 to

Energy efficiency plays a critical role in our state. It is the second largest resource
in Oregon after hydropower, and Oregon has consistently met increased demand
for electricity by implementing energy efficiency strategies. The Northwest Power

& Conservation Council reports that since 1978, the Pacific Northwest has 2017
produced nearly 6,600 average megawatts of savings through efficiency programs
and improvements. That’s more electricity than the whole state of Oregon uses in
a year.
Over the past decade, Oregon reduced per capita energy use despite our state Average megawatts of
population growing, and energy efficiency is one reason why. In 2018, Oregon electricity savings in
scored in the top ten states for energy efficiency in national rankings—the twelfth Oregon from energy
year in a row making this list. efficiency over that same
time period
How We Got Here:
Cumulative Regional Efficiency Savings
7,000
6,000
% 5,000
o 4,000
Q@
=
& 3,000
o
2
< 2,000
. ___-lllllllllllll
oo o ) = O a0 o e =t O =] o o = O a0 o o4 ~t 0
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More energy efficiency will be realized in the future. The NWPCC'’s 7th Power Plan, published in 2016,
concludes that cost-effective efficiency can meet a large amount of new load growth in the region — allowing
Oregon to grow without needing significant new electricity resources. The plan calls on the region to develop
new energy efficiency programs equivalent to acquiring 4,300 average megawatts of power by 2035.
Integrated Resource Plans from Oregon’s large electric utilities also identify energy efficiency as a key strategy
they will use to meet demand over their planning horizon.

At an estimated $30 per MWh, energy efficiency continues to be a more cost effective approach to acquiring
new energy resources compared to traditional sources of electricity.

Oregon’s efficiency efforts have also reduced direct use fuels used to heat homes and provide energy in
commercial and industrial settings. See the sector profiles section, beginning on page 38, for more details.

‘ 2 ENERGY
City ¢ and THIS

HOME | uowes 1
SCORE SCORE

‘m"ﬂf Home Energy Score
..
SoRRETT T E

Tons of carbon emissions reduced per year in
the region due to energy efficiency

Amount saved by Pacific Northwest
residents due to lower electricity bills in
2015

References: 10, 12, 13

Home Energy Scoring

Amount utilities, governments, and nonprofit
programs invested in Oregon energy efficiency
in 2017

Amount Oregon spent in 2017 on energy
efficiency programs targeting low-income
households
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“WECC”

Where It Comes From

Electricity used by Oregonians can come from facilities across the western United
States. We rely on hydroelectric power produced on the Columbia River, access
small amounts of nuclear power from the Columbia Generating Station in
Washington, and use electricity generated at coal-powered facilities.

The map below shows the various electricity generation sources in the Western
Electric Coordinating Council. The map uses data from the Energy Information
Administration and includes facilities with a nameplate capacity of 1 megawatt or
greater. Not all of the resources or facilities shown contribute to Oregon’s overall
fuel mix but are available when a utility purchases power on the open market. In
the same way, electricity generated in Oregon may be sold through the market to
support electricity needs in other states.

Electric Generation Sources in the Share of Oregon’s
electricity that comes

from Washington’s

Columbia Generating
Average 2014-2016 Net Generation in MWh by Plant Station Nuclear Facility

Western Electric Coordinating Council Region

B Wind
| Solar
B Codl
B Nuclear
B Water
B Natural Gas
M Petroleum Products
B Geothermal
B Biomass-Based Renewables
H Biogas
Bl Other
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S

Substation

}

Electricity travels from generating facilities to
customers over an interconnected network of
transmission and distribution wires and substations,
which connect the higher-voltage transmission
system with the lower-voltage distribution network.

Generation

14
Collectively, this interconnected network of METTETIT
transmission and distribution wires and substations I I -~
is referred to as “the electric grid,” or simply “the
grid.” Unlike the networks designed to deliver other o P
types of energy—like liquid fuels or natural gas—the
electric grid has been designed to simultaneously l

deliver enough electricity from generators to meet
the highest consumer demands on the system.

Transmissien Lines

Higher voltoge —typically 115-500 kV

By comparison, production of liquid fuels or natural =
gas can occur at a more constant rate and still meet
hourly or daily fluctuations in demand, due to the
ability to easily and cheaply store large quantities of  Distribution Lines
both. Because it is much more difficult and costly to éﬂi‘ﬁE?'ﬁE_Wiﬂ‘JHY
store electricity, the grid needs to carry electricity

from power plants to customers nearly instantaneously to meet fluctuations in demand from moment to

moment.
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Biomass

What We Use and Where It Comes From

26.7%
In 2016, Oregon used 139 trillion Btu of natural
gas, 6 trillion Btu of propane, and 21.1 trillion Btu
of heating oil. Biomass is also a significant source;
the Energy Information Administration estimates
o i ) Natural Gas
Oregon used 60.4 trillion Btu. Direct uses include 61.4%
cooking, heating, and industrial and commercial
process heat. Additionally, the state used thermal Heating Oil
energy generated from solar thermal and 9.0%
geothermal sources.
Hydrocarbon Gas

. . Liquids / Propane

Natural Gas: The previous section focused on 2.8%

natural gas used for electricity, but the resource

is equally important for direct uses such as space and water heating, cooking, and many agricultural,
commercial, and industrial processes. In 2016, the state used 139 trillion Btu of natural gas for direct uses.
Oregon imports most of the natural gas, or methane, we use from Canada and the Rocky Mountain states. The
Pacific Northwest’s only natural gas production is at a location outside of the town of Mist, northwest of
Portland. The field is owned and operated by NW Natural Gas, one of three investor-owned gas companies in
the state. The Mist field produced about 801,491,000 cubic feet of natural gas in 2016, which represents less
than one-half percent of Oregon’s annual use. For more information about the Mist facility, see page 23.

Propane: Oregon residents consumed about 66.6 million gallons of propane in 2015; more than 25,000
homes used propane for heat. Nationally, 54 percent of propane is used in residential applications like heating
and cooking. Another 19 percent is used in commercial applications, 11 percent as transportation fuel, 7
percent in agriculture, 6 percent in industry, and a little over 3 percent in backyard grills. Propane can be used
to power buses, locomotives, forklifts, taxis, farm tractors, and Zamboni machines at ice skating rinks. Propane
remains a viable fuel over long periods of storage, making it a common backup fuel for correctional facilities
and hospitals and a potential resource in emergency response.

Heating Oil: Many Oregon homes have on-site oil tanks for heating. Fuel oil is also used in commercial,
industrial, and institutional sectors. In 2016, Oregon used approximately 21.1 trillion Btu or 150.4 million
gallons of fuel oil. Much of Oregon’s supply comes from refineries in Washington.

Biomass: Biomass is organic material from plants and animals that can be converted to liquid, gaseous, and
solid fuels for direct uses or to generate electricity. Biomass energy sources in Oregon include residuals from
commercial forest harvest, agricultural manure, and organic materials breaking down in landfills, wastewater
treatment plants, and food waste collection facilities. While some biomass sources are the same as biogas or
renewable natural gas (covered under transportation fuels), biomass also commonly refers to end-products
such as wood chips, wood pellets, and charcoal that are used for thermal energy.

Geothermal: While geothermal energy is often used for electricity, it can also be used for thermal energy

applications such as heating spaces and keeping bridges and sidewalks from icing over. It, too, makes up a
small portion of Oregon’s annual direct use energy total.
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How Direct Use Fuels Have Changed Over Time

Energy consumption continues to change in Oregon and across the U.S. For direct use fuels in Oregon, that
means less wood and fuel oil and more natural gas. The chart below compares percentages of different fuel
types used in the residential, commercial, and industrial sectors and their relationship over time. Fuel oil in
particular has declined steadily since 1960, while natural gas has increased. More recently, electricity has
replaced the use of some direct fuels.

Oregon’s Direct Fuels Consumption in the Residential,
Commercial, and Industrial Sectors
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How They Get to Us

Natural gas is transported across Oregon in pipelines, which are connected to the distribution systems of the
three natural gas utilities: NW Natural, Avista, and Cascade Natural Gas. Unlike electricity, natural gas is not
available in less-populated areas of the state.

All propane and heating oil used in Oregon arrives by truck or rail car. More than 300 Oregonians manage
and operate the propane distribution network.

Numerous facilities across the state convert biomass to energy. Seven companies make liquid biofuels, nine
companies make wood pellets, and one company makes charcoal briquettes. Oregon also has seven landfill
gas-to-electricity operations and 10 agricultural anaerobic digesters making electricity (six are currently
operating). Twelve wastewater treatment plants can generate up to 8.7 MW from biogas; seven woody
biomass combined heat and power plants across the state have the ability to generate up to 273.3 MW of
electricity and an undetermined amount of thermal energy for commercial and industrial process heat or to
heat buildings.

The map below shows natural gas transmission lines and the service territories of Oregon’s three natural gas

utilities. A large portion of Oregon is not covered by any gas utility territory, and even within existing gas
utility territories, many Oregonians lack access to natural gas service.

Oregon Natural Gas Transmission Pipelines and Utility Territories

. NW Natural

Cascade Natural
Gas

. Avista

. Transmission
Pipelines
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What We Use

Percentage of energy

Transportation fuels represent the largest energy use in Oregon. Compared to used in the

direct use fuels and electricity, transportation fuels account for 38 percent of our  transportation sector
state’s total energy use. This includes fuels used for cars, passenger trucks, and consumed on Oregon
SUVs—often called “light-duty vehicles”—heavy duty vehicles used for transport  roadways

and delivery, plus fuels used in the aviation and marine industries.

When energy use is divided among what are commonly called “end-use” sectors,

the transportation sector is the largest—31 percent compared to smaller

percentages for residential, commercial, and industrial sectors. Biodiesel blend is used in
nearly all heavy-duty

Petroleum-based products accounted for 93.3 percent of fuel consumed in the vehicles both on and off

transportation sector, while biofuels such as ethanol, biodiesel, and renewable the highway

diesel accounted for 6.4 percent. Other smaller sources are listed below. As more

Oregonians switch to electric vehicles, electricity’s share of transportation will

grow. See chapter 4 for more details.

Ethanol blend fuel is used

in a majority of light-duty

vehicles in Oregon
Transportation Fuels Used in Oregon

2016 Jet Fuel

8.58%
Diesel Ethanol
3.90%
Biodiesel
1.84%
Lubricants
0.58%
Aviation Gasoline
Y e
Renewable Diesel
0.12%
Electricity
0.11%
CNG
PG 0.09%
B0 LNG 0.06%
io- .
0.02% B'c‘;’_é:z';'f

Gasoline
53.52%

References: 2, 21 Biennial Energy Report Chapter 1 — Page 17



Where It Comes From

In 2016, less than 2 percent of transportation fuels consumed in Oregon were produced in-state. Oregon does
not have crude oil reserves or refineries to process petroleum. Over 90 percent of the petroleum products
delivered to and consumed in Oregon come from four refineries in Washington state. Crude oil used at
Washington refineries comes from Alaska, western Canada, and North Dakota.

Ilnl e

In 2016, more than 75 percent of
the ethanol and 84 percent of
biodiesel consumed in Oregon was
produced out-of-state—primarily in ’
the midwest. About 23 percent of ‘?\ P .5'
ethanol used in Oregon is produced =N . ‘.,

in Boardman, while biodiesel is . NS 74 Think G@e\n § -
produced in Salem; see the next " 4 Think = ’
section for production details. ; W 0 1 o o

ll 1|I|

Oregon is exploring how to use
more renewable natural gas in the
transportation sector. While fossil
natural gas is typically associated
with oil deposits, biogas and
renewable natural gas come from
landfills, waste water treatment
plants, anaerobic digesters at
dairies, food processing plants, or
waste processing facilities. Twenty-
five Oregon facilities are producing
biogas and converting it to
electricity for in-state use. This
biogas can also be cleaned up for use in the transportation sector or to meet natural gas pipeline standards.

How It Gets to Us

Transportation fuels are delivered to six Portland-area terminals via the Olympic Pipeline, by barge, and to a
lesser extent by rail. These terminals receive, store, blend, and transfer petroleum products. The Portland
region has a demand of about 200 to 210 thousand barrels a day. Some of this product flows in a pipeline
south to Eugene and to Portland International Airport. The Eugene distribution hub serves southern, central,
and eastern Oregon. Eastern Oregon is also served by hubs in the Tri-Cities area, Moses Lake, and Spokane.
Additional small amounts of petroleum products come by tanker from California and Pacific Rim Countries. An
estimated 1,500 tanker trucks deliver fuel throughout the state to about 2,400 fueling locations.

Ethanol and biodiesel primarily travel to Oregon via rail.
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The previous section focused on different energy resources Oregon uses. This section discusses what we
make. Oregon ranks 33rd in the country for energy production—and seventh in the country for total
renewable energy production.

In the following pages, energy production is divided into the three categories below, with specific information
on the types of energy produced in Oregon, along with more general information about the environmental
effects of each resource no matter where it is produced. Later chapters go into more detail about the benefits,
impacts, and tradeoffs associated with various resources.

Electricity: Much of the electricity generated in-state uses Oregon-based natural resources—wind or
hydropower, for example. Oregon energy facilities also generate electricity using raw materials from out of
state; all of the coal and natural gas used at Oregon’s in-state coal and natural gas power plants comes from
out of state.

Direct Use Fuels: These include natural gas and biofuels produced in-state; hog fuel, or wood chips, used for
industrial heat; commercial wood pellets for commercial and industrial heat; and more.

Transportation Fuels: Oregon produces about 25 percent of the biofuels our transportation system uses;
overall, biofuels make up 6.4 percent of Oregon’s use of transportation fuels.

Energy Production in Oregon
The map below shows more than 16,000 sites, including residential rooftops,
where energy is being produced across the state.
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Oregon generates electricity from a variety of resources; hydropower, natural gas, and wind are the largest. In
2016, 71 percent of Oregon’s utility-scale net electricity generation came from hydroelectric facilities and
other renewable energy resources. Oregon also imports coal and natural gas from other states, using the fuels
at Oregon-based power plants to generate electricity .

In 2016, Oregon generated 60,182,012 MWh of electricity. A portion of the electricity we generate from
hydropower, wind, natural gas, and solar is exported to other states, while electricity from those states is
imported for Oregonians’ use. Comparing total megawatt hours of use to generation, we use about 17 percent
less electricity than we generate.

Electricity Generated in Oregon — 2016

While the previous page’s map showed all energy generation, this map uses data from EIA and does not

include rooftop solar generation.

o~ Natural Gas
25.4%

J Wind
Hydroelectric y 11.9%
57.4%
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Derived Fuels

Petfroleum 1.1%
0.01% Other _
' 0.1% Geofhermal Other Biomass
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8,865 MW of capacity

88 hydropower facilities—80 in Oregon, 8 crossing state borders
Smallest: .04 MW

Largest: 2,160 MW

12 facilities over 100 MW

Third highest installed capacity of hydropower in the U.S.

Hydropower was responsible for more than 57 percent of the state’s electricity generation in 2016.

Much of this power comes from the Federal Columbia River Power
System (FCRPS), which includes 31 hydroelectric facilities across four
states with a total capacity greater than 22,000 MW of power. The
dams are operated by the U.S. Army Corps of Engineers and the Bureau
of Reclamation, and the Bonneville Power Administration markets the
power from the system. Ten of these hydropower facilities are fully
located in Oregon, and four of the largest projects—Bonneville, The
Dalles, John Day, and McNary—span the Oregon and Washington state
borders on the Columbia River.

Oregon’s 36 consumer-owned utilities rely on BPA for all or a majority Hydropower is responsib/e for 57.4
of their power. These utilities span the state. Many of the smaller BPA percent of Oregon’s in-state
customer utilities count on BPA for 100 percent of the power they sell e/ecfricily generation. Of the

to customers, and these utilities have some of the lowest retail power |electricity Oregon uses, hydropower
rates in the U.S. After serving their public power customers, BPA also | makes up 40.5 percent of the state’s
sells a significant amount of power to investor-owned utilities in the resource mix.

region and to entities out-of-state.

BPA is not the only entity in Oregon to sell electricity from large hydroelectric facilities. Portland General
Electric and Eugene Water and Electric Board are two examples of Oregon utilities that own and operate utility
-scale hydro facilities. PGE wholly owns five hydroelectric plants with 192 MW capacity , and jointly owns two
hydroelectric plants with 303 MW capacity.

As of 2016, there were approximately 50 hydroelectric facilities of 1 MW or larger operating in Oregon that
were not part of the FCRPS. Oregon also has other smaller hydropower projects, many of which are certified
as low impact facilities. For example, the Three Sisters Irrigation District is building three hydropower stations
— each sized between 200 and 700 kW — as part of an irrigation modernization project. And as part of a
planned retrofit, the City of Portland replaced portions of existing municipal water supply pipes with new
pipes that include four in-conduit turbines with a total generating capacity of 200 kW.

These hydropower projects deliver significant benefits to Oregon and the region, including low-cost, carbon-
free power, flood control, navigation, and irrigation. Many of these hydropower projects also have significant
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operational flexibility that allows them
to ramp output up or down relatively
quickly, providing a useful resource to
integrate variable renewable resources
like wind and solar.

Resource Potential

The first U.S. hydroelectric power
generation facility began operation in
1880, and the first of the FCRPS dams
began operating in the 1930s. A
number of the aging dams in the FCRPS
have been retrofitted with more

efficient turbines and other improvements
such as enhanced fish passage. See chapter

3 for more details. New applications of

hydropower technology, including “micro-

Oregon Hydroelectric Generation
2010-201¢6
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hydro” projects like in-pipe conduit turbines, have also been deployed.

Environmental Effects

Hydropower in Oregon is
considered a zero-emissions
resource. Hydropower has a low
lifecycle carbon footprint from the
embedded GHG emissions from
manufacturing and construction.
Dams also have significant stream
flow and temperature impacts on
fish habitat; alter sediment and
nutrient regimens; and affect the
ability of fish to migrate from the
river to the ocean and back. In
addition, the initial construction of
dams inundates land, and their
continued operation changes water
levels throughout the year.

References: 15, 25, 26, 27, 28
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NATURAL GAS

More than 4,066 MW of capacity

20 facilities produce electricity

45% of state’s capacity comes from 3 facilities larger than 500 MW

3 state universities use on-site natural gas to generate their own power
Oldest facility came online in 1950, newest in 2016

Natural gas was responsible for 25.4 percent of the state’s electricity generation in 2016.

Natural Gas in Oregon

Oregon has 20 operating natural gas-fired power plants, with 10
producing between 220 and 689 MW. The oldest plant isa 1.5 MW
plant at the University of Oregon. The oldest plant generating more
than 100 MW is Beaver 1 Plant, which began operating in 1974.

Oregon’s natural gas plants operate in a variety of ways, with some
operating at more constant output, and others operating less
frequently to meet peak needs. Some of the plants are owned by
Oregon utilities and provide electricity to those utilities’ customers,
while others generate electricity that is sold to out-of-state customers.
Of the electricity generated by Oregon’s natural gas plants, about 60
percent is exported to out-of-state users.

A key benefit of natural gas-fired power plants is their flexibility. Somewhat similar to hydropower plants,
many natural gas plants can ramp output

up or down quickly, a characteristic that Oregon Natural Gas Generation
is useful for integrating variable output 2010-2016
from renewables. Electricity from natural 18,000,000
gas plants has a lower carbon intensity 16,000,000
than electricity from coal plants. 14,000,000
12,000,000
Resource Potential $ 10,000,000
= 8,000,000
Electricity generated from natural gas in 6,000,000
Oregon has increased 1,768 percent in 26 4,000,000
years. This parallels a broader national 2,000,000

trend driven primarily by a reduction in
cost resulting from increased natural gas
production due to fracking across North America.

2010 2011 2012 2013 2014 2015 2016

The Pacific Northwest’s only natural gas production is at a location outside of the town of Mist, northwest of
Portland. The facility is owned by NW Natural, and its production represents less than 0.5 percent of the
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state’s natural gas use. The main purpose of the facility at Mist is underground gas storage to help align the
seasonal mismatch between energy production and energy use for the region’s natural gas and electric
utilities. NW Natural pumps methane into the underground rock formations for direct use and electric
generation during cold weather events, for electric generation during hot weather events, and to help
balance additions and withdrawals to its pipeline system throughout the year. The North Mist facility, now
under construction, will be used for quick dispatch of natural gas to PGE’s Port Westward plant.

Oregon also has a coal bed methane site near Coos Bay. The site has been drilled and the substrate fractured
to facilitate coalbed methane gas extraction, but it currently is not producing gas, nor is it connected to any
intra or interstate pipelines.

Environmental Effects

Extraction of natural gas has significant land use impacts, but very little natural gas extraction happens in
Oregon. A significant impact of natural gas in Oregon is due to pipelines; land on top of buried pipelines can
be used for agriculture but not for forestry. Pipeline installation and maintenance can disturb wetlands,
riparian zones, and stream channels and cause habitat fragmentation. Pipelines and storage sites have the
potential for methane leakage. Gas that leaks from pipelines, storage facilities, and production sites is
referred to as fugitive methane. Some natural gas companies in Oregon have taken more advanced measures
to reduce fugitive emissions of methane by lining their pipes with plastic and upgrading their control systems
to reduce leakage. Combustion of natural gas for electricity generation or for thermal energy emits
greenhouse gases, mainly carbon dioxide, with associated climate impacts.

Proposed Energy Facilities
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\ 3,383 MW of capacity
/.\k 44 operating facilities, 1 spans Oregon and Washington state line
/o\ 2,147 MW of additional capacity proposed, approved, or under review
Sites range from 1.6 to 300 MW
13 largest facilities make up 69% of total capacity
15 facilities, representing 590 MW, came online in 2009

Wind is the third largest electricity resource generated in Oregon—representing nearly 12 percent of Oregon’s
electricity generation in 2016.

The development of wind energy projects in Oregon has occurred
mainly on the Columbia River Plateau in north central Oregon, with
additional development in eastern Oregon — both locations offer
strong wind resources and proximity to segments of the electric
transmission grid with available capacity.

Most wind projects consist of utility-scale wind turbines that each

stand hundreds of feet in the air. Most of Oregon’s wind generation

capacity comes mainly from large-scale wind projects that supply

power directly to the electric grid. Oregon has 34 wind projects of 10 MW or greater and another 10 facilities
under 10 MW. Sherman County has 1,057 MW of capacity; Umatilla, Morrow, and Gilliam counties combined
have 2,179 MW of capacity.

Large-scale wind projects have made a significant contribution to PGE’s and PacifiCorp’s ability to meet their
Renewable Portfolio Standard (RPS) targets to date. With the increase of the Oregon RPS to 50 percent
renewable energy by 2040 for these utilities, additional renewable projects, including wind, may be built in the
state in the coming years.

Among the key benefits of wind energy
projects: the levelized cost of electricity
from new projects is increasingly cost-

Oregon Wind Generation
2010-2016

effective compared to alternative 8,000,000
resources. Additionally, wind projects 7,000,000
have minimal ongoing costs, which 6,000,000
. 5,000,000

should allow them to remain cost- =<
toctive durine thei , < 4,000,000
effective during their operating 3,000,000
lifetimes. 2,000,000
1,000,000
0
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Resource Potential

The most recent large-scale wind facility was completed in 2012. Oregon
has significant undeveloped wind energy potential, including near the
Cascades, in southeastern Oregon, and in coastal areas (both onshore
and offshore). As noted above, transmission access can be a barrier and
the development of major new wind resources may require significant
transmission investments.

Oregon is 8th in the

nation for installed
wind capacity

Some facility owners are evaluating whether to repower some older wind projects with new, larger turbines
and longer blades to increase generation output. The graphic below compares different sized turbines
operating or proposed in Oregon to notable landmarks.

620 650

Environmental Effects

Wind energy projects are a zero-carbon emitting resource and have a low lifecycle carbon footprint
associated primarily with the embedded GHG emissions from manufacturing and construction.

Wind turbines can cause collisions with birds and bats, although newer designs with slower blade speeds and
the elimination of lattice towers have reduced collisions and fatalities. Wind turbines are often sited in
dryland agricultural areas versus irrigated high-value farmland, and while some land is removed from
production for turbine sites and access roads, ranching and farming can coexist with many wind energy
projects.
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601 MW of Capacity

1 operating facility

State authorization issued in 1975

Boardman facility due to cease coal operations by December 31, 2020

Of electricity generated in the state of Oregon, about 3 percent comes from coal.

Oregon Coal Generation

2010-201¢6

Oregon’s only coal plant is jointly owned
by Portland General Electric (90 percent)
and Idaho Power (10 percent). PGE 4,000,000
operates the facility, which is located in
Boardman. In 2010, Oregon’s
Environmental Quality Commission
approved PGE’s plan to end coal 1,000,000
operations at the Boardman plant by
December 31, 2020.

5,000,000

< 3,000,000
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= 2,000,000
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Oregon currently meets about one-third of our electricity needs through imports from out-of-state coal-fired
power plants. With the passage of the “Clean Electricity and Coal Transition” bill (2016), imported electricity
from coal plants will be eliminated from the rates of Pacific Power and PGE customers by 2035. Between now
and then, Oregon will continue to see decreases in coal generation as coal-based electricity is gradually phased
out of the resource mixes of Oregon’s investor-owned utilities.

Historically, electricity from coal plants has been low cost relative to alternative sources. As a result, coal
plants have tended to operate at a high capacity, near full output, much of the time.

As noted above, coal use in Oregon will shrink over the next decade. Its use across the country continues to
decline as well.

Coal mining has large land use impacts in other states. Oregon is affected by air emissions from coal
combustion that happens in Oregon and outside the state. Sulfur dioxide emissions from coal plants cause
haze and acid rain, while deposition of atmospheric sulfur and nitrogen can cause chemical changes to water
and soil. Water deposition of air-borne mercury from coal plants bioaccumulates in certain fish species and
animals that prey upon them, and land deposition of mercury has been shown to accumulate in crops. Carbon
dioxide and nitrous oxide emissions contribute to climate change.

References: 1, 2, 5, 6, 15, 23, 31, 35, 37, 38, 39 Biennial Energy Report Chapter 1— Page 27



SOLAR

Solar photovoltaic systems make up a small
percentage of electricity generation in the
state — less than 1 percent. But our output

45,000

has grown exponentially, and solar is growing 40,000
at a faster rate than any other energy resource 35,000
in the country. 30,000
-§ 25,000

. < 20,000
Solar in Oregon 15,000
10,000

In 2017, solar was the third largest source of 5,000

renewable energy in the United States after 0
hydropower and wind power. In Oregon, total
solar capacity at the end of 2017 also included
70 MW from more than 15,000 residential solar
PV systems and more than 40 MW from
commercial projects. The 56 MW Gala solar
project in Prineville is located on over 300 acres

296 MW of capacity for projects 1 MW or larger

More than 15,000 residential solar projects

Median number of residential solar projects by county: 114
First facility greater than 75 MW approved in 2018

685 MW of capacity proposed, approved, or under review

Oregon Solar Generation
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of rangeland and is currently the largest solar project in the state. By comparison, California has installed solar

capacity in excess of 20,000 MW.

Solar PV System Intallations that Qualified for
a Residential Energy Tax Credit
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Solar is available on unshaded
sites across the state, including
individual customer sites such as
residential or commercial
rooftops. As a result, many solar
PV projects in Oregon, as
elsewhere, are located at
customer sites and are commonly
called “behind-the-meter” solar.
Most of these projects are
designed to serve on-site demand
when the systems are generating
and then to export excess to the
grid. These type of solar projects
are widely distributed across the
state.
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Larger solar PV projects (typically in excess of 1 MW) that do not directly serve on-site customer demand and
that export to the grid are referred to as utility-scale projects. These systems are typically ground-mounted,
and in Oregon, most of these projects are located east of the Cascades.

Resource Potential

Solar PV is a mature technology that’s likely to expand in the coming years. Solar energy technologies work
throughout Oregon and generate electricity in all parts of the state, but given Oregon’s variable climate, the
output of solar facilities varies depending on location. The solar resource east of the Cascades is typically 30
to 40 percent greater than the Willamette Valley or coast, although even the Oregon Coast has a resource
potential on par with Germany, which is a global leader in solar generation.

Most residential solar PV projects are installed in the Willamette Valley. While a large majority of utility-scale
projects to date have been located east of the Cascades, more are being proposed on the west side. As solar
PV costs continue to fall, Oregon has the potential to see a dramatic increase in solar development across the
state. The number of recent applications to install solar PV projects and interconnect to the grid suggests
that generation from solar PV projects in Oregon is likely to continue to grow in the coming years.

Environmental Effects

Solar PV projects are zero-carbon emitting resources that have a low lifecycle carbon footprint associated
primarily with the embedded GHG emissions from manufacturing and construction.

Solar PV projects can have a large physical footprint that may impact wildlife habitat and remove farm lands
from agricultural production. The majority of Oregon’s utility-scale solar PV projects are installed on un-
irrigated rangeland, and the state’s energy facility siting laws are designed to protect wildlife habitat and
farmland. The Oregon Department of Land Conservation and Development is undertaking a rulemaking
related to solar PV projects proposed for siting on high-value or irrigated farmland. The Oregon Energy
Facility Siting Council has also established a rulemaking advisory committee for large-scale solar facilities.

Energy Jobs
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331 MW of capacity

36 operating facilities

Facility capacity ranges from .2 MW to 51.5 MW
Facilities are in 16 Oregon counties

Oldest came online in 1936, newest in 2015

Electricity generated from wood and other biomass fuels amounts to around 1.7 percent of Oregon’s annual
generation. Materials used to generate electricity include wood such as lumber mill residue and logging slash,
animal manure, food waste, landfills, and waste water.

In Oregon, wood is the most common source of biomass-based electricity generation. Direct-fired combustion
is the most common method for generating electricity from woody biomass. This process involves burning the
woody biomass in a boiler to generate steam, which turns a turbine to generate electricity. Biomass plants are
typically sized less than 50 MW. It is often not cost effective to collect and haul the biomass feedstock
necessary to sustain a larger plant due to the high costs of collection and transportation. In 2016, 641,447
MWh of electricity was generated in Oregon from wood and wood-derived fuels; 75 percent of that was from
industrial combined heat and power facilities — mostly pulp and paper or lumber mills.

Oregon Wood/Other Biomass Generation

2010-2016
900,000
An inventory recently completed 800,000
by the Oregon Department of 700,000
Energy looked at six organic £ 900,000
material pathways and found s 500,000
that they could be used to 400,000
y ' 300,000 /
generate energy equivalent to 49 200000 —
trillion Btu, or about 5 percent of 100,000
Oregon’s total energy needs. 0

2010 2011 2012 2013 2014 2015 2016
Wood =—=Other biomass

Biomass-based energy that replaces fossil fuels can reduce some greenhouse gas emissions, criteria pollutants,
and air toxins. Direct combustion of wood can emit significant quantities of GHGs and air pollution
contaminates depending on the equipment used. Thermal gasification of organic waste has the potential to
reduce air pollution due to changes in how the raw materials are used. Removing some level of logging by-
products and thinning some small diameter trees from the forest could reduce the intensity of catastrophic
wildfires.
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51.1 MW of Capacity
25 Operating Facilities
/ 10-20% of state’s total yearly use of natural gas could be replaced by

RNG if potential is realized

Some Oregon facilities currently generating biogas simply flare the biogas, while others burn it in a special
internal combustion engine that is connected to a generator that produces electricity. Those facilities either
consume that electricity on-site or sell it onto the grid through a Power Purchase Agreement with an electric
utility. Another option is emerging in Oregon: cleaning up biogas to meet natural gas pipeline quality
standards — at which point it is called Renewable Natural Gas (RNG) — and then injecting it into an existing
natural gas pipeline. The RNG can be sold as either a direct use stationary fuel or as a transportation fuel.

Oregon recently quantified opportunities to convert persistent, long-term waste streams into useful energy as
biogas and RNG. Municipal waste streams — garbage, wastewater, and waste food — and agricultural waste
streams like manure, all generate methane, a powerful greenhouse gas. Redirecting these waste streams into
controlled processes can capture and use the methane, reducing greenhouse gas emissions and air pollutants
when the resulting RNG is substituted for fossil fuels in our transportation and stationary fuels sectors. If
Oregon’s potential volume of RNG could be captured and used to displace fossil-based natural gas for
stationary combustion, we would prevent the release of approximately two million metric tons of greenhouse
gases into the atmosphere. Redirecting this fuel source into these sectors can also potentially result in
increased economic opportunity, and provide energy security and resilience for Oregon communities.

The gross potential for RNG production when using anaerobic digestion technology is around 10 billion cubic
feet of methane per year, which is about 4.6 percent of Oregon’s total yearly consumption of natural gas. The
gross potential for RNG production when using thermal gasification technology is nearly 40 billion cubic feet of
methane per year, which is about 17.5 percent of Oregon’s total yearly use of natural gas. While there are
technical and regulatory barriers to overcome, these waste streams represent an opportunity for Oregon to
produce between 10 and 20 percent of our current conventional natural gas consumption with locally
produced, low carbon renewable natural gas.

Greenhouse gas emissions and air pollutants can be reduced when RNG is substituted for fossil fuels in the
transportation market or used instead of traditional natural gas in applications like heating, cooking, or
commercial and industrial processes. Improved water quality can result from different management practices
of the wastes used to generate biogas and RNG. Air pollution reductions can result from using RNG as a
substitute for diesel in the transportation market. RNG produces about 30 percent less air pollution and 30 to
40 percent fewer GHG emissions.
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33 MW of capacity

99 MW of planned capacity

3 facilities; the largest is 28.5 MW

Also used as a direct use fuel for heating

Geothermal energy makes up less than 1 percent of Oregon’s electricity generation.

The state’s first geothermal power plant began operating in 2010 at the Oregon Institute of Technology in
Klamath Falls, with an initial electricity-generating capacity of 280 kW. A second plant at OIT generates 1.2
MW of power. In 2012, a 28 MW geothermal power plant near Vale came online. Additional geothermal

opportunities are being explored at Crump Geyser and Glass Butte in Lake County and at Newberry Crater.

Geothermal power plants have the unique ability to provide near constant carbon-free output all year,
compared to more variable output renewables such as wind and solar. Geothermal energy is also used in
direct heating applications, displacing conventional natural gas and electricity consumption. See page 36 for
additional information.

Geothermal resources are reservoirs of hot water that exist at varying temperatures and depths below the
Earth's surface. Mile-or-more-deep wells can be drilled into underground reservoirs to tap steam and very hot
water that can be brought to the surface for use in a variety of applications. In the United States, most
geothermal reservoirs are located in the western states, and Oregon has one of the best geothermal resources
in the country. The U.S. Geological Survey’s Assessment of Moderate and High Temperature Geothermal
Resources of the United States identified 595 MW of high probability capacity in Oregon from conventional
geothermal resources.

The same report also identified more than 43,000 MW of potential capacity in Oregon from enhanced
geothermal systems (EGS). EGS requires the injection of high-pressure water to modify subsurface conditions
to enhance flow and permeability. While the potential to develop EGS in Oregon is significant, the technology
is still in the research and development phase, and the U.S. Department of Energy has targeted 2030 for
commercialization of the technology.

Geothermal power projects are zero-carbon emitting resources that have a low lifecycle carbon footprint
associated primarily with the embedded GHG emissions from manufacturing and construction. These projects
typically have small footprints and localized land impacts. Geothermal energy generation typically involves
extracting and then reinjecting groundwater, but can require the use of additional water.
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2 facilities with approximately 5 MW of capacity each
Another 150 MW currently approved or under review
Technology types include pumped storage and battery storage

+ 10 MW of capacity
\—/

While not an electricity generating resource, energy storage holds great promise for Oregon. This section
addresses emerging technologies that are intended to convert electricity—often surplus, carbon free
electricity—into another form of storable energy for use at a more optimal time.

Portland General Electric’s Salem Smart Power Center—a 5 MW (1.25 MWh) battery energy storage system
deployed in 2013—was one of the first utility-scale, grid-connected battery energy storage systems in the U.S.
Since that time, the adoption of HB 2193 (2015) made Oregon the second state in the nation to require
investor-owned electric utilities to deploy energy storage systems. PGE and PacifiCorp recently submitted
proposals for new battery energy storage systems to the PUC.

Energy storage systems deliver a wide range of benefits. These systems can capture surplus carbon-free
generation during times of the day or year when more electricity is being generated than can be consumed at
the time. These systems can help maintain grid stability and allow utilities or individual customers to take
advantage of lower prices during certain parts of the day. Finally, some of these systems play a key role in
helping to provide resilient back-up power. As costs for lithium-ion battery systems have declined, Oregonians
have shown interest in distributed battery systems.

Costs for different types of energy storage technologies continue to fall. The deployment of specific types of
energy storage systems will depend on the particular benefits they provide. For example, while battery
storage systems are more scalable and can offer resilience benefits to customers, other types of energy
storage systems (such as pumped storage hydro or power-to-gas) might deliver more value in the form of
benefits to the bulk power system or in being able to meet longer duration needs for energy storage.

Characterizing the environmental effects of energy storage systems is challenging given the wide range of
different technologies. The development of lithium-ion battery systems, for example, requires the mining and
extraction of lithium and other rare earth metals with associated land impacts. There are also potential
concerns about battery disposal after systems’ storage capabilities are exhausted. Other types of energy
storage systems, like pumped storage hydro or power-to-gas conversion, may require the availability of large
amounts of water to operate.
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MARINE ENERGY

Emerging technology
2 test sites: 1 operating and 1 under development
Excellent resource potential off of Oregon coast

Marine energy encompasses both wave power —i.e., power from surface waves — and tidal power, which is
obtained from the kinetic energy of large bodies of moving water. Oregon’s coast has among the best marine
energy resources in the world, making it an ideal location for developing marine energy.

Use in Oregon

While there are no marine energy projects yet in commercial operation in Oregon, the state is a global leader
in the research and development of these technologies. These efforts have been led by Oregon State
University, which received a $40 million award from U.S. DOE in 2016 to develop a utility-scale, grid-connected
marine energy test site. That award followed an earlier $4 million award from U.S. DOE in 2012, which
established two test sites as part of the Pacific Marine Energy Center.

The North Energy Test Site is located two nautical miles from shore, north of Newport, and is not grid
connected. The site tests wave energy devices that are connected to the Ocean Sentinel buoy, which collects
data on the devices and is powered by the electricity generated from the attached wave energy device. The
site measures power generated and characteristics of the wind, waves, and current.

The South Energy

Test Site, rebranded !:; ..
in September 2018 Pa CWave

as PacWave, is
currently under
development as the
first grid-connected
wave energy test
site in the United
States. PacWave is - :
located five nautical . i S |
miles off shore ‘ R
between Newport
and Waldport.
Oregon State
University submitted . — kB P[]
its Draft License
Application and
Preliminary Draft

q“_"__ U.S. DEPARTMENT OF
@) pacwave P @ENERGY
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Environmental Assessment for the PacWave site to Federal Energy Regulatory Commission in April 2018.
Pending approval of U.S. DOE funding from Congress, PacWave is expected to be operational by 2020 and
will be able to test utility-scale wave energy devices in the ocean. These wave generators will be connected
via subsea cable to the Central Lincoln PUD electric grid. This site will enable four separate wave energy
devices to be tested simultaneously.

While marine energy projects are not yet in commercial operation, they have the potential to support
Oregon’s existing power resources. Marine energy projects can provide more constant power output than
wind or solar resources. Wave energy output is strongest during the winter months, which coincides with
peak electricity demands in Oregon and complements other carbon-free resources (e.g., hydro peaks in
spring, while solar peaks in summer).

Resource Potential

According to the Electric Power Research Institute, total annual technical potential from Oregon’s wave
energy resource is 143 billion kWh per year, or enough energy to power more than 13 million homes.
Currently, the high costs of these technologies compared to other generating sources, combined with limited
transmission access in costal Oregon, are the primary barriers to the cost-effective development of this
potential resource.

Environmental Effects

Marine energy projects would be zero-carbon emitting resources and are expected to have a low lifecycle
carbon footprint associated primarily with the embedded GHG emissions from manufacturing and
construction. Wave energy devices being developed come in various shapes and sizes; they can be fully or
partially submerged, anchored or float, or affixed to a dock or jetty. Wave energy devices can be integrated
into the natural landscape so they do not cause a negative visual effect from shore. Research to evaluate the
potential impacts—both positive and negative—on marine life from the operation of these devices is
ongoing.

Federal and Local Energy Facility Permitting
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Oregon currently produces only small amounts of direct use fuels.

Natural Gas: The Pacific Northwest’s only natural gas field is located in Mist, northwest of Portland. The field
is owned and operated by NW Natural. The Mist field produced about 801,491,000 cubic feet of natural gas in
2016, which represents less than 1 percent of Oregon’s annual use. Mist’s main purpose is gas storage. NW
Natural pumps methane into the underground rock formations for use during cold weather events and to help
balance additions and withdrawals to its pipeline system.

Solar Thermal: See page 15 for more details.

Geothermal Energy: Often used in direct heating applications, displacing conventional natural gas and
electricity consumption. For decades, the city of Klamath Falls has used geothermal heat sources to heat
buildings, residences, pools, and even sidewalks. In Lakeview, a geothermal well system is now being used to
heat school properties and hospital buildings. Other examples of direct use of geothermal heat in the state
include drying agricultural products, aquaculture (raising fish), heating greenhouses, and heating swimming
pools.

Wood Pellets: In Oregon, residual material from forest harvest and mill operations is frequently converted
into wood pellets to be used for residential and commercial heating. In 2016, an estimated eight Oregon
companies produced about 250,000 tons of pellets per year.

Charcoal Briquettes: Oregon is home to one of the largest charcoal briquettes plants in the western United
States. The plant produces around three billion briquettes per year. The source of their raw material is waste
wood from local saw mills.

Renewable Natural Gas: Five locations in Oregon are currently taking steps to convert the biogas they
produce into RNG and inject it into a natural gas pipeline. Once in the pipeline, the RNG can be used as a
stationary fuel or a transportation fuel. It is estimated that the five locations could potentially produce about
1.6 billion cubic feet of RNG per year.

Many of these energy sources are generated from waste streams. Natural gas, wood pellets, charcoal
briquettes, and RNG are all combusted in order to release their stored energy, and in that process release
carbon dioxide and some levels of other greenhouse gases and air pollutants. The carbon dioxide intensity
depends on the amount of processing it takes to convert the waste material into a useful energy source. Due
to needed change in how some of the waste streams are managed in order to convert them into a useful fuel,
there may be reductions in air and water pollution.
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Less than 2 percent of transportation fuel used in Oregon was produced in the state in 2016. The majority of
this in-state production was ethanol and biodiesel. The Oregon Department of Energy recently completed an
inventory of the state’s opportunities to produce renewable natural gas from waste water treatment plants,
landfills, and dairies. This market is still developing. Electricity is also a growing source of transportation fuel,
and much of that can be produced in the state as well. For more on electricity as a transportation fuel, see
chapter 4.

Use in Oregon

Ethanol: Oregon has one commercial ethanol producer. The Columbia Pacific Ethanol production plant in
Boardman is the largest transportation fuel producer in the state. The plant produced 37.5 million gallons of
ethanol in 2017, which was sold to terminals in Portland and Eugene. The plant also produced 285,000 tons of
livestock feed and more than eight million pounds of corn oil used at feed lots and for poultry feed. Carbon
dioxide emissions from the plant are used by a neighboring company, Kodiak Carbonic, that turns the
emissions into a beverage-grade liquid used to carbonate soft drinks and make dry ice.

Biodiesel: SeQuential Pacific Biodiesel is the second largest producer of transportation fuels in Oregon.
SeQuential produces biodiesel from used cooking oil from local restaurants and businesses. The company’s
plant in Salem produced 7.7 million gallons of biodiesel in 2016 and 8.5 million gallons in 2017. SeQuential
says it is on track to increase production by R PRt by

another 40 to 50 percent by the end of 2019. » \
About 85 percent of the fuel is sold in-state as ;
part of a biodiesel blend, while the remainder =
is exported to Washington, California, Hawaii,
and British Columbia.

Renewable Natural Gas: This emerging
biofuel has potential to displace some
transportation fuels. See previous page for
details.

Environmental Effects

Transportation fuels move through Oregon by
pipeline, rail, barge, and truck, all of which
have associated risks of spilling and leaking
onto land and water. The combustion of fossil fuels for transportation emits pollutants such as carbon
monoxide and volatile organic compounds, particulate matter, and air toxics such as benzene and
formaldehyde, all of which have significant impacts on human health and wildlife. Fossil fuel combustion also
causes significant greenhouse gas emissions, mainly carbon dioxide and nitrous oxide, with associated climate
impacts. Most transportation fuel sold in Oregon is blended with either ethanol or biodiesel, which is
predominantly made from crops grown outside of the state with localized environmental impacts.
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Energy is commonly divided into four end-use sectors: Residential, Commercial, Industrial,
and Transportation.

Consumption and cost of energy for each sector varies. For example, while transportation represents

about 31 percent of energy consumption, it accounts for almost half the expenditures due to higher per-unit
cost of transportation fuels.

2016 Oregon Energy Consumption 2016 Oregon Energy Expenditures
by End Use Sectors by End Use Sectors

) Transportation
Trdn3s 80;;,:: fion Residential 47.7% Residenticl
. 23.5% ‘ 21.7%

Commercial

15.6%

Commercial

19.3% Industrial

Industrial

26.4%

Sector energy consumption for residential, commercial, and transportation has remained fairly steady in
recent years. The industrial sector saw consumption decrease in Oregon around 1999. Learn more on the
following pages.

Energy Consumption by Sector Over Time
400
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Total Energy Consumption (Trillion Btu)
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Residential sector’s share of total
energy use in Oregon

Residential Sector: Homes, apartments, and
other structures used for housing people. In
the Pacific Northwest, energy — from all
sources, including electricity, natural gas, or
other fuels — is used for heating, cooling,
and other residential needs:

Other
18%

Heating & Coo|ing
-34%

nghhng

Refngerators
Clother Dry‘ers Wub&g‘fﬁng

4%

1,768,494 homes in Oregon

77% singlefamily 23% multifamily
17,600 average annual
new residential building permits

56% singlefamily | 44% multifamily

Nearly 50 percent of Oregon homes use
electricity for heating. Natural gas is also a
popular heating fuel, especially in newer
single-family homes.

Single-family

Pellets Propane

Oil/Kerosene 2% —‘:]% Geothermal
2% e

Wood 4

5%

Natural Gas
58%

Electricity
33%

Multi-family
Natural Gas
13%

Electricity
87%

Oregon’s national
ranking for lowest per
capita residential
energy use

References: 1, 2, 18, 72, /3, 74

Percent decrease in
residential energy use
since 2000

Heating and cooling uses the most
energy in Oregon homes. Common
appliances are central furnaces or
boilers, individual devices like
baseboard heaters or AC units, or
mini-split heat pumps.
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Water Heating

A majority of single-family home water
heaters are gas or electric storage heaters.
Large multi-family buildings are more likely to
have central water heating. While increasing,
only a small number of heaters are tankless or
heat-pump style.

Lighting
Since 2012, the use of efficient LED home
lighting use has increased 17 percent, while

incandescent and fluorescent lighting
decreased (44 percent and 7 percent).

Appliances and Electronics

Energy-intensive appliances include
refrigerators, clothes dryers, and devices like
TVs and related electronics. Many of these still
consume energy when not in use.

Trends in Home Energy Use

i

Number of Portland homes scored
through Oregon’s Home Energy Score
program, which evaluates home
performance and energy savings

Oregon’s Residential Energy Code

Year-over-year improvements to Oregon

Energy Code:
2008 201 1 201/
15% 10% 6%

2017 energy code changes expected to save
more than $750,000/year in consumer

energy costs.
References: 13, 72, 75, 76, 77

Energy performance is measured by
comparing a home’s annual energy use to its
size, and depends on a home’s construction,
equipment, location, and how its occupants
are using energy.

Financial incentives for homeowners and
landlords, improved residential code and
appliance standards, and home energy
scoring all help Oregon’s housing stock —
and its residents — improve energy
performance.

Portland now requires Home Energy Scores
to be included in real estate listings to
increase transparency for homebuyers and

renters. Learn more in Chapter 6.
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Residential Sector

How Oregonians Heat Their Homes
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Residential Sector

How Oregonians Heat Their Homes
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Residential Sector

How Oregonians Heat Their Homes
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Residential Sector

How Oregonians Heat Their Homes
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Commercial sector’s share of total
energy use in Oregon

Commercial sector: offices and businesses,
government, schools, and other public
buildings, hospitals and care facilities,
hotels, malls, warehouses, restaurants, and
places of worship and public assembly. In
the Pacific Northwest, energy — from all
sources, including electricity, natural gas, or
other fuels — is used for HVAC, lighting,
computing, and other commercial needs.

Other

15%_
Computing
7%
Office Equipment
3%

Refrigerc:iion

12%

eating & Cooling
23%

Ventilation

10%

Woater Heating
9%

97 percent of Oregon commercial buildings
use electricity or natural gas for heating:

E|ectricily
30%

_Fuel Ol

—_ Propane

1%

Other

Natural Gas 1%

67%

Heating, cooling, and ventilation, which is
responsible for the largest share of
electricity and natural gas use in a
commercial building, is provided through
central systems, individual units, or a
combination of both.

Lighting is the third largest share of energy
use. Efficiency and type of lighting are
evolving as incandescent and fluorescent
lighting is replaced with energy-efficient
LEDs.

Oregon’s commercial sector has reduced
energy use by 8.4 percent since 2000. The
amount of energy used per square foot in
the region also decreased:

2000
18.7 kWh/sf

References: 1, 2, /9, 80,81

2015
15.6 kWh/sf

Energy used per dollar (in 2012 dollars) of
economic output in the region has also
decreased since 2000:

2000 2015
1.2 million BTUs 810,000 BTUs
per $1 per $1
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Refrigeration and cooking use a lot of
energy, with refrigeration accounting for
about 18 percent of overall electricity use
and cooking about 25 percent of natural gas
use in commercial buildings.

Water heating is the second largest user of
natural gas. Water heating tanks or boilers
are present in 86 percent of buildings in the
region, and are predominately natural gas
fueled.

Trends in Commercial Energy Use

nnd

Energy Performance is measured by comparing a building’s annual energy use to its size, and

depends on a building’s construction, equipment efficiency, operation, and location. In

commercial buildings, floor space, the type of building, and its activities drive energy use.

Financial incentives, improved building code and appliance standards, and energy efficiency

programs are helping commercial buildings improve energy performance. The Portland

Commercial Energy Performance Reporting policy requires buildings to benchmark and report

annual energy use. Learn more in chapter 6.

Energy Use Intensity by Building Type

Natural Gas Flectricity
e Food Service
E— Grocery
s Hospital
e University
— Office
mmmmm Residential Care
mmm— Assembly
E— lodging
_— Retail
— Other
E— School
™ \Warehouse
0.2 0 0.1 0.2

0.1
Million Btu / Square Feet
References: /@, 80, 81

Million Btu / Square Feet
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Industrial sector’s share of total
energy use in Oregon

Industrial Sector: Facilities and equipment
used for producing and processing goods
and services, including manufacturing,
forestry, mining, and construction. Oregon’s
extensive agricultural industry is also
included in this sector profile. The industrial
sector’s primary use of energy is for process
heating and powering machinery. Energy in
the form of feedstock fuels are also used as
raw material for production.

Oregon’s industrial sector:

o Manufacturing

« Semiconductor fabrication
o Agriculture

« Food processing

o Forestry

« Wood and paper products
o Construction

The industrial sector uses electricity and
other fuels in a number of ways:

Electricity

Other

Lighting 7|% Machine Drive

52%

Process Cooling &
Refrigeration

7%

Electrochemical
Processes

8%

Facility HVAC /
9%

Process Heating J

11%
Other Fuels
Oth “Machine Drive
s | 3%
|
Facility HVAC Process Heating
6% 44%

CHP/Cogeneration
Processes '

20%

Boiler Fuel

22%

Industrial sector’s share Reduction in total
of total energy costs in energy use in Oregon

Oregon

References: 1, 2, 82

A significant reason for the
decline in energy use in the
industrial sector is due to the
closure of Oregon aluminum
since 2000 smelters and a shift to less

energy-intensive industries.
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Energy-Intensive Industries

Energy-intensive industries in the U.S. include
food processing, pulp and paper, chemicals,
refining, iron and steel, metals, and minerals
(primarily aluminum and cement). Bulk
chemicals, refining and mining, and
manufacturing are large users as they require
high amounts of energy to turn raw materials
into new products.

Boiler Fuel Electricity

. Steam generation Industrial motors

. Water heating for | « Machinery
industrial . lights
processes « Computers

o Electricity « Office equipment
generation o lrrigation pumps
Fossil Fuels and

Petroleum
Renewable Energy
o Heat in industrial | « Agricultural

processes equipment
. Space heating

Trends in Industrial Energy Use
o
[

Energy used per dollar (2012 dollars) of
economic output in the region has
decreased since 2000:

2000 2015
17 million BTUs 10 million BTUs
per $1000 per $1000

References: 81, 83, 84, 85

Energy performance is measured in terms of
productivity (energy cost per unit of product or
per dollar of output).

Energy is a substantial cost for industrial
facilities. Financial incentives and adoption of
strategic energy management approaches such
as ENERGY STAR and ISO 50001 will continue to
improve energy performance in the industry.
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Transportation sector’s
share of total energy use
in Oregon

Transportation sector’s
share of total energy costs
in Oregon

Percentage of Oregon’s
transportation fuel that
comes from petroleum-

based products

Percentage of
transportation sector
energy consumed on our
roadways

Total number of
registered passenger
vehicles in Oregon (2017)

Number of electric
vehicles registered in
Oregon (June 2018)

References: 1, 2, 21

Transportation Sector: The movement of goods, services,
and people—including passenger and commercial vehicles,
trains, aircraft, boats, barges, and ships. Energy, mostly in the
form of petroleum products, is used directly for
transportation vehicles and to fuel equipment.

Transportation Fuels Used in Oregon in 2016

Jet Fuel
8.58%
Diesel Ethanol
26.57% 4.45% ARZEIZIGE);?
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0.11%
CNG
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Between 2005 and 2017,
Oregon reduced:
Passenger vehicle emissions
by

Fuel consumptionin
passenger vehicles by

Transportation fuel costs
tend to be higherin
Oregon because of the
region’s distance from
fuel supplies and a
limited number of
refineries.

Oregon’s transportation sector:

The percentage of SUVs and pickup trucks registered in
Oregon is greater than national average
Passenger vehicles—including cars, trucks, and SUVs—in

Oregon are older than Oregon Regular Gasoline

the national average  Retail Price: $3.30 / Gallon (October 2018)

Largest portion of the

transportation Taxes
7

sector’s energy use Bl

comes from & Marketing

passenger vehicles .
) Reﬁmng
Passenger vehicle
stats includes miles
driven on highways,

Crude
gravel roads, and all

roads in between

Total and Per Passenger Vehicle GHG Emissions

While overall on-road fuel consumption and emissions are on the rise in Oregon,

per vehicle consumption and emissions are dropping.
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References: 21

fuels used in
Oregon that are
imported into the
state

==GHG Emissions per Vehicle

Typical Oregon vehicle in 2017:
439 gallons fuel/year

5.3 MTCO2e
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This section provides a brief overview of Oregon’s sector-related greenhouse

gas emissions. Most of Oregon’s GHG emissions come from the energy we use
every day. For a deeper dive into Oregon’s energy-related greenhouse gas
emissions, current policies, and mitigation efforts, see chapter 2.

of Oregon’s 2016
GHG emissions

of Oregon’s 2016
GHG emissions

of Oregon’s 2016
GHG emissions

of Oregon’s 2016
GHG emissions

of Oregon’s 2016
GHG emissions

of Oregon’s 2016
GHG emissions

References: 86

Target year for Oregon
to reduce GHG
emissions by 75 percent
below 1990 levels

Agriculture: This is primarily from waste streams such as methane and nitrogen-
based fertilizers used for soil management. This sector is distinct because emissions
primarily come from methane and nitrous oxide, versus carbon dioxide.

Industrial: When electricity and natural gas use are accounted for separately,
industrial accounts for 7 percent of the state’s emissions and is comprised primarily of
emissions from petroleum combustion, industrial waste and wastewater, and
manufacturing. With electricity and natural gas use included, this sector accounts for
about 20 percent of Oregon’s total GHG emissions.

Residential & Commercial: When electricity and natural gas use are included, these
sectors comprise 32 percent of Oregon’s GHG emissions. When electricity and natural
gas use are accounted for separately, residential and commercial GHG emissions drop
to 7 percent and stem primarily from fuel oil for heating and emissions from waste
and wastewater originating from these sectors.

Natural Gas Use: Percentage accounts for direct use of natural gas in all sectors, plus
fugitive emissions from distribution.

Electricity Use: This accounts for electricity used in other sectors. This number is
down from 30 percent in 2015 and includes emissions associated with electricity used
in the state, regardless of where it is generated. Emissions from electricity generated
in Oregon but used out of state are not included.

Transportation: This sector is the state’s largest single source of GHG emissions: 36
percent of the statewide total in 2015 and 39 percent in 2016. Estimates from 2015
indicate that 47 percent of transportation emissions are generated from passenger
cars and trucks, while approximately 23 percent are from heavy-duty vehicles.
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What We Spend on Energy

Oregon spent $11.7
billion on energy in
2016 — the lowest
amount since 2005.
This includes
electricity and fuel
for homes and
businesses,
industrial energy
uses, and
petroleum used in
the transportation
sector.
Transportation
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accounts for nearly 50 percent of our state’s energy expenditures and also sees the largest swings in price.

The variability in what we spend on energy is driven primarily by transportation fuel costs.

Oregon’s energy costs are also comparable to what other states spend. Where we differ is on costs per

category—our electricity rates tends to be less expensive than other parts of the country, while our

transportation fuel costs are somewhat higher.

State Total Energy Expenditures as a Percentage of State Gross Domestic Product — 2016

Less Than 4%— _—More than 9%
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Energy Costs and
Expenditures

Oregon’s 2016 per capita energy expenditure
was $2,885 per person — one of the lowest
states in the U.S. The primary reason we rank
so low is due to the amount of energy we
consume. We use less energy than other states
and therefore spend less.

Oregonians’ 2016 energy expenditures can be
separated by sector. While the transportation
sector represents 31 percent of energy
consumption, it accounts for almost half of
expenditures due to the much higher per unit
cost of transportation fuels. Because nearly all
our transportation fuel is imported, most of

this money goes out of state.

Oregon’s Total Energy Expenditures by Sector—2016
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This month's charges (Turn over for details)
Meter #125062C28N, Schedule 07

Energy Charges (395 kWh) 57.73
Adjustments 1.66 CrR
56.07
Total Taxes and Fees 3.13
Current Energy Charges 59.20
Period Avg Daily Monthly Monthly
Ending Temperature*  kWh Cost
Sep 2018 N/A 395 59.20
Sep 2017 66 454 60.04
*Temperature source: Portland International Airport
500
Your energy use @
Meter #1250627 286N T =
Schedule 07 (residential rate) £ o
Service Period Meter Reading é 150
09/12/18 37113 *gg
08/13/18 36718 1L y y
30 days of service 395 kWh SONDJFMAMIJAS

2017 Months 2018

Details of this month's charges
Meter #1250062C24MN, Schedule 07

Basic Charge 11.00
Energy Use Charge (395.000 kWh x $0.0651) 25.71
Transmission Charge (395.000 kWh x $0.00209) 0.83
Distribution Charge (395.000 kWh x $0.04311) 17.03
Green Source [sm] (395.000 kwWh x $0.008) 3.16
Subtotal - Energy Charges 57.73
102 RPA Exchange Credit (395.000 kWh x $-0.01016) 4.01 CrR
105 Regulatory Adjustments (395.000 kWh x $-0.00016) 0.06 cr
109 Energy Efficiency Funding Adj (395.000 kWh x $0.00493) 1.95
110 Energy Efficiency Customer Svc (395.000 kWh x $0.00005) 0.02
112 Customer Engagement Transformation Adjustment (395.000 kWh x
$0.0003) 0.12
123 Decoupling Adjustment (395.000 kWh x $0.00009) 0.04
135 Demand Response (395.000 kWh x $0.00014) 0.06
137 Solar Payment Option Cost Recov (395.000 kWh x $0.00047) 0.19
143 Spent Fuel Adjustment (395.000 kWh x $-0.00019) 0.08 cr
145 Boardman Decommissioning Adj (395.000 kWh x $0.00027) 0.11
Subtotal - Adjusting Schedules 1.66 CR
56.07
City of Portland Tax (1.5%) 0.81
Multnomah County Tax (0.027%) 0.01
Low Income Assistance 0.69
Public Purpose Charge (3%) 1.62
Subtotal - Taxes and Fees 3.13
Current Energy Charges 59.20

*Your Federal Columbia Benefits are supplied by Bonneville Power Administration (BPA).

Meters measure how much
energy is consumed. Some
utilities are making the switch
to digital “smart meters,” which
help track when energy is used,
in addition to how much.

Rates vary between residential,
commercial, and industrial
customers.

A minimum cost of service,
regardless of the amount of
energy used. This funds the
utility provider’s costs like
maintenance and customer
support.

Utilities charge by how much
energy is used measured in
kilowatt hours.

For PGE, Pacific Power, and all
three natural gas utility
customers, a 3 percent Public
Purpose Charge is added, which
funds conservation projects,
renewable resources,
weatherization for low-income
households, and energy
efficiency improvements in
schools.

Most utilities offer programs for customers who want to use renewable energy. In this sample bill, the
customer is enrolled in PGE’s Green Source program. Oregon has the country’s highest participation rates
in voluntary green energy programs.
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Energy Rates

Utilities provide energy to customers using a series
of Rate Schedules. The schedules vary based on the
type of customer and their needs: residential,
commercial, industrial, and others. More than one
rate can be used for the energy a building or facility
uses. Schedules can be created for specific uses, like
traffic signals, street lights, irrigation and drainage
pumping, or for time-of-day service or special pilot
programs like demand response.

Demand Charges

Utility customers are charged based on the amount of energy they use. Utilities may add demand charges,
particularly for commercial and industrial customers based on the customer’s highest energy use in a
particular interval. Customers with large equipment that uses significant energy may incur high demand
charges.

Power Factor

Power factor is the ratio of working power to apparent power. Working power is the actual power used to
run equipment, and apparent power is the combination of working power and additional reactive power
resulting from an inductive load like a motor. Utilities work with customers to maximize power factor to
ensure the full benefit of their electricity use, with the additional advantage of supporting longer equipment
life.

Natural Gas

Fuel Oil and Propane
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Making sure there’s electricity available to power Oregonians’ lives regardless of seasonal or daily variations
in power outputs or customer demand is the core challenge of the electric utility industry. While technologies
are improving all the time, electricity has limited storage options and instead must be generated nearly
instantaneously to meet consumer demand. As a result, the electric system is sized to be able to satisfy the
largest requirements for electricity—called peak demands—at all times, even through consumers use less
during most hours of the year. This results in a generation and transmission system that is underutilized
much of the time by design, especially when compared to the liquid fuels and natural gas sectors. Natural gas
and transportation fuels are comparatively easy and inexpensive to store, so fuel production can occur at a
more constant rate when they are needed.

Electric utilities closely watch and manage the timing of consumer demand for electricity, from minute to
minute and hour to hour. The image below shows two representative 24-hour electric load demand curves
for Columbia River People’s Utility District—one from a typical winter day and the other a typical summer
day. This example illustrates the change in demand for electricity that can occur on a utility’s system over the
course of a single day. For example, the peak demand in winter, 90 megawatts at 8 a.m., is nearly 50 percent
greater than the minimum demand of 60 megawatts at 2 a.m. These swings in demand across the day can
impose stresses on electric

generators and the transmission Hourly Peak Megawatts for Columbia River PUD
network needed to deliver that ==Winter “““Summer
electricity to consumers. While " The second largest peak

) o The largest peak
wholesale prices for electricity tend 90 0CCurs on winter

to reflect these conditions—with
prices going up during high demand
hours and dropping during low
demand hours—the regulatory
structure for residential consumers
means that rates are flatter and less

occurs on winter weekdays
from5-9 p.m.

weekdays from
7-11a.m.

- — -—

.~ During summer, energy use peaks
P> 4 from noon to 9 p.m. on weekdays

volatile.

Hourly Peak MW
S

30
20

Energy demand also changes with 10

the seasons. Colder wintertime S

temperatures in Oregon result in \‘s’j&“ﬁ,\“h\;‘;,.@b@“«‘s“%‘s“q‘;:oq.\t\,\‘;oo°\qt“wq\“»’qx"hq\“‘}\**bqt"«q\‘;q\’*qq\‘;oq\t\qx: o\&*
increased demand for natural gas &

and electricity to heat homes and buildings. As Oregon summers get warmer, the state is seeing increasing
use of air conditioners in the hottest months. Meanwhile, demand for liquid fuels peaks during the summer
months when Oregonians are more likely to take advantage of long days and warmer weather to drive longer

distances for vacation.
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Change in Supply

Just as consumers’ needs vary by the hour and season, so can the supply of energy. If an Oregonian turns on
an overhead light at 11 p.m. in early May, there is a high likelihood that the electricity powering that light
bulb originated with a carbon-free hydroelectric power plant. That’s the time of year when the Pacific
Northwest’s hydroelectric system tends to have high output due to spring runoff in our rivers.

If that same Oregonian turns on the same light at 7 a.m. on a chilly November morning, the electricity
powering the light will more likely have originated with another type of resource, such as a coal or natural
gas power plant.

In the same vein, the availability of different types of energy can vary hour by hour. The amount of wind
energy on the grid depends on California Independent System Operator net generation, March 11, 2017 -
whether the wind is blowing.  gigawatthours Cla
Similarly, solar photovoltaic 30
energy is dependent on the 25
sun being out. In parts of the 20
country with large amounts of o
. . . 10
solar power, like California,
this hour-to-hour variation can

be fairly pronounced, as shown 0 2 4 6 8 10 12 14 16 18 20 22 24
in the graph to the right. thermal

utility-scale solar nuclear
Demand Response SIPOre hydroelectric

other renewables

One strategy used by utilities

to better align demand with the availability of supply is demand response. Demand response is a deliberate
change in a customer’s normal electricity usage pattern in response to a change in price, contract, or request
from a utility or grid operator. This can be most useful to a utility during the hottest or coldest days of the
year, when the system’s existing resources may be strained to meet high levels of demand from air
conditioning or heating. Rather than building or buying a new generating resource, utilities or grid operators
can sometimes find it cheaper to pay or offer an incentive for customers to temporarily use less energy.

More than most regions, the Pacific Northwest has historically had sufficient excess capacity because of the
robust hydroelectric system at the foundation of our electric system. Primarily for this reason, the region has
developed little demand response capacity. This is changing as coal capacity retires and as more energy
demand is met by output from renewables. In the Seventh Power Plan, the Northwest Power and
Conservation Council identified the development of a significant amount of demand response capacity,
combined with additional savings from conservation, as the most cost effective way address system
constraints by the early 2020s.

Demand response programs can also be developed to encourage an increase in demand at times that are

beneficial for the utility or grid operator. This might occur during times when wholesale power prices are
particularly low, or at times when excess carbon-free power is available in the market.
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Types of Utilities

InvestorrOwned Utilities ~ Consumer-Owned Utilities
Oregon is served by investor-owned and

consumer-owned utilities and by energy service
suppliers. The state is also served by the
Bonneville Power Administration (BPA), a
federal agency that markets electric power
from 31 dams in the Pacific Northwest and the
Columbia Generating Station nuclear power
plant in Washington. BPA also owns and
operates 75 percent of the high-voltage
transmission system in the Northwest.

PacifiCorp,/Pacific Power 36 electricity cooperatives,
Portfland General Electric  municipal corporations,
Idaho Power and people’s utility districts

Northwest Natural
Avista
Cascade Natural Gas

GAS ELECTRICITY

e For-profit corporations o Not-for-profit entities

o Facilities owned by e Facilities owned by
shareholders customers
Federal Regulation e Governed by private e Governed and
boards regulated by locally
The Federal Energy Regulatory Commission o Regulated by the elected boards
(FERC) is an independent federal agency with a Oregon Public Utility
five-member board appointed by the president. Commission

FERC regulates the interstate transmission of

electricity, natural gas, and oil. It also has

jurisdiction over the siting of interstate natural gas pipelines, natural gas storage facilities, liquid natural gas
terminals, and hydroelectric plant relicensing. FERC also monitors and investigates the operations of
wholesale energy markets. The many areas outside of FERC’s jurisdiction are handled by state regulatory
bodies.

Regional Regulation

In the western United States, the Western Electricity Coordinating Council (WECC) provides reliability
compliance monitoring and enforcement for electric utilities consistent with rules established by the North
American Electricity Reliability Corporation (NERC). WECC also coordinates the regional development of
reliability standards and operating and planning
activities.

Reliability coordination services—including real-time

monitoring and situational awareness—are also The coun’rry's first |ong-o|ist0nce
conducted at the regional level. WECC used to provide transmission of high-vohqge
this service, and Peak Reliability Corporation, a e|ec1-rici|y took plqce in Oregon
nongovernmental organization, has served in this role in June 1889 befween Oregon
since 2014, with services scheduled to end by 2019. As C“-y ond Chopman squqre in
of October 2018, balancing authorities across the WECC dowm.own Porﬂond— 13 mi|es

are evaluating their options for reliability coordination
services after 2019. The Bonneville Power
Administration, PacifiCorp, and Idaho Power have

away.
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committed to receiving reliability coordination services from the California Independent System Operator
(CAISO) following CAISQ’s anticipated certification from federal authorities.

There is no entity analogous to NERC with the responsibility for establishing and enforcing reliability standards
for the natural gas system.

State Regulation

The rates charged to retail customers by Oregon’s investor-owned electric and gas utilities are regulated by
the Public Utility Commission (PUC), a state agency with a three member commission appointed by the
Governor. In exchange for a protected monopoly, the IOUs provide energy services to the customers within
their designated service territories, and the PUC guarantees their costs plus a reasonable rate of return on
their rate-based capital investments. The PUC evaluates the prudency of IOU investments and the continued
usefulness of previous investments as part of a rate case that results in the approval of IOU rate schedules and
tariffs designed to recover the utility’s revenue requirement through rates.

Consumer-owned utilities are regulated by locally elected boards of directors. These boards set rates based on
their cost-of-service, and because they are not-for-profit utilities, there is no rate of return on top of the costs.
The board approves the rate, resource, and investment decisions of the COU.

Electric and gas utilities in Oregon buy and sell energy in similar ways. The following core steps are involved in
each case:

Long-Term Planning

e Evaluate current energy demand and develop forecasts of expected future demand

e Assess current supply resources (e.g., utility-owned, long-term contracts, liquidity in wholesale markets)

e Develop a plan to meet expected future demand with existing resources, new contracts, market
purchases, or the development of new resources, including energy efficiency

Wholesale Transactions
When a utility needs to purchase energy from another party for resale to their retail customers to meet
demand, the utility may purchase energy at a wholesale rate in one of the following ways:

e Long-term contracts — e.g., 20 year power purchase agreement with a new third-party owned power plant

¢ Medium-term contracts — e.g., three- to five-year power purchase agreement with an existing third-party
power plant)

e Short-term or real-time transactions — e.g., purchases over time intervals as short as five minutes to meet
shortfalls in available supply

Retail Transactions

No matter how the utility acquires the necessary resources to meet demand, the utility will ultimately deliver
energy to end-use customers at a retail rate approved either by the PUC (for electric and gas IOUs) or by the
boards of COUs.
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Recent & Upcoming Oregon Energy Milestones

Oregon enacts Renewable
Portfolio Standard, sets
statewide greenhouse gas

2007

reduction targets

Oregon Clean Fuels Program
first initiated

2009

s 4

2011

Clean Fuels Program initial
reporting begins; Oregon

Renewable Energy Development 20] 3
grants program passed

2008

2010

Oregon Global Warming Commission
launched Roadmap to 2020 project

2015

Governor’s Executive Order 17-
21 sets goal of 50,000 electric
vehicles by 2020;

SB 978 sets process to look at
electricity regulation and utility

2017

business model

2012

2014

Sunset of Oregon’s Business Energy Tax
Credit program

2016

Legislature passes Solar Development
Incentive and second energy storage bill
in the nation

Plan for removing coal from energy mix
developed, RPS increased, and
community solar added

Legislature expected to take up
proposed cap-and-invest
legislation

New residential energy code goes into
effect

References: 5, @, 21-100

Oregon’s only coal plant scheduled to
cease coal operations
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executive orders/eo 17-20.pdf

99. Executive Order No. 17-21 “Accelerating Zero Emissions Vehicle Adoption in Oregon to Reduce
Greenhouse Gas Emissions and Address Climate Change.” 2017 https://www.oregon.gov/gov/
Documents/executive orders/eo 17-21.pdf

100.0regon Global Warming Commission (OGWC). “Energy Roadmap to 2020, Report to the Oregon Global
Warming Commission.” 2010. https://staticl.squarespace.com/static/59c¢554e0f09ca40655ea6eb0/
t/5a0a1126¢83025174d501f7¢/1510609191417/2020+Roadmap+Energy.pdf
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KEY TAKEAWAYS

One of the most important challenges confronting Oregon’s energy sector is the need to

curtail energy-related greenhouse gas (GHG) emissions that are contributing to climate ' '
change. About 80 percent of the state’s GHG emissions come from the amount and type of

energy Oregonians use every day,1 and current energy and climate policies in Oregon are _
not sufficient to meet statewide GHG reduction goals. This chapter takes stock of where

Oregon is in relation to its GHG goals and other climate commitments, describes the

policies and GHG mitigation efforts underpinning the state’s current emissions trajectory,

and synthesizes the best available science on the implications of staying on Oregon’s

current “Business as Usual” GHG emissions pathway (current policies plus forecasts of

energy demand) versus a pathway to “deep decarbonization” (transitioning to a future

with very little reliance on fossil fuels for energy). The chapter presents an overview of

current literature on strategies to reach deep decarbonization, with consideration of policy
design issues including timing, costs and benefits, equity and environmental justice
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concerns, and environmental tradeoffs. The chapter concludes with recommendations for future statewide
climate planning efforts.

Oregon has recognized climate change as a major policy issue for 30 years, when the Oregon Task Force on
Global Warming was created in 1988. The task force concluded that, “Climate change from global warming is
a serious threat,” and that “Oregonians can insure themselves against some of the changes by taking prudent
actions to slow the emission of greenhouse gases and by planning to adapt to changes."2 More recently,
Governor Kate Brown stated that “Climate change poses the greatest threat to Oregon’s environment,
economy, and our way of life. Future generations will judge us not on the facts of global climate change, but
what we’ve done to tackle it."

e By 2010, Oregon will arrest the growth of GHG emissions and begin to reduce emissions;
e By 2020, Oregon will achieve GHG levels that are 10 percent below 1990 levels; and

e By 2050, Oregon will achieve GHG levels that are at least 75 percent below 1990 levels.

These climate change mitigation goals were set based on what climate scientists considered at the time to be
the level needed to have the best chance of avoiding the worst effects of climate change. This risk-avoidance
approach to setting climate goals is now commonly associated with a threshold of a global average
temperature increase of no more than two degrees Celsius®. Although two degrees Celsius, which equates to
a 3.6 degree Fahrenheit temperature increase, is the goal most often used in climate mitigation policy
discussions, many countries and individuals have concluded that a 1.5°C, or 2.7°F, upper bound limit has a
higher probability of minimizing risks to human health and the environment.”

In practice, these temperature targets most commonly translate to goals to reduce GHG emissions 80 to 95
percent below 1990 levels.” Other baseline periods or slightly modified goals are sometimes seen. Therefore,
while Oregon’s 2050 goal is over a decade old, it is still generally consistent with contemporary thinking
around GHG emission reduction goals.

These GHG reduction goals are the catalyst for what is being called “deep decarbonization.” Though the
climate community has not yet settled on one definitive definition of deep decarbonization, it generally
refers to a future in which global society meets the goal of limiting temperature rise to below 2°C through
transformation of energy systems to those that emit little or no GHGs. This means an almost complete
transition away from use of non-renewable hydrocarbons (e.g., the primary components of fossil fuels and
chemicals that are classified as high global warming potential gases), which is why clean energy technologies
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are often referred to as zero-carbon, low-carbon, or decarbonized.

Since the early 1990s, major international and U.S. scientific assessments have concluded that both climate
change mitigation and adaptation efforts are necessary in response to climate change.® Climate adaptation is
often thought of as actions “to prepare for and adjust to new conditions, thereby reducing harm or taking
advantage of new opportunities” or simply to reduce society’s vulnerability to climate change impacts.’
Although Oregon does not currently have specific statewide climate adaptation goals, entities around the
state have implemented a number of adaptation planning processes. Examples of individual project-level or
sector-based plans include Oregon Department of Transportation’s Climate Adaptation Strategy8 and Oregon
Health Authority’s Oregon Climate and Resilience Plan.’ In addition, a statewide adaptation framework was
developed in 2010, for which the Department of Land Conservation and Development (DLCD) is beginning
an interagency process to update. See Chapter 5 for a more detailed discussion of climate adaptation and
energy resilience.

Oregon has become a signatory to a number of regional, national, and international coalitions to advance
climate action. A number of these are related to the Paris Agreement, a global agreement by parties to the
United Nations Framework Convention on Climate Change (UNFCCC) that formally went into effect on
November 4, 2016. Countries that are party to the Paris Agreement agree to individual, country-specific
efforts aimed at “holding the increase in global average temperature this century to well below 2 degrees
Celsius and pursuing efforts to limit the temperature increase even further to 1.5 degrees Celsius above pre-
industrial levels, recognizing that this would significantly reduce the risks and impacts of climate change.”*!
The Paris Agreement also commits signatories to “increasing the ability to adapt to the adverse impacts of
climate change and foster climate resilience.”** Each country agreed to determine, plan, and regularly report
its own GHG emissions reduction contribution, and many countries’ climate plans also included their
adaptation goals, priorities, actions, and needs. The United States’ intended contribution was to reduce its
emissions 26 to 28 percent below 2005 levels by 2025."

In the months leading up to the negotiations of the Paris Agreement, Oregon signed on to the Subnational
Global Climate Leadership Memorandum of Understanding, which has now evolved into the Under 2
Coalition, and the Compact of States and Regions. The Compact provides a way for states, provinces, and
regions to measure, analyze, and report progress on GHG emission reductions, while the Under 2 Coalition
encourages an ambitious emission reduction commitment.

Oregon joined the U.S. Climate Alliance in summer 2017, following President Donald Trump’s decision to
withdraw the United States’ government from the Paris Agreement. The U.S. Climate Alliance is a bipartisan
coalition of governors from 16 states and Puerto Rico. Each member commits to implement policies that
advance the goals of the Paris Agreement and to track and report progress to the global community.
Members also agree to accelerate new and existing policies to reduce GHG emissions and promote clean
energy deployment at the state and federal level.

Oregon also signed America’s Pledge, which brings together private and public sector leaders to ensure the
United States remains a global leader in reducing GHG emissions and meets the country’s ambitious climate
goals under the Paris Agreement.
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Oregon is a founding and long-standing member of the Pacific Coast Collaborative, a multi-state partnership
between Oregon, California, Washington, and British Columbia that formally began in 2008. The PCC
provides a forum for cooperative action, leadership, and information sharing, and is a common voice on
issues in the Pacific North American region. Oregon has been engaged for many years on various PCC
technical working groups to enhance a sustainable, low-carbon regional economy. In March 2018, the
Governors and Premier reaffirmed their commitment to meaningful action on climate change, including how
carbon pricing can effectively, efficiently, and fairly reduce GHG emissions. Their joint statement also noted
that climate change disproportionately affects low-income and vulnerable populations, and discussed the
importance of ensuring all climate policies provide support to these vulnerable groups.

Oregon’s statewide sector-based GHG Inventory1 provides GHG emissions going back to 1990 for four main
sectors of economy—transportation, residential and commercial, industrial, and agriculture—and can also
break out emissions associated with electricity and natural gas. For Oregon, this includes GHG emissions
associated with electricity used in the state, regardless of where it is produced, but not emissions associated
with electricity produced in Oregon but used out-of-state.

Figure 2.1: Sector-Based GHG Emissions with an Energy Lens: 1990-2016"
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As seen in Figure 2.1, statewide sector-based GHG emissions peaked in 1999 and almost reached the same
level in 2007, before they generally declined or stayed flat through 2013. Within the state’s largest emitting
sector, transportation, emissions were second highest in 1999, peaked in 2007, generally declined or stayed
flat until notable increases each year in 2015 and 2016. Within the state’s second largest emitting sector,
electricity use, emissions peaked in 2000, were almost as high again in 2007, then generally declined or
stayed flat with small increases in 2013 and 2015 followed by a notable decrease in 2016.

For the data in Figure 2.1, GHG emissions associated with electricity and natural gas use in all sectors is
aggregated and displayed separately. For the Industrial and Residential and Commercial sectors, electricity
and natural gas use are the largest source of emissions. The remaining emissions for these sectors are
primarily associated with petroleum combustion (e.g., fuel oil for heating), waste and wastewater, and
industrial process manufacturing emissions (e.g., production of cement, paper products, ammonia, urea,
etc.). For a detailed analysis of emissions sources within sectors, see DEQ’s inventory."

DEQ’s sector-based inventory relies on data reported at the state level, following internationally-accepted
GHG accounting protocols from the Intergovernmental Panel on Climate Change (IPCC).™ It presents gross
anthropogenic (human-caused) emissions, rather than lifecycle or net emissions inclusive of natural carbon
sources and sinks, to facilitate data tracking and reporting on Oregon’s statewide GHG emissions reduction
targets. Consistent with this approach and with IPCC guidance, GHG emissions that are biogenic in origin—
from biologically based materials rather than from fossil fuels—are not included in Oregon’s sector-based
inventory.* Biogenic emissions associated with wildfires and other biomass burning are therefore not
included in Oregon’s sector-based totals.

Given the normal time delay for data verification processes, the latest Oregon GHG Inventory contains
verified data for 2015 and preliminary estimates for 2016 that use a small amount of 2015 proxy data.
Inventory data for 2016 are unlikely to change substantially during the final verification process that relies on
the latest federal GHG emissions data that have not yet been published by the U.S. Environmental Protection
Agency.

Total statewide GHG emissions reflect the trends in the underlying sectors, increasing from 60 to 63 million
metric tons of carbon dioxide equivalent (MTCO2e) between 2014 and 2015. The most recent 2016
estimates show Oregon’s emissions at 62 million MTCO2e, with the breakdown by sector in Figure 2.2.
Transportation emissions have grown as a share of Oregon’s statewide GHG emissions total compared to
emissions from electricity use. Specifically, transportation went from 35 percent of the statewide total in
2014 to 39 percent in 2016, while electricity use emissions decreased from 30 percent to 26 percent of the
state’s total emissions, and all other sectors stayed relatively constant over the same period. (For a deeper
dive on the transportation sector see Chapter 4.) AlImost half of transportation emissions are due to gasoline
and diesel use by passenger cars and trucks, or about approximately 17 percent of emissions from all
sources.’

* Biogenic emissions are included in an accounting method known as net carbon flux, which considers the net effect of GHG
emissions and carbon sequestration associated with land use, land use change, and forestry. Net carbon flux estimates are
presented separately in the national emissions inventories submitted to the UNFCCC. Oregon Department of Forestry is currently
conducting a process to estimate net carbon flux for the state’s forests."?
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Figure 2.2. Breakdown of Oregon GHG Emissions By Sector (2016)"
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The state’s GHG emissions trends can also be considered in the context of population growth within the
state, which has increased 43 percent since 1990, and as of 2016 totaled 4.1 million people. Oregon’s per
capita GHG emissions peaked in 2000, a year after the peak in gross emissions, and then trended generally
downward before ticking up again between 2014 and 2015, consistent with the total emissions trend.

Figure 2.3: Statewide Per Capita GHG Emissions™"
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For additional context, Oregon’s sector-based GHG emissions total is roughly comparable in amount to the
GHG emissions of some countries, such as those shown in Figure 2.4. Examples are shown from Western
European countries with similar levels of GHG emissions as Oregon; however, these are rough comparisons
for scale only, since their emissions totals are not completely comparable given differences in inventory
method for GHG emissions from their respective electricity sectors.'® Oregon uses a consumption approach
(i.e., emissions from electricity used in Oregon regardless of where the electricity was produced), while
country-level GHG inventory datasets use an electricity production approach. Given the normal time delay in
compiling and certifying global emissions data, the most recent available 3-year averages are shown. When
comparing per capita emissions (Fig. 2.5), these four example countries have lower emissions than Oregon, in
some cases substantially lower, despite having larger populations (ranging from Ireland with about 4.7
million people to Portugal with about 10.5 million people).

Figure 2.4: Average Annual GHG Emissions (2012-14)"*°
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Figure 2.5: Average Annual GHG Emissions Per Capita (2012-14)
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Climate Policies

Policy, economic, and social factors have contributed to the state’s ability to maintain relatively level GHG
emissions while growing its population and economy. All of these factors together have contributed to where
Oregon stands today in relation to its GHG emissions goals. Current policies together with known forecasts of
energy efficiency and energy demand can be thought of as Oregon’s “Business as Usual.”

Policy factors include statutory mandates, regulations, and programs that affect or have the potential to
affect Oregon’s GHG emissions. Oregonians have a long tradition of being good stewards of the environment
and climate, going back to the 1980s with some of the nation’s most aggressive energy efficiency efforts
(Chapter 6) and to 1997 with the passage of the first-in-the-nation carbon dioxide emission standard for large
-scale fossil-fueled energy facilities sited in Oregon (ORS 469.503(2))."***** Oregon’s 2007 climate change
statute (ORS 468A.200-250)"*° adopted GHG emission reduction goals and established the Oregon Global
Warming Commission and the Oregon Climate Change Research Institute to advise on climate issues, but it
did not create an implementation mandate or mechanism within executive branch agencies to plan for or
carry out comprehensive climate mitigation or adaptation measures.

Starting in 2015, following the notable rise in emissions and increasing observations of climate impacts
affecting the state'®, the Oregon Legislature and the Governor authorized a number of policies, standards,
and programs aimed at or relevant to reducing GHG emissions from certain sectors. Some highlights of these
efforts include the following, which are discussed in more detail in other chapters of this report:

e Governor Kate Brown’s Executive Order 17-20 on energy efficiency in the built environment
(Chapter 6)."%°

¢ Anincreased Renewable Portfolio Standard for the electricity sector (Chapter 3).

e The Clean Fuels Program, Zero Emission Vehicle requirements, and Governor Kate Brown’s
Executive Order 17-21 in the transportation sector (Chapter 4)."*’

e The provision in the Oregon Clean Electricity and Coal Transition Law (Chapter 28, Oregon Laws

2016) that eliminates imported coal-based electricity from Oregonians’ rates by 2035.'%8
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FEDERAL CLIMATE POLICIES

Economic and social factors that have and continue to affect GHG emissions include the falling costs of
renewable energy technology as described in Chapter 3, and changing consumer preferences for energy
conservation, efficiency, and low carbon sources of energy, as described in Chapters 5 and 7. Additionally,
the following section describes the efforts underway in other jurisdictions within the state, including Tribal,
regional (metropolitan), and local (county and city) governments. All of these efforts together have
contributed to where Oregon stands today in relation to its GHG emissions goals.

Business as Usual

The 2015 and 2017 reports from the Oregon Global Warming Commission® concluded that Oregon’s
Business as Usual will not be enough to meet the state’s 2020 GHG reduction goal and does not put the state
on a course to meet its 2050 goal. Meeting the 2020 goal would require reducing emissions by 11 million
metric tons of carbon dioxide equivalent (MTCO2e) within the next two years, from 62 million MTCO2e (2016
preliminary total) to 51 million MTCO2e. The dotted line in Figure 2.6 shows the trajectory of Oregon’s
emissions under its Business As Usual. The yellow and dark gray lines represent the emissions levels needed
to meet Oregon’s statutory goals and the Paris agreement goals, respectively.
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Figure 2.6: Oregon’s Projected GHG Emissions vs. Goals>®
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Projected emissions are a forecast of Oregon’s emissions assuming compliance with existing state policies
like the Renewable Portfolio Standard and Clean Fuels program. Industrial, Residential, and Commercial
sectors exclude emissions from electricity, because electricity use emissions is presented as its own sector.
Because the United States’ goals for the Paris agreement were expressed as a range to reduce its emissions
26 to 28 percent below 2005 levels by 2025, there are two emissions projections associated with that range.

Climate action in Oregon consists of the cumulative efforts of Oregonians throughout the state to quantify
and reduce their GHG emissions and to plan for the effects of climate change. While these types of actions
are not formally aligned or coordinated with state-level actions, they contribute to GHG emissions trends
that are tracked at the state level. Because GHGs accumulate over time and mix globally in Earth’s
atmosphere, any emissions (e.g., from an individual, community, company, country) contribute to the
collective problem and affect others.?! So individual actions, from reducing energy and fossil fuel use to
choosing low-carbon products, are essential contributors to the state’s ability to meet its climate goals.
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This chapter focuses on institutional efforts to address climate change in ways that support collective action
and enable individuals to make climate-friendly choices. City, county, and Tribal governments in Oregon are
leaders in pursuing local climate initiatives for their communities. Academic institutions such as Lane
Community College, Lewis and Clark College, Oregon Institute of Technology, Oregon State University,
Portland Community College, Portland State University, and University of Oregon have publicly committed to
various climate or carbon neutrality goals and actions.*” Metropolitan planning organizations are pursuing
local and regional solutions for GHG reductions in the transportation sector. Although these types of actions
are not formally aligned or coordinated with state level actions, they contribute to GHG emissions trends
that are tracked at the state level.

Cities and Counties

Table 2.1 provides a snapshot of which counties and larger cities

(with populations over 20,000) in Oregon are taking actions that | & L0 4 e @ DI 0
help achieve climate mitigation and adaptation as part of Climate /A\
_

TY (] )
Action Plans, Sustainability Plans, Clean Energy Plans, or other COMMUNI gyl

types of existing planning processes. This table’s focus on larger ENERGY PLAN

cities should take nothing away from the important work being
done in smaller cities and at the community or neighborhood
level.

Given the diversity of the types of plans that local governments
have chosen to pursue, it is not surprising that there is also a
diverse set of climate mitigation goals that jurisdictions are
aiming to achieve. Such goals are not always expressed
guantitatively or for any specific timeframe, but even when they
are, the goals are not always directly comparable. Some cities, for
example, have set goals for internal operations within the
government’s direct control, while others have set goals for the
community or population as a whole. Similarly, the scope of their
GHG inventories can vary, with some quantifying only internal operational emissions and others accounting
for community-wide emissions. The table places a check mark next to the general types of climate mitigation
strategies that local governments have identified in their plans, but this is not necessarily inclusive of all their
planned actions and does not indicate implementation status. Some recognized challenges for
implementation of climate plans include funding, organizational capacity, and political/public support.

Table 2.1 was compiled by ODOE from publicly available information. This list is continually evolving —
additions and corrections to the entries are welcomed and can be made by contacting ODOE at
askenergy@oregon.gov.
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https://www.cityofsalem.net/Pages/salem-strategic-plan.aspx

“Metropolitan areas” are designated by the federal government in urban areas with at least 50,000
residents. Each metropolitan area has a Metropolitan Planning Organization (MPO) that prepares a regional
transportation plan that aims to guide investments and promote consistency among the various policy
objectives of state, regional, and local jurisdictions, such as growth management, economic development,
transportation system safety and accessibility, and environmental protection. Two out of every three
Oregonians live within an MPO boundary23, which includes Portland Metro, Salem-Keizer, Corvallis, Albany,
Eugene-Springfield (Central Lane), Grants Pass (Middle Rogue), the Rogue Valley, and Bend. The majority of
Oregon’s transportation GHG emissions stem from gasoline and diesel use by light-duty vehicles (passenger
cars and trucks), so in bills passed in 2009 and 2010, the Oregon State Legislature directed the Land
Conservation and Development Commission to adopt rules that set targets for metropolitan areas for GHG
emissions reductions from light-duty vehicles.**%**!

Figure 2.7 shows the targets for each MPO, but only Portland Metro is required by the Department of Land
Conservation and Development to implement a strategy to achieve its target. The figure also notes that these
regional targets are separate from transportation GHG emissions reductions that would be expected from
other federal and state policies that encourage cleaner vehicles and fuels. Chapter 4 discusses the role of
vehicle efficiency standards, clean fuels policies, and other related programs in more detail.

Figure 2.7: State Targets Adopted for Metropolitan Area Passenger Vehicle GHG Emissions®*
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Three MPOs have conducted scenario-planning efforts to evaluate the GHG emission reduction potential
associated with their regional plans, which generally focus on a combination of increased transit,
transportation options, and compact, mixed-use development:

e Between 2011 and 2014, Metro conducted the Climate Smart Communities project to evaluate
144 scenarios. In December 2014, Metro adopted a preferred scenario that is expected to reduce
GHG emissions by 29 percent per capita by 2035.

e Between 2012 and 2014, the Central Lane MPO and jurisdictions within the Eugene-Springfield
area completed the Central Lane Scenario Planning project. In June 2015, Central Lane adopted a
preferred scenario that is anticipated to meet its 20 percent per capita reduction target.

e In 2014, the Corvallis MPO took initial steps toward more detailed scenario planning by
conducting a “strategic assessment” of its adopted plans.

The nine federally-recognized Tribes in Oregon are experiencing firsthand the threat that climate change
poses to their traditional ways of life and are engaged in both climate mitigation and adaptation actions. All
nine Tribes are members of the Affiliated Tribes of Northwest Indians, which has had an energy program
since 1995 and more recently launched a climate change program (http://atnitribes.org/climatechange/). All
of the Tribes also participate in the University of Oregon’s Pacific Northwest Tribal Climate Change Network,
which since 2009 has fostered “communication between tribes, agencies, and other entities about climate
change policies, programs, and research needs pertaining to tribes and climate change.””

In December 2017, tribal members from Oregon participated in a ground-breaking regional Tribal & First
Nations Climate Summit, jointly organized and hosted by ATNI and the PNW Tribal Climate Change Network,
among others.”" The Summit brought together more than 150 participants from Tribes and First Nations in
the Pacific Northwest and Canada to learn from past work and chart courses for the future. The Summit
indicated that areas of focus for the region’s Tribes and First Nations include the role of traditional
knowledges in addressing climate change, effects on cultural resources, climate resiliency and adaptation,
and advancing policy.

Tribes in Oregon have been involved in various types of climate change-related work for many years. The
summary below is not comprehensive; rather, it is meant to highlight the diversity of tribal climate actions
that are occurring around the state.
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Oregon’s climate actions that are being or will be
implemented in the near future — its Business as Usual
pathway — put us on a trajectory that is far above the state
goal to achieve our fair share contribution to the global level o
of GHG emissions that scientists have concluded is needed to
have the best chance of avoiding the most severe projected
impacts of climate change. This section summarizes key
findings of research on the implications of a future in which
local and global GHG emissions keep rising. The latest global
climate models used by the scientific community to make
future climate projections are based on a consistent set of
future emissions pathways called representative concentration pathways (RCPs).** The higher global
emissions pathway is known as RCP 8.5 — what many consider as a “worst-case” scenario of rising emissions,
which is currently the path the world is on — while one of the most commonly studied lower emissions
pathways is called RCP 4.5. The RCP 4.5 scenario represents efforts to reduce global GHG emissions such that
they peak near mid-century then decline, and is often cited as the top end of the range of future scenarios
that could potentially meet the UNFCCC goal of “stabilization of GHG concentrations in the atmosphere at a

B
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level that would prevent dangerous anthropogenic interference with the climate system.*"”

Understanding the upper and lower bounds of expected changes is consistent with a risk management
approach to climate change®**>*%; it enables us to understand what is at stake and what society stands to
gain if the world moves from a high to a low emissions scenario. Oregonians strongly value the state’s natural
beauty, outdoor recreation opportunities, and clean air and water. Climate change is threatening these
values, as well as the state’s economy, environment, and way of life. Although risks are not limited to one
area of the state, certain populations—including low-income communities, communities of color, and rural

areas—are particularly vulnerable and less able to respond to and cope with climate change.

The following subsections provide a broad, high-level look at key trends and projected climate impacts
affecting the United States and Oregon. This is for the purposes of comparing high-level risks under different
global GHG mitigation futures; the studies and reports referenced in this section cover climate impacts in
more comprehensive detail. See Chapter 5 for more background on climate vulnerability assessments used
for the purposes of climate adaptation planning, which are designed to go into more detail on risks to the
various sectors of Oregon’s economy and society.

Long-term increases in temperature due to anthropogenic
GHGs have ripple effects throughout the Earth’s climate
system. The evidence base that global temperature is
increasing comes not only from direct measurements of
temperature itself, but also from changes such as altered
regional precipitation and storm patterns, rising ocean heat
content, and rising global sea level resulting from the thermal |
expansion of water and increased melting of land ice.’ The
most recent climate science volume of the U.S. National
Climate Assessment, a federal scientific consensus report,

concluded that the pace of change is more rapid comparedto |
the pace of the natural variations in climate that have a
occurred throughout Earth’s history, that there is no convincing evidence that natural cycles can explain the
observed changes in climate, and that it is extremely likely (indicating a 95 to 100 percent probability of
occurrence) that human influence has been the dominant cause of the observed warming since the mid-20th
century.”’

Since the beginning of the 20th century, temperatures in Oregon have risen approximately 2°F, and
temperatures since the 1990s have been higher than any other historical period since records began in
1895.%**? Since the 1970s, warming in the Pacific Northwest been accelerating faster than over the last
century.”
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Figure 2.8: The Observed Average Daily Temperature for the Years 1895-2014, Averaged Over 5-year
Periods.>®*
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Under a higher global GHG emissions scenario (RCP 8.5, as shown in the red shaded area of Figure 2.9),
historically unprecedented warming is projected for Oregon by the end of the century.38 On average, Oregon
can expect a 5.0°F increase (with a possible range from 2.9° to 6.9°F) by the 2050s and an 8.2°F increase (4.8°
to 10.7°F) by the 2080s.*° Even under a lower global GHG emissions scenario (RCP 4.5, as shown in the green
shaded area), average annual temperatures are projected to most likely exceed historical record levels by
2050.% Oregon can expect an average increase of 3.6°F by the 2050s and 4.6°F by the 2080s.*°

In either future scenario, warming temperatures will result in extreme heat events with increased frequency,
duration, and intensity.* In the next few decades, recent record-setting years like Oregon’s summer of 2015
may become common.?”*? But overall risks associated with warming temperatures would be reduced on the
lower emissions pathway because there is a greater possibility of staying only slightly warmer than historical
records>’, which means closest to the gray shaded area in Figure 2.9.
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38,35

Figure 2.9: Observed and Projected Annual Average Temperature Change in Oregon (1895-2100).
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Water Resources in Oregon

Climate change will affect water resources in Oregon and the Northwest, such as the amount and seasonal
timing of water in rivers and streams, winter flood risk, and summer extreme low flows and drought risk.>* A
key indicator for these impacts is mountain snowpack, which is a natural source of water storage that has
provided a vital supply during the summer dry season for irrigated agriculture and municipal and industrial
water uses in Oregon and throughout the western u.s.” Oregon State University researchers track snowpack
trends across the western U.S., and nearly all measurement stations in Oregon have documented snowpack
declines™, with an average 37 percent decrease from 1955 to 2015.%° For every 1°F of future warming, the
snow line—the average lowest elevation at which snow falls—increases by about 300 feet.*® In the Cascade
Range, mountain snowpack as measured in peak snow water equivalent is expected to decline 22 to 30
percent for every 1.8°F of temperature rise.*® Therefore, a lower emissions pathway (RCP 4.5) would reduce
risks associated with loss of snowpack because it would limit the likely range of temperature increase. Under
a higher emissions scenario (RCP 8.5), snowpack in the Cascades is projected to decline by up to 81 to 90
percent, as shown in Figure 2.10.

42,43

Figure 2.10: Observed and Projected Columbia Basin Snow Water Equivalent (SWE)
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Wet season precipitation will increasingly fall as rain rather than snow as temperatures continue to rise,
further reducing the accumulation of snowpack, particularly in low to mid elevations (about 3300 to 6600
feet).*® As shown in Figure 2.11, this is projected to shift streamflow magnitude and timing in the Northwest
toward higher winter runoff, lower summer and fall runoff, and an earlier peak runoff in the region from
summer toward spring.>®***** This means there will be less water available in Oregon’s rivers and streams
during the summer, and the frequency, intensity, and geographic extent of summer drought and extreme
low stream flows is expected to increase.>

Figure 2.11: Projected Changes in Seasonal Streamflow in the Columbia River Basin by the 2030s*
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The figure shows percent change in annual water volume under a higher emissions scenario compared to a
historical period of 1976-2005 (larger circles have larger annual volumes in the historical period). Darker
green colors indicate larger projected runoff volumes in winter and spring, while browner colors in summer
months indicate an expected decrease in available water.

Implications for Oregon’s Economy and Natural Resources

Oregon’s diverse natural resources support high quality native ecosystems and rare plant and animal species,
are major contributors to the state economy, and sustain livelihoods for Oregonians across the state,
particularly rural, coastal, and tribal communities. An overview is provided below of ways in which many of
these resources are already experiencing effects of climate change and are projected to be affected by future
changes.
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The summer dry season is expected to become drier at the same time that rising temperatures and more
frequent and intense extreme heat events increase evapotranspiration and soil dryness.>® Drought reduces
forage and water availability for livestock grazing, and warmer temperatures reduce beef and dairy
production and may enable crop diseases, pests, and invasive weeds.*® The severe lack of water for irrigation
in 2015 led to damaged crops, reduced yields, and fewer crops being planted*, with monetary losses
estimated to be in the hundreds of million dollars.?® Figure 2.12 shows that from 2013 to 2018, there were
only short periods of a few months in 2017 where Oregon was not experiencing abnormal dryness or
moderate drought.

Figure 2.12: Drought Intensities: Percent Area for Oregon’*
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More frequent large wildfires, an increase in the total area burned, and a longer fire season have been
documented over the last several decades in the Western U.S.* Wildfire frequency and area burned are
expected to continue increasing in the Pacific Northwest.>® Droughts and heat waves contribute to greater
fire severity; all are expected to increase in Oregon.18 The 2015 drought conditions and lack of snowpack led
to a historically severe wildfire season with more than 1.6 million acres burned across Oregon and
Washington, resulting in more than $560 million in fire suppression costs.>® As of October 2018, the Oregon
Department of Forestry estimated gross costs of $101 million to fight wildfires in 2018, which will net to over
$40 million after federal cost—sharing.46

Oregon’s extensive forest resources are at risk from increasing temperatures, changing precipitation
patterns, wildfire, pests (such as mountain pine beetle in Ponderosa pine) and disease (such as Swiss needle
cast in Douglas fir trees), and extreme events such as droughts and floods.*® These climate impacts are also
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expected to adversely affect the ability of the forest to provide ecosystem services, such as flood protection
or water purification, and goods, such as species habitat or forest products.'® Winter flood risk is expected to
increase for many Oregon watersheds (particularly those classified as mixed rain-snow basins) due to slightly
more average rainfall in the wet season and slightly more frequent or intense extreme rainfall events.>

Changes in river and ocean temperature, ocean acidification, and marine hypoxia have serious implications
for Oregon commercial fisheries, particularly salmon, groundfish, and crab, as well as shellfish hatcheries:

e Summer water temperatures in streams and rivers in Oregon and throughout the Northwest are projected
to rise due to the effects of reduced summer flows, along with higher air temperatures and the loss of the
protective cooling effect of snowmelt runoff.'®*

e The world’s oceans have absorbed about 93 percent of the excess heat caused by greenhouse gas
warming since the mid-20th century.37 For salmon, warmer ocean waters could alter their ranges and
migration, and could cause thermal stress and increase susceptibility to disease and predation, and
change their habitat structure and availability of food.*

o Surface ocean waters absorb part of the increasing CO2 in the atmosphere, which causes a variety of
chemical changes in seawater termed ocean acidification. Acidification along the Pacific Northwest coast
is increasing as a result of ocean upwelling that brings increasingly acidic deep ocean waters to the
surface, and the rate of acidification is thought to be unparalleled in at least the past 66 million years.37
Under the high emissions scenario (RCP8.5), the global average surface ocean acidity is projected to
increase by 100 to 150 percent.37

e Over the last half century, major oxygen losses (hypoxia) have occurred in inland seas, estuaries, and in
the coastal and open ocean.*” Ocean oxygen levels are projected to decrease by as much as 3.5 percent
under the higher scenario (RCP8.5) by 2100 relative to preindustrial levels.?’

Additional effects on recreational and tribal fisheries are described later in this chapter.

In 2014, the Oregon Health Authority published the state’s first climate and health risk assessment*’ that
identified key climate-related health hazards in the state, including extreme heat events, wildfires, floods, and
changes in infectious and waterborne disease trends. There is potential for climate change to have a positive
influence on some health outcomes in Oregon, such as longer summer seasons that could lead to an increase
in outdoor recreation. But on the whole, the rate of change and the evidence to date indicate current and
growing adverse health impacts from climate change in the Pacific Northwest and Oregon18’39’47:

¢ Warming temperatures, changes in precipitation, and more extreme weather are projected to increase
populations of disease-carrying vectors like mosquitoes with West Nile Virus and of the types of bacteria
and toxic algae that contaminate shellfish and recreational waters for activities like swimming and
boating.*

¢ Air quality is expected to worsen under future climate change and increased incidences of ozone-related
illnesses and premature death are projected nationally under a higher emissions scenario.*® Fine
particulate matter emissions from wildfires are projected to increase by at least 160 percent by mid-
century in the western U.S. under a higher emissions scenario.*’
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e The projected increase in flooding related to extreme rainfall (combined with sea level rise at the coast)
threaten infrastructure like roads, hospitals, and drinking and wastewater treatment plants that are
essential to safeguarding physical safety and human health.*®

e Indigenous peoples are uniquely vulnerable to mental health impacts associated with climate change,
which can include increased rates of mood and anxiety disorders, strong emotional responses, and loss of
connections to homeland and social networks.*® Community health is tied to sacred places and natural
resources like water and salmon that have strong cultural, religious, and spiritual significance to many
Indigenous peoples, and that are being adversely affected by climate change.®

SALEM DRINKING WATER CRISIS

Oregon Ways of Life and Heritage Resources at Risk

Oregon’s coast is home to iconic landmarks and landscapes that are a significant piece of Oregonians’
heritage, as shown by the landmark 1967 legislation known as “The Beach Bill”*** that guarantees free
unrestricted public access to all the state’s beaches.”* Along significant portions of Oregon’s coast, sea levels
are expected to rise about 1 to 4 feet by the end of the century.>® Nearly a fifth of all housing in the state is
located in vulnerable coastline counties, and property damages have been estimated to reach $33 million by
2040.>* Global average sea level has risen by about 7-8 inches since 1900, with almost half (about 3 inches)
of that rise occurring since 1993.*” Human-caused climate change has made a substantial contribution to this
rise since 1900, contributing to a rate of rise that is greater than during any preceding century in at least
2,800 years.37 Locally, sea level change can be very different from the global average rate change due to
geographic differences in natural geologic processes known as subsidence (land sinking) or uplift (land rising).
Coastal storms and storm surge can combine with sea level rise to exacerbate coastal erosion and inundation
hazards.

Outdoor recreational opportunities in Oregon span all seasons and include fishing, hunting and wildlife
viewing, swimming, boating, hiking, and skiing. Oregon’s outdoor recreation industry is estimated to support
$12.8 billion in consumer spending, $955 million in local and state tax revenue, $4 billion in wages and
salaries, and 141,000 jobs.54 Sixty-eight percent of Oregon residents participate in outdoor recreation, with
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fish and wildlife-based recreation in Oregon valued at around $2.5 billion annually.>*

Ski resorts are expected to be negatively affected by reductions in snowfall and snowpack that would result
in later resort opening dates and earlier closing dates, a greater reliance on snowmaking during shorter
viable time periods, and increased costs to skiers.™ Declining snowpack and warmer summers increase the
risk of stream temperatures that are lethal to fish (generally greater than 68°F, although this varies among
populations).> The overall effect of climate and hydrologic change on salmon during all life cycle stages is
likely to be negative and reduce salmon populations in the Pacific Northwest, especially given existing
stressors and natural variability that act as additional stressors to fish populations.*

EFFECTS OF CLIMATE CHANGE ON FIRST FOODS

Tribal Salmon Bake.
Photo: Oregon State University.
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Certain populations face more exposures to hazards, have fewer resources to recover from climate change-
related impacts, and are affected by existing environmental and health disparities.*”*® In this way, climate
change is likely to exacerbate current social, economic, environmental burdens on certain individuals and
communities.*®** Those that depend upon natural resources and ecosystems, particularly tribal communities,
are among the first to experience the impacts of climate change (Bennett et al. 2014; Norton-Smith et al.
2016). Multiple studies of regional climate impacts have found that Oregon’s tribes are uniquely affected by
climate change threats to their traditional culture and lifeways, sovereignty, health, and subsistence and
commercial economies.’®*

The table below identifies many of the vulnerable populations in Oregon; however, these are not mutually
exclusive categories, and there is often overlap. For example, older adults—those aged 65 years and older—
comprise about 14 percent of Oregon’s total population, but have greater representation in rural areas of the
state.*” Such uneven risks associated with certain geographic and demographic factors are some of the
reasons why climate mitigation and adaptation policies are often discussed in terms of equity and
environmental justice. For more information, see subsections on equity below and in Chapter 5.

Contributing Factors to Populations Identified in the Oregon Climate and Health
Vulnerability Profile Report”’

e People with existing illness
e People with disabilities
e Older adults
Demographic factors and social ¢ Mothers, infants and children
determinants of health e Low-income communities
e Indigenous peoples (e.g., American Indian or Alaska Native)
e Immigrants, refugees, and linguistically isolated
e Communities of color

e Urban heat islands

e Wildland-urban interface
Geographic and housing e Agricultural communities
characteristics e Coastal communities

e People reliant on private water systems

e People living in residences located on steep slopes

e Wildland firefighters
e Outdoor workers
Occupation e Growers, ranchers and farmworkers
e First responders and health care workers

e People who work in agricultural communities
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2016 GHG Emissions
OREGON TOTAL There are different strategies available to the State of Oregon

to reduce GHG emissions to a level consistent with a deep

61.87 million metric tons

decarbonization scenario. Because deep decarbonization

requires accelerating large-scale changes to energy systems,
. there is broad consensus across the climate policy community
that both cross-sector mitigation policies, such as economy-

wide market-based programs, and sector-specific actions are
needed. 12,61,62,63,67

Sector-specific strategies are sometimes described as complementary to economy-wide climate policies
because although they can deliver significant emissions reductions in individual sectors, they inherently
cannot account for shifts in emissions between sectors.

The following subsections introduce economy-wide and sector-specific strategies that could serve as options
to help Oregon meet its climate goals. These categories of potential strategies are broad, and there is no one
set of off-the-shelf, prescribed actions for deep decarbonization. Strategies will likely need to be modified as
technology continues to progress and circumstances change. Periodic statewide deep decarbonization
analyses and strategic planning can help evaluate and prioritize cost-effective actions to pursue that also
have the greatest certainty to achieve the necessary emissions reductions.®®*>*

Two common focus areas for subnational jurisdictions with regard to economy-wide climate policies include
carbon pricing and beneficial electrification.’***® These two policy approaches are introduced below.

Carbon Pricing to Reduce GHG Emissions

National and subnational governments around the world are increasingly turning to market-based carbon
pricing policies to reduce GHG emissions (Figure 2.13). The two primary systems of carbon pricing—a carbon
tax or a cap-and-trade system (also known as an ETS or Emissions Trading System)—are policy mechanisms
that hold emitters of pollution financially accountable for the environmental and health costs of their
pollution, thus creating an economic incentive to pollute less. These policies can also include the collection of
revenue that is further invested in GHG reduction or transition strategies. Cap and trade as a policy
mechanism rose to prominence in the U.S. with the Acid Rain Program established by the Clean Air Act
Amendments of 1990. Based on the success of that program in achieving sulfur dioxide emissions reductions
at comparatively lower cost than traditional environmental regulation, the mechanism began to be
considered to reduce GHGs in the late 1990s.'%
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Figure 2.13: Global Map of Carbon Pricing Initiatives®®
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In World Bank’s map (Figure 2.13), note that although Washington State has a green circle, in March 2018 a
court invalidated parts of the state’s Clean Air Rule, which would have required large GHG emitters to cap
and reduce their emissions. The state has appealed that ruling to the Washington State Supreme Court.

The European Union was the first jurisdiction in the world to create an ETS for GHGs, which began trading in
2005. In the U.S., a group of northeast and mid-Atlantic states* developed a regional cap-and-trade program
addressing carbon dioxide emissions from power plants. This program, called RGGlI, or the Regional
Greenhouse Gas Initiative, began trading in 2009. From 2009-12, western states including Oregon
participated in a coordinated process to negotiate the framework for a linked cap-and-trade system known
as the Western Climate Initiative, or WCI. California and the province of Quebec formally agreed to establish
the WCI and began linked trading in 2013. With RGGI and WClI, roughly a quarter of the U.S. population lives
in an area with a cap and trade program. As of 2018, 51 carbon pricing initiatives have been implemented or
are scheduled for implementation globally. This consists of 25 emissions trading programs, mostly located in
subnational jurisdictions, and 26 carbon taxes primarily implemented on a national level.”

* Existing participants include Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York, Rhode Island,
and Vermont; New Jersey and Virginia are currently in process to join.
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In designing a cap-and-trade program, policymakers can choose the sectors, sources, and types of emissions
to be covered by the cap. Generally these markets function more effectively and efficiently when the cap is
broad because that provides more options to find the most cost effective emission reductions. A multi-sector
program also benefits from fewer perverse incentives for fuel switching to unregulated sectors without
actually reducing emissions.”® Figure 2.14 shows a hypothetical example of Emitters A through D that
represent entities covered by a cap on GHG emissions across multiple sectors of the economy. This is a
simplified depiction; actual details of the mechanics of a cap-and-trade program would depend on how that
specific program is structured. The economy-wide emissions limit creates a budget of overall emissions
allowances for a given compliance period. These allowances act like permits that each allow one metric ton
of GHG emissions. Regulated entities are required to turn in an amount of allowances—or, depending on
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how the program is structured, a combination of allowances and offset credits (defined below)—that
matches their emissions each compliance period.

In this example, the cap-and-trade program has been in operation for a few years. Emitters A through D have
existing accounts with an equal number of allowances (shown as pink rectangles) that could have come from
various sources—for example, free allocation from the state or purchases made in previous compliance
periods that were held, or banked, for present use.

Figure 2.14: Simplified lllustration of Regulated Entities During One Compliance Period

Emitters B and C have more
allowances than they need to
Carbon cover their emissions this
Market compliance period. This could be

due to, for example, successful
past investments in various GHG
mitigation strategies. Emitters B
and C now have an economic
opportunity to sell their extra

2

i emissions allowances (shown as

teal rectangles) in the carbon
market or possibly keep them for
use in future compliance periods
depending on how the program is

NI

structured.

Emitters A and D will need to get

- Emissions covered by existing - Allowances not needed this ~ additional allowances to cover the
allowances period amount of emissions that exceeds

% Emissions that still need D Amount of allowances each ~ their existing amount of .
allowances entity has this period allowances (shown as gray striped

rectangles). They can go into the
carbon market to purchase allowances either in a state-run auction or in the private secondary market (such
as purchasing directly from Emitters B or C). In future compliance periods, Emitters A and D could also invest
in strategies to reduce the GHG emissions for which they are responsible, such as reducing energy use or
increasing operational efficiency—in other words, producing the same amount of product for less energy
input. This would not only help reduce or avoid their need to purchase additional allowances for compliance,
but would also help them save money on energy bills.

Policymakers designing a cap-and-trade program can choose to incorporate opportunities to count emissions
reductions from sectors not covered by the cap in order to introduce an additional source of compliance
options, called offset credits. This can help to reduce the compliance costs of the program by providing
additional flexibility, though the approved use of offset credits is typically limited to a small percentage of the
economy-wide emissions limit for a given compliance period. The DEQ report further explains that:*
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Offset credits represent emission reductions from sources not covered by the cap. These credits can
be incorporated into a cap-and-trade program and used like allowances. An offset is generally
equivalent to an allowance; both permit the emission of one ton of carbon dioxide equivalent from an
emission source covered by the cap. Offset credits also offer an opportunity to spread the incentive
for emission reductions to sources not directly covered by the cap-and-trade program. For example,
methane from agricultural sources may not be feasibly covered by the cap, yet offset credits awarded
to dairy digesters could nonetheless allow the program to encourage reductions from these sources.

In Figure 2.14, Emitter B has more allowances that it needs this compliance period (illustrated by the blue
rectangle) due to successful past investments in various GHG mitigation strategies. Emitter B now has an
economic opportunity to sell the emissions allowances it does not need in the carbon market or possibly
keep them for use in future compliance periods depending on how the program is structured. The buying and
selling of emissions allowances during each compliance period occurs either in a state-run auction or directly
between market participants like Emitters A through D. These market transactions determine the price of any
given emission allowance, or what is often simply referred to as the carbon price. As with any traded
commodity, the carbon price fluctuates with market signals and what entities are willing to pay. When
regulated entities buy allowances from the state, that revenue can be used for any purposes identified by the
policy-makers. Examples may include research and development programs, tax reductions, or grant programs
that fund sector-specific mitigation strategies or projects in specific geographic locations or to benefit specific
types of populations—for example, tribes, low-income and historically underserved communities, or those on
the frontlines of climate change.

Compared to non-market based environmental programs, carbon pricing polices like cap and trade programs
have demonstrated that they achieve desired environmental outcomes at an overall lower cost to society ">”®
At the same time, there are a number of important policy design considerations discussed later in this
chapter, related to ensuring that costs of a program do not disproportionately harm certain populations and
that the benefits of programs are equitably distributed.

Beneficial Electrification

Electrification as an economy-wide decarbonization strategy refers to transitioning end uses that have
historically used fossil fuels (e.g., natural gas, propane, heating oil, gasoline) to electricity. End uses could
include space heating, water heating, public transportation, personal vehicles, industrial equipment and
machinery; electrification examples in individual sectors are also discussed throughout the sectoral
decarbonization section below. This approach is about taking advantage of the emissions efficiency—the
emissions per unit of energy output—inherent in many electric end uses, enabling consumers to produce less
pollution per vehicle mile traveled or gallon of water heated, for example, with technologies that are
becoming even more emissions efficient as the electric grid decarbonizes.

Multiple studies find that policies to promote economy-wide electrification should be designed to achieve
multiple benefits, such as reducing greenhouse gas and other air pollutant emissions, enhancing energy
security, increasing energy efficiency, saving consumers money, and enabling better grid management—
hence the terms “beneficial” or “strategic” electrification are often used.”*”>’®”” The Regulatory Assistance
Project states that, “For electrification to be considered beneficial, it must meet one or more of the following
conditions, without adversely affecting the other two: (1) Saves consumers money over the long run; (2)

Enables better grid management; and (3) Reduces negative environmental impacts.””’
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Sectoral Strategies That Support Deep OREGON GLOBAL
WARMING COMMISSION

Decarbonization

This overview is drawn from recent publications
of climate researchers, government and non-
governmental reports, and Oregon state agency
climate documents to find areas of alighment on
deep decarbonization options for Oregon’s
largest categories of GHG emitters: the
electricity and natural gas inputs into sectoral
activities, residential and commercial buildings,
transportation, and industrial activities. This
compilation is not exhaustive, should not be
considered an “action plan,” and does not reflect
any particular state agency or state government
policy priorities; rather, it is meant to summarize
relevant findings from published studies on
effective paths forward for deep decarbonization
in individual sectors. These strategies rely
heavily on using today’s commercially available
technologies and scaling up proven policies
within individual sectors, often taking advantage
of existing policy mechanisms and tools available to the state. In some instances, newer or near-commercial
technologies feature in certain sectoral strategies, so the timing of when these could be feasibly
implemented as part of a decarbonization strategy will depend on how quickly they become widely
commercially available.

2016 GHG Emissions Electricity
ELECTRICITY — 26%

16.17 million metric tons

Electricity comprised 26 percent of Oregon’s GHG emissions in 2016, down
from 30 percent in 2015." See section above on “Beneficial Electrification”
for more discussion of the role of decarbonized electricity as an economy-
wide decarbonization strategy. As an individual sector, scenarios of deep
decarbonization consistently find that the electricity sector needs to
quickly transition to nearly entirely GHG-free resources by 2050. Main
features of this strategy are described briefly below.

Matching and Exceeding Past Growth in Renewable Energy and Energy
Efficiency.
PGE commissioned a deep decarbonization study of its service area to

inform its integrated resource planning efforts and statewide carbon policy
discussions.®? PGE’s findings are consistent with other research results for Washington State,® the U.S.,°>*
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and other countries that identify three key features of a deeply decarbonized energy system:

1. Electricity supply decarbonization. Decarbonizing electricity generation is a key component of every
study of cost-effective GHG mitigation.®® Electricity suppliers in the Northwest have a relative advantage
over other parts of the United States given the large amount of existing hydropower in the region. In
both the PGE and Washington state decarbonization studies, by 2050 most new generation comes from
renewables like wind and solar and about 90 percent or more of the overall electricity generation mix is
GHG emissions-free, primarily from onshore wind, solar, hydro and geothermal resources. PGE’s gas-fired
resource fleet shifts from being a baseload energy resource to mostly a capacity and balancing
resource.®

Electricity supply decarbonization will also require new capabilities to efficiently integrate variable
renewable resources into the electric grid. In both the PGE and Washington state studies, new sources of
flexibility like energy storage solutions and flexible loads become widespread and complement traditional
sources of flexibility, such as hydro and thermal resources. See related strategies below in Natural Gas,
Buildings, and Transportation, as well as Chapter 3.

2. Improved energy efficiency across sectors. Energy efficiency is the first “go-to” resource today when
evaluating resource need, and this remains true under deep decarbonization scenarios: “Energy efficiency
is widely considered the first option to pursue in a low carbon por‘ffolio...”62 Most clean energy end-use
technologies are designed to have low or zero GHG emissions and to maximize energy efficiency as much
as possible, which means providing more desired services per unit of energy consumed. For example,
electric vehicles are significantly more efficient that conventional internal combustion engine vehicles,
consuming up to four times less energy per mile than conventional vehicles (see Chapter 4 for more
information on EVs). As these technologies are adopted throughout the economy, multiple
decarbonization studies forecast reductions in both primary and final energy consumption even as
population and GDP grows. In PGE’s study, overall energy demand in their service territory decreases 25
to 33 percent compared to a baseline case by 2050%, which is on par with U.S.-wide studies that estimate
an approximately 20 to 30 percent decrease compared to a baseline scenario by 2050.5%%” These
reductions are driven by efficiency gains across sectors, particularly in the transportation sector due to
the deployment of EVs, and do not depend on reducing energy service demand such as for driving, home
heating and cooling, etc. See related strategies below in Buildings and Industrial.

3. Increased electrification as a share of total energy consumption. As described above, U.S.
decarbonization studies project reduced overall energy consumption in 2050 resulting from efficiency
gains across sectors, particularly transportation. The third key feature of a deeply decarbonized energy
system is through the total energy demand pie is expected to be smaller, electricity’s share of the pie is
expected to be larger given that most deep decarbonization scenarios call for significant and rapid
deployment of clean technologies that run on electricity. So consumption of decarbonized electricity
increases although total energy consumption decreases. PGE’s study found that in order to support
decarbonization strategies across the Oregon economy, particularly the transportation sector, it would
need to access more zero-carbon electricity resources (either through additional generation that it owns
and operates, or through contracts or market purchases) than ever before.®® In the U.S., electricity
generation is projected to increase 60 to 113 percent between 2005 and 2050 due to increased electricity
usage in transportation, buildings, and industry®’ (see related strategies later in this chapter).
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PGE’S PATH TO DECARBONIZATION

“PGE is committed to helping Oregon
achieve a clean energy future by reducing
our greenhouse gas emissions by more
than 80 percent by 2050. By using clean,
affordable, reliable and safe electricity to
power our lives — especially in the
transportation sector — we can help
reduce the threat of climate change,
improve air and water quality, and
create a more sustainable way of life for
all Oregonians.”

— Maria Pope
PGE President & CEO
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2016 GHG Emissions Natural Gas
NATURAL GAS — 12%

7.32 million metric tons

Direct use of natural gas (i.e., not for electricity generation) was 12 percent
of Oregon’s GHG emissions in both 2015 and 2016." Although it is a less
GHG emissions-intensive fuel than coal, natural gas is primarily comprised

of the greenhouse gas methane, which is a stronger climate warming agent
pound-for-pound than carbon dioxide and is a precursor to ozone that
itself is a GHG. But methane does not last as long in the atmosphere as

CO2 (about a decade vs. about a century) and is not emitted in as large a
quantity as CO2. Burning methane/natural gas for uses such as heating or
cooking releases carbon dioxide, whereas methane can be directly released
into the atmosphere through leaks or venting in natural gas production and

distribution systems. Despite this, a number of studies find roles for
“decarbonized” natural gas (defined below) in future scenarios of deep decarbonization.®*"#

Decarbonizing Pipeline Gas While Also Reducing Waste in Other Sectors

A study of scenarios for California found that using the state’s existing natural gas distribution network to
deliver decarbonized gas could complement a low-carbon electrification strategy and still allow California to
achieve its 2050 GHG reduction goal.85 Deep decarbonization scenarios also rely on significant levels of
energy efficiency to reduce GHG emissions in the sectors where natural gas is used®; see related strategies
below in the Buildings and Industrial sections. Decarbonized gas can also be looked to in cases where it may
be difficult to fully transition to electricity, either for technical, cost, or customer acceptance reasons. These
include: “(1) certain industrial end uses, such as process heating, (2) heavy duty vehicles, and (3) certain
residential and commercial end uses, such as cooking, and existing space and water heating.”®
Decarbonized natural gas refers to natural gas produced through alternative processes — such as those
described below — to reduce or offset its climate effects compared to traditional fossil natural gas:

1. Renewable natural gas. RNG as a decarbonization strategy replaces some percentage of the methane in
the pipeline that comes from fossil sources with methane from biogenic (resulting from living organisms
or biological processes) sources. There are two main processes to create RNG:

¢ Anaerobic digestion: Digesters allow for “waste-to-energy” projects that have multiple benefits
of creating an economically useful product while also reducing waste and emissions. This
technology is being used currently in Oregon: NW Natural is partnering with the City of Portland
to produce RNG from the city’s Columbia Boulevard Wastewater Treatment Plant for pipeline
injection as well as a natural gas vehicle fueling station®”, and Eugene-Springfield’s Metropolitan
Wastewater Management Commission is developing an RNG pipeline injection project. There are
a wide variety of other RNG sources, including landfills, dairies, and programs that divert food
waste.

o Thermal gasification of biomass: This thermochemical process converts biomass fuels into
synthesis gas, or syngas, which is made up primarily of carbon monoxide and hydrogen. Syngas
can be converted to methane with additional processing. Woody biomass or corn stover are
typical feedstocks, but recently the use of municipal solid waste has been proposed. Several
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thermal gasification technologies are available, with variations using different temperatures and
feedstock heating approaches. High temperature approaches produce syngas while medium
temperature approaches make “producer” gas, which has a slightly different chemical make-up
but can also be converted to methane with additional processing.88 There are currently no
commercial-scale thermal gasification plants in the United States that take the conversion process
from biomass all the way to methane. The existing plants produce syngas, which is burned and
used to generate heat and electricity. There are significant research efforts underway to bring
down the cost of the conversion of syngas to methane.

2. Power-to-gas (P2G). This technology uses electrolysis to convert electricity to hydrogen gas, which can
then be converted to methane (termed synthetic natural gas), directly injected as hydrogen into the
existing natural gas grid, or directly used as a transportation fuel in hydrogen fuel cell vehicles. P2G can
be a decarbonization strategy if the electricity it uses as a “feedstock” comes from excess renewable
electricity generated by wind, PV, hydropower, or other zero-carbon sources.® This technology is being
piloted at several locations in Europe and the United States, but not yet in Oregon. Studies have
identified beneficial roles for P2G technology in providing a balancing resource for the integration of
variable renewable electricity generation, helping to address issues related to renewable curtailment by
producing synthetic natural gas or hydrogen when renewable electricity supply exceeds net demand.®>®
Additionally, P2G could provide a valuable source of low or carbon-free inter-seasonal storage, allowing
excess renewable energy in the spring and summer to be used during peak demand in the cold winter
months when less renewable output is available.®

In July 2017, the Oregon Legislature passed Senate Bill 334, which directed ODOE to conduct a statewide

survey of resources that could be used to develop and utilize biogas and RNG. This inventory quantifies the
opportunity to take persistent, long-term waste streams and convert these waste streams into useful energy.
Municipal waste streams like household refuse, wastewater, waste food, and agricultural waste streams like
manure all generate methane as they break down in the environment. Redirecting these waste streams into
controlled processes for optimization, capture, and utilization of the methane can be economically, socially,
and environmentally beneficial to Oregon. Redirecting this fuel source into the transportation fuels sector,
and eventually into the stationary fuels sector, can result in increased economic opportunity, energy security,
and resilience for both rural and urban communities in Oregon. The results of the inventory indicate that
there is potential for a substantial amount of RNG to be produced in Oregon from a variety of biogas
production pathways. The gross potential for RNG production when using anaerobic digestion technology is
around 10 billion cubic feet of methane per year. This is about 4 percent of Oregon’s total yearly use, which
includes gas used for electricity production, or 7.5 percent if comparing only to direct use of natural gas
where RNG is expected to be used. At a future point, once technical obstacles are overcome, thermal
gasification technology could produce up to 40 billion cubic feet per year — about 17 percent of the state’s
total annual natural gas use or 29 percent of annual direct use. The full report is available on ODOE’s
website.®

Biennial Energy Report Chapter 2 — Page 37



The Oregon Global Warming Commission’s “wedge” analysis in its 2015 Biennial Report to the Legislature
also examined biogenic waste streams.™ Their report identified the following as some of the most cost-
effective strategies for addressing these sources of GHG emissions:

o Development of dairy anaerobic digestion and methane utilization projects.

e Increasing co-digestion of dairy manure and food processing waste, which provides a carbon neutral
energy source for producing electricity or thermal energy.

e Increasing biogas energy production from municipal solid waste and at wastewater treatment plants.
e Installing landfill gas collection and destruction systems at landfills where they do not already exist.

e Preventing edible food waste to reduce the amount of biogenic waste entering landfills.

2016 GHG Emissions BUildings

RESIDENTIAL/COMMERCIAL The residential and commercial sectors, when including electricity and
7% natural gas use, comprise 34 and 32 percent of Oregon’s GHG emissions in

4.18 million metric tons 2015 and 2016, respect‘ively.1 When electricity and natural gas use are
accounted for separately, residential and commercial GHG emissions drop

to 7 percent and stem primarily from petroleum combustion (e.g., fuel oil
\ for heating) and emissions from waste and wastewater originating from
\ these sectors. This indicates a substantial potential for residential and

commercial buildings and systems to reduce energy use and switch to low-
carbon energy sources in order to reduce GHG emissions; some of the
main approaches are summarized below.

Benchmarking and Transparency: Understanding and Communicating Building Performance

A cornerstone of reducing GHG emissions in this sector is understanding, measuring, and communicating
information on building performance. While energy management has been voluntarily undertaken for
decades, there has been a recent and significant rise in government laws and programs to drive standardized
and centralized reporting. Mandatory benchmarking and reporting programs are available in over two dozen
cities and several states.”® For example, the City of Portland has mandatory commercial and residential
reporting programs, completed on an annual basis or at time-of-listing, respectively. Once measured,
building and home owners can compare their energy performance — with low-performing buildings being
identified as likely having the highest potential for improvement.

These reporting programs have also quickly become the most available and reliable data source to
understand energy use and the associated emissions of these buildings. The City of Portland found that the
lowest-performing buildings use two to four times as much energy per square foot as the most efficient
buildings.”*
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Retrofit Existing Buildings at Key Trigger Points

To reach major emission reductions in the residential and commercial sectors, the existing building stock
needs to be addressed. The most well-established and cost-effective strategy for reducing emissions from
buildings continues to come from improving the energy efficiency of buildings. In general, the most effective
retrofitting that also reduces GHG emissions strikes a balance between fixing the building’s envelope and
upgrading systems and equipment within buildings to maximize energy efficiency and use of low carbon
fuels.”

These improvements are commonly triggered when equipment reaches its end-of-life, the building is
remodeled, or when provided incentives. Some jurisdictions are also implementing mandatory retrofits
supported by energy performance reporting. For example, New York City requires that buildings over 25,000
square feet conduct periodic audits and retro-commissioning and report to the city every 10 years. The City
of Boulder requires that after reporting, the building owner must conduct retro-commissioning and
implement measures that have a financial payback of two years or less. These programs can accelerate the
standard improvement cycle that occurs in the building stock, while avoiding long-term “lock in” of
equipment that is low efficiency and reliant on fossil fuels. They can also allow for GHG emissions reduction
to be used as a decision-making criterion rather than solely energy savings, which may allow electricity-based
equipment and systems to more easily compete with minimum efficiency fossil-fuel versions.

Integrating Net-Zero Design and Performance into New Buildings

Newly built structures can incorporate design and performance requirements so their overall energy
footprint is low-to-no CO2 emissions. The “net-zero or zero-energy” building or home is a highly-efficient
structure that is fully powered or offset by carbon-neutral energy sources. While there are an increasing
number of projects tackling net-zero retrofits to existing buildings, the most cost-effective and holistic
approach is to incorporate these elements into the design and construction of new buildings and major
remodels. Critical components to this process include: energy modeling towards performance requirements,
use of high-efficiency equipment and low-energy use design, integrated and whole-building planning, and
performance verification and ongoing monitoring. For both retrofits and new construction, using building
materials that are less carbon intensive where possible, such as wood instead of concrete and steel, may also
have benefits for the climate, though these would not be traditionally quantified under most GHG accounting
protocols.”>*

Fueling Buildings with Low Carbon Electricity While Also Providing Decarbonized Gas

Most deep decarbonization scenarios project that most or a significant portion of appliances and equipment
used in residential and commercial settings will be fueled by low carbon electricity.®*®* But studies also
acknowledge that full electrification of these end uses will be challenging for reasons such as cost or
customer acceptance.’”®"®> As discussed above, RNG can help reduce emissions of remaining natural gas
end uses (see Electricity and Natural Gas strategies).

Increasing Efficiency Throughout the Refrigeration Lifecycle

Fluorinated GHGs are in products used in all types of buildings, including commercial refrigeration, cold
storage warehouses, air conditioning, heat pumps, foams, and aerosols. Hydrofluorocarbons are of particular
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concern because they are the fastest growing source of GHG emissions in the U.S. and their effect on the
climate is hundreds to thousands of times greater than CO2.'® For example, just one pound of R-404A, an
HFC refrigerant used in supermarkets, is comparable to two tons of CO2 in terms of its effect on the climate.

Some estimates indicate that nationwide, GHG emissions from refrigeration and air conditioning can be
reduced by 77 percent below baseline levels by 2030, and that over half of those reductions can be had at
negative cost.” Reductions can be achieved through: (1) switching to alternatives that have a much lower
climate effect than HFCs, while also not harming the Earth’s ozone layer, and (2) through proper handling,
servicing, and recycling or safe disposal of refrigerants at the product’s end-of-life.” There are a number of
natural refrigerant alternatives to HFCs that are commercially available or expected to be available soon,
including CO2, ammonia, hydrocarbons, and hydrofluoroolefins (HFOs). Climate and ozone-friendly natural
refrigerants have been found to have better thermodynamic properties compared to standard synthetic
refrigerants, which means that their use can also increase energy efficiency in some applications.*®

2016 GHG Emissions Transportation
TRANSPORTATION — 39%

24.25 million metric tons

Oregon’s transportation sector is the state’s largest single source of GHG
emissions, at 36 percent of the statewide total in 2015 and 39 percent in
2016." Estimates from 2015 indicate that 47 percent of emissions are

generated from light-duty vehicles, while approximately 23 percent are
from heavy-duty vehicles." In its Statewide Transportation Strategy, ODOT
\ identified strategies related to vehicles and fuels as the most direct and

high-impact options for switching to low-carbon transportation energy
sources and reducing the sector’'s GHG emissions.”” This is consistent with
recent research that identifies sets of related strategies to support deep
decarbonization for the transportation sector, which are summarized

below.

Integrated Approaches for Passenger Transportation

Climate studies for passenger transportation emphasize an integrated, multi-modal climate change
mitigation strategy given its cost effectiveness and ability to generate co-benefits such as human health, air
guality, and traffic congestion improvements. For more detail about policies and strategies, see Chapter 4.

¢ Accelerating build out of electric vehicle charging infrastructure: Studies consistently identify
developing a widespread and robust electric vehicle (EV) charging network, both public and
privately-owned, as key for increased EV adoption. This will require collaboration with private
sector developers on moving towards an industry standard for all classes of vehicles, as well as for
development of fast chargers.

o Expanding access to light-duty electric cars and trucks as they come to market: Existing market
barriers to more widespread adoption of EVs can be addressed through converting a greater
share of fleets to EVs, providing other opportunities to enhance consumers’ familiarity with
driving EVs, and consumer and dealer education.

o Electrifying public transit: A number of cities around the country are shifting away from diesel-
powered to electric public transit to save money, improve health, and cut air pollutant and GHG
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emissions. Nashville and Park City, Utah are some of the first cities to have integrated electric
buses into their routes, and the mayors of 12 major cities, including Los Angeles, Seattle, London,
Paris and Mexico City, have committed to purchasing only zero-emissions buses by 2025.% TriMet
in Portland has committed to replacing its diesel bus fleet by 2040. Its 2018 Non-Diesel Bus Plan
evaluated different non-diesel bus technologies (battery electric, renewable natural gas, and
hydrogen fuel cells), and the agency is moving forward with testing five electric buses on what will
be Oregon’s first all-electric bus route in Beaverton.?® TriMet is partnering with PGE to install and
manage six bus charging stations.*®

e Continued focus on multi-modal alternatives: The most effective programs include a
combination of qualitative improvements to alternative modes (walking, cycling, and public
transit including bus and light rail) and integrated transport and land-use planning, which creates
more compact, mixed, and better connected communities with reduced need to travel.’®! These

are key strategies that some of the MPOs in Oregon are evaluating and pursuing in their regional

transportation plans (discussed earlier in this chapter in the section Metropolitan Planning

Organizations).

Decarbonized Natural Gas for Medium- or Heavy-duty Fleets

Decarbonization strategies for medium- and
heavy-duty vehicles are still evolving. The
U.S. Mid-Century Strategy67 concluded that
there are substantial opportunities for
additional research and innovation in this
area. This includes, among other examples,
hydrogen powered trucks and buses, fuel g
cells in medium- and heavy-duty transport '
applications (delivery vans, short-haul
freight trucks, etc.), and improved freight
logistics and modal shifting of freight from
long-haul trucks to rail and barge.

As noted in ODOE’s biogas and renewable Medium- or heavy-duty trucks, like this Waste

natural gas inventory®, there is substantial Management fleet truck, can run on CNG.

opportunity to develop RNG supplies for use

as a transportation fuel. This may be particularly true for many medium- and heavy-duty trucks that already
run on compressed natural gas or liquefied natural gas. There are examples of these types of projects
throughout the country either in the planning phase or in operation. In Oregon, the Dry Creek Landfill in
Medford is installing technology to RNG from landfill gas and are converting their garbage hauling fleet to
CNG/RNG. They partnered with ODOE and Avista Natural Gas and built a publicly-accessible CNG fueling
station. In California, CR&R Environmental Services in Perris, California converts food waste to biogas in a
state of the art digester, cleans the biogas to produce RNG, and then both fuels its garbage trucks and sells
that RNG into the transportation market.'® A similar project is being planned in Philadelphia, PA.'%
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2016 GHG Emissions Industrial
INDUSTRIAL — 7%

4.3 million metric tons

The industrial sector accounts for about 20 percent of Oregon’s total GHG
emissions, primarily from direct use of electricity and natural gas." When

electricity and natural gas use are accounted for separately, this drops to 7

percent of the state’s emissions and is comprised primarily of emissions

from petroleum combustion, industrial waste and wastewater, and
\ industrial process manufacturing (e.g., production of cement, paper

products, ammonia, urea, etc.). This indicates that key decarbonization
strategies for the industrial sector include increasing efficiencies to reduce
overall energy use and switching to low-carbon energy sources where
possible.

Increasing Energy Efficiency

Oregon has engaged with large industrial utility customers for many years to increase energy efficiency.
ODOE administers the Large Electric Consumer Public Purpose Program where large electric consumers (over
one average megawatt or 8,760,000 kilowatt hours per year) may be eligible to self-direct a portion of their
public purpose charges and implement qualifying energy efficiency or renewable energy projects. The
biennial reports to the Oregon Legislature on Public Purpose Expenditures provide insight into the types of
industrial efficiency projects large customers have pursued and estimates of their energy savings.”* From
2015 to 2016, self-directed efficiency projects included implementing energy management systems,
industrial process modifications, lighting modifications, and installing energy efficient pumps. These projects
collectively achieve about 3 MWh of energy savings annually. Other climate mitigation studies identify
various operational (e.g., waste heat utilization) and maintenance measures (e.g., reducing air or steam
leaks) that can have benefits for GHG mitigation.

Fueling Equipment with Low Carbon Electricity While Also Providing Decarbonized Gas

The U.S. Mid-Century Strategy”’ and the U.S. Deep
Decarbonization Pathways report® find that by 2050, a
significantly larger portion of industrial energy demand is
met with low carbon electricity compared to today. In

many cases, small-scale industrial equipment such as

forklifts, pallet jack, or scissor lifts fueled by fossil fuels like _f'
diesel, gasoline, or propane now have battery electric
versions available. According to the National Renewable
Energy Laboratory, electric technologies exist for certain
low-temperature energy needs, such as curing and drying,
and could lead to increased electrification in the industrial
sector.®® Where electrification of industrial processes is
challenging for physical or economic reasons (e.g., some Electric battery forklift.

high-heat applications), the use of decarbonized pipeline Photo: Toyota Material Hand/ing
gas can reduce GHG emissions intensity in this sector.
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As with any large-scale transformation, transitioning Oregon’s energy systems to achieve the state’s climate
mitigation goals will create challenges and tradeoffs that are important factors influencing policy design. Key
considerations include timing of when action begins, costs and benefits, social and intergenerational equity,
and potential policy interactions and tradeoffs.

Timing of Action

The IPCC concluded that “delaying mitigation efforts beyond those in place today through 2030 is estimated
to substantially increase the difficulty of the transition to low longer-term emissions levels and narrow the
range of options consistent with maintaining temperature change below 2°C relative to pre-industrial levels
(high confidence).”®! This means that the longer we take to address climate change, the harder it will be to
make the transition. For example, Figure 2.16 shows two hypothetical pathways from 2010 to 2020, the year
when Oregon set a goal to reduce its emissions 10 percent below 1990 levels. A steady, smooth progression
illustrated by the blue dashed line down to the target level from the most recent year of emissions data,
2016, to the year 2020 requires an annual reduction of approximately 3 million MTCO,e." If emissions
reductions are delayed until 2019, Oregon would have a much steeper pathway illustrated by the orange
dotted line, and would need to annually reduce emissions by 5 million MTCO,e in 2019 and again in 2020 to
achieve the same goal.

Figure 2.16: Hypothetical emission reduction trajectories for scenarios beginning from the most recent
year of GHG emissions data, 2016
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So “bending the curve” on emissions sooner means fewer reductions will be needed annually, while waiting
to begin would mean that steeper reductions are required each year in order to reach the state’s reduction
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target. Importantly, delaying action for 3 years also results in an additional 11 million MTCO,e being released
into the atmosphere, increasing the cumulative environmental impact of the state’s emissions.

Another important aspect for climate mitigation policy design is optimizing timing for replacing high-carbon
equipment and infrastructure with low-carbon alternatives. Figure 2.17 shows best estimates of natural stock
turnover cycles of various types of goods or infrastructure, comparing the number of replacement
opportunities in the timespan leading up to when 2050 climate goals should be met. For example, by 2050,
electric lighting is expected to need four replacements, while an industrial boiler needs one. This underscores
the need and importance of advance planning, particularly for long-lived infrastructure like power plants and
buildings, to pave the way for selection of low-carbon alternatives when that natural replacement window of
opportunity opens. The U.S. Deep Decarbonization report®® concluded that 2050 climate goals could still be
met by relying on natural stock turnover. This would largely avoid stranded assets or other lost economic
value related to “early retirement” (compared to assumed life at the original time of investment) of
equipment or infrastructure.

Figure 2.17: Equipment and Infrastructure Stock Turnover Cycles®
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Closely related to issues of timing are issues of costs and benefits. There is broad consensus that delayed
action makes climate mitigation more expensive.®“® This is because larger GHG emissions reductions would
be required over a shorter, more compressed timeframe, which limits the available range of mitigation
options (i.e., less flexibility to choose cost-effective options), affects the optimal timing of replacements and
other measures, and may create carbon intensive “lock-in” if long-lived equipment or infrastructure is
purchased or built during the period of delay. Lock-in can make meeting long-term climate goals substantially
more expensive to achieve.'™
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Delayed climate action at the global scale also delays the time it will take to stabilize atmospheric
concentrations of GHGs and in effect, stabilize Earth’s climate. This increases the risks associated with
climate change itself that were discussed above, which have very significant economic implications for
Oregon. Quantifying the costs of climate impacts and the economic benefits of avoiding those impacts is still
an evolving area of research. Some of the studies breaking ground in this area have used a variety of
economic valuation methodologies at the global level’® and for the United States.'®®'%” But most analyses of
climate mitigation policies rely on traditional cost-benefit methodologies that only account for economic
costs of implementing the policy.

Another valuation approach has been to use the social cost of carbon, which according to the U.S. National
Academies of Science, Engineering, and Medicine'® is a measure of global economic damages associated
with releasing one ton of CO2 into atmosphere, expressed as a dollar per ton metric. Social cost of carbon
can be easily used to compare two different investment decisions, one with relatively higher and one with
lower GHG emissions—applying a social cost of carbon value will make the higher-emitting option more
expensive relative to the lower emitting option to reflect the damage it is causing to the environment and
human health. A social cost of carbon value can also be used in traditional cost-benefit analyses for
regulatory policies—first by quantifying the GHG emissions reductions achieved by the policy and then
multiplying that by social cost of carbon values to estimate a dollar value for climate benefits of the policy
(see below for more discussion of policy co-benefits in addition to climate benefits).

In addition to approaches for estimating more macro-level costs, there are methodologies for estimating
costs of individual emissions reductions measures, also called abatement options. This tool, Marginal
Abatement Cost Curves or MACCs, creates estimates of the cost of reducing one more unit of pollution
(dollars per ton of CO2 reduced) and the size of potential emissions reductions from a suite of abatement
options. Some advantages of MACCs are that they provide an easy-to-digest visual comparison of the relative
cost of certain measures, and can incorporate regional, state, and local data to further refine estimates to be
specific to a certain geographic area. MACCs are perhaps most useful as directional indicators of potential
cost, while their specific dollar values and relative rankings of abatement options should be considered
provisional.109 For example, an Oregon MACC was developed in 2012 that showed that certain types of
measures could be implemented for net negative cost (paybacks would be greater than costs)™®, which is a
useful starting point for further investigation.

Some critiques of MACCs are that their results are one-dimensional or overly simplistic because they do not
account for costs other than direct technology costs (i.e., they do not estimate indirect or transaction costs
that would accrue during actual implementation of a measure), and they have difficulty capturing
interactions between different measures that would affect cost-effectiveness in reality.’® In addition, it can
be difficult to find accurate or timely data on which to base MACC calculations, especially as the
methodology is not easily updatable and cannot easily keep up with the rapid advances in and falling costs of
clean energy technology.™
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o Well-designed systemic and cross-sectoral mitigation strategies are more cost-effective in cutting
emissions than a focus on individual technologies and sectors.

¢ Given substantial recent performance improvements and cost reductions, a growing number of
renewable energy technologies have achieved a level of maturity to enable deployment at
significant scale.

¢ Building codes and appliance standards, if well designed and implemented, have been among the
most environmentally and cost-effective instruments for emission reductions.

As researchers, analysts, and policymakers make progress in understanding and quantifying the costs and
benefits of climate change and the policies enacted to address it, it becomes equally important to
understand how those costs and benefits are distributed across society. Equity and justice, which are
concepts explored more in Chapter 2.5, are often considered in two main ways in the context of climate
change.

First, an intergenerational equity viewpoint stems from the premise that there are moral duties owed by
present to future people, that it is our obligation to avoid triggering dangerous levels of climate change that
will impose both near- and long-term harms on future generations that bear no responsibility for creating the
problem."*? From an intergenerational justice perspective, inaction on climate change is not a viable option;
global climate action is necessary to reduce the harms future people will face and pass on an environment
that supports healthy lives and livelihoods.

Second, a social and environmental equity viewpoint recognizes that certain populations bear a larger,
disproportionate share of harmful effects from climate change, are less able to prepare for and respond to
climate threats, and that this is occurring within a legacy of social, political, and economic inequalities and a
lack of recognition and power to participate in decision-making and shape policy outcomes. Although more
research is needed to fully understand how different parts of Oregon’s population are experiencing climate
change, in general, vulnerable populations include those that have low incomes, are in poverty, or are
otherwise economically vulnerable; some communities of color; or those who are already affected by

. . i . . L 67,113
inequitable exposure to pollution and environmental health risks.” "

From a social and environmental justice perspective, climate policies and actions should be designed to avoid
potential adverse side effects or unintended consequences so as not add to the current economic, health,
and environmental burdens of vulnerable populations. Policymakers should instead proactively and
meaningfully involve affected populations in decision-making to ensure that the benefits of climate policies
and programs flow to communities that need it the most. Local community organizing groups in Oregon like
APANO and OPAL Environmental Justice, as well as national civil rights organizations like the NAACP, among

Biennial Energy Report Chapter 2 — Page 46



others, have included climate change as a priority focus area for their social and environmental justice
work 114,115,116,117,118

The following section examines some of the key potential challenges and co-benefits of climate policy,
identifying those that may be particularly relevant to considerations of social and environmental justice in
Oregon.

Climate policy intersects with other societal goals, such as those related to human health, food security,
environmental quality, energy access, livelihoods and jobs, and sustainable economic development.61
Depending on their design, polices in these areas can be mutually reinforcing or can hinder the achievement
of each other’s objectives. There can also be opportunities for co-benefits if these interactions are well-
managed, or adverse side effects and unintended consequences if they are not. A number of commonly cited
examples of these issues with relevance to Oregon are described below.

Land Use and Natural and Working Lands

Like with any new energy infrastructure, the development of new
renewable energy facilities to meet Oregon’s climate goals have the
potential for conflicts with other values Oregonians hold related to
natural and working landscapes, wildlife conservation, and natural
and cultural resources. Such conflicts could occur if, for example,
areas in which large-scale renewable energy facilities are
constructed and operated provide habitat to endangered species
and other wildlife, are on high-value agricultural land, or have
cultural resources or support traditional lifeways of Oregon’s Native
American tribes.'*® Similar considerations would apply if additional
renewable generation requires additional transmission
infrastructure to be built in Oregon or in the region. Strategic renewable energy siting principles have been
proposed in the literature to reduce or avoid such tradeoffs, including land use policies and electricity
planning processes that focus on development in already-impacted places and emphasizes ecosystem service
values (e.g., biodiversity, carbon sequestration, groundwater protection) and other environmental concerns
within traditional business case evaluations of local transmission capacity, etc.”?%*?! The siting of renewable
energy facilities is discussed in Chapter 3.

Some renewable energy technologies can be deployed to meet both climate mitigation and adaptation needs
on natural and working lands, while also providing local economic benefits. Examples include:

e Biomass sources eligible for the Renewable Portfolio Standard (see Chapter 3 for more details)
could work in tandem with forest restoration/fuel load reduction projects that are intended to
reduce wildfire risk that is increasing in the Western U.S. due to climate change.

¢ Irrigation in-pipe hydropower energy recovery systems generate power from pressurized
irrigation water. Conversion to piped irrigation systems improves water use efficiency by
eliminating evaporation and seepage and allows agricultural enterprises to better manage the
effects of drought that are projected to increase in Oregon due to climate change.
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IRRIGATION: WATER MEETS ENERGY

Energy Costs, Energy Independence, and Economic Growth Potential

Arguments against deep decarbonization assume that it will necessarily entail high costs or restricted energy
services that are barriers to economic development.63 But the long-term goal of the transition to a low-
carbon energy economy is to move away from dependence on fossil fuels as a primary energy source,
creating a highly efficient, modern energy system that provides the same or more diversified energy services
without the negative effects of the current system.®®> However, getting to this end state requires a period of
transition where some individuals and businesses will still need to rely on old fossil fuel-based systems that
will become comparatively more expensive to operate or maintain under policies that explicitly put a price
on the carbon in fossil fuels, or simply as investors, insurers, and banks eventually seek to limit their carbon
Iiability.122 Policymakers can manage this transition through program designs that aim to limit cost increases
facing consumers and ensure that benefits are prioritized in impacted communities.
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Examples include:

¢ Coordinating energy efficiency improvements with decarbonization of energy supplies limits
increases in total consumer bills even if per unit energy prices increase.®

e Policies to reduce the level of consumer up-front spending required to transition their homes and
vehicles to low carbon technologies is key to keeping net household costs low, or even producing
a net savings.”

o Policy design choices with a cap-and-trade system can require regulated utilities to return
revenues to specific customer classes to mitigate potential price increases.

e The concept of “just transition” emphasizes that investments in workers should be prioritized, for
example, through job training and re-training programs. Just transition and ensuring costs do not
disproportionately fall on low income and other vulnerable populations are key social and
environmental justice considerations.

Economic and security benefits of a deeply decarbonized energy system for Oregon include: (1) increased
energy independence, (2) native sources of energy that create local jobs and enhance resiliency (see Ch. 2.6
for additional detail on resiliency benefits of distributed energy and microgrids), and (3) larger proportion of
Oregonians’ dollars spent on energy staying in the local or state economy.”® Reduced dependence on
imported fossil fuels, particularly petroleum, means that a low carbon economy will be more shielded from
the impacts of price volatility and insecurity over resource availability, particularly for a globally traded
commodity like oil, considering the outsized influence in the global oil market of the Organization of the
Petroleum Exporting Countries (OPEC) and the history of political instability in many oil-producing regions®®
(see Chapter 4 for additional discussion of energy independence). Less exposure to financial risk associated
with price shocks creates a more stable investment environment that has more predictable energy costs for
consumers and reduces business risk.*° The deep decarbonization transition has also been identified as a
catalyst for business innovation, with potential to create new jobs across multiple types of clean energy-
related industries and to capture a first-mover competitive advantage in global markets for low-carbon
energy technology, meaning Oregon businesses would have an edge as one of the early entrants into a new
market segment for low-carbon energy solutions.®®

Air Quality and Human Health

Fossil fuel-based energy systems have well-studied adverse environmental and human health effects for both
children and adults.'”® Industrial fossil fuel use also has implications for occupational exposures and negative
health effects for workers.

Exposure to air pollution has been linked to increased risk of heart disease, respiratory disease, stroke, and
cancer®, and these health burdens disproportionately affect low income and minority populations.””’ These
diseases are four of the five leading causes of death in Oregon.'*® Nationally, incidences of air pollution-
related premature death are attributable to primarily to fossil fuel combustion emissions from road
transportation and electricity generation, followed by industrial emissions.**> A deeply decarbonized energy
economy, by moving away from fossil fuels and through use of clean electricity generating technologies,
would substantially reduce air pollutants that are co-emitted with greenhouse gases. These co-pollutants
include particulate matter, nitrogen dioxide, sulfur dioxide, polycyclic aromatic hydrocarbons, mercury, and
volatile organic compounds. Improved air quality reduces the risk of respiratory, cardiovascular, and other
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documented negative health effects from exposure to air pollution, and can reduce doctor and hospital visits,

and therefore health care costs for people with chronic illnesses like asthma and chronic obstructive
130,131

pulmonary disorder.

CONCLUSIONS
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142. H.B. 1600, Sess. of 1967 (Ore. 1967); H.B. 1601, Sess. of 1967 (Ore. 1967); https://
oregonencyclopedia.org/articles/oregon_beach_bill/#.W9i03XtKiUk

143. S.B. 334, Sess. of 2017 (Ore. 2017), https://olis.leg.state.or.us/liz/2017R1/Downloads/
MeasureDocument/SB334
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KEY TAKEAWAYS

Oregon’s renewable electricity capacity has grown over the years,
thanks to some of the early supporting policies, a growing voluntary
demand for cleaner electricity, substantial decreases in the costs of
renewable electricity technologies, and recent policies like a

strengthened Renewable Portfolio Standard. Oregon will face a number .
of challenges and opportunities as it works toward a goal of 50 percent
renewable electricity consumption by 2040. Changes within the utility

industry itself, new technologies, and changing customer demands will
affect how Oregon reaches its RPS target.

While energy and electricity are not fully interchangeable terms, this
chapter uses the term energy when discussing electricity in Oregon.
Energy typically includes uses other than electricity, including
transportation, industrial processes, and home heating; these types of
energy are discussed in other chapters of this report.

Renewable Energy 101

Renewable energy is generally defined as energy from sources that are naturally replenishing on a relatively
short time horizon, including solar, wind, geothermal, hydropower, biomass, and marine energy.* Certain
renewable energy policies have a narrower definition for renewable energy that is used for compliance, such
as a renewable portfolio standard.

*Marine energy is an emerging renewable resource, which includes wave, tidal, and current energy.
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Oregon’s RPS outlines which sources are eligible and under what constraints. All of the sources listed above
are eligible for Oregon’s RPS. Some of the sources — such as the direct combustion of municipal solid waste,
certain categories of biomass, and hydropower — are limited in eligibility due to facility age or concerns
around particulate emissions, chemical preservatives, or land management. For more information on the
eligibility of various resources for the RPS, see ORS 469A."

Beginning in 1977 with the creation of the Residential Energy Tax Credit (RETC) program, the Oregon
legislature passed a series of bills promoting renewable energy resources, including the public purpose
charge, net metering, the RPS, funding for wave energy, zoning measures, and requirements for public
buildings. This legislative momentum, as well as the region’s hydropower, has helped place Oregon as one of
the leading states for renewable energy installations. As of 2016, Oregon was fourth in the nation for
cumulative renewable electricity installed capacity, and fifth in terms of per capita installed capacity.’

Figure 3.1: Top States for Cumulative Renewable Electricity Installed Capacity for 2016
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With approximately 12,211 MW of installed renewable capacity in 2016, Oregon also ranked high for
installed capacity of both hydropower (third) and geothermal generation (fifth).?
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Figure 3.2: States Leading Hydropower Electricity Installed Capacity in 2016>
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Many factors have driven the increase in renewable energy generation and consumption in Oregon, such as
state and federal policies, increased customer demand, and sharply declining costs of technology. This
section will explore these drivers:

¢ Required Procurement: Policies requiring renewable procurement;

e Voluntary Procurement: Programs and market opportunities that meet consumers’ voluntary
renewable energy demand,;

e Financial Incentives: Incentives for renewable energy; and

¢ Falling Costs: Falling costs associated with renewable energy technology and project development.

Required Procurement

Oregon has a number of policies that require entities to procure and consume renewable energy. While
there has been no comprehensive assessment of the impact of these policies on the development of
renewable energy, the three policies described below — PURPA, RPS, and the Green Energy Technology
program — have required utilities and public entities in Oregon to develop renewable energy.

PURPA
One of the original drivers of renewable energy development in Oregon was the federal Public Utility

Regulatory Policies Act of 1978, or PURPA,* which obligates utilities to buy output from qualifying small

*PURPA is codified in numerous sections of 16 U.S.C., including, § 796, § 824a-3 and §§ 2601, et seq.
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renewable generators and cogeneration facilities (“qualifying facilities”) at the utility’s “avoided cost”* of
procuring that energy elsewhere. PURPA removed barriers to development of renewable generating
resources and created a fair and open market for independent (non-utility) electricity producers. PURPA has
been a major driver for renewable energy project development in the West, including Oregon, and analysts
expect it to be one of the main drivers for utility-scale solar development in the U.S. in 2018 and beyond.?

The Oregon Renewable Portfolio Standard

A renewable portfolio standard is a policy requiring retail electricity providers to meet a certain percentage
of their annual electricity sales with eligible renewable energy generating resources. Nationally, state RPS
policies have been responsible for approximately 50 percent of the growth in non-hydro renewable energy
generation since 2000. In the West, between 70 and 90 percent of renewable energy additions were built to
meet RPS requirements.4

Oregon established its RPS in 2007 with Senate Bill 838 (Oregon Laws 2007, Chapter 301), providing a
requirement for the largest utilities' — Portland General Electric, PacifiCorp, and the Eugene Water & Electric
Board — to provide 25 percent of retail sales from eligible renewable sources by 2025, with interim goals
along the way. The state’s many smaller consumer-owned utilities (COUs) were given lower targets,
depending on the percent share of the state’s total retail electricity load supplied by the COU. Other than
EWEB, only Umatilla Electric Cooperative has had enough sales to trigger the large utility RPS threshold,
which is three percent or more of total statewide retail electricity sales in any three consecutive years.

Table 3.1: Annual Percent Share of Total Retail Electricity Sales in Oregon for the Largest Utilities for 2015-
2017>%7

Percent Share of Oregon Retail Sales

ety Utility Type 2015 2016 2017
PGE Investor-owned 37.50 36.60 35.80
PacifiCorp Investor-owned 27.20 27.30 26.60
EWEB Municipal-owned 4.88 4.85 4.95
Umatilla Cooperative 3.35 3.80 4.29
Central Lincoln People’s Utility District 2.63 2.68 2.73
Clatskanie People’s Utility District 1.92 1.91 2.24
Springfield Municipal-owned 1.55 1.57 1.50

The Oregon Clean Electricity and Coal Transition Plan increased Oregon’s RPS target in 2016 through Senate
Bill 1547 (Oregon Laws 2016, Chapter 28).°2 Also known as the “Coal to Clean” legislation, SB 1547 increased
the RPS from 25 percent by 2025 to 50 percent by 2040. This 50 percent target applies to the large investor-
owned utilities (IOUs) that provide three percent or more of total state retail electricity sales. COUs’
compliance is capped at 25 percent by 2025.

*In Oregon, utilities establish different avoided costs rates based on the technology. Learn more about avoided costs later in this
chapter.
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Figure 3.3: Original Oregon IOU RPS Targets and New Targets after 2025
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Eligibility

Eligibility of resources for the Oregon RPS is based on
two factors: the source of the renewable energy and the
age of the generating facility (also referred to as the
commercial operation date). Generation sources eligible
for the Oregon RPS include solar, wind, geothermal,
certain biomass sources, some hydropower, and a
handful of others. SB 1547 provided an additional
eligible RPS generating resource: thermal energy
generated at a facility that also generates electricity
using RPS-eligible biomass sources. As of fall 2018, four
facilities in Oregon have applied for RPS certification for
thermal energy. The Gresham Wastewater Treatment
Plant is the first facility to be certified. Gresham Wastewater Treatment Plant

The goal of the RPS legislation was to promote “research and development of new renewable energy sources
in Oregon” and to “increase their [utilities] use of renewable energy sources.”® For this reason, aside from a
few exceptions, only facilities that became operational on or after January 1, 1995, are eligible for
participation in the RPS. The facility age requirement serves to incentivize the development of new
renewable electricity sources, which is one reason why much of the existing hydropower in the region is not
eligible for the RPS. However, the importance of the region’s existing hydropower resources was realized by
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two exemptions for pre-1995 hydropower facilities: any incremental generation attributable to efficiency
upgrades made at existing hydropower facilities after 1995 would be eligible, as would generation from an
existing facility if it became certified as a low-impact hydroelectric facility* after 1995. Additionally, new
hydropower projects could qualify for the RPS if they are certified as low impact or if they are located outside
certain protected areas.

RPS Exemptions

Oregon’s RPS allows for four exemptions to a portion of a utility’s RPS compliance requirement, two of
which further acknowledge the value of zero-emissions hydropower:

e Cost cap: An entity is not required to comply with the RPS to the extent that the costs of compliance
exceeds four percent of the entity’s annual revenue requirement for the compliance year.

o Excess load: An entity need not comply to the extent that it would have to acquire electricity in excess
of its load requirement.

o BPA Tier 1 power: COUs are not required to comply with the RPS to a point where they would be
required to reduce their consumption of non-RPS eligible BPA Tier 1** hydropower.

o Older renewables: An entity is not required to comply to the extent that it would have to substitute
newer renewable electricity for electricity from older, non-RPS sources that are not fossil-fueled, such as
legacy hydropower.

RPS Tracking — Renewable Energy Certificates

As electrons from, for example, a natural gas plant become indistinguishable from those from a wind farm
once they stream onto the grid, renewable energy certificates, or RECs, are used to track renewable energy
and to determine where it is ultimately consumed. At the simplest level, a REC is a tradeable certificate that
represents the renewable attributes of one-megawatt hour (1 MWh) of qualifying renewable electricity
delivered to the grid.

A majority of jurisdictions define RECs to include environmental attributes associated with the renewable
energy generated, but there are some differences across jurisdictions in how those attributes are defined.
Oregon defines a REC as including the “environmental, economic, and social benefits” associated with
renewable energy.9 If the renewable electricity and its corresponding RECs are sold together to the same
customer, the RECs are considered to be “bundled” and to include all of the attributes of the renewable
generation. Simply put, bundled means that 1 MWh of renewable electricity and the REC created for that

*The Oregon RPS requires a certification from the Low Impact Hydropower Institute (LIHI) for a facility to be considered low im-
pact. LIHI certification is awarded to facilities according to eight dimensions related to environmentally sound hydropower genera-
tion, such as water quality, fish passage, watershed protection, endangered species protection, and avoidance of impacts on cultur-
al and historic resources.®

**BPA has a two-tiered power rate design for public power customers. Tier 1 is the base rate for the agency’s low cost resources.
Tier 2 represents incremental power BPA must purchase to meet the power needs of any BPA customers beyond what is covered
by Tier 1 rates. The tiered approach is meant to not only provide an incentive for utilities to practice energy efficiency but also to
provide a price signal should a public utility wish to build its own resources in place of purchasing Tier 2 power from BPA.
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1 MWh are delivered Figure 3.4: Flow of Bundled and Unbundled RECs
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Oregon entities may comply with the RPS using bundled RECs, unbundled RECs, or Alternative Compliance
Payments (ACP). ACPs are a cost-containment mechanism to protect Oregon ratepayers. The Oregon Public
Utility Commission sets the ACP rate for I0Us and Electricity Service Suppliers (ESSes) each compliance year
at a level that is high enough to incentivize compliance using RECs rather than ACPs but that provides for a
compliance cost ceiling should the costs of procuring renewable energy rise considerably. So far, no Oregon
IOUs or ESSes have used ACPs to comply with the RPS. The 2018-2019 ACP rate for IOUs and ESSes is $90/
MWh.*® For COUs, individual COU boards sets the ACP rate.

Unbundled RECs may only be used for up to 20 percent of an IOU’s annual compliance obligation; COUs may
use up to 50 percent unbundled RECs for annual compliance. Starting in 2021, ESSes, entities that may sell
electricity services through the Direct Access program, may only use unbundled RECs for up to 20 percent of
their annual RPS compliance requirement. Learn more about Direct Access later in this chapter.

RPS Compliance

Oregon’s two biggest I0Us — PacifiCorp and PGE — report to the Oregon Public Utility Commission annually on
what resources they used to comply with the RPS and at what cost.

Both PGE and PacifiCorp have met their RPS requirements every year since the first compliance year of 2011
without exceeding the cost cap or using the ACP mechanism. While PacifiCorp has primarily met its RPS
compliance obligations with wind resources, especially in earlier RPS years, PGE has relied on both
hydropower and wind resources. Some of the hydropower PGE uses for compliance each year is from
generation attributable to efficiency upgrades at older hydropower facilities.

Both utilities’ compliance portfolios have also included some solar, geothermal, biogas, and biomass
resources. Solar resources did not provide much of the early RPS compliance for either utility, but both PGE
and PacifiCorp have been adding solar to their compliance portfolios.
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Figure 3.5: PacifiCorp RPS Compliance Resources 2011-2016
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Figure 3.6: PGE RPS Compliance Resources 2011-2016
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In 2015, the RPS target took its first big jump from five to 15
percent, and both PGE and PacifiCorp met this higher interim target
with a mix of renewable resources located in Oregon and within the
region. The next RPS target increase is from 15 to 20 percent in
2020.

While I0Us must demonstrate RPS compliance to the OPUC, COUs
must report their compliance to their respective members or
customers, usually through the COU’s board. As noted above, EWEB
is the only COU that currently has an RPS requirement, and it
reports directly to its Board of Commissioners on its RPS compliance
each year. However, due to some of the RPS compliance exemptions
listed above, EWEB has not yet had an RPS compliance requirement
above zero. EWEB purchases a quantity of Tier 1 electricity from
BPA, and also meets a portion of its load with legacy hydropower
generation from non-BPA sources. For example, in 2017 EWEB had
total retail sales of 2,526,200 MWh, with a resultant 15 percent RPS requirement of 378,900 MWh. However,
because all of its retail sales were from exempt sources (BPA Tier 1 and legacy hydropower), EWEB was left
with a 2017 RPS compliance requirement of zero.™

The Small-Scale Community-Based Renewables Target

ORS 469A.210” states “by the year 2025, at least eight percent of the aggregate electrical capacity of all
electric companies that make sales of electricity to 25,000 or more retail electricity consumers in this state
must be composed of electricity generated by one or both of the following sources:

a) Small-scale renewable energy projects with a generating capacity of 20 megawatts or less
that generate electricity utilizing a type of energy described in ORS 469A.025; or

b) Facilities that generate electricity using biomass that also generate thermal energy for a
secondary purpose.”

The law applies to PGE and PacifiCorp.

While the statute defines facility types that are eligible for the RPS as well as a clear target, there are a
number of terms and provisions within the statutory language that lack formal definitions. For example, the
term “aggregate electrical capacity” does not have a statutory definition. As a result, a facility database was
developed with analysis tools to consider different compliance scenarios. In addition, the term “community-
based renewable energy project” is also not defined in statute and does not have a broadly accepted
definition.

To understand different ways utilities might meet the eight percent target, ODOE staff developed a database
of renewable energy facilities serving PGE and PacifiCorp, along with scenario analysis tools to consider
different compliance options. For the purposes of the analysis, it was agreed that utility peak load could
serve as a proxy for aggregate electrical capacity.
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The five types of facilities included in the database:

1. Net metered facilities: facilities that are installed on the customer side of the electric meter and
serving onsite loads.

2. Non-RPS compliant facilities: facilities constructed before 1995 that do not meet the definition of
renewable energy projects established under ORS 469A.025°* but that may meet the qualifications
described in the small-scale community-based renewable energy facilities target.

3. Out-of-state facilities: renewable energy facilities located outside of Oregon that contribute to
Oregon’s load. When included, these facilities are considered based on the estimated share of their
output serving the Oregon market.

4. Contracted facilities: the utilities provided data on projects that are under contract but not yet online
by February of 2018.

5. Interconnection applications: the utilities provided data on projects that have submitted an
application for interconnection but are not yet contracted. Historically many facilities in the
interconnection application queues have not been built. Conversely, by 2025, many facilities may be
built that are not currently in the interconnection application queues.

Using utility peak load assumptions as a proxy for “Net Aggregate Capacity,” the tables below show the
facilities that could contribute towards the eight percent target for PGE and PacifiCorp.

Table 3.2 shows facilities reported by PGE. Each row represents a facility classification and the relative
contribution of those facilities towards the eight percent target.

Table 3.2: PGE Facilities Potentially Contributing to Eight Percent Target

PGE Facilities 2016 2025
Peak Load Assumptions 3,652 MW 3,800 MW
Facility Scenarios Facilities Capacity (MW) % of Peak Load % of Peak Load

Baseline Contributing 75 2.1% 2.0%
Net Metered 48 1.3% 1.3%
Non RPS Compliant 18 0.5% 0.5%
Out of State 5 0.1% 0.1%
Contracted Facilities 513 14.0% 13.5%
Interconnection Applications 1013 27.7% 26.6%
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Table 3.3 shows facilities reported by PacifiCorp. Each row represents a facility classification and the relative
contribution of those facilities towards the eight percent target.

Table 3.3: PacifiCorp Facilities Potentially Contributing to Eight Percent Target

PacifiCorp Facilities (De-rated Capacity) 2016 2025
Peak Load Assumptions 2,267 MW 2,400 MW
Facility Scenarios Facilities Capacity (MW) % of Peak Load % of Peak Load
Eaa;elzillinei Contributing 83 3.7% 3.5%
Net Metered 34 1.5% 1.4%
Non RPS Compliant 104 4.6% 4.3%
Out of State 51 2.2% 2.1%
Interconnection Applications 47 2.1% 2.0%

Table 3.3 includes capacity values based on PacifiCorp’s allocation of resources over its entire western
service territory. As a result, all facilities, including in-state facilities, are de-rated to about 25 percent of their
nameplate ratings. If the PacifiCorp facilities that are located in Oregon are counted at their full nameplate
capacity, they have a significant impact on progress toward the target. Table 3.4 below describes the existing
projects and interconnection applications for PacifiCorp facilities located in Oregon.

Table 3.4: Existing Projects and Interconnection Applications for PacifiCorp Facilities

PacifiCorp Facilities (Full Capacity) 2016 2025
Peak Load Assumptions 2,267 MW 2,400 MW
Facility Scenarios Facilities Capacity (MW) % of Peak Load % of Peak Load
Existing Facilities in State 471 20.8% 19.6%

Interconnection Applications
in State

119 5.3% 5.0%

Figures 3.7 and 3.8 describe the nature of the small-scale renewable energy projects by facility type reported
by PGE and PacifiCorp. The charts report all projects in the database regardless of the eligibility scenario
analysis. As can be seen, solar facilities make up the majority of planned capacity.
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Figure 3.7: Cumulative Capacity (MW) of Existing Facilities Reported in the Small Scale Renewable Energy
Facilities Database; Reported Online as of February 2018
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Figure 3.8: Capacity (MW) of Planned Facilities Reported in the Small Scale Renewable Energy Facilities
Database; Reported as of February 2018
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In 2018, the OPUC began a rulemaking (Docket AR 622%) to clarify terms and create implementation rules.
This docket is ongoing and tentatively scheduled to be completed by the end of 2018.

School installed solar as part of its GET program
requirements.

The Oregon Youth Authority’s New Bridge High

1.5 Percent for Green Energy Technology

Oregon requires public bodies to spend 1.5 percent

| of publicimprovement construction costs on green

energy technology or woody biomass energy
technology (WBET). The requirement is for new
public buildings with construction costs exceeding
S1 million or building renovations with construction
costs exceeding $1 million and 50 percent of the
insured value of the building.”®

Eligible green energy technologies include solar PV,
solar hot water, passive solar, day lighting, and
geothermal systems. As of January 1, 2018, public
bodies may choose woody biomass energy
technology as an alternative to green energy
technology. WBET technologies must use certain
types of woody biomass as a feedstock in boilers

with a combustion efficiency of at least 80 percent.11 As of January 1, 2018, 81 public projects were reported,
with 75 percent of those being photovoltaic projects. Few projects attempt the passive solar path as the
passive elements must reduce whole building energy use by 20 percent. One geothermal project has been
completed. As of the date of this report, no woody biomass projects have been reported.

Voluntary Procurement

Another clear driver of renewable
energy development in Oregon and
the West has been voluntary
demand from residential customers
and corporate and industrial
entities, which has been increasing
alongside growing concern about
climate change and also decreasing
costs of renewable technologies.
Voluntary renewable energy
purchases are those where the
buyer was not required to purchase
renewable energy but chose to,
usually for reasons related to cost-
savings, risk management,
corporate social responsibility, or
corporate marketing.

COMMUNITY CLEAN ENERGY
GOALS
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Utility green pricing programs begin
with a renewable energy generator.
The utility either owns the generator
and retains RECs or purchases
RECs from a third-party owned
generator.

UTILITY

The utility retires the RECs on behalf of
green pricing customers, who pay for
the RECs through an additional line
item on their utility bill.

CUSTOMER
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Green Power Programs — Residential and Small Commercial Customers

Oregon’s largest electric IOUs — PGE and PacifiCorp —
have two of the most successful voluntary green power
programs in the country, as tracked and ranked annually
by the National Renewable Energy Laboratory.™ In
Oregon in 2016, over 200,000 voluntary green power
program participants were responsible for purchasing
more than two million MWhs of green power.*

Voluntary green power programs allow residential and
small commercial consumers in Oregon to opt in and One of PGE’s volunl'qry green power
pay a premium on their electricity bills for the purchase programs, Green Future Solar, allows

of renewable energy certificates, and to contribute customers to buy blocks of solar energy, like
toward the above-market costs of various renewable the energy generoted (hosr (1 array near

energy projects in Oregon and in the West. Willamina. OR

Though COUs predominantly get their electricity from

BPA hydropower and are not required to provide green power programs, some choose to offer such
programs to their customers. For example, EWEB’s Greenpower program allows customers who purchase
green electricity to support local incentives for residential and commercial solar projects, and grants for
renewable energy projects at local nonprofit, government, or academic organizations.

Large Customer Options

Large commercial and industrial customers are also driving renewable energy development in Oregon and in
the Northwest. Corporate social responsibility and sustainability-related targets at companies have driven
the quickly-growing trend of corporate renewable energy procurement, as have reductions in the costs of
renewable energy and new, easier ways of purchasing off-site renewable energy."* The result has been
contracting for over 10 GW of off-site renewable energy development for corporate customers nationwide
since 2015." A number of companies with operations in Oregon have signed onto pledges such as the RE100
Pledge, a global campaign to get some of the largest companies in the world to commit to using 100 percent
renewable energy, including Apple, Facebook, Google, Nike, and Salesforce.® Separately, Intel has
committed to powering all of its U.S. operations with 100 percent renewable energy,’” and a number of other
Oregon-based companies, including Adidas, Columbia Sportswear, Keen, and PGE, have committed to
reducing GHG emissions, which will include greater use of renewable energy sources.'®

In Oregon, these large customers have had two primary pathways for procuring voluntary renewable energy:
1. The state’s Direct Access program; and
2. Utility green power programs for large customers.

A third option, a green tariff, has been discussed in Oregon, and in 2018 PGE filed with OPUC for approval of
its proposed green tariff option for large customers.”®
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CORPORATE RENEWABLE ENERGY PROCUREMENT
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Through Direct Access, commercial and industrial entities that are customers of the state’s largest IOUs may
choose a retail provider of electricity other than their incumbent utility. This allows firms to seek out a new
electricity supplier that can address their needs related to price or generation source. Direct Access was
conceived as a way to allow for a more competitive electricity marketplace by allowing independent
providers of electricity, called Electricity Service Suppliers (ESSes), to compete directly with vertically-
integrated IOUs. ESSes have historically provided electricity from natural gas resources, but recently some
ESSes have added more renewable energy to their portfolio. Both PGE and PacifiCorp have experienced
recent growth in the percentage of their load attributable to the Direct Access program, with PGE at over 17
percent and PacifiCorp at almost five percent for 2017. While there is no indication that the majority of
Direct Access customers have historically chosen to procure renewable resources, there are a few
noteworthy new entrants to the program for whom sourcing renewable energy has been one of the main

motivations.

Apple Inc. is one company that has chosen to purchase electricity for its Prineville data centers through the
Direct Access program instead of from its incumbent utility, PacifiCorp. Apple has committed to powering its
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corporate facilities with renewable energy, and the company’s preference is to own the renewable energy
generation sources whenever feasible. Apple seeks to enter into long-term power purchase agreements for
renewable energy when ownership is not feasible.” While Oregon customers do not currently have a
pathway long-term contracting of this sort, PGE is in the process of launching such a pathway with its green
tariff (see below).

To power its Prineville facilities, Apple entered into long-term agreements to purchase renewable electricity
from two Avangrid Renewables projects in Oregon: 200 MW from the Montague Wind Project in Gilliam
County and 56 MW from the Solar Star Oregon PV project in Prineville.™ The Montague wind project is
expected to ramp up construction in 2019 and the Solar Star project is operational.

The PUC is required to ensure that the provision of direct access service “not cause the unwarranted shifting
of costs”*° from direct access participants to the utility’s other customers. As a result, non-residential
customers accepting direct access service must pay transition charges (sometimes referred to as an “exit
fee”) for a period of time not to exceed 10 years. This charge is designed to compensate the utility for costs it
reasonably incurred in the past to serve that customer and that it must continue to reasonably incur to
maintain the capability to provide the customer with default electric service in the event that its direct access
arrangement fails for any reason.

Like residential customers who can take advantage of voluntary green power programs, large customers can
elect to pay more through green power programs, generally through the purchase of unbundled RECs.
While both PGE and PacifiCorp offer large commercial and industrial customers programs that are Green-e
Energy certified,* the way these programs are structured, customers typically cannot specify the projects
from which they will receive RECs. The utility picks the renewable projects and aggregates them into a single
green energy product.

PacifiCorp has offered its Schedule 272 to large non-residential customers as a way to purchase unbundled
RECs since 2004. Before 2016, under a Schedule 272 agreement, the customer pays the base rate for its
electricity consumption to PacifiCorp and then also pays the cost of unbundled RECs. However, the customer
would not necessarily know in advance the generation resource, location, or facility age associated with the
unbundled RECs. In 2016, PacifiCorp amended its existing Schedule 272 tariff to allow customers the ability to
purchase unbundled RECs from a specific facility or facilities, allowing customers greater control over how to
“green” their energy supply and addressing concerns over additionality.

In 2018, Facebook entered into an agreement under Schedule 272 to purchase unbundled RECs from
PacifiCorp. Under its agreement with PacifiCorp, Facebook will pay the base rate in addition to the cost of
unbundled RECs associated with specific new renewable projects. Because Facebook is purchasing RECs from
new projects, it can make a defensible claim that it is supporting new renewable energy development.
PacifiCorp will purchase the power and the RECs from generating facilities, which were identified as least-
cost, least-risk for customers and use the energy towards fulfilling its system capacity needs, then sell the
unbundled RECs to Facebook. The electricity purchases will not count toward PacifiCorp’s RPS requirements,
as Facebook will own the RECs and therefore the property right to the renewable attributes of the electricity.

*Green-e Energy is an independent consumer protection program providing certification and verification for renewable electricity
and renewable energy certificates (RECs) sold to households and organizations.
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Utility green tariff programs differ from green power programs in that they allow commercial and industrial
customers to voluntarily purchase RECs bundled with the corresponding renewable energy from specified
projects within a utility’s service territory. In this way, large customers receive the financial benefits of
renewable energy and long-term contracting, as opposed to paying a premium for an unbundled REC as they
would in a voluntary green power program, or paying large exit fees to participate in the Direct Access
program. As of February 2018, 21 green tariffs in 15 states have been approved by their respective PUCs.”

A green tariff, commonly referred to as a voluntary renewable energy tariff, or VRET, is not currently an
option in Oregon. However, both PacifiCorp and PGE have worked with the OPUC to develop a program since
2014 and PGE has an open docket at the OPUC for a Green Tariff Program, where stakeholder discussions are
ongoing.

In 2014, the Oregon Legislature passed a law?? requiring the OPUC to investigate the potential for a VRET in
Oregon that would balance policy factors such as further development of renewable energy, effects on the
competitive retail market, and potential cost-shifting. After two years of evaluation and discussion amongst
stakeholders, a VRET was not adopted.?® In April 2018, PGE petitioned OPUC to reopen the process, citing
pledges the utility had made to continue action toward meeting the United States’ Paris Agreement
commitments and to support the climate and renewable energy goals of cities in its service territory,
including Portland, Milwaukie, Hillsboro, Salem, Gresham, and Beaverton.?

At the same time, PGE filed a VRET proposal whereby PGE would execute long-term PPAs of 10 or 20 years
with renewable energy generators, and then allow VRET customers to participate by paying, on top of their
cost of service, the energy and capacity costs associated with the power purchase agreement (PPA).*
Program participants would need to have an annual peak demand of at least 30 kW, though entities like
municipalities could aggregate smaller loads to meet the threshold, and commit to a contract length of 5, 10,
15, or 20 years. PGE’s proposal suggested that there would be no cost-shifting to non-participants, nor risk-
shifting.”* As mentioned above, OPUC has opened a new docket (UM 1953) to address PGE’s proposal to
offer a VRET and stakeholder discussions are ongoing.98

A number of state and federal incentive programs available over the years have supported renewable energy
development in Oregon. While these programs served to reduce the costs associated with development and

operation, it is not known to what extent development was driven by these incentives, especially since many
of them could be combined.

Oregon Incentives

Oregon’s Business Energy Tax Credit Program (BETC) began in 1979 and sunset on July 1, 2014. The program,
which grew and evolved over time, was used to help Oregon businesses, governments, nonprofits, and other
entities invest in energy conservation, renewable energy resources, rental weatherization, and cleaner

*“Customers receiving service under the VRET will pay the cost of service rate, plus the difference between the QF rate and the PPA
cost. PGE shareholders will pay the VRET rate for the unsubscribed portion of the PPA. VRET customers may also pay a risk premi-
um depending on the commitment length and PPA subscription rate.” Testimony from OPUC Staff. Staff/100 Response Testimony.
OPUC Docket UM 1953 (July 18, 2018).
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transportation fuels. In the 35 years of the program’s operation, ODOE certified 24,738 BETC projects that
helped save energy, displace conventional energy sources, or generate renewable energy. Of those, 1,724
renewable projects received over $653 million in tax credits. The program provided tax credits to qualifying
projects not to exceed 35 percent of the eligible project costs. In 2007, the Oregon Legislature (HB 3201)%
increased the incentive percentage for renewable projects from 35 percent to 50 percent through the sunset
of the program.

The Residential Energy Tax Credit Program (RETC) was also administered by ODOE until it sunset in 2017.
ODOE received the first RETC applications in 1978 and issued more than 630,000 tax credits totaling more
than $258 million to help residential consumers power their homes with renewable energy, charge
alternative fuel vehicles, and reduce the energy use of their homes through conservation measures and
energy efficient appliances. Eligible renewable energy devices under the RETC program included solar electric
(PV), geothermal energy, solar water heating, solar space heating, and wind. In 2017, the program’s final
year, ODOE issued 3,946 solar electric credits, 102 for geothermal devices, 128 for solar water heating, and
five for solar space heating. Over the lifetime of the program, more than 15,000 solar projects were
approved, with a production estimate of about 75 million kWh/year.

The Renewable Energy Development (RED) Grant program,
a current program administered by ODOE, promotes
investment in renewable energy by awarding grants to
Oregon individuals, businesses, nonprofits, tribes, or other
organizations that install and operate a renewable energy i i
system.101 Grants are awarded through a competitive ; \\//I O Mabltt for ity
selection process and can total up to $250,000, not to 3 . ReStC)re
exceed 35 percent of eligible project costs. Eligible RED : (Ponte | Shop )
Grant projects include systems that use biomass, solar, i -\
geothermal, hydroelectric, wind, landfill gas, biogas, or '

wave, tidal, or ocean thermal energy to produce The Bend Area Habitat for Humanity ReStore
electricity. In 2018, 18 renewable energy projects, received a RED Grant in 2015.
predominantly solar projects, were selected for grant

awards totaling approximately $S2 million. Projects that have been completed through the RED program have
a combined capacity of 28 million kWh/year.

Energy Trust of Oregon provides financial incentives to customers of PGE and PacifiCorp in the form of cash
rebates for solar, hydro, bio power, wind, and geothermal electricity generators. The incentives help to buy
down the above-market costs associated with renewable energy projects and are funded through the public
purpose charge described in ORS 757.612.*% Standardized incentives are offered for residential and
commercial solar projects. Incentives for large solar facilities and non-solar technologies are based on
projects costs compared to the market value of the energy produced. Large incentives may be offered on a
competitive basis.

Business Oregon oversees the Solar Development Incentive (SDI), a cash incentive paid to solar project
developers for each kWh of electricity generated at a solar project in Oregon with a nameplate capacity
between two and 10 MWs. Each project can receive $0.005 per kWh of electricity generated for a period up
to five years. This program was created by Oregon Laws 2016, Chapter 63°> with enrollment for eligible
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projects closing on January 2, 2017. Business Oregon selected 19 utility-scale solar projects to receive the SDI,
representing over 146.5 MWs of projects valued at upwards of $362 million and located primarily in central,
southern, and eastern Oregon.26
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The Strategic Investment Program in ORS 285C.600 — 635'% offered a 15-year property tax exemption on a
portion of certain large capital investments. The program was created in the 1990s to induce large, capital-
intensive facilities to locate in Oregon. More than 20 wind farms qualified for the program, resulting in
upwards of 2,117 MW of capacity and $4.27 billion in project investment by the end of the 2015.%’

Federal Incentives

In addition to drops in the capital costs associated
with renewable electricity installations, numerous
federal incentives have also helped spur greater
renewable energy development. The two main federal
incentives have been the Investment Tax Credit and
the Renewable Energy Production Tax Credit. The ITC
provides a one-time tax credit based on the
investment costs to develop a new solar energy
project. It originally provided a tax credit of up to 30
percent of eligible project costs, but recent federal
legislation initiated a reduction of the ITC over time =

for certain solar and geothermal technologies, and a phase-out for all other technologies. For residential and
commercial solar PV projects, the ITC stays at 30 percent for projects that have started construction by 2019,
and steps down to 26 percent for projects begun in 2020 and then to 22 percent for those begun in 2021.
The residential ITC sunsets after 2021 while the commercial ITC drops to 10 percent and continues at that
level.”®

The PTC provides a tax credit for each kWh generated and sold in a year, though it too has been reduced and
sunset at the end of 2017 for all non-wind technologies, and sunsets for wind at the end of 2019. The PTC has
been a big driver for new wind power projects across the U.S., and the importance of it to project
development can be seen in the precipitous dip in new projects coming online every time there is uncertainty
about whether the tax credit will be renewed by Congress. This policy uncertainty, coupled with the long
ramp-up period needed to get a wind project moving forward, leads to a boom-and-bust cycle of wind power
development.

In the past eight years, the costs of renewable energy project development nationally have fallen
precipitously. Between 2010 and 2017, the costs associated with a utility-scale one-axis PV solar installation
in the U.S. dropped by 77 percent.”® About 71 percent of that drop in costs can be attributed to reductions in
the costs of hardware, with another 10 percent due to labor cost reductions and 19 percent due to lower soft
costs, such as legal fees and sales taxes (Figure 3.11).

Single-axis solar tracking systems have solar panels that can rotate on one access, which increases energy
output by 25 percent or more over fixed-tilt installations (where the panels are mounted at a fixed angle and
do not move to track the sun).*
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Figure 3.11: NREL PV System Cost Benchmark Study (inflation adjusted) for 2010-2017**
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Figure ES-1. NREL PV system cost benchmark summary (inflation adjusted), 2010-2017

Between 2008 and 2017, the average levelized cost of wind energy dropped by 75 percent (See Figure 3.12).
A levelized cost of energy is an accepted way of comparing the costs of various technologies, and includes the
costs of building and operating a generation facility over its assumed financial life, expressed in a dollars per
megawatt hour (MWAh) cost in discounted real dollars. While these costs fell, installed wind and solar PV
capacity in the U.S. surged, with wind representing over 40 percent of all new installed electricity capacity in
2015, and with the total installed capacity of utility-scale solar PV growing by 43 percent from 2014 to 2015.%
Costs are expected to continue to decline, especially as energy storage options become more technically
mature, which can reduce the intermittency of variable renewable energy resources. For example, in late
2017 Xcel Energy received what were then unprecedentedly low bids for renewable energy and storage
resources for Colorado: just over $18/MWh for wind ($50.018/kWh) and $21/MWh for wind plus battery
storage ($0.021/kWh).* These prices are well below the unsubsidized levelized cost of energy range of $30

to $60/MWh for wind power as estimated by Lazard in 2017.%
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Figure 3.12: Cost Reductions in Major Clean Energy Technologies?'5
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While costs have dropped for renewable energy technologies, some traditional fossil fuel generating facilities
have not experienced the same reductions, like coal. These facilities’ costs are closely linked to the
commodity price of their input fuel (i.e. coal, natural gas, etc.) as well as the rising costs associated with
pollution mitigation. However, given the current low price for natural gas as an input fuel, the upcoming
reduction of federal incentives for renewable generation (the ITC and PTC), and other drivers related to the
integration of variable renewable energy, much of the aging electricity generation sources in the U.S. are
being replaced with natural gas generation and numerous studies predict that new natural gas plants will
replace a great deal of this aging electricity generation in the future as well.***” Whether aging and retiring
resources are replaced with natural gas resources or renewable resources will depend on factors such as the
commodity price for natural gas as a fuel and to what degree the costs of renewable generation and energy

storage continue to fall.
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The electricity industry is in flux. Required procurement policies, voluntary renewable purchases responding
to consumer demand, and falling technology costs are likely to continue driving renewable energy
development in the near future. Policymakers in the state will determine to what extent state-level financial
incentives and further policies to level the playing field for renewables, such as a price on carbon, will play a
role. As Oregon seeks to meet its renewable energy and greenhouse gas reduction targets in the most
flexible, affordable, and equitable way, a number of challenges emerge. After examining trends in renewable
energy, this section focuses on three challenges in particular: the integration of new policies with the existing
energy policy landscape, balancing competing goals for land and resources, and the integration of a growing
amount of variable renewable energy into the existing electricity grid.

Integrating New Policies into the Oregon Energy Policy Landscape

As Oregonians discuss the development of a carbon policy framework for the state, there have been
guestions about how a cap-and-trade program would integrate with existing policies that affect greenhouse
gas emissions, including the RPS. More information about cap-and-trade programs can be found in Chapter 2.

Integrating a Potential Cap-and-Trade Program with the Oregon RPS

While there are similarities in the broader goals of RPS and cap-and-trade programs, they each have distinct
objectives — the purpose of the RPS is to increase deployment of renewable electricity generation and the
purpose of a cap-and-trade program is to leverage market mechanisms to reduce greenhouse gas emissions.
Jurisdictions that have both RPS and cap-and-trade can increase the likelihood of meeting each of these
goals.

An RPS creates a competitive market for renewable energy, which in turn leads to reductions in the costs of
renewable energy technologies. Additionally, it provides certainty to developers of renewable energy
projects that they will receive benefits from investing in renewable energy. Alternatively, by putting a price
on GHG emissions, cap-and-trade increases the cost-competitiveness of renewable energy development as
compared to fossil fuel energy development. All ten states in the U.S. that have implemented various types
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of cap-and-trade programs have also kept existing RPS programs in place.

Table 3.6: Goals, Expected Outcomes, and Compliance Pathways for RPS Policies Compared to Cap-and-

Trade Policies

Primary Goal

Primary Outcome

How to Comply

RPS

Increases the share of new
renewable electricity consumed in
a state. Oregon’s goal is 50 percent
by the year 2040.

Leads to development of new
renewable energy projects and a
decrease in the carbon intensity of
the state’s resource mix, but not
for an exact quantity of emissions.

Renewable energy certificates
(RECs).

Separate Compliance Instruments

Cap & Trade

Reduces a state’s annual GHG
emissions to reach a long-term target
level of emissions.

Produces a quantity of emissions
reductions but does not set sectoral
targets — encourages least-cost
reductions wherever they may be
found.

Emissions reductions, allowances,
offsets.

RECs, which Oregon uses to track RPS compliance, are used to track renewable energy and to determine
where it is ultimately consumed.

Allowances represent the authorization to emit a unit of GHGs measured in a common unit known as carbon
dioxide equivalent, or CO2e, and are the primary compliance instruments of a cap-and-trade program. Every
entity regulated under the cap-and-trade program would have to acquire and then surrender a set number of
allowances each compliance period as determined by the program to cover its emissions.

An offset represents a reduction in emissions equal to one metric ton of CO2e. Offsets are generated from
sectors of the economy not covered by a cap-and-trade program and can be used to meet a portion of a
regulated entity’s compliance with cap-and-trade.

Separate Programs

Integrating a cap-and-trade program with Oregon’s RPS would be relatively straightforward. The main area of
program overlap is how to account for renewable electricity imports from neighboring states. As discussions
on the design of potential cap-and trade legislation continue in Oregon, this will be an area needing further

clarification.
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Integrating a Potential Cap-and-Trade Program with Oregon’s Voluntary Renewable Energy Programs

Though not a part of the RPS, the voluntary renewable energy market would likewise be affected by cap-and-
trade legislation. To qualify for the voluntary market, renewable energy must be what is called “surplus to
regulation,” which means it was not generated to comply with any regulatory requirement, such as an RPS.
There are a handful of standards for voluntary RECs, one of the most stringent being Green-e, and many of
the REC tracking programs used for RPS compliance RECs are also used to track voluntary market RECs. Both
PGE and PacifiCorp’s voluntary green power programs are certified by Green-e, as was recommended by the
Portfolio Options Committee for purposes of quality control and consumer protec‘tion.38

Other jurisdictions with cap-and-trade programs have protected the voluntary market by setting aside
allowances and retiring them according to how much voluntary renewable energy is produced in a given
period. Such a set-aside effectively removes this renewable energy from being considered by the cap and it
can again be considered “surplus to regulation.” California and eight of the nine states (excluding Delaware)
currently in the Regional Greenhouse Gas Initiative (a cap-and-trade-program across nine states in the
Northeast and Mid-Atlantic) have included set-asides for voluntary renewable energy in their programs.*

Renewable energy development is one of many potential uses for Oregon’s landscape and natural resources.
The state has a number of energy, environmental, land use, and economic development policies, statutes,
and goals, which interact in complex ways and are sometimes in conflict. As renewable energy development
increases, these conflicts can be exacerbated and tradeoffs may be necessary. Two examples of the need for
balancing competing demands highlighted in this chapter are the intersection of renewable energy project
development and other uses of the land and the operation of the Federal Columbia River Power System
(FCRPS). Siting of solar facilities and the interactions with Oregon’s land use laws are covered further in the
case study on solar, below.

Renewable Energy Project Development and Land Use

Oregon’s goals and values are reflected in numerous ways within statute. When it comes to energy facility
siting, Oregon’s energy goals must be considered alongside a broad set of 19 statewide land use goals, which
cover a host of issues, from air and water quality to protection of natural resources and open spaces. The
land use goals include specific mandates related to citizen involvement, economic development,
transportation, recreation, and energy conservation.

These goals are designed to help implement the mission of the statewide land use planning program, which
is to conserve farm land, forest land, coastal resources, and other important natural resources; encourage
efficient development; coordinate the planning activities of local governments and state and federal
agencies; enhance the state's economy; and reduce the public costs that result from poorly planned
development.** All city and county land use and development ordinances and comprehensive plan provisions
that are used to evaluate local jurisdictional energy projects must align with these state level land use goals.
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Smaller scale renewable energy projects are .
approved at the county level. Oregon’s Energy :
Facility Siting Council (EFSC) is responsible for :
overseeing the siting of most large-scale
energy facilities and infrastructure in Oregon.*
State-level oversight of energy facilities helps
ensure a comprehensive, coordinated review
that results in projects that are sited, \
constructed, and operated consistent with the
protection of public health and safety, and that =
are in compliance with energy policy and
environmental protection policies of the
state.*® (More information on EFSC can be
found on ODOE’s website."’)

State jurisdictional energy facilities must meet 14 general standards in order to receive approval for
construction, which includes Oregon’s land use goals. There are specific standards for non-generating
facilities and for wind. The general standards also cover a range of issues, such as fish and wildlife habitat,
historic and cultural resources, recreation, and scenic resources.

Energy facilities use land in different ways, depending primarily on the type of energy generation resource.
Fossil-fueled electricity generating facilities often have smaller land-use footprints than some renewable
energy generating facilities, but only if the calculations do not take into account the footprint needed for
resource extraction, processing, and transporta‘fion.48 For example, the Hermiston Generating Project, a
natural gas-fueled electric generating facility with a generating capacity of 474 MW, takes up approximately
10 acres. In contrast, a solar facility typically uses land at a rate of 6 to 10 acres per megawatt of capacity; the
recently approved Boardman Solar Energy Facility has a generating capacity of 75 MW and has a site
boundary of 798 acres. Additional land may be needed for transmission or preserving cultural or
environmental aspects of the site. Wind facilities may have a large project boundary, though much of the
land may still be used for farming or grazing, enabling multiple land uses to continue and thereby reducing
conflict.

Both Oregon’s land use laws and the siting process, established in the early 1970s, ensure that important
natural, historic, or cultural resources are not negatively affected, and that impacts are minimized if they
cannot be avoided. However, at times these programs come into conflict with the state’s efforts to increase
renewable energy development. For example, it can take significant time and resources for project
developers to demonstrate that their projects are consistent with the state’s goals and standards, and this
can have a dampening effect on development. In designing and implementing land use and energy policy,
state policymakers and regulators must balance competing demands of environmental protection and energy
development.
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RENEWABLE ENERGY: COMMUNITY EFFECTS
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Balancing Interests: the Many Uses of the Columbia River Basin

As noted in Chapter 1, hydroelectric power is the single largest source of electricity in Oregon, with the
majority of that power coming from the Federal Columbia River Power System (FCRPS).

The Columbia River existed long before construction of the first hydroelectric project, and the operation of
the FCRPS is still evolving today to accommodate its many uses. Important among historic uses are those of
the 13 Native American tribes whose ancestral homelands are located within the Columbia River Basin —
many of these uses continue to be protected today under tribal treaty rights. The Federal Action Agencies
(BPA, the Army Corps of Engineers, and the Bureau of Reclamation) have a trust responsibility established in
law that provides the foundation of their government-to-government relationship with these federally
recognized tribes.

The Federal Action Agencies operate the FCRPS to meet core purposes like flood control, fish and wildlife
habitat, and power generation as shown Figure 3.13.”"

These different uses can come into conflict, as they often Figure 3.13: Columbia River Uses>>

call for different ways of operating the river. One
particular conflict, with implications for energy prices and
for hydropower’s ability to integrate variable renewable
energy in the region, involves dams and the threatened
and endangered fish species.

.c’olumbla River Uses

The restoration of endangered and threatened fish
species and the protection of habitat within the Columbia
River basin have been priorities for Oregon and the other
states surrounding the FCRPS. While there are numerous
threats to fish species in the Columbia River Basin, from
habitat loss to predation by sea lions to climate change,
this section focuses on the conflict with dams and the
modifications made to hydropower in an effort to
improve fish survival.
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The interactions of native fish species and the FCRPS are
complex. The following provides a brief overview of
some key terms and concepts:>>>*

Adult Fish: Many adult fish species navigate upstream
to spawn, and the construction of dams in the early _
twentieth century impeded this passage. The installation
of fish ladders and the way that water flows are
managed at particular dams can improve adult passage
upstream.

T e
¢ . 25

Fish ladder at the Bonneville Lock and Dam.
Photo: U.S. Army Corps of Engineers,
Portland Corps.

Juvenile Fish: The construction of dams also created
significant new challenges for the downstream
navigation of juvenile fish. Juveniles can be killed
passing through hydroelectric turbines, and the creation
of reservoirs behind dams can create greater risks of predation.

Fish Ladders: Fish ladders are gradual stair-step systems with pools of water at different elevations to
allow fish migrating upstream to climb from lower to higher elevation to navigate past dams.

Spill: Spill is a term used to describe spilling water over a dam'’s spillways, rather than running the water
through the powerhouse to generate electricity. Increasing the amount of water spilled at a dam reduces
the percentage of juvenile fish that pass through the dam’s hydroelectric turbines by diverting more
approaching juvenile fish over the spillways, but can also result in increased total dissolved gas levels (see
below) and decreased power generation.

Total Dissolved Gas (TDG): TDG is an important measurement of water quality that assesses the
concentration of total dissolved gas saturation in the water relative to atmospheric pressure. High levels
of TDG can negatively affect water quality and wildlife health. TDG levels can increase at the bottom of
the dam’s spillway as spill levels are increased at that dam. State water quality agencies, including the
Oregon Department of Environmental Quality, have established maximum TDG levels to protect water
quality and the health of fish.

Fish Passage Plan (FPP): The U.S. Army Corps of Engineers, in coordination with BPA and other partners,
develops the FPP annually. The FPP describes specific year-round operations at each of the four dams on
the main stem of the Columbia River and the four lower Snake River dams to provide for fish passage and
protection consistent with the Biological Opinion issued by the National Marine Fisheries Service, an office
within the National Oceanic and Atmospheric Administration (also known as NOAA Fisheries).

Biological Opinion (BiOp): Pursuant to the Endangered Species Act (ESA), NOAA Fisheries develops and
publishes a BiOp that evaluates the effects of operating the FCRPS on ESA-listed threatened and
endangered species. The BiOp also includes a table of recommended actions and strategies designed to
avoid jeopardizing ESA-listed species.
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In 1995, NOAA Fisheries released a biological opinion (1995 BiOp) describing new operations for the FCRPS
designed to improve fish passage. Over the next two decades, NOAA Fisheries developed several
supplements to the BiOp, along with entirely new BiOps in 2000 and 2008. Through these BiOps, actions
were taken to help support fish, including: habitat restoration; establishing additional hatcheries;

and articulating research, monitoring, and evaluation objectives. These BiOps also included new juvenile fish
passage objectives resulting in increased spill in spring and summer months to help juvenile salmon migrate
safely back to the ocean. More recently, new, safer fishways that align with the migratory paths of Columbia
River salmon have been constructed:™

e Spillway weirs that allow fish to pass smoothly over a dam in the surface water;
e A corner collector at the Bonneville Dam;
e Aspillwall guide at The Dalles Dam that guides fish to the deepest, safest part of the river; and

e Fish screens and bypass systems to divert fish away from the hydroelectric turbines.

Despite these improvements, 13 fish species within the Columbia River Basin are listed as either threatened
or endangered under the Endangered Species Act.>® The State of Oregon, along with a number of
conservation organizations and the Nez Perce Tribe, have been engaged in litigation with the Federal Action
Agencies since 2001 over their management of the FCRPS and specifically over whether that management
has been sufficient to avoid jeopardizing the survival of the fish species listed pursuant to the ESA.”® The
Courts have ruled in the plaintiffs’ favor, finding that NOAA Fisheries violated the ESA when it concluded that
the operation of the FCRPS, described in the 2014 supplement to the 2008 BiOp, would not jeopardize the
fish species listed as threatened or endangered.

One mitigation effort called for by the plaintiffs has been to increase the level of water “spilled” over the
dams to increase the safe passage of juvenile fish species over the dams. In April 2017, the District Court
granted the plaintiffs’ request for more spill and ordered it to begin in the 2018 “spill season” — the time of
year that fish biologists have identified as being when the greatest number of fish migrate back to the ocean
through the FCRPS. To comply with the court order, the federal defendants were required to spill water up to
the maximum TDG levels (“gas caps”) allowable by state law at the dams on the main stem of the Columbia
River and the lower Snake River.

Looking to the Future: The Role of the FCRPS and a Low-Carbon Regional Grid

As the state and the region take more aggressive action to address climate change, the ability of the Federal
Action Agencies to flexibly operate the FCRPS’ 22,458 MW of carbon-free hydroelectric power will become
increasingly valuable.

Regionally, as more variable-output renewable sources of energy come online, more flexibility will be needed
in the electric sector—both in terms of demand for electricity that can shift to better align with the
availability of renewable output, and in terms of other sources of electricity supply that can be re-dispatched
to complement the variable output of renewables like solar and wind. While many fossil fuel power plants
have the ability to operate flexibly to complement and integrate renewables, hydroelectric power plants are
able to do the same without emitting greenhouse gasses.
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Through the summer and into the fall of 2018, interested parties in the region have been exploring
opportunities to increase the flexibility that BPA has to dispatch the FCRPS, while also doing more to restore
threatened and endangered fish populations. Historically, BPA has relied upon selling a significant amount of
its surplus power to utilities across the West. The revenue from these so-called “secondary sales” has been
utilized by BPA to help maintain lower long-term power rates for their customers in Oregon and across the
Northwest. To the extent that a new paradigm can be developed that allows BPA to better monetize its
flexible, carbon-free surplus power, the more it will be able to continue to maintain low long-term power
rates for its customers in Oregon.

As Oregon and other states consider various GHG emissions
reduction programs and RPS targets, and as renewable energy
technologies become increasingly cost-competitive with
traditional resources, the conversation has turned to how to
integrate increasingly higher percentages of variable renewable
energy onto the grid at least cost and in a way that provides the
most value.

Historically, utilities have designed and built the electric system to
accommodate variability in customer demand by building
transmission and distribution systems capable of carrying enough
electricity from generators to customers to meet the highest level
of demand expected, even if that level of demand only occurs a
few hours of the year. This also required building out
complementary resources, such as natural gas peaking facilities,
that could deliver enough supply to meet variability in customer
demand throughout the day and during different times of the year.

While the deployment of renewables presents new challenges, they are not dissimilar from the types of
challenges faced by the industry in the past. The word often used when discussing solutions for integrating
renewables is flexibility. Unlike conventional generators that utilities could dispatch to match variability in
customer demand, the output of renewable generators is variable, requiring other electric generators to
operate with more flexibility to complement the variability of renewables. Technology advancements are
also making it increasingly possible to harness the variability of customer demand and better align that
demand with the availability of renewable output. Meanwhile, energy storage technologies can provide
flexibility of either supply or demand, as required, to complement the availability of renewable output.
Finally, participation in larger electricity markets (such as the Western Energy Imbalance Market (EIM))
provides flexibility to utilities by giving them access to more liquid markets to buy and sell electricity to
complement the variable output of renewables. Ultimately, the cost-effectiveness of any one of these
solutions will need to be evaluated against the others to determine the least-cost pathways to integrating
renewables. And with each potential solution, new policy mechanisms may be required to ensure that the
value of the integration benefits are being appropriately compensated with the right price signals.
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Flexible Supply

While many fossil fuel power plants take time to start up or shut down, most of them can provide electricity
continuously once they are up and running (as can hydroelectric facilities). Such plants have traditionally also
been relied upon for providing ancillary services such as frequency support, voltage control, and reserves,
and are often referred to as “baseload” generators. “Baseload” has no industry-accepted definition but has
come to be understood as facilities that are usually large, designed to operate at or near capacity, and
provide the cheapest power when operating at high capacity.”’

The round-the-clock output of baseload facilities is in contrast to the variability of renewable resources like
solar and wind power. Figure 3.14 demonstrates how fossil fuel generators (also known as thermal
generators) are ramping up and down during hot summer days to integrate massive levels of solar
generation. These thermal plants have several important physical limitations that should be noted. Each
thermal plant will have a “ramp rate” that indicates how much it can increase or decrease output over a
specific time horizon (e.g., 50 MW per hour). Pairing battery storage with these thermal plants can help to
supplement these ramp rates. Additionally, these plants also have minimum output levels below which the
plants would need to cycle off completely before restarting, a process that could take many hours or days,
depending on the plant.

Oversupply is a term used to describe situations Figure 3.14: Rolling Average of Electricity Production
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The most commonly used strategy to address renewable oversupply has been curtailment, or temporarily
reducing the output of electricity from a generator from what it could have otherwise produced. While
California has curtailed significant amounts of solar generation, most often during the spring and fall, Oregon
does not yet have the same problem with solar. Most of the curtailment in Oregon occurs due to high wind
output during the spring in the overnight hours between midnight and 4 a.m. — the spring runoff leads to
more water in the hydropower system, winds are also strongest during overnight hours, and consumer
consumption is at its lowest at those times.””

There are alternatives to curtailment when addressing renewable oversupply. One alternative is to re-
dispatch other types of generation resources to complement the variability in output of renewables. For
example, having a dispatchable generator that can quickly ramp down output as renewables come online can
help to mitigate the need to curtail renewable oversupply. On the flipside, there will also be a commensurate
need to have that same generator (or another) able to just as quickly ramp up output as the renewables stop
generating. This type of quick-ramping capability has typically been provided by natural gas plants or
hydropower in the past. Increasingly, new technologies like battery storage, pumped hydro storage, or more
flexible renewables like geothermal, bioenergy, and wave energy can help provide this type of ramping
capability.

At this point, the development of more flexible renewable resources involves significant costs and
uncertainties to overcome technical, financial, legal, and regulatory barriers. Non-variable renewable
resources (e.g. geothermal power) and less variable/more predictable renewable resources (e.g. off-shore
wind and wave power) have fewer integration challenges than variable renewable resources but face
significant technical and financial hurdles to achieve commercial development. Additionally, established
variable renewable technologies (e.g. wind and solar) may be combined with emerging storage technologies,
demand response programs, and related demand-side management strategies to be able to more closely
resemble conventional, dispatchable resources.

Flexible Demand

Electricity demand has always been highly variable — the demand for electricity on a utility’s system can be
twice as large during the peak hour of demand in a day as it is during the lowest hour of demand on the very
same day. Similarly, the peak demand over an entire year can be several times greater than the lowest point
of demand in the same year. As noted above, the electric system has been designed, by and large, to meet
these types of large swings in demand for electricity over different hours of the day and times of the

year.

One method in the electric industry for minimizing the peaks is demand response. The Demand Response
Advisory Committee at the Northwest Power Council* defines demand response as “a non-persistent
intentional change in net electricity usage by end-use customers from normal consumptive patterns in
response to a request on behalf of, or by, a power and/or distribution/transmission system operator. This
change is driven by an agreement, potentially financial, or tariff between two or more participating

760

parties.”” ldeally, demand response programs allow retail customers to know when system costs are high,

*The NWPCC formed the Demand Response Advisory Committee in 2016 to develop and implement the NWPCC’s recommenda-
tion in its 7" Power Plan to develop 600 MW of demand response in the region by the early 2020s.

Biennial Energy Report Chapter 3 — Page 36



typically due to high demand, and then shift their demand to lower-cost
times when demand is lower. Utility time-of-use (TOU) rates are one
example of a demand response mechanism that accomplishes this by
charging higher or lower rates at different times of the day or year
based on system conditions. Alternatively, customers may opt in to
allow a utility (or a third-party aggregator) to have direct control over
their demand for electricity from some processes or appliances,
especially those related to heating and cooling, based on market signals
or grid conditions. Demand response resources can be gathered at the
moment of need or scheduled ahead of time. By reducing the
magnitude of peak demands on the system, demand response assets
can postpone, reduce, or even eliminate the need for costly upgrades or even for new generating resources
to provide additional peak capacity. Flexible demand allows for the easier and more cost effective integration
of variable renewable resources — demand can be dynamically increased or decreased in alignment with the
availability of renewables. Increasingly, new technologies are creating opportunities for customers to
automate these types of demand response activities, including the use of so-called “smart” thermostats or
water heaters that can be optimized based on signals from the grid.

Many parts of the country already have significant amounts of demand response capacity deployed. For
example, the PJM Interconnection in the mid-Atlantic region of the U.S.—the largest regional transmission
organization in the country with peak summer loads near 150,000 MW —has more than 9,000 MW of
demand response deployed throughout its territory.61 In Oregon, the capacity provided by the region’s
hydroelectric system has historically dampened the need for demand response. A variety of factors working
in combination are beginning to change this, including continued (albeit slowed) regional load growth,
retirement of fossil fuel resources, increasing penetration of variable renewables, additional constraints on
the hydro system, and a growing summer peak load during a time of the year when output from the hydro
system is lower. As a result, utilities in Oregon and across the region have been actively evaluating and
deploying a variety of demand response pilot projects.

Many utilities across the region (including PGE, PacifiCorp, and BPA, among others) were participants in the
Pacific Northwest Smart Grid Demonstration Project, a five-year, $178 million project co-funded by the U.S.
Department of Energy through the American Recovery and Reinvestment Act of 2009.%% The project
concluded in 2015 and resulted in the deployment of dozens of innovative grid modernization and smart
grid pilot projects, many of which incorporated demand response and load control functions. More recently,
PGE has been actively developing a proposal, in response to guidance given in OPUC Order 17-386,” to
develop a demand response test bed. The Smart Grid Test Bed, as envisioned, would result in PGE deploying
demand response assets at scale, downstream of three different substations across its service territory. The
goals of the project for PGE include: identify compelling and sustainable value propositions that demand
response can provide to customers; determine the maximum amount of demand response capacity
achievable; develop a plan to replicate demand response deployments beyond the test bed; and improve
internal understanding of operational control of demand response assets to meet utility needs.
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In Between Supply and Demand: Energy Storage and DERs

Depending on the circumstances, energy storage and other distributed energy resources (DERs) may exhibit
the characteristics of either supply or demand. Learn more about DERs in Chapter 5.

Energy Storage. The electric grid must be kept in balance at all times with respect to supply and demand;
failure to maintain this balance can destabilize the grid and lead to brownouts, blackouts, and even safety
threats. Unlike other forms of energy, such as liquid fuels, natural gas, or coal, it can be difficult and costly to
store electricity in large quantities. That said, storage technologies are becoming more cost effective, and will
likely prove critical to integrating higher levels of variable renewable energy and addressing peak loads.®

The most common residential and commercial energy storage systems use batteries. Utility-scale facilities
may use batteries or other storage technologies, such as pumped hydro storage systems, mechanical systems
such as flywheels or compressed air, or thermal storage systems that store heated materials for winter
heating or ice for summer cooling. Storage systems may be designed to charge and discharge over a short-
term daily basis, or over the long-term to balance seasonal energy cycles or for use during emergencies or
outages.

In 2015, the Oregon Legislature established an energy storage mandate through HB 2193, requiring PGE
and PacifiCorp to procure a minimum of 5 MWh of energy storage by 2020, not to exceed battery capacity
equal to one percent of the utility’s peak load from 2014. With significant stakeholder engagement, the
utilities developed an evaluation of the potential to site energy storage on their systems, as well as proposals
for the procurement of energy storage projects consistent with the requirements of HB 2193.

1. A 17 to 20 MW battery system located at one of its distribution substations;
2. A2 MW battery system co-located with an existing solar project;

3. A4to6 MW battery system interconnected to the transmission system and co-located at a utility-
scale natural gas plant;

4. Multiple microgrid projects at customer sites, including up to 12.5 MW of battery systems; and

5. Up to 500 behind-the-meter, but grid-connected, battery systems at residential customer sites.®*

Meanwhile, in September 2018, the OPUC approved PacifiCorp’s proposal to develop two separate energy
storage projects: (1) a 2 MW / 6 MWh battery system located at a single customer site to evaluate energy
storage alongside a blend of renewable and conventional generation; and (2) provide financial and technical
assistance for the development of up to four energy storage projects intended to enhance community
resiliency.®
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Energy Markets

Energy markets provide a fourth type of flexibility for integrating renewable energy. Electric utilities must
balance the availability of generating resources with loads on the electric grid. To do this, utilities commit
generating resources over a variety of time horizons to meet expected future demands. With dispatchable
resources, like fossil fuel plants, utilities can be assured of the level of generation output that the plant can
deliver at a specific point in time in the future. The variable nature of renewable output, however, makes it
more difficult for the utility to anticipate exactly how much output can be expected at a specific point in time
in the future.

If a utility is attempting to secure commitments from generators to meet expected demands the next day, it
may underestimate the output expected from variable renewable generators to avoid having insufficient
resources committed to meet load. For the same reason, that utility may also overcommit its dispatchable
resources because of the certainty of the output that those resources can deliver. Continual improvement in
the industry’s forecasting of the output of variable renewable generators helps utilities to be more accurate
when making these types of commitments in advance. But having the ability to re-dispatch renewable
generators over shorter time intervals provides another valuable tool for utilities to more efficiently utilize
the output of renewable generators when their output varies from the advanced forecast.

Participation in the Western Energy Imbalance Market (EIM) provides participants (including PGE and
PacifiCorp in Oregon) with access to real-time markets that can re-dispatch generators across a wide area of
the western United States over five-minute time intervals. Allowing for optimization over such near-term
time intervals allows participants to utilize more variable renewable output and lowers overall system costs.

CONCLUSIONS
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Technology Overview

Solar photovoltaic (PV) systems generate electricity from sunlight. They are unique in the renewable energy
sector because of the wide distribution of the resource. Unlike wind, geothermal, or hydropower facilities,
which are dependent upon specific sites, a solar energy project may be located on any unshaded site across
Oregon. PV systems range from remote off-grid cattle watering stations in Eastern Oregon to grid-tied
facilities connected to utility distribution systems in the rainiest locations on the coast.

Grid-tied solar energy facilities may be categorized as residential, commercial, or utility-scale systems.
While these categories do not have strict definitions, residential systems are typically net metered and less
than 25 kW in size. Commercial systems are also net metered and may be up to 2 MW in size, though most of
them are considerably smaller. Utility-scale systems are not net metered and instead sell energy directly to a
utility; these systems are typically 2 MW or larger.

Net metered systems are typically interconnected to an electric service panel and offset some of the
electricity used on-site during certain hours of the day and year. With net metering arrangements, excess
solar energy production (i.e., output that’s in excess of what the customer consumes on-site) is exported
back to the utility and generates a credit on the host customer’s electric bill. In Oregon, all electric utilities
are required to offer net metering to their customers, though the terms of net metering agreements differ
widely, particularly between I0Us and COUs. Oregon’s IOUs are required to offer “annualized” net metering,
where a monthly surplus of energy may be carried forward to future months, and the customers are
compensated for any excess exported to the utility with a bill credit equivalent to their full retail rate had
they purchased the same amount of electricity from the utility. This is especially valuable in Western Oregon,
where a summer surplus may be carried into the less sunny winter months to continue offsetting their utility
bills during those months. The state’s COUs, meanwhile, are mandated to offer net metering, however the
treatment of surplus production differs by utility. Some offer “monthly” net metering where surplus energy is
not carried forward to future billing periods. COUs may offer annualized net metering on a voluntary basis.
Additionally, while each COU implements net metering differently, COUs are not required to offer bill credits
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equivalent to the customer’s full retail rate.

Utility-scale solar facilities are either owned by a utility, sell energy to a utility or sell energy directly to a
corporate partner through a direct access agreement. These facilities are typically interconnected on a utility
distribution or transmission system. The energy payments from utilities to project owners for most projects
are based on the utility’s avoided cost for energy or negotiated power purchase agreements. The avoided
cost is a value representing what the utility would pay for energy under their standard energy procurement
contracts.

Increasing Capacity and Investments

Solar energy has become a global leader in
new added capacity and new financial
investments. In 2017, more than $160 billion
was invested in solar energy development —
more than the investments in coal, natural
gas, and nuclear combined.®®

While the pace of solar development has
skyrocketed, solar still makes up a relatively
small share of our energy mix nationally. In
2017, solar generation accounted for 1.9

percent of total U.S. generation.®’ As the / N ‘ o
price to develop solar projects continues to PacifiCorp’s 2-megawatt Black Cap Solar facility in

decline, it is expected that solar projects will Lakeview, OR.
increasingly be developed to replace retiring
coal and natural gas plants.

Cost Reductions

A number of factors are working together to increase the deployment of solar energy facilities. The primary
factor has been cost reductions. As discussed earlier in this chapter, the cost of PV modules, the primary
component of a PV facility, has dropped by more than 85 percent since 2010. Other hardware components
have also seen significant price reductions during the same time period.

In some parts of the country, cost reductions have led to PV facilities competing with conventional coal and
natural gas plants on price for as-available energy in some instances. Recent examples include the Xcel
Energy bid in Colorado, announced in January 2018, where solar plus battery storage was bid at a median
price of $36 per MWh, or 3.6 cents per kWh.** In June 2018, NV Energy in Nevada received bids for solar
energy below 2.3 cents per kWh.?® An RFP from the Central Arizona Project solicited bids from a 30 megawatt
solar facility to provide energy at $2.499 per kWh.®® The Arizona project was proposed to replace energy
delivered by the coal-fired Navajo Generating Station. In this case the energy supplied by the coal facility cost
around 5.0 cents per kilowatt-hour, or twice as much as the proposed solar contract. While these solar
facilities are competing in the market based on their cost of as-available energy, they are not designed to
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completely replace thermal power plants which are still providing additional grid services and are capable of
operating at much higher capacity factors.

PV Module Efficiency

In addition to cost reductions, PV modules have also become more efficient over time. PV modules are
measured in Direct Current (DC) Watts based on their power output under standard test conditions. In 2010,
SolarWorld in Hillsboro, which was recently purchased by Sunpower, produced one of the most efficient PV
modules in the world, generating 220 to 235 watts of power. Today, the same-sized SolarWorld module will
generate 300 watts of power, representing an increase of more than 25 percent.70

1. Reduced system footprint / land use: As the efficiency of PV modules increases, the amount of roof
space or land necessary for a given system capacity decreases. Just as PV modules are measured in
DC Watts, PV facilities are measured in units of 1000 Watts (Kilowatt or kWdc). A 100 kWdc system
installed in 2010 would have required about 7,700 square feet of PV modules. The same 100 kWdc
system installed in 2018 will require about 6,000 square feet.

2. Reduced labor costs: The labor associated with handling and installing PV modules is a major
component of overall system pricing. Increased efficiencies results in fewer PV modules and a
reduction in labor costs for a project with the same generation capacity.

3. Reduction in balance of system equipment: Similar to labor reductions, increased module efficiency
reduces the balance of system equipment necessary to install a PV system. Balance of system
equipment refers to racking, mounting hardware, wires, and other materials but does not include the
PV modules or inverters.

Integration Challenges

Solar PV facilities are variable generators that only produce energy during daylight hours. Solar generation
ramps up quickly in the morning, provides peak generation during the middle of the day, and ramps down
quickly in the evening. This pattern has proven to be a challenge for grid operators to integrate with system
loads. As solar output is declining in the early evening, customer energy demand on the grid tends to be
increasing. Net load or net demand is a term used to describe system energy demand, less the demand that
is met by solar output on the grid. In areas with high solar penetration, the resulting net demand curve can
drop steeply in the morning as solar output increases rapidly, and then climb steeply in the evening as solar
output declines. When plotted over the hours of the day, the net demand curve resembles the profile of a
duck and so has been colloquially named “the duck curve.” The “belly” of the duck represents low net power
demand on the grid due to peak solar output on the grid. The “neck” of the duck represents the steep ramp
up of net power demand as people come home from work and turn on lights and appliances at the same
time the sun is going down and solar output declines. This neck of the duck requires a large amount of non-
solar capacity to be dispatched on the grid over a relatively short timeframe. This phenomenon occurs when
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two factors are present: (1) significant solar output, and (2) comparatively low net load during mid-day hours.
As a result, to date the duck curve has occurred in markets with large amounts of solar, especially California
and Hawaii, during springtime months when mild weather results in low mid-day net loads.

Figure 3.15: The Duck Curve on California’s Grid
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The challenges associated with solar integration can be mitigated with four primary and interactive
strategies:

1. Change the shape of the load profile: Late afternoon and evening loads are primarily attributed to
increasing residential demands that naturally occur at the end of the work day. Some of these loads, such
as water heating, dish washing, laundry, and air conditioning could be shifted to earlier or later in the day.

2. Change the shape of the solar production profile: While the output from PV modules will always
correspond with the amount of sunlight, the output of the overall PV facility may be changed with energy
storage. Adding batteries to a solar facility can shape the production profile to match the load profile.

3. Increase flexible capacity resources: Flexible capacity resources are able to ramp up and down to serve
the variable loads on the grid. Battery storage systems, natural gas “peaker” plants, pumped storage
hydro systems and the existing BPA hydro system are all able to provide flexible capacity in the
Northwest.

4. Export, curtail, or transform excess solar generation. Curtailment is currently being implemented in
California during periods of excess solar generation. Regional energy markets may be able to provide an
export option. Transforming excess generation could be accomplished by using solar energy to create
hydrogen or liquid fuels. This is also known as power-to-gas.
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Despite being known for its rainy climate, Oregon has significant solar potential. For example, a residential PV
system installed in Astoria will generate only about six percent less energy than the same system in Portland.
The same system installed in Newport will generate three percent more energy than the Portland system.71
Despite the wide differences in resource potential around the state, more than half of the residential PV
capacity in the state is installed in Multnomah, Clackamas, and Washington counties.”

Oregon’s coastal solar resource, in fact, outperforms much of Europe where a significant amount of solar
capacity has been installed. A PV system in Astoria will generate about 5 percent more energy than the same
system in Munich, Germany. Germany has installed more than 44 GW of solar, or about 100 times as much as
Oregon and Munich is located in the part of the country with the best solar resource.”

As of Q2 2018, there was at least 477 MW of total solar capacity installed in Oregon. More than 70 percent of
the total solar capacity in Oregon was installed since the beginning of 2017,”* and there has been an increase
in the size of projects. For example, the 56 MW Gala Solar project installed in Prineville in 2017 will generate
more energy in 2018 than all of the residential systems in the state combined.

According to the Solar Energy Industries Association (SEIA), Oregon ranks 20th in the U.S. for total installed
solar capacity.”® Figure 3.16 shows installed PV capacity in western states, as of Q2 2018. It is difficult to track
the exact cumulative capacity of solar installed in Oregon in real time, as many projects come online before
utility data reports are updated.

Figure 3.16: Installed Solar Capacity in the Western States’”
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Oregon’s solar capacity is divided between residential, commercial, and utility-scale projects. Approximately
85 percent of the residential capacity is west of the Cascades while about 90 percent of the utility-scale
projects are east of the Cascades.

Reduced costs for PV equipment have resulted in larger systems being installed. As figure 3.17 demonstrates,
in the Oregon residential market, the average PV system size has increased from 2.5 kWdc in 2007 to more
than 6 kWdc in 2017. Over the same period, the cost of these systems has decreased from over $9.00 per
watt to about $4.00 per watt. Over the same period the number of systems installed per year increased from
less than 250 in 2007 to more than 2,800 in 2017.

Figure 3.17: Average Cost and Size of Solar PV Projects in the RETC Program72
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While the cost of residential solar energy projects in Oregon has declined, the rate of decline has not kept up
with the national average pricing of $2.80 per watt in 2017 demonstrated in the NREL 2017 benchmark
study,' due in part to the relatively small solar market in Oregon compared to some other states. In 2017
there was a total of 20 MW of residential solar installed in Oregon, which makes up less than one percent of
the 2,227 MW installed nationwide.”*"®

Oregon’s commercial PV sector has also seen significant cost reductions. The average cost for commercial PV
systems in the Energy Trust of Oregon incentive programs was about $8.00 per watt in 2008 compared to
about $3.00 per watt today. The sharp drop in projects seen in the figure below is a result of changes to the
Business Energy Tax Credit program.
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Figure 3.18: Average Cost and Number of Solar PV Projects in the Energy Trust of Oregon Commercial
Incentive Programs77
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Utility-scale projects have also grown in size. In 2013, the Outback Solar facility in Christmas Valley was, at 5.2
MW, the largest single solar project in Oregon.78 By the end of 2016, there were an additional 22 facilities
exceeding 5 MW and totaling more than 180 MW of combined capacity. In 2017, the Gala solar project in
Prineville became the state’s largest at 56 MW. The Boardman Solar project is the first solar facility to be
approved for a Site Certificate through Oregon’s Energy Facility Siting Council, and is proposed to be 75 MW.
In California there are many facilities between 100 and 500 MW in size. Globally, PV facilities exceeding 1,000
MW in capacity have been installed in India and China.

Development of utility-scale solar facilities has rapidly increased in Oregon since 2016. More than 50 percent
of Oregon’s total solar capacity (260 MW) is in utility-scale facilities installed or scheduled for operation in
2017 and 2018. Nearly 1,000 MW of additional capacity is currently proposed for development by the end of
2020. These proposed projects are reported in utility interconnection queues which have traditionally had a
high attrition rate. As solar project costs continue to fall, more facilities will be constructed in Oregon.
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Figure 3.19: Cumulative Existing Capacity and Interconnection Applications for Utility Scale Solar Capacity
Reported by PGE and PacifiCorp
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In January 2018, the Trump Administration established tariffs on imported solar modules. The tariff is initially
set at 30 percent, reducing 5 percent each year, and ending in 2022. As most of the solar modules used in
Oregon and the U.S. as a whole are imported, these tariffs could significantly increase the cost of solar
projects. In addition, tariffs on steel and aluminum products also threaten to reverse the downward cost
trends seen in the solar industry. Cypress Creek Renewables, a solar developer active in Oregon, announced
the cancellation of 1,500 MW of new solar projects across the country as a result of the tariffs.”” Nationally,
more than $2.5 billion in new solar investments have been cancelled.®® Some domestic manufacturers,
including Hillsboro’s Solar World, advocated for the tariffs in order to provide a boost for U.S. solar
manufacturers. The overall impact in Oregon from these tariffs is not yet known.

In June 2018, the IRS issued a ruling regarding treatment of the federal Solar Investment Tax Credit (ITC)
ramp-down. The ruling allows the 30 percent ITC to be taken by project owners who commit at least five
percent of the budget by the end of 2019. These projects then have until 2023 to complete construction. This

means that 2022 and 2023 will be years where projects can avoid tariffs and still claim the full 30 percent
ITC.
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There are a number of new solar programs and policies under
development in Oregon that have the potential to significantly
alter local solar markets. The Oregon Legislature passed SB 1547% =
in 2016, which established the state’s first legislative mandate for
a community solar program and development of a resource value
of solar.

Community Solar

Community solar projects have been installed in 42 states, 19 of which have implemented community solar
programs. By Q1 of 2018, there were more than 1,000 MW of community solar projects nationwide.®! These
community solar projects typically differ from conventional solar facilities in a couple of ways. First,
ownership of community facilities may include a cooperative of participants, a utility, or private developers
and investors. Second, the output of a community solar project is typically allocated among participants. This
allocation may be accomplished with or without involvement from a utility partner. Projects installed with a
utility partner may utilize virtual net metering where the output from a central solar facility will be allocated
to each participant in the form of a credit on their existing utility bills.

Oregon Laws 2016, Chapter 28 (SB 1547)%* directs the OPUC to establish a program that enables owners and
subscribers of a community solar project to share in the costs and benefits of the project. The program
applies to customers of PGE and PacifiCorp and enables subscribers to realize electric bill savings associated
with a share of a community solar facility. The program is still in development at OPUC and has not yet
resulted in any projects.

Community solar projects have been built in Oregon outside of the OPUC community solar program. In 2007,
the City of Ashland installed a 63 kW community solar system known as Solar Pioneer Il at the City of Ashland
Service Center. Shares of the project were made available to any Ashland Utility customer. In 2016, Central
Electric Cooperative completed installation of the 200 kW Shared Solar community solar project in Bend.
Similarly, Emerald People’s Utility District launched their Sharing Sun community solar project in 2017.

Community solar projects present numerous opportunities for utilities, home owners, renters, low-income
communities, solar contractors, and program delivery contractors:

e Increased access to solar for Oregonians who cannot or have not installed individual solar facilities of
their own. A 2015 report from NREL indicates that 49 percent of American households and businesses
lack adequate solar resources for an onsite solar installation.®?

e Increased solar market activity for Oregon solar contractors. Community solar projects may help to
offset market losses associated with the end of the RETC program in 2017, described in more detail
below.

e Utilities will be given the opportunity to provide additional services to their customers. While there may
also be an increase in utility administrative costs, this may be offset by increasing customer choice and
satisfaction among customers.

e Increased access to solar by low-income Oregonians. For many Oregonians, conventional solar
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installations are not affordable, so community solar could provide options for participation with
minimal financial burden. Oregon’s community solar program has a provision to make 10 percent of the
program available to low-income communities. While implementation of the low-income provisions has
yet to be defined, it is expected to increase the equitable distribution of solar in Oregon.

Centralized community solar projects are able to leverage economies of scale compared to an
equivalent capacity of distributed solar facilities.

Centralized community solar projects are more likely to be optimized for annual solar energy
production. This may be accomplished through strategic site selection to minimize shading obstructions
and through the use of solar trackers for ground mounted systems.

There are also a number of challenges specific to community solar projects:

Administrative burden for utilities to implement programs, including development of virtual net
metering protocols.

Additional administrative costs associated with ownership and membership of the projects.
Administrative costs make up one component of “soft costs” associated with all solar projects.
Community solar projects may have additional costs associated with marketing to participants, legal
fees associated with ownership models, and ongoing bookkeeping costs associated with allocating
facility production among members.

Resource Value of Solar

Oregon Laws 2016, Chapter 28 directs the OPUC to establish a resource value of solar (RVOS). The RVOS is
an analysis to determine the net costs and benefits that distributed solar facilities bring to the ratepayers of
Oregon’s investor-owned utilities. The OPUC currently has four dockets dedicated to examining the RVOS.
They are:

UM 1716 (Investigation to Determine Resource Value of Solar)
UM 1910 (PacifiCorp Resource Value of Solar)
UM 1911 (Idaho Power Resource Value of Solar)

UM 1912 (Portland General Electric Resource Value of Solar)83

UM 1716 determined the methodology for calculating the RVOS. The docket started with a scoping task to
determine which elements to include in the RVOS calculation. The OPUC determined that only elements
directly attributable to utility electric ratepayers should be included, and that any additional societal benefits
associated with distributed solar should not. Table 3.6 includes the 11 elements identified in UM 1716 to be
included in the RVOS. Positive values are described as a benefit while negative values are described as costs.
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Table 3.7: Elements Considered in the Oregon Resource Value of Solar Calculations

Benefits Costs
e Avoided Energy Cost e Administration
e Avoid generation capacity e Integration

¢ Avoided transmission and
distribution capacity

e Avoided line losses
o Market price response

e Avoided hedge value

¢ Avoided environmental
compliance

e Avoided RPS compliance
e Grid services

Total Resource Value of Solar: Net Benefit

Distributed solar cost/benefit analyses have been completed in more than 20 states with a variety of results.
Some states, such as Pennsylvania and New Jersey, have included societal benefits in the analysis.84 Societal
benefits included elements such as local economic development, health and environmental benefits
associated with reduced fossil fuel combustion, water and land savings, and other environmental benefits.
The Oregon PUC decision to not include societal benefits is consistent with the HB 2941 solar incentives
report published by the PUC in 2016.% In that report the PUC recommended, “If the Legislature sees value in
promoting the development of solar PV in Oregon for social and economic development reasons, it should
consider adopting incentives available to all Oregonians.”

Once established, the RVOS in Oregon will be used as the reimbursement rate for utilities to credit
community solar participants. In an effort to enable community solar projects to proceed as RVOS is
developed, the Oregon PUC has established an interim RVOS rate equal to residential retail rates. This value
will be revisited upon completion of RVOS proceedings. While community solar reimbursements are the only
statutorily directed use for the RVOS, the 2016 report from the OPUC recommended alignment of
community solar and net metering reimbursements rates. The report also indicates that following the RVOS
valuation proceedings, the OPUC will open future dockets to determine additional applications for the
RVOS.*

Incentives for Residential PV Systems

Oregon’s low energy rates affect the cost-effectiveness of solar energy projects in the state, and
policymakers have created financial incentive programs to support development. While the cost of PV
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systems has decreased, residential and commercial PV projects still have considerable above-market costs in
Oregon. Above-market costs are the difference between the market value of a project’s energy production
compared to the actual costs to produce the energy. Figure 3.20 shows how much a residential PGE customer
could anticipate paying for a solar system in 2018 and how long it would take to pay off with estimated bill
savings. The analysis does not account for escalating energy prices or the time value of money.

Figure 3.20: Typical Solar Cost for PGE Residential Customer

System Size: 6 kWdc
Cost: $22,500 ($3.75/watt)
:Ennczrf;‘;rer:ust of Oregon $2.700
Federal Tax Credit -$5,940
Net Cost to Owner $13,860

Estimated Annual Energy

. 7,200 kWh
Production

Estimated Annual Bill Savings:  $800 (S0.11/kWh)

Simple Payback: 17 years

The Oregon Legislature has created a variety of incentive programs through the years, including tax credits,
cash rebates, volumetric incentive rates, production payments, and property tax abatements. The Energy
Trust of Oregon offers incentives for solar installations for consumers in PGE and Pacific Power service
territories and some consumer-owned utilities offer incentives to their customers. While these incentives have
successfully supported the development of a solar industry in the state, they have also contributed to periods
of volatility, especially in the residential market. In 2012, about 1,500 residential solar projects were installed
in Oregon; one year later, less than 900 systems were installed. The decline was primarily attributed to
reductions in Energy Trust of Oregon incentives. During the 2017 tax year, ODOE’s Residential Energy Tax
Credit program processed applications for more than 2,800 systems. System installations are expected to drop
by nearly half in 2018, due to the sunset of the RETC program on December 31, 2017.

The RETC program provided up to $6,000 in tax credits taken over four years, and reduced the simple payback
period to around 10 years for the sample system in PGE territory described above. A reduction in residential
PV applications at Energy Trust of Oregon provides an indication of the impact associated with the sunset of
the RETC. Prior to 2018, participants in the Energy Trust of Oregon PV incentive program were also eligible for
the RETC. The RETC sunset resulted in increased program activity in 2017 followed by a decrease in activity in
2018. Figure 3.21 demonstrates the number of applications received by Energy Trust of Oregon in 2018
compared to 2017, following the sunset of the RETC program. In the first six months of 2017, Energy Trust
received 1,040 applications compared to 545 over the same period in 2018. The second half of 2017 saw a
spike in applications from homeowners racing to take advantage of the RETC. Energy Trust increased
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residential solar financial incentives to correspond with the RETC sunset. The Energy Trust residential PV
incentive in December 2017 in PGE territory was $0.25 per watt, up to $1,500. In January 2018, the incentive
rate more than doubled to $0.60 per watt, and the incentive cap more than tripled to $4,800. Even with
Energy Trust’s higher incentive for residential PV, out-of-pocket costs for customers went up when RETC
ended.

Figure 3.21: Residential Solar Applications from PGE Customers Received by Energy Trust in 2017 and 2018
(Energy Trust of Oregon Solar Status Update 9/7/2018)%
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Systems installed under the Energy Trust incentive program still receive a financial incentive and are easy to
track. In 2017, there were 2,800 residential PV systems that received a RETC. Of those, 500, or about 18
percent, were outside of Energy Trust territory, which only includes customers of PGE and PacifiCorp. The
effect of the loss of the RETC incentive is expected to be higher outside Energy Trust territory. Complete 2018
data from these markets is not yet available. Figure 3.22 demonstrates how projects have been distributed
across utility service territories in the RETC program.
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Figure 3.22: RETC Project Distribution Across Utility Service Territories
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As solar costs continue to come down, financial incentives will play a smaller role in market adoption.
Financial incentives aimed at solar market transformation are meant to serve as a bridge to a future market
where solar is cost-competitive or at parity with conventional grid electricity. This can be seen in the design
of the federal investment tax credit which begins a ramp down in 2020, and drops to zero in 2022. In a 2012
report, NREL determined that Oregon would be among the last states to reach grid parity due primarily to
low energy costs and lower solar resources than many other U.S. states.® While many of the market
conditions have changed in the last six years, it is true that Oregon still has larger financial hurdles than many
other states.

Land Use

Solar land use laws in Oregon primarily affect
utility-scale systems, and vary by the system
size and the classification of soils on the site.
While the rise of utility-scale projects in
Oregon is relatively new, farmers have been
installing solar energy systems to support on-
site energy loads for years. Many of these
systems used barn roofs or uncultivated land
adjacent to irrigated fields, and were
interconnected to electrical services for farm
operations and irrigation pumps.

In 2012, Outback Solar, the state’s first utility-
scale project, was installed on 50 acres of
rangeland in Christmas Valley (right).
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Permitting authority for utility-scale solar projects is dependent on the proposed size and location of the
projects. Smaller projects are subject to county (or city) jurisdiction, and larger projects are subject to EFSC
jurisdiction. The majority of these projects are proposed on farmland that is zoned as “Exclusive Farm Use.”
“Goal 3” of the Oregon statewide land use planning goals** protects farmland, and the Land Conservation
and Development Commission has issued rules implementing Goal 3 protections. Projects that permanently
remove farmland from production over certain thresholds must receive a Goal exception as part of their
approval in order to construct these projects. Those thresholds are tied to agricultural productivity and
include the following:

e Facilities that occupy more than 12 acres of high-value farm land;
o Facilities that occupy more than 20 acres of arable lands; or

e Facilities that occupy more than 320 acres of non-arable lands.

Like all energy generation projects, for solar
projects to be as financially viable as possible,
they are sited near transmission lines to minimize
the cost of creating inter-tie transmission lines,
which are very expensive. This limits the locations
in Oregon where energy generation development, =
including solar energy development, can occur.

There is a lot of variation in the size of utility-scale Ese
solar facilities. The vast majority of these projects
are between 12 and 100 acres. However, there
are several larger projects of note. The largest
operating is the 320-acre Gala Solar project
located in Crook County. The largest approved
but not yet constructed project is the Boardman  Future site of the approved Boardman Solar Facility.
Solar project in Morrow County, which is

proposed to be 545 acres when completed. Finally, the Oregon Department of Energy just received the
Obsidian Solar Center project application in north Lake County which is proposed to be 3,921 acres.

Locations in Oregon that can support such large-scale industrial development, and that are located in close
proximity to transmission lines with capacity, tend to be either farmland, rangeland, or undeveloped native
habitat. Effects from solar development on farmland or native habitat have caused considerable interest and
concern from many parties. As a response to solar development proposals on Willamette Valley farmland,
both Marion County and Yamhill County have passed ordinances restricting future solar development until
additional assessment, land use rules, and protection measures can be developed, and the effects of solar on
farmland can be further considered by the counties.

Similar opposition has come from other groups concerned about solar development on native habitat,
particularly in central, southern, and eastern Oregon’s high desert regions. Solar projects in these areas
functionally remove habitat from use by native species, and, at a very large scale, can disturb movement by
larger species, including big game. Solar projects under EFSC jurisdiction must comply with the EFSC Fish and
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Wildlife Habitat standard, which is connected to the ODFW Fish and Wildlife Mitigation Policy, and which
includes requirements to attempt to avoid and minimize effects, and provide compensatory mitigation
commensurate with the affected habitat in accordance with the policy. Solar projects under local jurisdiction,
however, do not have to meet the same requirement unless county governments enforce such a
requirement.

There are many areas in Oregon that are good locations to site a solar project — areas with minimal or no
effect on native habitat or farmland, and areas with access to transmission. To date, approximately 90
percent of utility-scale solar projects have been installed east of the Cascades due, in part, to better solar
resources and lower cost of land. As communities consider local energy resiliency initiatives, there may be
additional value recognized in developing more distributed energy facilities in close proximity to loads and
population centers.

Net Metering

ORS 757.300'® describes Oregon’s net metering laws, including the treatment of surplus generation and a
cap on aggregated net metering capacity. Figure 3.22 above demonstrates that 85 percent of the residential
solar capacity in Oregon has been installed in PGE or PacifiCorp territories.

The aggregate capacity cap described in ORS 757.300 establishes a limit of how much solar can be installed
within a utility service territory before the utility is no longer mandated to offer net metering. In Oregon the
cap is set at 0.5 percent of the utilities’ peak hourly load. Once the cumulative capacity of net metered
systems reach this cap, the utility is no longer required to offer net metering. PGE and Pacific Power have
exceeded the 0.5 percent cap but have so far continued to offer net metering on a voluntary basis. Other
western states have aggregate capacity limits ranging from 0.5 percent on the low end (Oregon and
Washington) to 20 percent on the high end (Utah). Many states do not specify a limit.

PURPA Contracts

As described earlier in this chapter, Oregon utilities must contract with renewable energy facilities to
purchase energy at the utilities’ scheduled avoided costs rates. In Oregon, utilities establish different avoided
costs rates based on the technology installed on their system. Solar facilities provide intermittent power
which is valued less than “baseload” facilities that provide constant, steady power. For example, PGE
developed Schedule 201, establishing different fixed avoided cost rates for baseload, wind, and solar
facilities. Under PGE’s Schedule 201,%" a baseload facility has an average monthly fixed price of $58.95 per
MWh for energy delivered during on-peak periods in 2025. A solar facility under the same time period would
get an average fixed price of $38.62, about 35 percent lower than the baseload facility. As battery storage
systems become more affordable, it will be possible for solar facilities to provide many of the services
currently provided by baseload facilities, and this may raise questions about whether the existing avoided
rate methodology is appropriate. The issue is already under discussion in Idaho, where Idaho Power and the
Idaho Public Utility Commission are in a dispute with a solar developer about whether two proposed solar
plus battery storage projects should be eligible for contract terms associated with “Other Projects,” which
are preferable to the contract terms associated with solar projects.®
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Property Taxes

Local jurisdictions currently have two options for levying property taxes on utility-scale solar facilities. The
first is known as a centralized assessment, which aims to establish a property value in a manner similar to
other power plants in Oregon. The second option is to levy a fee in lieu of property taxes, currently valued at
$7,000 per megawatt of capacity per year. The fee in lieu of taxes was established in Section 1, Chapter 571,
Oregon Laws 2015 as a simplified approach to property tax evaluation. As solar costs continue to decrease,
the value of future facilities will also decrease, which will decrease property taxes calculated under a
centralized assessment. This may result in the $7,000 per MW fee falling out of line with the market. Some
solar industry stakeholders may wish to revisit the $7,000 per megawatt value of the fee in future years.

CONCLUSIONS
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KEY TAKEAWAYS

The efficient movement of goods, services, and people is the
backbone of a thriving economy and quality of life for all Oregonians.
Operating vehicles, and building and maintaining roadways, railways,
and other transportation corridors, requires significant energy
resources. Most of the energy used in the transportation sector comes
from fossil fuels, which have significant effects on our economy,
environment, and public health.

As Oregon’s population grows, so does the number of light duty
vehicle registrations. As a result, gasoline consumption continues to
rise in the state. Low fuel prices coupled with a growing economy and
population growth have led to an increased number of vehicle miles
traveled. Transportation sector fuel consumption has cost Oregonians,
on average, from 2005 to 2016, $7.4 billion annually; and because 98
percent of transportation fuels are imported into the state, the
majority of those dollars are not retained in Oregon." Ninety-three
percent of the state’s transportation fuel demand is met with petroleum products. Gasoline at the pump
accounted for 68 percent of all transportation fuel costs. In October 2018, the retail price of gasoline was
about $3.30 per gallon. Over half of that cost is for the raw crude oil, and the rest is for refining, distribution
and marketing, and taxes.”*

The cost of transportation fuels tends to be higher in Oregon than in most of the continental United States
due to the higher-cost sources of crude, and the Pacific Northwest’s isolation and distance from fuel supplies
as well as limited refineries in the region. Ninety percent of our petroleum products come from four refineries
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located in the Puget Sound near the Canadian border.” Coupled with the high degree of volatility in the
petroleum market, transportation fuel costs can create financial burdens for Oregon businesses and families,
especially in rural areas where a greater percentage of household income is spent on transportation (see
Chapter 7 for more detail).

As discussed in Chapters 2 and 5, greenhouse gas emissions affect our health, our environment, and our
economy. Transportation petroleum fuel consumption increases air pollution and can have negative effects
on public health. The American Lung Association estimates that the health and climate effects associated
with passenger vehicles cost Oregon $1.3 billion in 2015.° The transportation sector is also the highest
emitter of greenhouse gases in the state. In 2016, transportation produced 39 percent of total in-state
emissions,” and in large part due to the increases in transportation sector emissions, Oregon is not on track
to achieve our statewide 2020 GHG reduction goals.

Table 4.1 shows the transportation sector fuel mix by type of fuel, and for ease of comparison each fuel is
converted to gasoline gallon equivalent (gge). The amount of lifecycle GHG emissions is shown (in metric
tons of CO2 equivalent), as well as their percentage of overall transportation fuel GHG emissions.

Table 4.1: Transportation Fuels and Associated GHG Emissions®

Transportation Fuel GGE .Liffecycle GHG Percent (.)f Total
Emissions (MTCO2e) GHG Emissions
Gasoline 1,430,179,140 17,651,807 54.69%
Diesel 709,580,224 8,835,152 27.38%
Jet Fuel 229,569,368 2,858,423 8.86%
Ethanol 125,325,574 968,678 3.00%
Asphalt & Road Oil 104,230,084 1,371,075 4.25%
Biodiesel 49,067,998 311,377 0.96%
Lubricants 10,014,595 124,694 0.39%
Aviation Gasoline 4,052,883 50,463 0.16%
Renewable Diesel 3,309,077 41,202 0.13%
Electricity 2,673,688 10,175 0.03%
Compressed Natural Gas 2,592,953 25,381 0.08%
Liquefied Petroleum Gas 1,682,828 17,121 0.05%
Bio-Compressed Natural Gas 575,528 4,508 0.01%
Bio-Liquid Natural Gas 410,997 4,049 0.01%
Total All Fuels 2,673,264,937 32,274,105 100%
Gasoline & Ethanol Only 1,555,504,714 18,620,485 57.69%

Biennial Energy Report Chapter 4 — Page 3



This chapter primarily focuses on fuel use and emissions of fuels used in light-duty vehicles, a segment of the
transportation sector that is the biggest cost to Oregonians and the highest emitter of greenhouse gases. In
2016, gasoline consumption — which includes both gasoline and the additive ethanol —accounted for nearly
58 percent of overall transportation emissions.” However, understanding and addressing emissions and fuel

use in the medium- and heavy-duty sectors is also necessary for the state to achieve our GHG reduction
goals.

One of UPS's hybrid delivery trucks.
Photo: UPS
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The Oregon Department of Transportation’s Statewide Transportation Strategy 2018 Monitoring Report
found that no single solution was the answer to GHG reductions, and that a multi-faceted and aggressive
approach was needed to address overall reductions from the transportation sector.®

With that in mind, this chapter begins with an overview of national and state trends in the transportation
sector and what the trends tell us about our progress in meeting Oregon’s goals. This is followed by a look at
the current policies, programs, and strategies at work in the state and, where available, information on how
these are helping the state achieve its goals. More energy-related data would help Oregon be able to draw
conclusions about the effectiveness of many of these programs. Finally, the chapter will look at what’s next
for transportation in Oregon. This chapter discusses the strategies for future progress in reducing Oregon’s
GHG emissions, fuel consumption, and overall transportation costs for Oregonians; especially how adoption
of electric vehicles can help the state meet its goals.

Two notes on the data in this chapter: First, because different state agencies focus on different aspects of the
transportation fuel sector, they collect and use different sources of information. ODOE, for instance, focuses
on data for all types of transportation fuels including the aviation, marine, and railroad segments, among
others; Oregon DEQ collects transportation fuel data only for fuels listed in their Clean Fuels Program; while
ODOT necessarily looks only at transportation fuels for roadway use that are taxable fuels. Because of these
differences, the collection and reporting of data may differ and may not align perfectly. In most instances,
ODOE used Clean Fuels Program fuels data as the basis for its calculations in this chapter. Second, because
Oregon produces almost no fuel in-state, we analyzed GHG emissions on a life-cycle basis. Life-cycle
calculations include all emissions that are associated with that fuel from extraction to combustion regardless
of whether they occur in Oregon. This type of analysis is often called a “well-to-wheel analysis.” Therefore
the amount of GHG emissions in our analysis may differ from those that only assess GHG emissions that
occur within the boundaries of the state of Oregon.

The U.S. Energy Information Administration’s (EIA) Annual Energy Outlook 2018 (AEO) modeled projections
for key metrics using different modes of transportation in the domestic energy markets through 2050. Key
metrics include: consumption, miles traveled, average fleet miles per gallon, amount of sales, and fuel prices.
The “reference case” projection, which is referred to in this report, assumes some technology improvements
and economic and demographic trends. In many cases this information is available only through EIA on a
nationwide basis. In order to determine more state-specific information, ODOE used the AEO projections as a
baseline for our analysis then incorporated Oregon-specific data and information to forecast the energy
picture for Oregon.’

According to AEO projections, gasoline consumption nationwide peaked in 2017 (Figure 4.1). The Outlook
projects a downward trend in consumption through about 2035 because of current U.S. vehicle efficiency
policies that require efficiency improvements for light-duty vehicles until 2025 and for heavy-duty vehicles
until 2027. Consumption begins to increase in 2035 because even though the efficiency standards improve,
vehicle miles traveled are projected to increase. Medium- and heavy-duty vehicle energy consumption stays
nearly flat and then begins to increase, despite improvements in fuel efficiency standards, because of rising
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economic activity that increases the amount of heavy-duty truck travel. Jet fuel consumption rises 64 percent
over the period, as growth in air transportation outpaces aircraft energy efficiency, and other alternative fuel
use increases as different fuels replace traditional gasoline and diesel-powered vehicles. Gasoline and diesel
fuels become a smaller part of the overall transportation mix, decreasing from 84 to 70 percent of the total
by 2050. Much of the offset is due to the large increase in jet fuels and other transportation fuels such as
natural gas. Electricity as a fuel source makes up only one percent of the overall mix by 2050.

Figure 4.1: Energy Consumption in 2017’
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AEO also reports that passenger and vehicle travel will increase across all transportation modes through
2050. Light-duty vehicle miles traveled will increase by 18 percent, and heavy-duty truck vehicle miles
traveled (the dominant mode of freight movement) grows nearly 50 percent. Freight rail ton miles grow by
27 percent, and domestic marine shipments decline by nearly half, continuing a historical trend related to

logistical and economic competition with other freight modes.

Figure 4.2: AEO Forecasted Transportation Travel Statistics’
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The AEO reference case assumes fuel efficiency gains for all types of vehicles.

Figure 4.3: AEO Forecasted Fuel Economy’
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Gasoline vehicles remain dominant, though the market share of electric vehicles increases from four percent
in 2017 to 19 percent in 2050. Passenger cars gain more market share over passenger trucks as fuel prices
continue to increase.

Figure 4.4: AEO Forecasted Light-duty Vehicle Sales’
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The prices of gasoline and diesel fuel are projected to increase from 2018 to 2050 because of expected
increases in crude oil prices. While the spread between diesel fuel and gasoline retail prices on a volume
basis has tightened in recent years, this trend reverses through 2041 because of the expected strong growth
in global diesel demand for use in transportation and industry. Motor gasoline and diesel fuel retail prices
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move in the same direction as crude oil prices in the Low and High Qil Price cases. Projected motor gasoline
retail prices in 2050 range from $2.41 per gallon to $5.95, and diesel fuel retail prices range from $2.56 per
gallon to $7.02 depending on the projected price of oil.

Figure 4.5: AEO Forecasted Fuel Retail Prices’
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The national AEO report attempts to average prices for the whole country. The country can also be divided
by Petroleum Administration for Defense Districts (PADDs), which were created during World War Il to help
organize the allocation of petroleum products. Oregon is in the northwest region of PADD 5, a large and
diverse area and consists of six distinct regional markets.

Figure 4.6: Petroleum Administration for Defense Districts’
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Oregon is part of the Pacific Northwest regional market. As seen in Figure 4.7, the region is geographically
isolated from other U.S. refining centers as no pipelines for crude or refined product cross the Rocky
Mountains, Siskiyou Mountains, or Cascade Range.

Figure 4.7: U.S. Energy Mapping System8
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Typically, PADD 5 has higher prices than the rest of the country. For example, a comparison of the oil price
index for the Pacific Northwest (ANS West Coast) to the oil price index for Texas (WTI Crude) on June 7, 2018,
showed an eight percent price difference.’ This difference shows up in the price at the pump. On June 4,
2018, gas prices in Texas were about 20 percent lower than in the Northwest.°

The AEOQ projects that petroleum products, gasoline, and diesel will continue to be the dominant fuels in the
transportation sector, and light-duty vehicles will continue to be the largest users of that fuel nationwide.

Overall, this is also true for Oregon, but there are significant differences that give an alternative outlook for
the state.

As noted, the AEO expects national gasoline consumption to peak in 2017 with a downward trend out to
2035. Oregon’s estimated gasoline consumption, and thereby our GHG emissions, for the next few decades
looks different than the AEQ’s projection, primarily due to the following:

1. Annually, Oregon is adding more light-duty vehicles than the national average. From 2001 through
2016, the U.S. saw an annual average of 0.7 percent increase in vehicle registrations, while Oregon had
an average 1.1 percent increase per year.™
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2. Oregonians purchase fewer new cars as a percentage of the statewide vehicle fleet than nationally.
The national average of new cars compared to existing registrations from 2004 to 2016 was 6.4
percent. In Oregon, the average is estimated at only 3.6 percent from 2004 to 2016."

3. The percentage of SUVs and pickup trucks registered in Oregon is greater than the national average.
Nationwide, sedan registrations are 8 percent higher than SUV/pickup trucks. In Oregon, truck
registrations are 6 percent higher than sedans.™

4. Vehicles in Oregon are older than the national average. The Auto Alliance estimates that the average
age of Oregon light-duty vehicles is 13.5 years.'? In comparison, the average age of U.S. light-duty
vehicles is 11.6 years.13

Oregon may be slower to experience gains from fuel efficiency standards because our vehicle registrations
include a smaller percentage of new vehicles, our overall vehicle ages are older, and Oregonians buy a higher
percentage of vehicles that use more fuel.

Figure 4.8 is not a state fuel forecast, but uses historical data to show how emissions and fuel consumption
will continue to rise, rather than peak in 2017 as the AEO predicts nationally, without additional policies or
economic influences. The projection uses multiple state agency fuel data sources, incorporates the AEO 2018
Outlook Reference Case forecast, accounts for the differences listed above in our light duty vehicle fleet, but
does not take into account anticipated economic cycle changes, nor does it incorporate high EV adoption
rates or other policies that will have an impact on fuel consumption and emissions.

Figure 4.8: Historical and Forecasted Gasoline/Ethanol (E10) Consumption and GHG Emissions (Based on
AEO Reference Case)"’
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While overall on-road fuel consumption and emissions are on the rise in Oregon, per vehicle consumption
and emissions are dropping. Comparing 2005 to 2017, Oregon reduced vehicle GHG emissions by 12.5
percent and fuel consumption by 10 percent in light-duty vehicles due to federal and state policies. In 2005,
the typical vehicle consumed 490 gallons of fuel per year and emitted 6 MTCO2e. By 2017, the typical vehicle
consumed 439 gallons of fuel and emitted 5.3 MTCO2e.”

Figure 4.9: Total and Per Vehicle GHG Emissions (Passenger Vehicles)®
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These per vehicle reductions in fuel consumption and emissions have affected Oregon’s total light-duty
vehicle fuel consumption and emissions. From 2005 to 2017, passenger vehicle registrations went from 3.2
million to 3.6 million, an 11 percent increase. However, E10 (the gasoline/ethanol blend Oregonians
generally purchase at the pump) consumption only increased 0.6 percent, thanks primarily to vehicle
efficiency gains. GHG emissions fared even better, as gasoline emissions were reduced by two percent from
2005 to 2017, due to vehicle efficiency and lower carbon ethanol blended into gasoline (Table 4.2). The dip in
fuel consumption and emissions from 2009 to 2014, shown in Figure 4.10, is due to the economic effects
from the Great Recession and high oil prices.!
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Table 4.2: Gasoline Use and Emissions for Light-duty Vehicles, 2005 and 2017°

2005
Light-Duty Vehicles 3.2 Million
Fuel Type gge MTCO2e
Gasoline 1,536,175,262 18,960,051
Ethanol 31,911,377 293,696
Total for E10 1,568,086,639 19,253,747

2017

3.6 Million
gge MTCO2e
1,460,206,893 18,022,421
116,583,753 892,510

1,576,790,646 18,914,931

Figure 4.10: Gasoline/Ethanol (E10) Gallons and MTCO2e Emissions*
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The Oregon Statewide Transportation Strategy: A 2050 Vision for Greenhouse Gas Emissions Reduction
(STS),® drafted by ODOT in 2013 and adopted into the Oregon Transportation Plan by the Oregon
Transportation Commission in 2018, examines ways that the transportation sector can reduce GHG emissions

and help achieve Oregon’s GHG reduction goals.
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. Vehicle and Engine Technology Advancements
. Fuel Technology Advancements

. Systems and Operations Performance

. Transportation Options

. Efficient Land Use

A U A W N R

. Pricing Funding Markets

Because many of the programs and strategies listed in the STS are not under the authority of ODOT, the
agency drafted the STS Short-Term Implementation Plan in 2014. This plan described short-term (2-5 year)
activities that ODOT could implement to advance the strategies in the STS. The plan focused on low-cost,
existing, and complementary action that are likely to produce fairly rapid GHG reductions including:

¢ Supporting the transition to Electric Vehicles and Low-Emission Fuels.

e Implementing the Eco-Driving program, with focuses on a low-cost approach to reducing GHG
emissions by providing information to citizens on how to drive in a more fuel efficient way.

e Studying the economic impact of pricing strategies, specifically road-usage fees.

e Partnering with municipal planning organizations to engage in long-range scenario planning efforts
that explore local actions for reducing GHG emissions.

¢ Using Intelligent Transportation Systems (ITS) to reduce emissions in the short-term through
operational improvements that reduce congestion and increase
the efficient use of fuel.

e Exploring investment programs to support STS implementation.

e Assuring continued coordination with state agencies and other
entities working on activities that align with the STS vision.

In support of these objectives, ODOT and ODOE funded the installation
and maintenance of 44 direct current fast chargers (DCFC) in Oregon and
funded two CNG fueling stations in Wilsonville and the Rogue Valley.
ODOT has also integrated information on EV charging infrastructure into
maps and other publications. The economic analysis of on road usage
fees provided data that informed the development of the OReGO
program: the nation’s first mileage-based revenue program for light-duty :
vehicles. And many of the strategies in the STS have been incorporated West Coast Electric Highwcly
into other ODOT plans, including the Oregon Transportation Options Plan Charger in Cascade Locks.
and the Oregon Bicycle and Pedestrian Plan.

— :.
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In 2013, ODOT modeled GHG emissions reductions if all strategies in the STS were fully implemented. Figure
4.11 shows that transportation GHG emissions would be reduced by 60 percent in the 2050 STS Vision
scenario as compared to 1990 levels. The STS Vision includes 18 distinct strategies with 133 potential
elements. Additional efforts to reduce emissions are needed to meet the state goal of 80 percent below 1990
levels by 2050.

Figure 4.11: Historic GHG Emissions and Potential Future Reductions®
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ODOT published the 2018 Monitoring Report to demonstrate the progress on STS implementation since
2013. The blue line in Figure 4.12 shows GHG emissions reductions in the light-duty vehicle sector using
current policies and programs in-place in Oregon. At the time the STS was developed, fuel prices were at an
all-time high. Consequently, emissions from the light-duty sector are continuing to rise rather than fall. The
takeaway from the chart below is that the STS strategies will reduce light-duty emissions by substantial
amounts. Even so, these fall short of the GHG reductions necessary to achieve Oregon’s emissions goals.
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Figure 4.12: GHG Emissions Reductions in the Light-duty Vehicle Sector®
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Actions called for in the STS are moving Oregon in the right direction. However, as discussed earlier,
increasing population, relatively low gas prices, and a strong economy have contributed to increases in
transportation GHG emissions. Transitioning Oregon to low- and zero-emission vehicles and expanding
walking, biking, rail, and public transit programs will be challenging and require increased analysis to
ascertain what works and what additional actions are needed. As ODOT points out in its 2018 STS Monitoring
Report, it is currently not possible to directly measure the emission reductions for some specific activities.
More research and analysis into how to measure individual strategy progress is necessary to ensure the state
meets our goals efficiently and cost-effectively.®

1. Cleaner Vehicles: transition to vehicle technologies that are more fuel efficient and have fewer
emissions.

2. Cleaner Fuels: transition to no-emission or low-emission fuels and technologies.

3. Lower VMT: reduce drive alone trips and vehicle miles traveled.
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Federal Corporate Average Fuel Economy Standards

Improvements in vehicle fuel
efficiency are expressed in miles CALIFORNIA’S WAIVER
traveled per gallon and help reduce
the amount of fuel we consume per
vehicle. The Federal Corporate
Average Fuel Economy, or CAFE,
standards are the primary policy for
improving vehicle fuel efficiency,
although technological advances
allowing vehicles to communicate
with each other and their
surroundings could improve vehicle
fuel efficiency in the future.

Established by Congress in 1975,
federal CAFE standards set fuel
efficiency requirements that South Coast Air Basin Ozone Trend
automobile manufacturers must
achieve, or pay a penalty on a per
vehicle basis, in the development of
new vehicle models. The National
Highway Transportation Safety
Administration sets fuel efficiency
standards. Although not directly
responsible for establishing fuel
efficiency standards, the EPA sets
emissions standards for vehicles,
which are directly related to fuel s pezaghogiei
efficiency. The NHTSA and EPA work OZONE. 1976-2016 ik s
together when establishing or NAAQS: National Ambient Air Quality Standards Lo Sop= Lipsode
updating these regulations. As CAFE
standards are updated, new more rigorous targets are established for vehicle manufacturers to meet.
Congress granted California a special authority to allow the state to set its own, more stringent, emissions
standards to help better manage high levels of air pollution in its major cities. Oregon, along with eight other
states, signed on with California and agreed to follow their greenhouse gas standards requiring more efficient
vehicles.

2015 8-Hour NAAQS
2008 8-Hour NAAQS

Number of Basin Days Exceeding Health Standard Levels

Since federal CAFE standards were first enacted, the average fuel economy in vehicles has more than
doubled. Figure 4.13 shows trends in vehicle fuel economy since 1975 for cars and trucks."*
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Figure 4.13: Trends in Vehicle Fuel Economy, 1975-2017"
Adjusted CO; Emissions for MY 1975-2017! Adjusted Fuel Economy for MY 1975-2017*
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In 2012, the federal government and California adopted harmonized vehicle emissions standards applicable
through 2025." On August 2, 2018, the Environmental Protection Agency (EPA) and National Highway Traffic
Safety Administration (NHTSA) submitted proposed rules to freeze their respective standards to 2020 levels,
making them less stringent on fuel efficiency and carbon emissions for vehicle model years 2021 through
2025. The proposed rules would also remove language concerning the California waiver. The overall impact
of this change would weaken fuel economy standards and would lead to increased emissions and fuel
consumption. Oregon signed on as party to a preliminary lawsuit filed by California against EPA™ disputing

the legality of such a federal action, and in October
2018 joined comments with California and other
states and municipalities opposed to the proposed
federal actions.”

Fuel efficiency standards create benefits that
continue through the lifetime of a vehicle, including
decreasing petroleum consumption, reducing costs
for consumers, and reducing harmful emissions.
CAFE standards have dramatic effects on fuel
consumption and GHG emissions over extended
timelines as vehicles are kept in service for a long
time. As noted above, the average vehicle in Oregon
is 13.5 years old.

Figure 4.14 shows projected fuel consumption
through 2035 for the 2011 standards (blue line) and
the current efficiency standards (red and green
lines). The current standards are projected to save
more than three million barrels a day by 2035

Million Barrels per Day

Figure 4.14: Car and Truck Fuel Consumption with
and without Recent Fuel Economy Standards™®
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compared to the 2011 standards, and this will increase U.S. energy independence in addition to saving
consumer’s money and reducing emissions.

Even minor efficiency improvements can greatly affect fuel use, emissions, and consumers’ budgets. Figure
4.15 shows how CAFE standards coupled with EV adoption can have large effects on GHG emissions and
gasoline consumption. The graph shows fuel consumption peaking in 2027 and GHG emissions peaking in
2028 using the policies in place today. This is in comparison to a scenario with no Zero Emissions Vehicle
program (learn more later in this chapter) and reduced fuel efficiency standards, which would create
continual increases in consumption and GHGs through 2035 and cost Oregonians an additional $4.8 billion in
fuel.!

Figure 4.15: Comparison of High Vehicle Efficiency and ZEV Program Benefits to Low Vehicle Efficiency and
No ZEV Program Benefits in Oregon’?
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A number of policies at the federal and state levels promote the use of cleaner fuels by setting standards for
transportation fuels and by promoting adoption of vehicles capable of using cleaner fuels.

To date, biofuels have been the most effective lower carbon alternative for curbing petroleum product
consumption and GHG emissions. Other no- or low-carbon alternative fuels (e.g., propane, renewable natural
gas (RNG), natural gas products such as compressed natural gas (CNG) and liquefied natural gas (LNG), and
electricity) have become increasingly important to diversifying Oregon’s fuel supply and reducing emissions.
These alternative fuels have the potential to grow for specific applications in the transportation sector.
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Biofuels such as ethanol, biodiesel, and renewable diesel require little or no modification to vehicles and
fueling infrastructure. Other alternative fuels such as propane, CNG, LNG, and RNG may be used in internal
combustion vehicles but require engine modifications and special fueling infrastructure. Finally, electric
vehicles and hydrogen fuel cell vehicles are distinct from internal combustion engine vehicles and use
designated fueling infrastructure. Because of the integral relationship between fuel and vehicle, this section
will discuss programs and policies promoting both cleaner fuels and related vehicle and fueling technologies,
where applicable.

Federal and State Renewable Fuel Standards

Congress passed the federal renewable fuels standard (RFS) program in 2005 to reduce the country’s reliance
on imported fuels by diversifying the transportation fuel mix. This program incentivizes renewable fuels
grown and produced primarily in the U.S. In 2007, the RFS was amended to increase the required amount of
renewable fuels that must be included in the fuel mix and establish categories for different fuels based on
their carbon content. In most cases, categories for lower carbon content fuels can be sold for higher prices in
the renewable transportation fuel market.

The Oregon RFS was passed in 2007.” The state RFS also sets standards for the amount of renewable fuels,
such as biodiesel and ethanol, to be included in most conventional transportation fuels sold in the state. The
standard requires Oregon diesel fuel to contain five percent biodiesel and gasoline to contain ten percent
ethanol. Although not the primary focus of these programs, the federal and Oregon RFS have greatly reduced
emissions from the state’s petroleum fuel mix.

Oregon Clean Fuels Program

The Oregon Clean Fuels Program was established by the state legislature in 2009, with the goal of reducing
GHG emissions from Oregon’s transportation fuels by 10 percent over a 10-year period. However, it was not
until the Legislature passed SB 324 in 2015 that the program was allowed to be fully implemented by DEQ. In
2016, DEQ established annual standards through 2025 for all transportation fuels and calculated the carbon
intensity (Cl) for each of them, measured in grams of carbon dioxide released per megajoule of energy
produced. The Cls in Figures 4.16 and 4.17 were updated in 2017. Cls are regularly added and updated by the
DEQ CFP. The full list of Oregon-approved Cl values is available on their webpage.*

Figure 4.16: Carbon Intensities of Fuel Sources
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Figure 4.17: Oregon Fuel Source Carbon Intensities™
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Credits under the program are generated when a fuel’s carbon intensity is lower than the annual standard.
Fuels that generate credits include: ethanol, biodiesel, renewable diesel, natural gas, propane, electricity, and
hydrogen. Deficits are generated when the carbon intensity of a specific fuel — principally fossil gasoline and
diesel — exceeds the annual standard. Credits and deficits are both calculated as one metric ton of CO2e. The
program requires the importers of liquid transportation fuels into Oregon to meet the annual standards; in
other words, they must retire enough credits to offset the number of deficits they incur. Providers of natural
gas, propane, electricity and hydrogen to vehicles can voluntarily opt in to the program and generate credits.
The program has rules for and monitors the market for credits.”? The program has been fully operational
since 2016, and is generating sufficient credits to meet the needs of the market. Credits are being traded in
increasing numbers with little effect on the price of fuel.

Since the program’s start, new low-carbon fuels have been

OREGON CLEAN introduced into Oregon’s transportation fuel mix, including

renewable natural gas from wastewater treatment plants and
FUEI.S PROGRAM landfills and renewable diesel sourced from a by-product of
ethanol production. Some of these fuels are, or can be, produced
in Oregon. The program is on track to meet its goal of reducing
the carbon intensity of transportation fuels. Overall the federal
and state RFS programs, combined with the Clean Fuels program
have increased the amount of cleaner alternative fuels used in
Oregon’s transportation mix from less than two percent in 2005
to 7.3 percent in 2017 on an energy equivalent basis." In 2017,
the combined reductions in life-cycle greenhouse gas emissions
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of blended diesel and gasoline products from the federal and state RFS programs and the Oregon Clean Fuels
Program is estimated to be 791,000 MTCO2e in Oregon.78

Electricity is a qualifying fuel under the Clean Fuels Program. Utilities are able to receive credits for EVs that

charge on their systems. Many utilities have signed up for the program and are receiving credits. For utilities
that have not signed up, the non-profit organization Forth was designated as a backstop aggregator for any

credits accrued from these territories. The money generated from these credits will be used to promote and
support transportation electrification across Oregon.

As noted above, little to no change to vehicles is

required to use some alternative fuels, while WHATIS THAT

other alternative fuels require distinct vehicle
technologies and fueling infrastructure. In the AC RONYM?
light-duty sector, the focus in Oregon is on
electric vehicles, which are fueled entirely or
partially by electricity. In the medium- and heavy-
duty sector, there have been a range of changes
from electric to cleaner-burning natural gas or
propane to biodiesel. Many businesses and
organizations in Oregon that use medium- and
heavy-duty vehicles have already introduced
cleaner transportation fuels into their fleets.

Oregon Zero Emission Vehicle Program

Oregon has adopted the California Zero Emission
Vehicle (ZEV) Program, which requires most
vehicle manufacturers to deliver an increasing
percentage of new cars sold in Oregon to be ZEVs
such as: battery electric, plug-in hybrids, other
hybrids, and gasoline vehicles with near-zero
tailpipe emissions.”® California, under its federal
waiver, has the authority to establish standards
and rules on vehicle emissions including their ZEV
program. Once they are established other states
may adopt these rules.” Nine states, including
Oregon, participate in the California waiver program.

ZEV adoption forecasts for Oregon show considerable EV growth is expected, although the forecasts vary.
DEQ anticipates approximately eight percent of all new car sales in Oregon will be ZEVs by 2025, while
Bloomberg estimates approximately 30 percent by 2030. Based on that forecast, sales will likely be about 19
percent by 2025.
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In 2002, lan Hill was on a college road trip when his car broke down. Looking at the cloud of black smoke
billowing from his engine, lan decided there must be a better, cleaner way to travel. He and his friend,
Tyson Keever, started researching biofuels as students at the University of Oregon. Just three years later,
their company, SeQuential Biofuels, collaborated with Pacific Biodiesel to open the first commercial
biodiesel production facility in Oregon. By Fall 2008, the SeQuential-Pacific Biodiesel facility in Salem was
already completing a major expansion, with a new annual capacity of five million gallons (up from one
million gallons). In 2017, production reached 8.45 million gallons, and the team expects to increase
production by another 40 to 50 percent by the end of 2019.

Biodiesel is made from used cooking oil, which undergoes a chemical process called
transesterification. The process separates materials into distinct elements, including mono alkyl
esters: the scientific name for biodiesel. The California Air Resources Board ranks the resulting fuel with
a carbon intensity of 18.57, about a fifth of the lifecycle emissions of petroleum diesel (which has a
carbon intensity of 98.03).

SeQuential Biofuels also works upstream and downstream from production. The company collects used
cooking oil from food processors like Kettle Foods, and from restaurants like Burgerville, Taco Time, and
McMenamins. Trucks also gather oil from businesses with large cafeterias, like hospitals, schools, and the
Nike campus in Beaverton.

The biofuel is sold at 90 locations in Oregon, including two stations in the Eugene area that are
owned and operated by SeQuential. SeQuential’s stations also demonstrate sustainable building
practices, including a living roof and bioswales for stormwater management, renewable solar PV,
and even a heathy snack selection at the convenience store.

Enthusiasm, hard work, and good partners — combined with helpful business incentives and good market
conditions — have created a unique Oregon alternative fuel business with 221 employees up and down the
west coast (138 of them in Oregon).
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Incentives can be an effective tool to close the gap between the higher up-front costs of electric vehicles
compared to conventional gasoline-powered vehicles. Various incentives are available for the purchase of
electric vehicles and in some cases for charging equipment. Auto manufacturers, auto dealerships, utilities, or
local governments may also offer incentives. The following incentives were available at the time this report
was published.

Federal EV Tax Credit Program

The federal government offers tax credits designed to lower the cost of plug-in vehicles. The amount of the
credit is based on the vehicle’s battery capacity, and can range from $2,500 to $7,500 for EVs purchased in
the U.S. The tax credits are available until 200,000 eligible EVs have been sold by a manufacturer, and then
the credit will phase out over 12 to 18 months for that manufacturer’s plug-in EV products. The credit is
available based on a manufacturer eligibility basis. In 2018, Tesla was the first manufacturer to hit the
200,000 vehicle mark.>* General Motors is also expected to exceed the cap in the fourth quarter of 2018.%

Oregon Clean Vehicle Rebate and Charge Ahead Rebate

The Oregon Legislature enacted House Bill 2017,”* the “Keep Oregon Moving” Act, in 2017 which, among
other things, established a rebate of up to $2,500 for qualifying BEVs and PHEVs. The bill also included a
companion Charge Ahead Rebate program, which offers a separate rebate up to $2,500 for low- and
moderate- income households for the purchase or lease of a new or used BEV. Both programs are
administered by the Oregon Department of Environmental Quality and are currently taking applications.

Standard Rebate Charge Ahead Rebate

Low— or moderate-income households. DEQ
has not finalized qualification levels for the
Charge Ahead Rebate. See DEQ’s website
for more information.

Who Qualifies? All Oregonians

Purchase or lease of new or used BEV or

Vehicle Type Purchase or lease of new BEV or PHEV PHEV

e $2,500 for EVs with battery capacity
of 10 kWh or higher

e $1,500 for EVs with battery capacity
less than 10 kWh

Rebate Amount $2,500 for new or used BEV

e Applicant must maintain vehicle registration in Oregon for at least two years

Eligibility e Manufacturer’s suggested retail price cannot exceed $50,000

] e Applicant must submit Phase | Application within six months of the date or

Requirements
purchase or lease

e Must be purchased or leased from a licensed dealer

More information: www.oregon.gov/deq/aq/programs/Pages/ZEV-Rebate.aspx
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Utility-Specific Incentives
Some Oregon utilities also offer rebates for EVs purchased by their customers.

e Eugene Water and Electric Board currently offers a $300 Clean Ride Rebate on the purchase or lease of
a new or used EV.

e City of Ashland’s Municipal Utility offers up to $300 rebates on qualifying EVs.
e Emerald People’s Utility District offers $100 for registering an electric vehicle.

e EWEB and Pacific Power are partnering with Nissan to offer a $3000 rebate on the purchase of a 2018
Nissan Leaf.

VW Environmental Mitigation Trust

VW mitigation funds can help Oregon meet its GHG emissions goals by funding alternative fuel vehicle
projects that clean up dirty diesel emissions. In addition, up to 15 percent of the funds can be used for light-
duty EV infrastructure. Oregon DEQ administers these funds as authorized by the Oregon Legislature. The
2017 legislature approved VW Mitigation funds to clean up approximately 450 diesel school buses by either
installing diesel emission control devices or by purchasing clean diesel or other alternative fuel buses, such as
propane, natural gas, or electricity. Future legislation is needed to approve spending the remainder of the
VW Mitigation fund.*® Approved projects eligible for these funds have different impacts on emissions. Clean
diesel engines significantly reduce toxic air pollutants. Clean fuel technologies such as RNG, propane, or
electricity reduce both toxic air pollutants and GHG emissions.
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ELECTRIFY AMERICA

Electrify America charger in Huntington, OR
Photo: PlugShare.com

Executive Order 17-20

Looking for every opportunity to reduce Oregon’s contributions to GHG emissions, Governor Kate Brown
signed EO 17-21, “accelerating zero emission vehicle adoption in Oregon to reduce greenhouse gas emissions
and address climate change,” on November 6, 2017.%° The transportation sector is the leading contributor to
greenhouse gas emissions in Oregon. Putting more zero emission vehicles on Oregon roads is a key strategy
to reducing these emissions.

This EO sets a goal of 50,000 registered EVs in Oregon by 2020, and encourages the adoption of zero-
emission vehicles by:

e Increasing Oregonians’ access to EVs and EV chargers.

 Providing technical expertise and information on EV use and functionality.

o Recognizing businesses and organizations that are early leaders in EV adoption.

o Enabling State of Oregon agencies to lead by example by reducing barriers to procuring EVs in

fleets and EV chargers at State facilities.
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EO 17-21 is being implemented by the Zero Emission Vehicle Interagency Working Group, comprised of five
core agencies: the Oregon Department of Energy, Oregon Department of Environmental Quality, Oregon
Department of Transportation, Oregon Public Utility Commission, and the Department of Administrative
Services. The ZEVIWG works with other agencies and external partners to drive EV adoption in Oregon and
help the state achieve its GHG reduction goals.

Legislation passed in 2016 has enabled Portland General Electric, Pacific Power, and Idaho Power to
implement plans to increase electric vehicle use in their respective service territories after approval by the
Oregon Public Utility Commission. The Commission has approved pilot programs submitted by Pacific Power,
PGE, and Idaho Power aimed at increasing transportation electrification in their areas. Pacific Power will
implement a public charging pilot, an outreach and education pilot, and a demonstration and development
pilot. PGE will implement pilots for public charging stations, electrified mass transit with TriMet, and an
outreach and demonstration pilot. Idaho Power will be providing educational material, showcasing its EV
fleet, and providing training on EVs for electricians, first responders, and auto dealers:

e PGE Docket UM 1811*

« Pacific Power UM 1810*
« ldaho Power Docket UM 1815%

PGE and Pacific Power are also developing plans to spend the revenues earned by selling clean fuels credits
under the Oregon Clean fuels Program generated on behalf of their EV-owning customers. Principles in
monetization and on how to spend the revenue were approved by the PUC on October 9, 2018, and initial
plans are to be submitted by March 31, 2019.

e UM 1826%
e ARG609%

Consumer-owned utilities are offering incentives to
customers who install EV charging infrastructure. For
example:

e Central Lincoln People’s Utility District offers a
$250 rebate for installing a level 2 charger.

e City of Ashland Municipal Utility offers up to
$500 to install workplace charging
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While vehicles are becoming more efficient and fuels are becoming cleaner, these gains are being offset by
the increasing number of vehicles in Oregon’® and the number of vehicle miles traveled (VMT) per

vehicle. Figure 4.18 shows that statewide VMT decreased from 2005 through 2013 due to economic effects
of high oil prices and the Great Recession. Since 2014, VMT has risen in the state as the economy rebounded
and gas prices fell and remained relatively low. GHG emissions are rising with increased VMT as well. Until a
sufficient number of Oregon vehicles are no- or low-emissions, rising VMT will continue to be the most
significant driver in rising GHG emissions.

Current trends of increasing VMT aside, Oregon’s integration of land use planning and transportation
investments, in addition to a growth strategy that emphasizes more compact, pedestrian, and transit friendly
development within existing urban areas, have kept VMT lower than they might otherwise have been.
Oregon has long been a leader in transportation and land use planning, recognizing that community planning
that makes the now-obvious connection between them will reduce VMT and yield more livable communities.

Comprehensive planning by cities and counties to achieve statewide planning goals began in earnest
following the passage of Oregon’s landmark Senate Bill 100 in 1973.”% In the early 1990s, the Department of
Land Conservation and Development, which oversees implementation of that law, adopted rules to require
local governments and state agencies to consider the effects of their zoning decisions on transportation
facilities, and the effects of their transportation decisions on land use patterns. In 2009 (House Bill 2001
and 2010 (Senate Bill 1059”7) the legislature called for Metro and the Central Lane Metropolitan Planning
Organization (MPQ) to develop planning scenarios that integrated transportation and land-use so that the
light duty sector met its share of the overall transportation sector’s GHG reduction targets. Modelling was
done using ODOT’s Regional Strategic Planning Model (formerly the “GreenSTEP” model), and the Integrated
Transport and Health Impact Modeling Tool developed by the United Kingdom Public Health Research
Center. The preferred scenario in the Central Lane MPQO plan, even with a 25 percent expected increase in
population over the next 20 years, anticipates significant benefits, such as: a 20 percent reduction in GHG
emissions, a 15 percent reduction in VMT per person, no increase in congestion over today’s condition,
household driving costs as a percentage of income would stay about the same as today, annual fuel expenses

76)
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could be reduced by as much as $50 million per year, common air pollutants could decrease by two-thirds,
and overall community health care savings that could exceed $22 million per year.*°

Figure 4.18: Oregon Statewide Total Annual Vehicle Miles Traveled, 2002-2017*
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Single occupancy vehicles (SOV) as a primary mode of transportation is one of the leading factors increasing
VMT, which increases fuel use and air pollution, including GHGs. Rising use of SOVs also creates more traffic
congestion and longer times spent in traffic. According to the 2017 INRIX Traffic Scorecard, people in Portland
spend 11 percent of their commute time driving in congested traffic, 10 percent in Bend, and five percent in
Salem. Although this does not take into account the reduced VMT resulting from compact urban growth, the
stop-start movement during congested times of the day burns fuel at a higher rate, increasing fuel
consumption and emissions. More time spent in traffic also results in higher transportation costs for

individuals and businesses that rely on transportation.*®

Oregon Transportation Plan

Multiple state agencies have policies, programs, and
strategies designed to reduce statewide VMT, including
advancing walking, biking, transit, and shared
transportation. The overarching guidance document for
transportation in Oregon is the Oregon Transportation
Plan, or OTP. Created and implemented by ODOT, it is
the long-range transportation system plan for the state.
It establishes a vision and policy foundation to guide
transportation system development and investment. The
OTP and its associated focus-area plans guide decisions
by ODOT and other transportation agencies statewide,

THE COST OF TRAFFIC
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and is reflected in the policies and decisions explained in
local and regional plans. Several of the focus-area plans
such as the Oregon Public Transportation Plan, the
Transportation Options Program, and the Oregon Bike &
Pedestrian Plan discuss reducing VMT and conserving
energy.

“In 2045, public transportation is an
integral, interconnected component of
Oregon’s transportation system that makes
Oregon’s diverse cities, towns, and
communities work. Because public
transportation is convenient, affordable
and efficient, it helps further the state’s
quality of life and economic vitality and
contributes to the health and safety of all
residents, while reducing greenhouse gas
emissions.”*

Recognizing that an increasing population has changed the
transportation landscape for many Oregonians, the Oregon
Transportation Commission adopted the 2018 Oregon
Public Transportation Plan (OPTP) on September 20,
2018.* The OPTP is one of several mode and topic plans
that refine, apply and implement the Oregon
Transportation Plan. The new OPTP establishes a shared
statewide vision for public transportation and provides
strategies to achieve the vision. The plan acknowledges that developing a robust public transportation
system advances Oregon’s efforts to reduce transportation-related GHG emissions and conserve energy.
Goals include increasing accessibility and connectivity, improving the user experience, and strategic land use
and investments. The OPTP does not discuss specific projects but helps to provide a policy and strategy
framework to inform decisions for local, regional, and state agencies.

Transportation Options Program

When comparing auto trips to transit trips, even a fairly empty bus with seven or eight passengers emits less
per passenger mile than an average car trip.51 As transit agencies integrate more energy efficient and low-
carbon fuel vehicles into their fleet, transit-related emissions will continue to decrease. The Oregon
Transportation Options Plan identifies opportunities to expand transportation choices; looks to increase
funding opportunities for transportation options programs and activities; and provides direction to better
integrate transportation options into local, regional, and state transportation planning.

The program administers federal grant funds and collaborates on planning activities with local transit
agencies, counties, or Metropolitan Planning Organizations. The program also helps mitigate congestion for
major construction projects, safety corridors, and other congestion points. The program manages Drive Less
Connect, which helps connect Oregonians with multi-user travel options, as well as the Drive Less Challenge,
that encourages the public to become familiar with other transit options such as carpooling, biking, walking,
and transit.

Oregon Bike and Pedestrian Plan

The Oregon Bike and Pedestrian Plan examines walking and biking from an infrastructure and user
perspective and recognizes issues, opportunities, and needs. It includes all aspects of delivering a
transportation system, including policies and strategies that cover planning, investing, constructing, and
maintaining walking and biking facilities and programs. When fully implemented, the Plan envisions a future
that builds upon Oregon’s strong existing foundation by further increasing walking and biking connections to
critical destinations and other modes of transportation. In turn, this will help bring about a safer system for
all users that leverages opportunities to enhance the system and creates more equitable access for all users.
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It is difficult to estimate actual energy and emissions reductions
from biking and walking, but it is widely acknowledged that using
these options alone or combining these modes with transit options
can reduce VMT from single occupancy vehicles and thereby fuel
consumption and emissions.>

The “Keep Oregon Moving” Act’* included provisions that enable
state agencies to build on or start new programs and analyses that :
promote walking, biking, and transit options in our transportation 7

system. The Act includes provisions that can help some of the (/

programs mentioned above to meet their goals. A statewide transit - h

tax through employee deductions will finance local investments in and improvements to local public
transportation with the goal to increase ridership that will thereby reduce fuel consumption and emissions.
Light rail projects are excluded from the program. The bill also includes developing a traffic congestion relief
program that will manage travel demand and ease traffic congestion which has potential to reduce fuel
consumption and emissions. Such a congestion relief program is subject to federal approval.

The Transportation & Growth Management (TGM) program is a partnership of the Oregon Department of
Land Conservation and Development and ODOT. The program helps local and county governments across
Oregon with skills and resources to plan long-term, sustainable growth in their transportation systems in line
with other planning for changing demographics and land uses. TGM encourages governments to take
advantage of assets they have, such as existing urban infrastructure, and walkable downtowns and main
streets.>

While there is significant action at the state level to reduce VMT, many strategies to increase walking, biking,
and public transportation are pursued at the local level. Many of these activities are coordinated and
implemented by Metropolitan Planning Organizations, that are responsible for developing the transportation
plan for a metropolitan area. While this report does not look at local actions in detail, the Metro Regional
Transportation Plan is a key example of steps being taken by local jurisdictions.

The Metro Regional Transportation Plan is a blueprint to guide investments for all forms of travel such as
motor vehicles, transit, bicycles, and walking; as well as the movement of goods and freight throughout the
Portland metropolitan region, and is the main tool for implementing the region’s Climate Smart Strategy. The
plan identifies current and future transportation needs, investments needed to meet those needs and what
funds the region expects to have available over the next 25 years to make those investments a reality.

As directed by the Oregon Legislature in 2009, the Metro Council and the Joint Policy Advisory Committee on
Transportation (JPACT) developed and adopted a regional strategy to reduce per capita greenhouse gas
emissions from cars and small trucks (light-duty vehicles) by 2035 to meet state targets. Adopted by the
Metro Council and JPACT in December 2014 with broad support from community, business and elected
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leaders, the Climate Smart Strategy relies on policies and investments that have already been identified as
local priorities in communities across the greater Portland region. Metro, in partnership with ODOT,
conducted a detailed modeling analysis of various greenhouse gas scenarios and identified the types of
transportation-related mitigation strategies that would have the greatest potential for reducing greenhouse

gas emissions in the long term.

Analysis of the draft 2018 RTP found the plan makes satisfactory progress towards implementing the Climate
Smart Strategy and, if fully funded and implemented, can reasonably be expected to meet the state-
mandated targets for reducing per capita greenhouse gas emissions from cars and small trucks (light-duty
vehicles) for 2035 and 2040. By 2040, the plan, together with advancements in fleet and technology, is
expected to reduce total annual greenhouse gas emissions from all on-road vehicles by 19 percent (compared
to 2015 levels) and annual per capita greenhouse gas emissions from all on-road vehicles by 40 percent
(compared to 2015 levels). The findings also demonstrate that more investment, actions and resources will
be needed to ensure the region achieves the mandated greenhouse gas emissions reductions defined in OAR

660-044-0060. In particular, additional
funding and prioritization of Climate
Smart Strategy investments and
policies will be needed. The Metro
Council is anticipated to adopt the
2018 Regional Transportation Plan on
December 6, 2018.>*

Even with all these programs, policies,
and plans, VMT continues to rise in
Oregon. Efforts to reduce single
occupancy vehicles are being offset by
a growing population of people who
are driving more. Increases in VMT
and associated traffic congestion will
increase overall fuel use and air
emissions. Offering viable travel
options for those who don’t have a
car or want options other than car
travel reduces VMT which lowers GHG
emissions per passenger mile. As long
as gasoline and diesel powered
vehicles are the primary vehicle on
Oregon roads VMT will also drive up
the state’s GHG emissions. These
strategies will do far more than
reduce greenhouse gas emissions.
Properly designed and implemented,
they will also improve the quality of
life in our rural and urban
communities, improve public health,

Figure 4.19: Climate Smart Strategy: Strategies Evaluated and
Findings™
Strategies Evaluated and Findings

Climate Smart Strategy | Largest potential carbon reduction impact*

Vehicles and Fuels (Investment)
* Newer, more fuel efficient vehicles
*  Low- and zero-emission vehicles
* Reduced carbon intensity of fuels

Pricing (Policy)

Carbon pricing

Gas taxes

Per-mile road usage charges (e.g., OReGO)
Parking management and pricing
Pay-as-you-drive private vehicle insurance

=

-

- & & =& &

Community Design (Policy with Investment)

* Walkable communities and job centers facilitated by
compact land use in combination with walking,
biking and transit connections

Transit (Investment)

+ Expanded transit coverage

» Expanded frequency of service

* Improvements in right-of-way to increase speed and
reliability of buses and MAX

Climate Smart Strategy | Moderate potential carbon reduction impact*

Active Transportation (Investment)
+ New biking and walking connections to schools,
jobs, downtowns and other community places

Travel Information and Incentives (Investment)
2 » Commuter travel options programs
T * Household individualized marketing programs
O (% * Car-sharing and eco-driving technigues

System Management and Operations (Investment)
==

* Variable message signs and speed limits
Signal timing and ramp metering
Climate Smart Strategy | Low potential carbon reduction impact*

L ]
* Transit signal priority, bus-only lanes, bus pull-outs
* |ncident response detection and clearance

Street and Highway Capacity (Investment)
* New lane miles (e.g, general purpose lanes,
auxiliary lanes)
Source: Understonding Our Land Use and Transportation Choices Phase 1 Findings (lanuary 2012), Metro.
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and help Oregon compete in the national and global economy.

Data on these programs and their impact on GHG emissions is limited. Measuring the impact of walking,
biking, and transit on energy use and GHG emissions is challenging, but can help prioritize where to focus
policies, programs, and funding to have the greatest impact on GHG emissions.

As detailed throughout this chapter, Oregon has a long history of pursuing policies that reduce greenhouse
gas emissions and fuel use in the transportation sector, but these must be expanded upon and accelerated if
the state is going to achieve its goals. The state will need to prioritize building on the progress made in the
Statewide Transportation Strategy and focusing on a three-pronged approach of promoting cleaner vehicles,
cleaner fuels, and lower VMT.

One trend that is gaining increasing attention from transportation experts and has the potential to change
how Oregonians travel in the future is Connected and Autonomous Vehicles (CAVs). As automated driving
technology continues to evolve, smart sensors and cloud networking may allow vehicles to connect to one
another and the surrounding infrastructure. The effects of these technologies are the subject of recent
studies and analysis, but results so far are often broad and inconclusive. Some studies have indicated that
CAVs may reduce per-vehicle emissions while increasing VMT, which could result in an overall increase in
greenhouse gas emissions and fuel use.>® More research is needed to determine how these technological
advancements will impact fuel efficiency, congestion, and safety. For example, ODOT led an Autonomous
Vehicle Task Force in 2018 that looked into how CAVs intersect with licensing and registration, insurance and
liability, law enforcement and accident reporting, and cybersecurity.>’

Electric vehicles offer Oregon a cost-effective and efficient pathway to reduce greenhouse gas emissions,
reduce fuel use in the transportation sector, and can leverage the increasingly clean electricity mix in Oregon
to help reduce GHG and eventually help reduce costs for consumers. Not only are the tailpipe emissions from
an EV much lower than an internal combustion engine (ICE) vehicle (and in the case of battery electric
vehicles it is zero), but as the electricity grid continues to become cleaner the lifecycle emissions of EVs will
continue to drop. The opportunities to reduce GHGs are dramatic. The operation and maintenance costs of
an EV are also lower than an ICE vehicle, and because many EVs can be fueled at home or the workplace, the
cost for fueling infrastructure is lower than other transportation alternatives — though DCFC is still necessary
to accommodate longer trips. The cost of electricity used to fuel an EV is regulated, making annual costs
easier to predict and allows the public to engage in the process that establishes the rates for that electricity
fuel.

Electric cars have been around since the late 1800s, but were historically unable to compete with ICE vehicles
due to range limitations — primarily because battery technology was insufficient. Battery technology has
matured and is continually improving, allowing for increased vehicle ranges. Today the major barriers to EV
adoption are the upfront cost of the EV, primarily driven by the cost of the batteries themselves, as well as
the costs to install and maintain charging infrastructure.
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As recently as a few years ago, EVs were limited to ranges Electric Vehicle Trends
under 100 miles and there were few models available Typical EV (model year) 2015 2020
from a limited number of manufacturers. Today, many
new EVs have ranges over 200 miles, and vehicles with Total Range in Miles 80 300+
300-mile ranges will be available in the near future. DC Fast Charge: Miles

44 134
Charged in 15 Minutes

The Technology
Electric vehicles are about four times more efficient than their ICE counterparts, meaning an EV can go the
same distance on 20 to 25 percent of the energy used in an ICE vehicle. EVs convert about 59 to 62 percent of

the electrical energy from the grid to power at the wheels. Conventional gasoline vehicles only convert about
17 to 21 percent of the energy stored in gasoline to power at the wheels.>®

Table 4.3 compares energy use and costs for a typical gasoline-powered vehicle and an electric vehicle.
Assuming 12,000 miles traveled in a year, the EV uses far less energy — with an equivalent savings of 373
gallons of gasoline and $1,044 per year. Fueling the EV is 28 percent of the cost to fuel the ICE.

Table 4.3: Efficiency, Fuel, and Costs for Gas-powered Vehicle vs. Electric Vehicle®

12,000 Miles/Year Gasoline-powered Vehicle Electric Vehicle
Efficiency (typical 2017 model) 25 mpg 3.33 miles/kWh
Fuel Needed 480 gallons gasoline 3,600 kWh
Fuel Equivalency = 16,200 kWh = 107 gallons gasoline
Cost per Mile $3/gallon or $0.12 per mile $0.11/kWh* or $0.03 per mile
Annual Fuel Costs $1,440 $396

373 gallons gasoline

Annual Savings —
€ $1,044
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EVs also cost less to maintain, with no engine oil, belts, transmission oil, differential oil, spark plugs, etc. to
replace. Regenerative braking on an EV means brakes will last about twice as long as they would on an ICE
vehicle because an electric motor contributes a percentage of the energy to stop the vehicle, rather than the
brakes doing 100 percent of the job. Because most EV charging happens at home, about 90 percent on
average, time going to a gas station is also saved.

The Fuel - Electricity

In Oregon, electricity is generated from diverse resources, many of which
are domestically generated, including hydropower, natural gas, wind, coal,
solar, nuclear, and others. Unlike petroleum, electricity prices are regulated 7
and rarely experience supply and cost volatility. An electrified transportation
sector increases flexibility and diversity, and decreases dependence on
imported petroleum products.

The backbone of electrical energy already exists: the generation, @
transmission, and distribution of electricity can be found almost everywhere.
Generally, all an EV needs is the final connection from the EV to the electric

grid. The electric power sector is essentially designed as an on-demand system, and has been built to handle
scenarios of high demand.

As more of Oregon’s transportation sector becomes electrified, electricity demand will increase. Based on an
average annual VMT of 11,343 miles per vehicle and 3.3 miles traveled per kWh of electricity consumed, it is
estimated that the average battery electric vehicle will add approximately 3,347 kWh of annual energy
demand. Generally the region should have sufficient energy available to meet expected EV demand in the
short term. As an example, according to BPA, even in years with low hydropower output, the Pacific
Northwest is expected to have a surplus of both available energy (average MW) and of capacity (MW) for
operating year 2019.%° Even in the month with the least amount of surplus energy expected (January), there
will be sufficient energy available to meet the charging needs of large numbers of EVs across the Pacific
Northwest.

A bigger constraint will be the availability of surplus capacity during heavy demand times. According to the
same data from BPA, January will also have the smallest amount of available capacity, limiting the volume of
battery electric vehicles that could charge at a given time during the month, particularly during the overall
system peak. This trend is likely to bear out across the region as EV adoption increases in coming years —
making it more important for utilities to consider ways to incentivize or otherwise encourage battery electric
vehicles to charge at times most optimal for the grid to avoid system capacity constraints. With the ability to
shift charging to off-peak hours Oregon could add significant numbers of EVs without needing to build or
procure additional generation resources.®’

In addition to the need for generation to supply the needed electricity for EV charging, there may be a need
to strengthen local distribution systems to account for the higher loads that EVs draw. For example,
transformers can fail when the local electric demand on their circuit becomes too great. If utilities know
where these vehicles are being garaged in their networks, they can plan their transformer upgrades and
replacements to accommodate the larger loads as needed.
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Emissions

Because EVs do not combust fuel, they have no tailpipe emissions. High levels of EV adoption would improve
air quality in urban and high-traffic areas around the state. Improving air quality will improve health
outcomes, as air pollution has been found to be associated with increased risk of asthma and lung and heart
disease.

GHG emissions associated with driving an EV are largely influenced by what type of generation resources are
used to produce the electricity. Overall, emissions from Oregon’s electricity sector have been trending
downward, and are expected to continue to become less carbon-intensive over the next few decades.
Because the electricity generation is the source of emissions (not the EVs themselves), decarbonizing the
electricity grid will further reduce emissions from an EV as it ages. In contrast, the fuel source for ICE vehicles
is gasoline, which is much more difficult to decarbonize.

Figure 4.20 illustrates the comparison of a Ford Fusion (internal combustion engine or ICE vehicle) versus a
Chevy Bolt (EV) charged at five different utility service territories traveling on average 11,343 miles over the
course of one year. The EV has anywhere from a 60 percent to more than 95 percent improvement over the
ICE counterpart, and as Oregon’s utilities invest in cleaner technologies to produce electricity, overall
emissions from the transportation sector will also improve with the growth of EV adoption.

Figure 4.20: Annual Vehicle GHG Emissions in Oregon — ICE vs. EV’®
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Finding significant reductions in emissions in the transportation sector is key to the state achieving its GHG
emissions reduction goals. Using the U.S. DOE’s Annual Energy Outlook assumptions, ODOE compared the
baseline EV growth in the reference case with an enhanced EV growth scenario based on anticipated impacts
of state policies and goals currently in place. The baseline scenario assumes EV adoption at about 12 percent
of new car sales by 2035, while the enhanced scenario puts EV adoption at 48 percent. Without the level of
EV adoption indicated in the enhanced scenario, GHG emissions continue to rise through 2035. The enhanced
EV scenario shows emissions plateauing in the late 2020s and beginning to drop by 2030.

Figure 4.21: GHG Emissions with Accelerated EV Growth vs. AEO Reference Case®’
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EVs have the potential to add other benefits to the electrical system, such as the ability to store and pull
energy from batteries in order to better manage the electricity grid. EVs do most of their charging overnight
when energy demand is low and electricity generation resources are not being used to their full potential.
EVs can help balance electricity production and demand by storing this plentiful nighttime energy during
periods of low demand. Although not yet available, Vehicle-to-Grid (V2G) technology has the potential to
make it possible to store surplus electricity generated from intermittent renewable resources like solar and
wind in EV batteries during non-peak periods and also feed power back to the grid when needed. U.S. DOE’s
National Renewable Energy Laboratory is working on many facets of this technology, including testing
facilities that work on grid-vehicle interactions as well as investigating how energy efficiency, renewable
energy, and sustainable transportation technologies can increase the capacity, efficiency, and stability of the
grid.®* Not only can EV batteries help Oregon more fully utilize its renewable electricity resources, but using
EV batteries to store and deliver electricity when needed can enhance grid stability, reduce electricity costs at
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peak hours, or increase resiliency by allowing the batteries in EVs to act as a power source in case of an
emergency grid failure.

EV Trends

According to the International Energy Agency’s Global EV Outlook 2018 report, more than one million electric
vehicles were sold in 2017, with more than half sold in China. Europe and the U.S. had the next highest EV
sales. Overall, there were more than 3 million electric passenger cars on the world’s roads at the end of 2017,
with 40 percent of those in China and 25 percent each in the U.S. and Europe.

Figure 4.22: Passenger Electric Car Stock in Major Regions and the Top Ten EVI Countries®
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Since 2010, electric vehicles have shown steady growth, as the sales chart below from Inside EVs illustrates.

Figure 4.23: U.S. Plug-in Car Sales®
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The Oregon Department of Transportation tracks registrations of EVs, which show similar steady growth
trends in Oregon. As of June 30, 2018, Oregon had 17,893 registered electric vehicles — an over 31 percent
year-over-year increase since 2014.

Figure 4.24: Cumulative Total EV Registrations by Year in Oregon79
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Most of the major automobile manufacturers have EV models available, and even more models are coming
in the next few years. In Oregon, based on DMV registration information, the highest selling vehicles today
are pickups, SUVs, and compact SUVs, which are not currently available as EV models, or are only available in
the luxury vehicle segment. Many manufacturers have committed to providing these EV models in the
coming years, and with them comes a new pool of potential EV adopters.

Figure 4.25 illustrates what car manufacturers have committed to producing. No vehicle manufacturer has
yet committed to the production of an EV pickup truck, however. Because pickups make up one of the
highest sales segment of light-duty automobiles in Oregon, the development of an EV pickup truck is vital to
the state moving to a high EV adoption future. In the chart, vehicles that are grayed out are models no longer
in production. Used vehicles are available.
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Figure 4.25: Electric Vehicle Models by Style and Range Available Through 2020%
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Cost Parity with ICE Vehicles

Miles of electric range

EVs today are generally more expensive than their internal combustion engine counterparts, mostly due to

the cost of EV batteries. Although

EV incentives can help offset the expense, the cost differential is still

sufficiently high that it prices many people out of the EV market.

EV battery costs are declining.
According to Bloomberg New
Energy Finance, battery pack
prices have gone from $1,000/
kWh in 2010 to an average price
of $209/kWh at the end of 2017
—a 79 percent drop in 7 years.
Bloomberg estimates the price of
a battery per kWh should reach
$100 by 2025. $100 is the price
that many in the industry point
to as the parity price point, or
the point at which the costs to
produce ICE and electric vehicles
will be the same. Beyond 2025,
EVs will likely be less expensive
than comparable ICE models.

Figure 4.26: Cost Parity for Battery Vehicles vs. Internal Combustion
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Until parity is reached, incentives can be an effective tool to reduce the price gap, increase sales, and help
the industry get to scale more quickly and drive the price down. For example, looking at some of the
incentives discussed earlier in the chapter the cost of an EV could be reduced by more than $10,000.

Figure 4.27: Sample EV Cost After Incentives

$37,495 Kelly Blue Book MSRP
-$7,500 Federal Tax Credit
-$2,500 Oregon Clean Vehicle Rebate
-$300 Local Rebates*
Cost After Stacked
$27,195 .
Incentives

*Could include City of Ashland Empower EV Incentive Pilot Program or Eugene Water & Electric Board Clean Ride Rebate

All incentives are subject to eligibility requirements, such as the type of EV purchased. In addition, not
everyone will be able to use all of the incentives even if they are eligible. For example, the Federal Tax Credit
can only be used by individuals who have a sufficient tax liability, which could exclude many low-income
individuals. Many incentives are lower for PHEVs compared to full BEVs, and some incentives are only
available to the customers in a specific utility service territory. Most incentives, however, can be used
together which may have the impact of making an EV purchase more financially viable.

As discussed earlier the federal tax credit phases out once manufacturers sell 200,000 vehicles, and several
manufacturers have reached or are about to reach the limit. Bills to extend or broaden the tax credit have
been introduced in Congress. The Electric Cars Act of 2018, sponsored by Senator Jeff Merkley of Oregon and
others would extend the tax credit for 10 years. A second bill proposed by Senator Dean Heller of Nevada
would lift the cap and extend the credit for four years.

If EVs are driven the way typical conventional gasoline vehicles are
driven, where 70 percent of daily driving is under 40 miles and 95
percent is under 100 miles,®” EV charging can be completed at home,
provided parking and power are readily available. Most EVs can be
plugged into a standard outlet to charge, or the plug can be upgraded
to a 220 V connection, enabling faster charge times. Figure 4.28
illustrates the theoretical miles of range that can be attained by an EV
that averages 3.33 miles/kWh and has a battery large enough to accept
the example power capacities over the time frames in the example.
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Figure 4.28: Charging Times for Level 1 and Level 2 Chargers80

Distance After One Hour Distance After Eight

Charger Type Power Level . .
Beriyp Charging* Hours Charging*
Level 1 1.75 kW 5.78 Miles 46.2 Miles
Level 2 6.6 kW 21.78 Miles 174.24 Miles

*Based on an average of 3.3 miles/kWh

There are many Oregonians, such as renters, who live in areas without dedicated parking or where parking
areas lack charging capabilities, and this constitutes a significant barrier to EV adoption. About 25 percent of
Oregonians live in multi-family rental housing statewide; in Portland that percentage grows to 47
percent.eg'69 Portland General Electric has committed to investigating a fueling station model for charging EVs
that could be located in parts of the Portland metropolitan area that lack EV-capable parking.*' In her
Executive Order referenced earlier in this chapter, Oregon Governor Kate Brown directed the Building Codes
Division of the Department of Consumer and Business Services to ensure that all newly-constructed
residential and commercial buildings have parking with the electric infrastructure necessary to install a Level
2 EV charger by October 1, 2022.%°

In addition to providing adequate charging infrastructure for people to charge at or near their homes, it is
also necessary to ensure that sufficient charging infrastructure is in place for travelers who need to travel
further or for longer periods of time than the battery range of their vehicle. Unlike home charging, which can
generally occur overnight, chargers for extended travel need to be able to recharge a vehicle’s battery in a
relatively short amount of time so that the traveler can get back on the road quickly.

At the time of this publication, Oregon has 1,272 public charge points at 528 locations or stations.’® A station
can have several charge points, just as a gas station has several pumps. Because several PHEVs can only use
Level 1 or 2 charging, a station may have several charge capacities including AC Level 1 and Level 2, as well as
DC Fast Charging.

DC Fast Charge (DCFC) stations charge quickly. 109 stations at the 504 statewide public charging sites at the
time of this report have DCFC capabilities. However, many of the DCFC stations have multi-charge ports, for a
total of 242 DCFC charge points in Oregon. Over 90 percent of these are on the west side of the Cascades.

DCFCs come in three different charging standards: Tesla, CHAdeMO, and Combined Charging Standard (CCS).

O 0O combingtion Plug CHAdeMO Plug ooooo Tesla SC Plug
(CCS) 50
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Tesla’s standard works only on their vehicles. Thirteen of the
DCFC stations are Tesla Supercharger sites, with eight charge
ports each. The CHAdeMO standard is used primarily for
Asian vehicle manufacturers’ EVs, such as Nissan, Toyota, and
KIA. This is currently the most common standard found in
Oregon, at 87 sites. The CCS standard is used primarily by
European and North American vehicle manufacturers,
although Hyundai has said that a soon-to-be-released all
electric model will use this standard rather than the
CHAdeMO standard used on some of its earlier models.
Thirty locations in the state have the CCS standard. Twenty-
one locations have both the CHAdeMO and CCS standards. It
is becoming common to include both of these standards at a
station, and several manufacturers of charging equipment now manufacture dual-standard equipment.
Electrify America has committed to installing both of these standards at all DCFC stations they build.

The