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Introduction

Arizona is said to have something for everyone: cold snowy mountains and a hot
desert climate; Native American lands, rural communities, and vibrant urban
centers; well-renowned universities and trade schools; international attractions
including the Grand Canyon and Hoover Dam as well as national sports teams, and
local arts, cultural and ethnic celebrations.

As Arizonans, we are often known for our independent spirit. And when it comes
to energy policy, Republican and Democrat policymakers in our state have worked
together to put Arizona on a path to a more energy-efficient and a cleaner energy
future. Now Arizonans across the political spectrum want government officials to
take the necessary next steps on the route to an energy system that will reliably
meet the demands of our growing and diverse population; protect consumer
pocketbooks; and provide air quality and public health benefits.

The good news is that like our state, the clean energy sector provides something for
everyone: energy efficient products and programs save consumers money on our
monthly electric bills; farmers reap economic gains through the placement of wind
turbines on their land; solar companies put the sun to work and provide good
paying jobs to Arizonans; and private sector and utilities install electric vehicle
charging stations to connect us both in-and-outside of Arizona.

In recent years, technological improvements have contributed to a more efficient
and cleaner power grid. Solar energy costs have dramatically declined; storage for
electricity is becoming widely available and cost effective; and the number of
electric vehicle manufacturers and models has increased. Furthermore, electric
utilities are collaborating more closely, providing opportunities for energy
independence, reliability improvements for the electric system, and cost savings
for consumers.

A Guide to Energy in Arizona is intended to provide elected and government
officials, business and organizational leaders, members of the media, and
Arizonans with a primer on energy issues in our state. A Guide to Energy in
Arizona highlights key research and components of reports, it is not an exhaustive
compilation. As energy issues continue to evolve, we encourage you to use the
contact list contained at the end of this document to learn more about energy trends
and policies.
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Arizona Is In A Major Energy Transition

e All major electric utilities have set clean energy goals to reduce carbon emissions.
e APS has a goal of 45% renewable energy by 2030 and 100% clean energy (includes
nuclear) by 2050.
e TEP’s goal is 70% power from renewable resources while reducing carbon dioxide
emissions 80% by 2035.
e SRP’s goal is to reduce the amount of CO2 emitted by 62% from 2005 levels by 2035
and by 90% by FY 2050.

e Wind and solar resources are now less expensive than fossil generation causing an

economic shift for utilities.
e All coal plants in or feeding the state are expected to close, as they are no longer
economic compared to new resources.
e Qas, the primary electricity power source for Arizona, will be replaced, over time, with
clean energy.
e Hybrid power plants (battery storage combined with wind and solar) can perform any
function of gas with higher reliability and lower costs.

e Electrification of the transportation sector creates opportunities for the state.
e Several major truck and auto electric vehicle (EV) manufactures have located in the state.
e EVs can help address ozone air pollution problems in metro areas.
e EVs, and to a lesser extent hydrogen vehicles, are an innovation sector and job creator for
Arizona.

® The state and consumers would benefit from a greater focus on shaping and
controlling energy use, rather than building new power plants, but policy is

necessary.

e Lowest cost resources available, energy efficiency, will not be maximized without
direction to utilities.

e Utility resource sharing and greater cooperation though wholesale market development
can greatly improve reliability and reduce consumer costs but adoption by utilities is
slow.

e Utilities are not keeping pace with consumer demand for services, causing unnecessary
costs.

e Social issues are increasing in importance.
e The state has not addressed the significant impacts of fossil plant closure on communities
and Arizonans.

e Electricity costs are becoming a greater burden for an increasing percent of the
population.
e Policies to provide certainty are not keeping up with the pace of change.

Prepared By: Amanda Ormond, Western Grid Group: Amanda@westerngrid.net or (480)227-8312 (c).
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I. Introduction

On July 30%. 2019, twenty-five organizations filed a comprehensive vision for Arizona’s
energy future.! Those organizations include American Council for an Energy-Efficient
Economy, Arizona Faith Network, Arizona Interfaith Power and Light, Arizona Solar
Energy Industries Association (AriSEIA), Arizona Public Health Association, Black
Mesa Water Coalition, CHISPA Arizona, Conservative Alliance for Solar Energy
(CASE), Diné C.A R.E., E4TheFuture, Elders Climate Action, Environment Arizona
Research & Policy Center, Natural Resources Defense Council, Our Mother of Sorrows
Catholic Church, Physicians for Social Responsibility, Sierra Club, Solar Energy
Industries Association (SEIA), Solar United Neighbors, Southwest Energy Efficiency
Project (SWEEP), Sunrun, Té Nizhéni Ani, Tucson 2030 District, Vote Solar, Western
Grid Group, and Western Resource Advocates (WRA). As of the date of this filing, this
proposal has received additional support from the following organizations: Grand Canyon
Trust, Yavapai Climate Change Coalition, Oculus-Studio, League of Women Voters
Arizona, Solar Gain and the Earth Justice Ministry of Unitarian Universalist
Congregation of Phoenix. In total, thirty-two organizations, are now represented as the
“Joint Stakeholders.” The Joint Stakeholders are refiling our original proposal regarding
possible modifications to the Commission’s energy concurrent with the March 10" and
11" stakeholder meeting and workshop. While Commission Staff’s third revision of its
proposed energy rules filed February 18, 2020, no longer eliminates requirements for
renewable energy, Staff’s proposal still has no requirement for energy efficiency, nor

does it contain a clean energy standard, but only a “clean peak™ requirement.

The REST and EEES rules, both individually and collectively, have provided substantial
benefits to the state and utility ratepayers in the form of cost savings; reduced water use;

tens of thousands of in-state, family-wage jobs; economic development; and

! Joint Stakeholders original redlined energy rules proposal,
https://docket.images.azcc.gov/E000002141.pdf
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environmental benefits. These rules have been instrumental in ensuring that the most
cost-effective resources are procured by utilities. As these rules have been effective and
are functional, we recommend extending and improving upon them as the best method to
provide continued benefits to ratepayers and the electricity system — rather than

eliminating them and starting from scratch.

In response, the Joint Stakeholders have developed this comprehensive proposal
modifying the Commission’s existing rules and adding a clean energy focused standard.
These comments serve as a summary and introduction to the Joint Stakeholder Rules and
are accompanied by specific language for each modification in both clean and redline
format. The intention of the Joint Stakeholder Rules is to provide a comprehensive
alternative to the April 25" and July 2" Staff Reports that addresses many of the
proposals and ideas put forth by Commissioners, as well as the interests of the groups

who have collaborated on this effort.

As described in detail below, the Joint Stakeholder Rules include enforceable

standards for the following:

e 100% clean energy by 2045,
e 50% renewable energy by 2030,
e 10% distributed generation by 2030, and

e 35% cumulative energy efficiency savings by 2030.

The Joint Stakeholder Rules also move Arizona toward a more comprehensive IRP
process that provides for more effective stakeholder engagement and ensures greater

accountability, while preserving the RPP rules as separate from the others.

Finally, the Joint Stakeholder Rules recognize the importance of supporting a just
transition for communities impacted by power plant closure by encouraging clean energy

investment on Tribal Lands.

Collectively, the Joint Stakeholder Rules are designed to ensure that:
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e There is continued progress and accountability toward clean energy investment by
Arizona’s regulated utilities.

e Arizona’s regulated utilities pursue near-term actions focused on investing in
clean energy resources that are local and cost-effective.

e Investment in new resources is targeted toward those resources that are less likely
to introduce future stranded costs.

e Arizona prioritizes clean energy investment that creates in-state jobs, supports
communities impacted by power plant closure, capitalizes on Arizona’s superior

solar resource, and that improves local air quality and public health.

The Joint Stakeholders are appreciative of the leadership demonstrated by the
Commission in addressing these complex and important issues. This proposal addresses
many aspects of the proposals put forth by Chairman Bob Burns, Commissioner Sandra

Kennedy, Commissioner Boyd Dunn, and former Commissioner Andy Tobin.

II. Clean Energy Standard

The Joint Stakeholder Rules contain a new standard of 100% clean energy by 2045. This
requirement puts Arizona on the path towards a zero-carbon energy system and is

consistent with policies being developed across the Western United States. A standard of
100% clean energy by 2045 is achievable and necessary to address the impacts of climate
change. The current energy rules do not contain a clean energy standard and, as such, the

Joint Stakeholder Rules create a new policy for measurement and compliance.

Under the Joint Stakeholder Rules, Clean Energy Standard compliance would be
measured using a mass-based regulatory structure that would maximize flexibility in
meeting the Standard by focusing on carbon content rather than any specific technology.
A baseline carbon emissions rate would be set based on an average of 2016-2018 levels
and decreased progressively until the requirement of 100% clean by 2045 is achieved. By
including a Clean Energy Standard in addition to an update to the REST and EEES, the

Joint Stakeholder Rules provide value and flexibility to achieve Arizona’s energy future.
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III. Renewable Energy Standard

Arizona’s current REST of 15% by 2025 was adopted in 2006 — over a decade ago.
Arizona’s leadership in renewable energy policy spurred incredible entrepreneurship and
technological innovation. At that time renewables were a relatively nascent technology
and investments made in renewables have brought us to the place we are today.
Renewable energy from solar and wind are some of the lowest cost energy resources
available. With continued policy leadership, battery storage will improve the ability for
renewable energy to match load, enabling higher penetration at lower costs, boosting the
state’s economy, improving Arizona’s air quality, and reducing water consumption from

power generation.

As a result, the Joint Stakeholder Rules include an enforceable standard for 50%
renewable energy by 2030. Together with the Clean Energy Standard, this proposal
would make Arizona competitive with nearly every other state in the West.? The Joint
Stakeholder Rules also contain updates to the existing REST that increase the required
renewable energy percentages beginning in 2020 until 50% renewable energy by 2030 is

achieved.

IV. Distributed Energy Requirement

The current REST includes a requirement for distributed generation (“DG”) in section
R14-2-1805. This requirement is often called the “DG carve-out.” The current DG carve-
out requires that 30% of the existing 15% REST be satisfied by obtaining Renewable
Energy Credits (“RECs”) from distributed energy resources. In 2025 this requirement
amounts to 4.5% of retail sales. Half of this carve-out is required to come from residential
applications and the other half is required to come from non-residential, non-utility

applications. When this provision was originally enacted, Arizona offered upfront

2 The following standards have been adopted: Nevada: 50% renewable by 2030 and 100% clean by 2050;
New Mexico: 50% renewable by 2030, 80% renewable by 2040, and 100% zero-carbon by 2045; Oregon:
50% renewable by 2040; Washington: 100% clean by 2045; California: 100% clean energy by 2045.
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incentive payments to customers installing DG. In exchange for the incentive payment,
DG customers provided the RECs associated with their DG system production to the
utility for use in complying with the REST and the DG carve-out. Since incentives have
expired, participation in DG has continued to grow in Arizona, but the utilities are no
longer receiving RECs for new DG. No alternative method for REC transfer has
developed resulting in the need to request waivers from this provision of the current

REST.

As Arizona updates the REST, the DG carve-out should be updated in order to
accommodate the current situation in which the RECs associated with DG are not
provided to the utility, and to ensure that customers are provided the opportunity to
participate in clean energy development in Arizona. To accomplish these goals, the Joint
Stakeholders propose an updated Distributed Renewable Energy Requirement (“DRER?”).
The DRER will not be a carve-out of the updated REST, but rather a parallel program
under which 10% of total retail sales will be required to come from distributed generation
by 2030.° The requirement will begin at 4% in 2020 and will increase by six tenths of one
percent each year until 2030 when the 10% requirement is reached. In this updated filing
the Joint Stakeholders have removed the requirement that DG resources have a nameplate
capacity of 50 KW or less and have re-instituted the requirement under the original DRER
that half of the annual DRER be met with residential DG and half with non-residential
DG. Compliance with the DRER will be measured based on DG production captured by

the dedicated production meters installed by the utility at the customer’s premise.*

The proposed DRER is reasonable and conservative. The initial target of 4% in 2020 is
less than current penetration levels for Arizona Public Service Company (APS), Tucson

Electric Power (TEP), and UNS Electric.” Prior to the end of net metering, APS projected

3 For purposes of the DRER retail sales will be measured inclusive of the solar production that is produced
and consumed behind the meter.

4 Production from Distributed Renewable Energy Resources will not be eligible for compliance under the
REST unless RECs associated with the production are obtained and retired.

3 See APS docket No. E-1345A-18-0226, TEP docket No. E-01933A-18-0238, and UNSE docket No. E-
04204A-18-0239.
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DG penetration as high as 18% in 2030°—a value significantly higher than the proposed
requirement of 10% in 2030. As Arizona has moved away from retail rate net metering to
an export credit rate, growth in DG is expected to slow significantly. Adoption of the
DRER will ensure that there remains a viable path for customer participation in Arizona’s

clean energy future.

As utilities plan to meet the DRER, they should promote the development of customer-
sited battery storage in combination with and in addition to DG. Such goals can be
achieved through rate design and incentives, including compensation mechanisms for the
utilization of Distributed Renewable Energy Resources to provide services in support of
power system stability and power quality including “bring your own device” tariffs that
compensate service aggregators for the coordination, operation, and dispatch of multiple

customer-sited battery storage and DG systems.

V. Energy Efficiency Requirement

Since 2010 the current EEES has saved Arizona ratepayers money, energy, capacity, and
water; stimulated the local economy; and reduced air pollutants — all cost-effectively.

Benefits have included:

e More than $1 billion in net economic benefits for all Arizona ratepayers;
e More than 14 billion gallons of water saved; and,
e Energy savings equivalent to the consumption of more than 500,000 Arizona

homes.’

® Arizona Public Service Company. 2017 Integrated Resource Plan filed in Compliance with R14-2-703.
April 2017. Table F-2, page 211.

7 See 2010-2018 Annual Demand Side Management reports of Tucson Electric Power, Arizona Public
Service Company, and UNS Electric filed with the Arizona Corporation Commission.
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Energy efficiency is also Arizona’s cheapest energy resource® and employs more than

40,000 people across the state.”

In order to reap the benefits of continued energy efficiency investment, the Joint
Stakeholder Rules include an enforceable standard for 35% cumulative energy savings by
2030. The Joint Stakeholder Rules also contain updates to the existing EEES to reduce

regulatory barriers to energy efficiency program deployment and comprehensiveness.

VI. Integrated Resource Planning Process Improvements

The Joint Stakeholders propose significant modifications to the RPP rules to address
concerns about the current IRP process, including proposed changes that will increase the
opportunity for stakeholder involvement, increase accountability, and improve

transparency in utility planning.

As the Commission is aware, the prior IRPs submitted by APS and TEP were heavily
focused on the procurement of gas resources to the detriment of other resources including
renewable energy, energy storage, energy efficiency, and demand response. The
Commission ultimately did not acknowledge the utilities’ IRPs, which resulted in a gap in

resource planning and highlighted the need for process improvements.

The Joint Stakeholders have undertaken considerable effort to propose rules that are best
suited to Arizona and that are based on lessons learned from and best practices for
resource planning from around the country. In addition to outlining a more user-friendly
process that will enhance reporting requirements, improve and facilitate meaningful
stakeholder involvement, and enable critical transparency for stakeholders and the
Commission into a utility’s development of its IRP, the Joint Stakeholder Rules outline a

process that details specific actions to be taken in the case that an IRP is determined to be

8 According to Tucson Electric Power’s 2017 Integrated Resource Plan, other resources cost substantially
more including gas (at least 4-times more) and nuclear (at least 6-times more).

? Environmental Entrepreneurs, Energy Efficiency Jobs in America: Arizona: hitps://www.e2.org/wp-
content/uploads/2018/09/ARIZONA-Dist.pdf
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deficient. Under the proposed process, utilities must help the Commission and
stakeholders understand why an IRP represents the best deal for ratepayers and how the
IRP analysis and action plan has changed since the last Commission IRP review. Finally,
utilities must return to the Commission for guidance or an amendment when major

changes impact an IRP or IRP action plan.

VII. Transition for Impacted Communities

The Commission has recently taken steps to acknowledge the responsibility of utilities to
provide support for communities impacted by the retirement of conventional power
plants. Indeed, the pending Recommended Opinion and Order in Docket Nos. E-01345A-
16-0036 and E-01345A-16-0123 directs Arizona Public Service Company to develop an
initial transition plan for communities that will be impacted by the closure of the Four

Corners Power Plant.

In addition to establishing a just transition plan and fund, the Commission can also
support just transition efforts by encouraging clean energy development that directly
benefits impacted communities. For example, there is strong potential for solar and wind
development on Navajo and Hopi Lands that, if developed, could help Arizona achieve
clean energy outcomes while also helping these communities transition to new economic

bases.

To that end, the Joint Stakeholder rules include provisions that direct utilities to consider
and give a preference to clean energy development opportunities in communities

impacted by conventional power plant closures, including on Tribal Lands.

VIII. Conclusions

The Joint Stakeholders appreciate this opportunity to comment on this important
conversation and to provide our proposed rules for the Commission’s consideration. We

are interested in engaging further on these issues and would welcome the opportunity to

12
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present the Joint Stakeholder Rules to the Commission at an upcoming meeting or

workshop.
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Demand Side Management:
Energy Efficiency & Demand Response

Key Definitions

Demand side management (or DSM) refers to the wide and diverse array of energy efficiency and demand
response technologies, services, programs, and strategies to help consumers optimize and reduce the energy use of
their equipment, buildings, operations, and behavior. DSM investments help homeowners and businesses control
their energy use, lower their utility costs, save water, and reduce toxic air pollution. DSM programs might support
more efficient lighting, air conditioning, water heating, building insulation, behavior change, processing and
manufacturing improvements, building energy codes, and appliance standards — to name a few examples.

Energy efficiency (EE), or the elimination of energy waste, means using less energy to perform the same task
while providing the same or a better level of product, service, or amenity. For instance, installing insulation in a
home improves both its efficiency and its comfort; and improving the efficiency of a manufacturing process
enhances the competitiveness of a firm’s operations.

Demand response (DR) is the practice of modifying (shifting or reducing) electricity usage during a particular
period of time in order to better match electricity grid needs with available supply. Examples include direct load
control programs which enable a utility company to increase the temperature setting of a smart thermostat or
modulate the air conditioner of a participating ratepayer during periods of peak demand in exchange for a
financial incentive.

DSM Offerings Available to Arizona Ratepayers

Arizona’s utilities offer a comprehensive suite of EE and DR programs that are designed to touch all customer
segments in the residential, commercial, and industrial sectors.! In the residential sector, programs are specially
tailored for limited-income customers, renters, homeowners, and consumers who are renovating and building new
homes — to name a few. In the commercial and industrial sector, programs are specially designed for businesses
and industrial customers of all sizes - mom and pop, small, large, and mid-sized. Programs are also designed to
serve the public sector including schools, nonprofits, and municipalities. Examples of some of the programs
available to Arizona Public Service (APS) residential customers include:
e The Home Energy Checkup program, which brings a specially trained and certified contractor to the home
to diagnose and solve a residence’s energy problems.
e The Duct Repair and Sealing program, which sets a consumer up with a certified contractor to repair holes
in the ductwork of HVAC systems.
e The Weatherization program, which provides qualified limited-income customers with energy-efficient
home improvements to help them save money on their electricity bills.
Many of Arizona’s EE programs have received national and regional recognition and have been upheld as models
for other states and utilities to replicate.2

For more information on the energy efficiency programs offered by Arizona’s electric utilities, visit:
www.savewithsrp.com, www.aps.com/save, and www.tep.com/rebates.

I In contrast, few utility investments are designed to serve all ratepayers. For example, a new power plant is primarily built to serve new
customers versus existing ones. Similarly, a substation investment does not benefit all utility system customers even though all utility
customers pay for that investment.

2 Examples of programs that have received national recognition include APS’ Multi-family Energy Efficiency program, APS’ Home
Performance with ENERGY STAR® program, APS’ Solutions for Business program, and UNS Energy’s Home Energy Assessment
Program.
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The Many Benefits of DSM

® EE saves all ratepayers money. It controls costs in two important ways. First, the least expensive energy is

the energy we don’t have to generate. According to Tucson Electric Power (TEP)’s most recent resource
plan, other resources cost ~2-to-11 times more.3 Because EE is the least expensive option, all customers
benefit from its investment because they would otherwise pay for more expensive options to meet system
needs. Second, reducing energy waste saves ratepayers’ money in the long run because it means ratepayers
don’t have to pay for

the construction of

new power plants and Lowers Bills Now Lowers Future Bills
dlStrlbl.ltl(.m an.d More Control Improves Comfort
transmission lines & Understanding

which EE

investments avoid.

e EE is a boon for the
economy: It h‘elps Erasies
businesses gaiin a Tk
competitive edge i
(thanks to newfound Gives EE: LOTS R,i:ﬁﬁfiso':w
savings) and creates I of Benefits
good paying jobs that | Competitive All Around Reduces
are not easily Edge Water Use
outsourced. In )

.. Redirects
addition, when Bill Savines t
. gs to
re51dents. save on Local Ecanany
energy bills, they
redirect their savings Less Less
to the local economy Vulnerable Vulnerable
— strengthening the to Severe Weather to Unexpected
local restaurants, & Economic Changes Central Power
stores, and Plant Failure
businesses. It also
helps the
environment by reducing air pollution and water consumption and helps to make our centralized power
system less vulnerable to unexpected events like severe weather, including dust storms and heatwaves.

e EE is an extremely flexible resource that provides more flexibility in system planning and operations. It can
be temporally targeted to provide savings in key hours of system stress. In this way it can reduce the need
for additional resources by reshaping the net load curve and flattening ramps. Indeed, many EE measures
have a high-level of peak-orientation. Examples include more efficient commercial lighting and controls,
and residential and commercial air conditioning. EE programs can also be geographically targeted to certain
customers and localities to provide savings in key locations of system stress.

Key DSM Statistics

e EE is Arizona’s least-cost energy and capacity resource. In fact, TEP’s 2020 Integrated Resource Plan
shows that all other resources cost ~2-to-11 times more.

e Unlike other energy resources, EE investments are meticulously and consistently tracked to ensure they are

delivered as promised. They are stopped when they are not. No other investment has such scrupulous
tracking and reporting requirements.

3 See: 2020 IRP Tucson Electric Power, Resource Cost Comparison Page 23: https:/docket.images.azcc.gov/E000007291.pdf

41bid at 3.
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e From 2010-2019, every $1.00 of ratepayer money invested in APS and TEP EE programs returned ~$3.92
in total benefits to ratepayers.>

e From 2010-2019, the EE programs of TEP, APS, and UNS Electric delivered more than $1.4 billion in net
economic benefits to all Arizonans.¢

e EE investments have helped create more than 40,000 jobs across the state, including more than 28,000 jobs
in Phoenix and 6,000 jobs in Tucson.” These jobs pay well, are local, and are in hands-on fields like
installation so they cannot be easily outsourced.

o Together, APS and TEP’s EE programs have saved more than 15,000,000 gallons of water.8

Significant Policies & Opportunities Under Consideration in Arizona

(1) Review & Approval of APS’s 2020 DSM Plan - Commissioners voted to approve APS’s 2020 DSM Plan
at their September 2020 Open Meeting. APS will invest ~$52 million in DSM programs and offer many
new technologies to customers including connected water heaters and pool pumps. See Docket No.
E-01345A-19-0088.

(2) Review & Approval of Future DSM Plans for TEP - In July 2019, Commissioners voted unanimously to
approve TEP’s DSM Plan through the end of 2020. Under the Plan, TEP will invest $22 million per year
and provide numerous offerings including for air conditioner tune-ups, duct sealing, and energy efficient
heating and cooling systems. See Dockets No. E-01933A-17-0250 and E-01933A-19-0071. TEP is
developing its next DSM Plan now, which will come before the Commission at some point in the near
future.

(3) Extension and Expansion of the Commission’s Electric EE Standard - In 2010 the bipartisan
Commission unanimously approved an Electric EE Standard® requiring regulated electric investor-owned
utilities to achieve 22% cumulative energy savings by 2020.10 If the EE Standard is not renewed by the end
of this year, it will effectively sunset, and investment in Arizona’s least cost-resource will likely decline (at
least according to the recently filed resource plan of APS). Hundreds of Arizona’s residential customer,
small businesses, and large corporations!! have filed comments calling on the ACC to extend and expand
the EE Standard to 35% energy savings by 2030.12

(4) Implementation of Salt River Project’s (SRP) 2035 Sustainability Goals - In 2019 SRP adopted 17
sustainability goals,!3 including new goals to invest in EE and DR through 2035. SRP is now developing its
roadmap to deliver on these goals; and these plans will be reviewed by its Board at some point in the near
future.

Prepared by the Southwest Energy Efficiency Project (SWEEP)

Ellen Zuckerman, Co-Director, Utility Program, ezuckerman@swenergy.org, 609-610-2989
Caryn Potter, Manager, Utility Program, cpotter@swenergy.org, 602-312-1345

52010-2019 Annual Demand Side Management reports of TEP, UNSE, and APS filed with the Arizona Corporation Commission.

6 Tbid at 5.

TEnvironmental Entrepreneurs, Energy Efficiency Jobs in America: Arizona: https://www.e2.org/wp-content/uploads/2018/09/ARIZONA-
Dist.pdf

8 Ibid at 5.
9 See Decision No. 71819, https://docket.images.azcc.gov/0000116125.pdf
10 Energy savings of 20% of retail energy sales by 2020, plus 2% for reductions from demand response.

11 See comments in Energy Rules docket, https://edocket.azcc.gov/Docket/DocketDetailSearch?docketld=21658#docket-detail-container]

12 See a Joint Stakeholder proposal for updates Arizona’s Energy Rules, signed by 32 organizations, https://docket.images.azcc.gov/
E000005275.pdf

13 See SRP 2035, https://www.srpnet.com/environment/sustainability/2035-goals.aspx



https://docket.images.azcc.gov/E000005275.pdf
https://docket.images.azcc.gov/E000005275.pdf
https://docket.images.azcc.gov/0000116125.pdf
https://edocket.azcc.gov/Docket/DocketDetailSearch?docketId=22508
https://edocket.azcc.gov/Docket/DocketDetailSearch?docketId=22508
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ENERGY EFFICIENCY
BENEFITS ALL ARIZONANS

Commission leadership in 2010 established energy saving policies that
continue to pay huge dividends. From 2010 - 2019 efficiency investments:

Created Jobs Saved Energy Provided A ROI

Supported and enabled Provided savings equivalent to Every S1 of ratepayer

the growth of 40,000+ the energy use of more than money invested returned
jobs statewide 500,000 homes per year ~$3.92 in total benefits

ojele |
P I U0,

Saved Water Avoided Capacity Cleaned Our Air
Saved more than 15 Avoided the need to construct 14 Reduced over 17
billion gallons of water combustion turbine units at Ocotillo million metric tons of CO9

7 4 600060006 W7
00060000 o

SWEEP

SOUTHWEST ENERGY EFFICIENCY PROJECT

For more information, contact Caryn Potter at cpotter@swenergy.org

Sources: 2010-2019 Annual Demand Side Management Reports filed by Arizona Public Service and Tucson Electric Power with the Commission
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Arizona Electric Utility Energy Efficiency Programs: A Success Story
December 2019

Electric utility energy efficiency programs in Arizona ramped up starting in 2005 as a result of energy
efficiency provisions in utility rate case settlement agreements.

The Arizona Corporation Commission (ACC) unanimously approved an Electric Energy Efficiency
Resource Standard (EERS) in 2010. The standard requires the state’s regulated utilities, including
Arizona Public Service Company (APS) and Tucson Electric Power (TEP), to save 22% of electricity
sales in 2020 as a result of energy efficiency programs implemented during 2011-2020. Up to 2% of
the total savings can be attained through credits from demand response programs.

The ACC has adopted a policy statement to address utility financial disincentives to promoting
energy savings. The policy allows regulated utilities to propose full revenue decoupling, which has
been approved for the state’s largest natural gas utility (Southwest Gas Co.), or other mechanisms.
APS and TEP have proposed and received approval of lost revenue recovery and performance-based
shareholder incentive mechanisms.

The state’s second-largest electric utility, Salt River Project (SRP), is a public power provider not
regulated by the ACC. SRP established its own policy to meet 20% of its customers’ energy
requirements through energy efficiency and renewable energy by 2020. The policy also includes
annual energy savings goals for the utility’s energy efficiency programs.

Utility Energy Efficiency Programs

>

>

The state’s largest electric utility, APS, serves about 1.25 million customers. Through 2017, APS
implemented a comprehensive portfolio of energy efficiency programs, including traditional
rebates for all types of efficiency measures, encouraging behavior change, funding for energy
efficiency upgrades in schools, and support for codes and standards. However, APS scaled back its
energy efficiency programs and shifted funding towards demand response programs in 2018.

TEP serves about 425,000 customers in the Tucson area. It also has been implementing a
comprehensive set of residential and commercial/industrial programs, including behavior change
programs. As of 2018, TEP was slightly below the interim goal included in the state’s EERS
requirements.

SRP serves about one million customers in and around Phoenix. It implements a wide range of
energy efficiency incentive programs for its residential and business customers as well as a
large-scale prepaid metering and energy education program. SRP also supports building
energy code adoption and compliance.

Impacts of Energy Efficiency Programs

>

As shown in the figure and table below, APS, TEP and SRP significantly expanded their energy
efficiency programs and increased energy savings during 2009-16. However, annual energy savings
declined for APS and TEP in 2017-18. Combined, these three utilities helped their customers realize
electricity savings of approximately 8.0 billion kWh in 2018 from programs implemented during
2009-18. The savings are equal to more than 12% of total electricity use by customers of these
three utilities in 2018.
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» According to the utilities' own estimates, the projected net economic benefits from efficiency
programs operated by the three utilities during 2009-18 totals $3.7 billion. This is equivalent to the
electricity bills paid by the 2.4 million residential customers of the three utilities for nearly one year.

> The energy efficiency programs implemented during 2009-18 resulted in water savings of around 2.6
billion gallons in 2018 from the reduced operation of thermal power plants, enough water to supply
about 19,000 typical Arizona households.

> As aresult of a decade of energy efficiency programs, the three utilities cut their CO, emissions in
2018 by around 5.6 million metric tons. This is equivalent to taking approximately 1.15 million
passenger vehicles off the road.

> Even with the drop in energy savings for APS and TEP in 2018, Arizona was still the second-best
state in the Western region (after California) with respect to utility energy savings achievement
according to the American Council for an Energy-Efficient Economy.

Annual Energy Savings as a Percentage of
Electricity Sales
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(8]
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
e APS e TEP SRP

DSM Program Results of Arizona’s Largest Electric Utilities, 2009-18

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | Total
Spending ($ M) 51 83 103 | 113 | 119 | 116 | 125 | 123 | 114 | 86 | 1,033

Electricity Savings (GWh/year) | 520 781 851 976 | 1,182 | 1,138 | 1,163 | 1,137 | 1,099 | 913 8,010

Savings as a % of Retail Sales 0.82 1.24 1.32 1.52 1.81 1.77 1.79 1.75 1.69 1.40 NA
Peak Reduction (MW) 94 130 188 220 257 278 290 319 289 316 NA

Net Economic Benefits ($ M) 130 290 290 428 422 453 401 419 409 485 3,727

CO, Emissions Reductions
(thousand metric tons/yr)

364 547 596 683 827 797 814 796 769 639 5,607

Notes: Total energy savings is not equal to the sum of the savings achieved each year to avoid double-counting the savings
provided by SRP’s pre-paid metering program. Also, savings are at the customer level and do not include avoided T&D losses.
CO;emissions reductions assume avoiding generation from coal-fired and gas-fired power plants in equal amounts.

Source: Utility data are taken from annual Demand-Side Management reports submitted by APS and TEP to the ACC along
with annual reports issued by the Salt River Project.

For more information, contact Ellen Zuckerman, ezuckerman@swenergy.org.
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BEFORE THE ARIZONA CORPORATION COMMISSION

COMMISSIONERS

ROBERT “BOB” BURNS, Chairman

BOYD DUNN, Commissioner

SANDRA D. KENNEDY, Commissioner
JUSTIN OLSON, Commissioner

LEA MARQUEZ PETERSON, Commissioner

IN THE MATTER OF COMMISSION Docket No. AU-00000A-20-0050
INQUIRY INTO UTILITY PREPAREDNESS

PLANS TO ENSURE SAFE AND RELIABLE
OPERATIONS DURING COVID-19

Docket No. E-01345A-20-0080
IN THE MATTER OF ARIZONA PUBLIC

SERVICE COMPANY'S APPLICATION FOR
APPROVAL OF COVID-19 EMERGENCY
RELIEF PACKAGE FOR APS
CUSTOMERS EXPERIENCING FINANCIAL
HARDSHIP DUE TO COVID-19 PANDEMIC

Joint Comments in Response to Arizona Public Service (APS) COVID-19
Emergency and Temporary Customer Relief Package

On behalf of the Arizona PIRG Education Fund, the Building Performance Association, and the
Southwest Energy Efficiency Project, we would like to offer our joint comments relating to
Arizona Public Service’s (APS) proposal for an emergency and temporary customer relief
package relating to the COVID-19 pandemic.’ While it's imperative to act quickly to provide
assistance to customers impacted by the pandemic, we respectfully request that you require
APS to provide additional information, such as by responding to the questions we raise in this
letter, before you vote on this item on May 5. In addition, we ask the Commission to also move
quickly to approve the APS 2020 DSM Plan to provide customers with additional opportunities

'APS proposal for a COVID-19 Emergency Relief Package for customers,
hitps://docket.images.azcc.gow/E000005986.pdf

1
ACC -Docket Control - Received 4/24/2020 11:31 AM
ACC-Docket Control - Docketed 4/24/2020 11:45 AM
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to reduce their bills through energy efficiency.

Background

The COVID-19 pandemic is a public health and economic crisis unlike any we have ever seen.
Unfortunately, the extent of this crisis is still not fully understood and we do not know how bad it
will become or how long it will last. However, we do know that since March 15, Arizona has
processed 417,962 claims for unemployment, which represents 8.7% of the total workforce of
Arizona that is eligible for the unemployment insurance program.? We also know that
municipalities across Arizona are facing budget shortfalls due to declines in tax revenues.® The
effects of COVID-19 are intensifying the already lived experiences of poor health, hunger,
isolation and the threat of homelessness for those most vulnerable in our society and other
Arizonans are also experiencing the impact. Now more than ever, it is important that the
Commission adopt permanent solutions to assist ratepayers with economic recovery.

Currently, APS has $39 million* in ratepayer money that has been collected through the
Demand Side Management Adjustor Clause (DSMAC) but remains unspent. APS proposes to
fund its COVID-19 relief package with $16 million from this pot of money. To understand the
current over-collection of DSM funds through the DSMAC, it is helpful to review some recent
history of the DSMAC.

1) In 2017, the Commission approved a DSM budget of $66.6 million® of which
approximately $47 million is collected through the DSMAC and an additional $20 million
is collected through base rates® as part of the 2017 APS Rate Case Settlement
Agreement, Decision No. 76295. No new budget or DSM plan has not been approved
since 2017.

2) In 2017, APS achieved 1.64% energy savings as a percent of retail sales with an annual
spend of $65 million” out of the $66.6 million.®

3) In 2018, APS achieved 0.85% energy savings as a percent of retail sales with an annual
spend of $31.0 million out of the $66.6 million originally approved in 2017.

? “Unemployment numbers in Arizona showed steep rise due to COVID-19
crisis,”hitps://www.azfamily.com/news/continuing _coverage/coronavi

* Page 9 of APS's COVID-19 Emergency Relief Package, ; i
*> APS has not had a DSM plan approved since 2017. The ACC approved budget reflects that amount.

® The ACC increased the portion of DSM funding in base rate collections from $10 million to $20 million in Decision
No. 76295, Exhibit A, Section VIII, Appendix D as a result of 2017 APS Rate Case Settlement Agreement,

hitps://docket.images.azcc.gov/0000182160.pdf
" APS 2017 Annual DSM report, hitps://docket.images.azcc.gov/0000186159.pdf
8 hitps://docket.images.azcc.qov/0000182248.pdf
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4) In 2019, APS achieved 0.6%° energy savings as a percent of retail sales with an annual
spend of $33 million™ out of the $66.6 million originally approved in 2017.

5) On December 30th, 2019, APS submitted its 2020 DSM Plan,"" which proposed a $50
million budget that would utilize $20 million in base rates combined with the nearly $32
million already collected from the DSMAC, resetting the DSMAC to zero moving forward.

As shown above, APS has significantly cut back on investments in energy efficiency in recent
years. At the same time, the Commission has not acted on an APS DSM Plan since 2017.
Together these two actions have led to a significant underspending of approved funding for
DSM programs.

Questions on the APS Proposed Emergency Customer Relief Package

While we recognize the importance of acting swiftly to provide immediate relief to
ratepayers, the APS filing is incomplete in a number of ways. First, the Company does not
present any analysis of other potential sources of funding it considered before proposing to
utilize the DSMAC to fund COVID-19 relief. Second, the APS relief package proposal is missing
important details about how the Company plans to market, track, and evaluate the availability of
funds and determine customer eligibility. We ask the Commission to require APS to provide
answers to the following questions by COB April 28. The answers to these questions will
provide the Commission, as well as Staff, stakeholders, and concerned ratepayers with
important information so that you can make an informed decision on this important matter.

1. What other options were explored to provide financial relief to customers?

2. Was the option of using a portion of DSM funds to leverage zero percent or low-interest
energy efficiency financing considered for all ratepayers who may need to make HVAC
purchases during this time of uncertainty?

3. In what categories is APS experiencing net cost savings (e.g. fuel, operating) as a result
of COVID-19? Per category, what are the estimated net cost savings through August
20207

4. Does APS anticipate revenue shortfalls as result of COVID-19 and if so, for what net
amount per category through August 20207

5. Does APS anticipate coming back to the Commission with a request to provide

additional funds for COVID-19 relief? If so, what will determine the need for additional

funds and what do you anticipate will be the source of those funds?

How does APS plan to track any expenditures made with relief funds?

How does APS plan to evaluate the use of relief funds?

How does APS plan to let ratepayers know about the availability of relief funds?

How does APS plan to determine which ratepayers are eligible to receive financial

assistance?

0 0 N W

¢ Please note that SWEEP provided this number as a preliminary estimate as SWEEP didn't have sales data when
this was calculated, so SWEEP used 2018 sales as a proxy.

® APS 2018 Annual DSM Report, hitps://docket.images azce.gov/E000005121. pdf

' APS 2020 DSM Plan proposal, hitps://docket.images.azcc.gov/E000004276 pdf
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10. Will APS commit to providing a monthly update on relief support to this docket?

The Role of Energy Efficiency in Economic Recovery

Energy efficiency has a vital role to play when it comes to the economic recovery of Arizona
after the worst of the COVID-19 pandemic has passed.The unspent DSM funds that have been
collected from customers can not only assist in reducing the compounding effects of poverty,
but also stimulating economic recovery during times of recession and uncertainty by supporting
existing jobs,'* creating new ones, and boosting jobs in labor-intensive sectors that are key for
Arizona's economy,’® such as construction and home renovation. More than 44,000
locally-sourced jobs in Arizona are in the energy efficiency industry.™ 23,000 of those jobs are in
Heating, Ventilation, Air Conditioning (HVAC) services alone.' 59% of these jobs come from
small businesses that employ 1 to 5 employees.'® However, as a result of the COVID-19
pandemic 1,050 Arizonans working in clean energy lost their jobs in March 2020, with
significantly larger impacts still expected. "7

Governor Ducey recognized the critical role of energy efficiency in his March 23rd Executive
Order detailing Building, Construction, and HVAC as essential services."®

In addition to supporting tens of thousands of jobs, energy efficiency can also provide lasting
and permanent bill savings to customers by reducing energy usage through upgrades to
buildings and appliances. These savings will persist long after the COVID-19 crisis is behind us,
helping customers emerge from this time in a stronger financial position. Expanding energy
efficiency programs and helping Arizona’s households lower their utility bills is especially
important at a time when more people are staying home and/or working from home, and
incomes are reduced as a result of the COVID-19 pandemic.

Given the benefits of energy efficiency programs, we believe now is the time to further employ
energy efficiency programs to provide benefits to a greater number of customers.

Emergency COVID-19 Customer Relief Package Recommendations

DSM has consistently provided financial relief to ratepayers, and the relief is a
long-lasting solution, not a temporary fix. Now is the time to increase, not decrease,
investments in energy efficiency programs for ratepayers. Therefore we request the
Commission explore other sources of funding before utilizing DSM funds that could be better
spent on energy efficiency programs that reduce customer bills. In addition, we make the

12

'3 Year-over-year, the construction industry added 14,800 jobs, or about 10.2%, which is tops in the nation based on

percentage increase. According to non- seasr::nally,.r adjusted data 161,300 work in the constructlon industry i in Ar:zona
as of June 2018. hitps: = =
ik Arlzona Energy Efficiency Jobs in America,

' |bid.
'8 |bid.

8 hitps: Hazqovernor qovfqovernor}news!2020f03!lzst essentlal services
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following recommendations on the COVID-19 relief package for the Commission’s
consideration.

1) The $1 million allocated to the “Reserve Fund for General Service Supports” should be
either removed from the budget or used immediately for customer relief.

2) The Company currently has no budget set aside for marketing the “Small Business Hold
Program.” We are concerned that this program is only available as-requested by the
customer, yet there are no additional dollars set aside for education and outreach. We
suggest to either include funds for a proper rollout of the program or not offer this part of
the program at all.

3) The Company’s alternative proposal to return $36 million in collected but unspent
DSMAC funds to all APS customers should be rejected. The funds originally collected
from the DSMAC were to be spent on DSM programs that would help customers to lower
their bills, improve the buildings in which they work and live, as well as reduce energy
waste. These funds are even more important for ratepayers now.

4) APS should be required to file a revised and strengthened 2020 DSM Plan within 30
days of a decision regarding the COVID-19 relief package, or before the subsequent
Open Meeting (whichever comes first) to address the impacts of COVID-19 and ensure
that any changes to the DSMAC required as a result of this proceeding are reflected in
the Plan.

5) We request that the Commission vote on the revised APS 2020 DSM Plan at the June
2020 Open Meeting. It is our sincere hope that the input APS receives from advocates
through the DSM Collaborative is incorporated into its revised plan.

Amended 2020 DSM Plan Recommendations

Now more than ever, energy efficiency can help customers who are struggling to pay their
electric bills. With social distancing being the proper response to the COVID-19 pandemic, there
is a unique opportunity to expand energy efficiency offerings that help customers and support
the local economy. That is why we urge the Commission to prioritize approval of APS’s
proposed 2020 DSM Plan, after APS makes revisions as suggested below.

The currently proposed APS 2020 DSM Plan restores a number of programs, including
weatherization for low-income households and opportunities for multi-family residences.

To provide added relief to customers, including those not previously struggling, there are
opportunities to offer enhanced programs that respond to how energy efficiency projects can be
deployed during this pandemic. We ask the Commission to request that APS add the following
in their revised plan:



26

New delivery models that can be used in this time of social distancing, such as remote
energy assessments, virtual inspections of installed measures, increased emphasis on
do-it-yourself (DIY) retrofits, and use of on-line stores and incentives for energy
efficiency measures. These program strategies can provide ratepayers with options to
save money and keep employees in the energy efficiency industry working at a time
when in-home services are restricted or not advised for certain segments of the
population such as the elderly or those with other health risks.

Enhanced rebates for all customers and a specific focus on those impacted economically
by the COVID-19 crisis. For example, APS could offer larger incentives for high
efficiency HVAC units purchases by low-income families or households that have seen
their income significantly reduced as a result of the pandemic.

Explore opportunities to leverage attractive financing options for increased energy
efficiency.

COVID-19 relief is especially critical as many APS ratepayers will soon be faced with triple-digit
temperatures and air conditioning units will once again start running. In addition to the above,
we support APS conducting broad and targeted communication to ratepayers about its energy
efficiency programs and ways to save money. This is especially critical for residential customers
struggling to pay their bills now and can help to put them on a stronger financial footing in the

future.

Furthermore, we support special considerations for non-residential customer relief, particularly
in a manner that can impact ratepayers as taxpayers and stimulate local economies.

1.

Increased incentives for energy efficiency projects implemented by State and local
governments - By investing in energy efficiency now, state and local governments can
soon see financial savings on monthly electric bills and help offset decreased tax
revenue. The savings will continue long after the pandemic is over.

Increased incentives for energy efficiency projects implemented by Schools - By
investing in energy efficiency now, schools can soon see financial savings on monthly
electric bills now and continue saving well into the future at a time when funding for
school districts is likely to be diminished.

Small Businesses - Many small businesses do not have the financing to employ energy
efficiency on their own. Enhanced programs that meet their needs will help small
businesses recover much more quickly, while contributing to the local economy.

Finally, to expedite the review process, the Commission should defer a detailed analysis
of cost-effectiveness until the filing of the 2020 Annual Report. Analyzing
cost-effectiveness based on real program implementation data and not projected numbers is
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best-practice in the majority jurisdictions across the Southwest and the country.

We appreciate the opportunity to work with the Commission and with APS to ensure that
ratepayers receive temporary and emergency assistance in these challenging times, as well as
the opportunity to realize the long-term benefits that energy efficiency offers.

We respectfully submit these comments on Friday, April 24th, 2020

Diane E. Brown Steve Skodak

Executive Director President and CEO
Arizona PIRG Education Fund  Building Performance Association

Justin Brant Caryn Potter

Utilities Senior Associate Program Associate

Southwest Energy Efficiency Southwest Energy Efficiency Project
Project (SWEEP) (SWEEP)
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Executive Summary

In evaluating the cost effectiveness of utility energy efficiency and other demand-side management
(DSM) programs, utilities compare the avoided costs of alternative resources to the cost of adopting
energy efficiency and load management measures. Utilities in the Southwest use a variety of inputs and
methods to calculate avoided costs. This paper focuses on the avoided costs that six major investor-
owned electric utilities and one large publicly-owned utility in the Southwest use in their analysis of the
cost-effectiveness of energy efficiency programs.

The paper reviews how the utilities in the Southwest determine avoided generation capacity and
generation capacity costs, avoided energy costs, transmission and distribution investment deferrals, and
any value for avoided pollutant emissions.

The paper then examines the actual value of energy savings for specific programs and end-uses based
on data provided in utility DSM program annual reports and program evaluation studies. We present the
total net present value of all avoided costs per unit of lifetime energy savings by program type. In
considering the value of energy savings across different types of programs and measures, the paper
highlights the time-varying value of energy savings.

This analysis shows that residential cooling programs tend to yield a higher value per unit of energy
savings than do other types of programs, for each utility. Likewise, residential lighting programs tend to
yield a lower value per unit of energy saving than do other types of programs. These results are logical
given that residential cooling programs result in greater peak demand reduction per unit of energy
savings, while residential lighting programs result in relatively little peak demand reduction, and energy
savings on peak are more valuable than energy savings off peak. All of the utilities in the Southwest are
summer peaking utilities.

The paper concludes with a set of recommendations for the valuation of energy savings in utility
resource planning and DSM program cost-effectiveness analysis. The recommendations include: 1) value
all of the benefits (i.e., avoided costs) produced by energy efficiency programs and measures, and do so
accounting for time-varying avoided costs; 2) at most use the after-tax weighted-average cost of capital
to determine the net present value of avoided costs, and consider using a lower discount rate than the
after-tax WACC given the different nature of utility supply-side investments and energy efficiency
programs; 3) establish avoided generation capacity costs based on time-varying marginal generation
resources identified in the preferred plan of an IRP, rather than using a generic resource, such as a
generic combustion turbine; 4) include avoided transmission system costs in the valuation of energy
savings, and possibly avoided distribution system costs as well; and 5) monetize and value avoided CO2
emissions and possibly other pollutant emissions.
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Introduction

Hourly avoided costs are one of the primary inputs to calculating the time-dependent value of energy
efficiency. Utilities in the Southwest use a variety of inputs and methods to calculate avoided costs.
This paper focuses on what components of avoided costs investor-owned utilities in the Southwest
include in their energy efficiency benefit-cost analyses. In addition to the components each utility
includes in its avoided cost, this paper also assesses whether these utilities use time-dependent avoided
cost values.

This paper focuses on the avoided cost approach used by the seven largest electric utilities in the region
where SWEEP works. These include both investor-owned utilities and one public-power utility:

e  Arizona Public Service Company (APS)

e Salt River Project (SRP)

e Tucson Electric Power (TEP)

e Public Service Company of Colorado (PSCo)

e NV Energy, dba Nevada Power Company and Sierra Pacific Power Company (NPC and SPPC)
e Public Service Company of New Mexico (PNM)

e Rocky Mountain Power — Utah (RMPU)

With the exception of RMPU, all of the utilities conduct planning for service territories in a single state.
RMPU is part of PacifiCorp, a multi-state utility operating in five states.? Because of its size and degree
of integration, PacifiCorp conducts its planning at the multi-state system level.

The discussion below summarizes how the selected Southwest utilities value the energy savings from
their DSM programs by considering four dimensions:

e The utility cost-effectiveness tests and the utility discount rate used by each utility;

o A description of the steps each utility uses to develop its avoided costs and to account for
externalities such as avoided pollutant emissions;

e The methodology utilities employ to value energy savings, including their time-dependent value,
in the face of planning constraints and regulatory requirements;

e A comparison of the value of energy savings across different types of energy efficiency programs
and end-uses.

The sources of the analysis include recent integrated resource plans, energy efficiency program plans,
energy efficiency annual reports, and DSM program evaluation reports filed by each utility. These
documents are supplemented by interviews with key utility personnel.

Lawrence Berkeley National Laboratory (Berkeley Lab) recently published a study on the time-varying
value of energy efficiency, evaluating five energy efficiency measures in four regions of the country.?
Among the findings in that study is that avoided transmission and distribution costs create some of the

! PacifiCorp, 2017: 136
2 Mims, Eckman and Goldman, 2017.
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largest capacity benefits of the time-varying value of efficiency measures in the regions studied. This
paper focuses on what components of avoided costs utilities in the Southwest include in their energy
efficiency program analyses, as well as the actual value of energy savings for different types of programs
in the region.

Utility Cost-Effectiveness Tests and the Discount Rate

Utility Cost-Effectiveness Tests

The National Action Plan for Energy Efficiency (2008) identifies five common cost-effectiveness tests
that are used for evaluation of energy efficiency and other DSM programs: The Participant Cost Test
(PCT), the Ratepayer Impact Test (RIM), the Societal Cost Test (SCT), the Total Resource Cost Test (TRC),
and the Utility Cost Test (UCT). An additional test, used by PSCo and RMPU, the Modified TRC Test
(MTRC), is the standard TRC plus an additional value (“adder”) to account for non-energy benefits.
These tests consider different components of measure, program, or portfolio, benefits and costs
embodying different perspectives on economic effectiveness.

Cost-effectiveness tests are applied and reported at multiple levels: for the entire DSM portfolio, at the
individual DSM program level, and, in some cases, at the level of individual efficiency measures. For
example, for the Nevada utilities, individual programs and the portfolio must pass the TRC test. In
contrast, in Colorado, groups of programs implemented at the sectoral level — Residential or Business —
must pass the modified TRC test, but individual programs (termed “products” by PSCo) do not have to
pass.

The utilities regularly calculate and publish the results of multiple benefit-cost tests, even when a state
regulatory commission defines one test as its “primary” test. Table 1 describes the cost effectiveness
test(s) used by each of the utilities discussed in this paper.



Table 1 - Cost-Effectiveness Tests used by Southwest Utilities
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State Utility Tests Evaluated Level Primary Test
Arizona Arizona Public Service All five main tests. Measure, | Societal Cost Test
Program (SCT)
and
Portfolio
Arizona Salt River Project Total Resource Cost Program Total Resource Cost
Test (TRC) and and Test (TRC)
Ratepayer Impact Test | Portfolio
(RIM)
Arizona Tucson Electric Power Societal Cost Test Measure, | Societal Cost Test
(SCT) Program (SCT)
and
Portfolio
Colorado Public Service Company Modified Total Program, Modified Total
of Colorado Resource Cost Test Sector Resource Cost Test
(MTRC) and (MTRC)
Portfolio
Nevada Nevada Power Company | Total Resource Cost Program Total Resource Cost
and Sierra Pacific Power | Test (TRC) and Test (TRC)
Company Portfolio
New Mexico | Public Service Company Utility Cost Test (UCT) | Program Utility Cost Test
of New Mexico (UCT)
Utah Rocky Mountain Power, All five main tests, Program Utility Cost Test
Utah plus the Modified and (UCT)
Total Resource Cost Portfolio
Test (MTRC)

Source: ACEEE, 2017

Discount Rate Used in Benefit-Cost Analyses

The utilities consistently use their approved weighted-average cost of capital (WACC) as the nominal

discount rate in calculating the net present value of energy savings in their various benefit-cost analyses.

Arizona utilities regulated by the Arizona Corporation Commission use their approved WACC as the

discount rate, rather than a societal discount rate, for valuing energy savings under the Societal Cost

Test.> As shown in Table 2, the majority of utilities examined in this paper employ an after-tax value of

their WACC as the discount rate used in valuing energy efficiency.

3 The ACC has opened a docket examining a number of issues related to DSM program benefit-cost analysis
including what is the appropriate discount rate for use in the SCT. See ACC, 2017.




36

Table 2 - Nominal Discount Rates Used in Valuing Energy Efficiency

State Utility Nominal Discount Rate Pre-Tax or After-Tax
(%)

Arizona APS 7.50 After-Tax
SRP 7.12 After-Tax
TEP 7.04 After-Tax

Colorado PSCo 6.78 After-Tax

Nevada NPC 8.09 After-Tax
SPPC 7.62 After-Tax

New Mexico | PNM 10.77 Pre-Tax

Utah RMPU 6.66 After-Tax

Sources

APS ACC, 2017.

TEP ACC, 2017.

SRP Dreiling and Morey, 2017.

PSCO PSCo, 2016a: Volume 2: 181.

NPC NPC, 2015: Volume 7: 36.

SPPC SPPC, 2015: 21.

PNM NMPRC, 2016: 55-69.

RMPU PacifiCorp, 2015: Volume 1: 141.

Calculating Utility Avoided Costs and the Derivation of Load Shapes

The components of utility avoided costs combine values from: 1) avoided generation costs (including
reserves), 2) avoided costs of transmission and distribution investments, 3) avoided O&M costs, 4)
avoided fuel costs, and 5) in some cases, valuation of avoided pollutant emissions. The methods
Southwest utilities use to assess each component are described in this section.

Avoided Capacity and Energy Costs

Utilities in the Southwest value energy savings from DSM programs by analyzing the avoided costs as
electricity consumption is reduced. The sources of avoided capacity and energy costs vary by hour, and
are generally one of three types:

1. The hourly avoided cost for a fixed generation resource, such as a gas combustion turbine (CT)
or a combined cycle (CC) plant;

2. The hourly cost of the marginal generation resource, typically taken as the output from the
utility’s production cost model or distribution cost model; or

3. A combination of these methods, i.e., treating the output of a production cost model or a load
forecasting model as if it were a fixed resource.

In every case, avoided costs are calculated by the utility on an hourly basis, but are reported on an
annual or monthly basis. For a given utility, the avoided cost for generation capacity is developed as
part of a specific resource plan, and avoided energy costs are developed through a production cost
model using a resource plan as an input.
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The Arizona investor-owned utilities, APS and TEP, derive their avoided capacity costs from their
preferred resource plan. In these plans, the marginal deferrable resource identified is a combustion
turbine or similar resource, although other resource types could be selected. The avoided capacity cost
value is established for the resource based on the peak-hour cost plus the reserve-margin cost for the
forecast peak summer day. These values are used as an input to the utility’s production cost model,
which determines the hourly value of an avoided MWh. *

PNM bases its avoided capacity costs on the results of the production cost model used in their IRP
analyses. The cost of the selected marginal resource forms the basis for the avoided cost of capacity. The
economic benefit of DSM is the product of the reductions in capacity and energy and the avoided cost of
generation.®

Both PSCo and the Nevada utilities employ a hybrid model. PSCo has created a generic avoided cost
resource it calls the “Resource Acquisition Period (RAP) CT”.® The avoided cost values are established
using the Strategist Model, but with an assumption that the avoided generating resource (i.e., a
generation plant not constructed) would be a company-owned combustion turbine.’

The Nevada utilities derive avoided generation costs from their load forecast and dispatch model. These
costs are based on the generation costs during a 16-hour peak period in the summer months. Once
developed, the avoided cost profile is applied across the entire year as a series of monthly costs per
MWh saved.® SRP takes a similar approach; avoided generation costs are derived using a 6-hour peak
period over the summer months.

PacifiCorp calculates a levelized cost of electricity savings for similar groups, or “bundles,” of DSM
measures. These bundles and their associated costs are entered into their system optimization model
and compete directly with supply-side resources on an hourly basis. The levelized costs of resources
that are selected provide the basis of the avoided costs.®

Avoided Transmission and Distribution Costs

The assumptions regarding avoided transmission investments and their valuation vary widely among the
seven utilities. Some utilities include values for avoided transmission and distribution costs; some
include terms for avoided transmission in their planning assumptions but set the underlying value of
these terms at S0/kW-year. For example, both the Nevada utilities and PacifiCorp include a
“transmission and distribution deferral credit” in their calculation of DSM costs.

4 Lindemann, 2017 and Wontor, 2017.

5 0’Connell, 2017.

6 PSCo, 2017a: 107-109

7 CPUC, 2014: 31-33

8 Vukanovic, 2017.

9 PacifiCorp, 2017: 113-139 and Morris, et. al. 2017.
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APS, TEP and SRP include a value for avoided transmission costs in their avoided costs, but do not
disclose this value.

In New Mexico, PNM does not assume any value for avoided transmission and distribution costs in its
valuation of the benefits from utility energy efficiency and DSM programs.'®

In Colorado, PSCo includes avoided T&D capacity investments in its calculation of avoided costs. This
value is based on a system planning method to determine deferred T&D projects resulting from forecast
DSM achievements. This value was previously set at zero, but a new study was performed that
estimated avoided T&D costs of approximately $11-16/kW-yr. during 2017-37.1! This new value is being
used starting in 2017.

The Nevada utilities include a significant avoided transmission cost based on the approved marginal cost
study filed in each utility’s General Rate Case. The value is currently $52.15/kW-year. The Nevada
utilities do not include a value for avoided distribution system investments in their valuation of energy
savings.?

RMPU applies a transmission and distribution deferral credit in its calculation of the avoided costs from
energy efficiency and other DSM programs. The deferral credit is currently $13.56/kW-year. This value is
derived from PacifiCorp’s system-wide resource planning.®®

Although RMPU uses its transmission and distribution deferral credit to account for avoided distribution
system investments, assessing an accurate value for these deferrals is complicated by several factors. *
Not only do local distribution nodes that can benefit from deferrals have to be identified (i.e., at the
substation level), strategies for geo-targeting DSM programs to address potential overloads also have to
be developed.’ Because of these challenges, none of the utilities explicitly value distribution system
investment deferrals independently from transmission deferrals.

Avoided O&M and Fuel Costs

Avoided O&M and fuel costs are typically embedded in the cost of the avoided generation resource that
is used to calculate a utility’s avoided cost. The range of costs that are included in a generation resource
includes variable fuel costs, fixed and variable O&M costs, and capital costs for emissions reduction
equipment.

APS, TEP, and PNM use the hourly marginal generator cost from their production cost model; in doing
so, the avoided fuel and O&M costs are embedded in, and vary by, the selected resource. This method
applies to both existing and planned resources. Inits 2017 IRP, TEP commissioned a “Flexible

10 Lindemann, 2017.

11 psSco, 2016b: 342.

12 yukanovic, 2017.

13 pacifiCorp, 2017: 57-74.
14 Morris, et. al., 2017.

15 Neme and Grevatt, 2015.
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Generation Technology Assessment” report, which provided engineering estimates of O&M and fuel
costs of eight classes of supply-side and renewable resources.’®

PSCo runs its resource planning model both with and without DSM programs included in order to
determine avoided O&M and energy costs. In this manner, the model provides estimated annual
avoided energy and O&M costs.’” While the values are reported on an annual basis, they are derived
from hourly analysis by the planning model.

The Nevada utilities use existing and projected O&M costs and fuel costs as inputs to its production
model, PROMOD. The outputs of this model form the basis of the avoided resource used in the Nevada
utilities’ cost-effectiveness modeling.®

RPMU and PacifiCorp calculate a “Stochastic Mean NPVRR” value from its simulation studies. These
studies produce a NVPRR risk value that accounts for fixed and variable O&M costs and for variable fuel
costs over a range of planning scenarios. The result of this analysis is used to create a “Stochastic risk
reduction credit” that is applied to the levelized cost of DSM resources.’® The process that PacifiCorp
uses to account for the levelized costs of new DSM measures, and to develop avoided costs for classes
of resources, is discussed in the next section.

Derivation of Load Shapes

Due to the variations in the value of avoided cost both seasonally and hourly, the load shapes of energy
savings are important for the valuation of different energy efficiency measures and programs. The
derivation of load shapes for energy efficiency measures varies considerably among utilities. Each utility
uses different sources and employs adjustments based on the impact of past experience with classes of
measures and their regulatory requirements. While some utilities use publically available load shapes
data (e.g., from the California DEER database) as the basis for their avoided cost calculations, these
public load shape data are modified to reflect local weather conditions and specific evaluation results.
The modified load shapes are generally treated as proprietary information, and are not publically
available.

APS develops hourly avoided costs using a production cost model, and multiplies them by the hourly
load shapes of DSM measures. Hourly load shapes are developed internally through territory-specific
field work and annual M&V studies. Once developed, these load shapes, along with the portfolio-level
savings targets specified by the Arizona EERS, are modelled using an internal spreadsheet model as APS
develops its annual DSM plan.?°

TEP uses measure-specific load shapes to calculate annual savings values, which are then aggregated
into programs. Annual energy savings are determined by third-party evaluations, and then are

16 TEP, 2017: 307-346.

17 pSCo, 2016b:342.

18 NPC, 2016: 227-228.

19 pacifiCorp, 2017: 166-168.
20 Wontor, 2017.
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apportioned to hourly load shapes to determine hourly impact of system load. These load shapes were
originally developed in 2011 using values from the California Database for Energy Efficient Resources
(DEER), the California Commercial End-Use Study (CEUS) and the Building America - National Residential
Efficiency Measures Database. The load shapes were later modified to reflect the representative climate
of the Tucson area.?! TEP uses results from periodic program evaluations to update the load shapes
used for specific measures.

SRP utilizes Cadmus’ PortfolioPro model to evaluate the cost-effectiveness of measures and programs
within the portfolio. The model is also used to determine program-related load reduction. PortfolioPro
contains a set of sector, building, and end-use load shapes, which are used to derive the capacity
reductions. The load shapes utilized were developed by SRP’s third-party evaluator and calibrated to the
Arizona desert climate.?

PNM relies on hourly impact shapes for classes of measures derived from the customized load shapes
provided by the Strategist model, PNM’s IRP planning model. The accuracy of these load shapes is
verified through program impact evaluations that are carried out at least once every three years.?

The load shapes PSCo employs are adapted from measure-specific load shapes developed in Minnesota
in the 1990s. These shapes were modified to match the Colorado climate and used to establish avoided
cost values for four day-types across all 12 months in a year. These day-types correspond to a weekend
day, the monthly peak-day, the non-peak weekday, and low-weekday load-shape.?*

The Nevada utilities also use the PortfolioPro model to screen measures and determine the cost
effectiveness of the measures and programs included in their DSM portfolios. The PortfolioPro model
contains a set of measure load shapes calibrated to the utility service territories (Las Vegas for the
Nevada Power Company and Reno for the Sierra Pacific Power Company).®

RMPU, through its parent company, PacifiCorp, has the most complex approach to modeling load
shapes and avoided costs. As mentioned above, PacifiCorp operates in multiples states and models its
avoided costs at the system level. To facilitate the construction of a manageable number of hourly
supply curves, energy efficiency measures are grouped into “bundles” according to the measure’s cost
per MWh saved. These bundles, which range from measures costing less than $10.00/MWh saved to
over $1,000/MWh saved, are converted to hourly load shapes that are differentiated by state, sector,
market segment, and end use. These energy efficiency measure bundles, which represent a levelized
cost of saved energy, net of the transmission and distribution credits and the Stochastic risk-reduction
credit discussed above, are then inputted into the system planning model and compete against supply-
side resources to develop the least-cost portfolio.

21 TEP, 2017b: 112-114 and Lindemann, 2017.
22 Dreiling and Morey, 2017.

23 0’Connell, 2017.

24 petersen and Walsh, 2017.

2> Vukanovic, 2017.
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This process, which incorporates the hourly variations of similar bundles of energy efficiency measures,
is used to develop PacifiCorp’s avoided costs.?® The methodology for developing these avoided costs is
documented in PacifCorp’s “Class 2 DSM Decrement Study”?’, which is published after the release of
each IRP. This study creates nominal avoided costs, in $/MWh, for eight classes of energy efficiency
measures (e.g., Residential Cooling, Residential Lighting, etc.) calibrated to meet the characteristics of its
two regions, the West region (Oregon, Washington and California) and the East region (ldaho, Utah and
Wyoming). When RMPU evaluates measure-based savings, or considers adding new measures to a
program, it uses these nominal avoided costs in its planning. In some cases, these values are used in
program evaluations with additional factors (e.g., a proxy value for non-energy benefits in the

calculation of a modified TRC test).?®

Accounting for Externalities: Valuing Avoided Pollutant Emissions

With respect to reduced emissions of the criteria pollutants (SOx, NOx, and PM10) and CO2, most of the
utilities report emissions reductions associated with DSM savings, but few monetize emission reductions
or include them in their avoided costs. The exception to this is PNM, which includes a value for avoided
CO2 emissions on a per kWh basis beginning in 2022. The value starts at $0.0111/kWh in 2022 and
increases to $0.0345/kWh by 2033.2° As noted above, the Colorado PUC has approved non-energy
benefits adders to the economic benefits of energy efficiency and other DSM programs. The non-energy
benefits adders are intended to include some valuation of avoided pollutant emissions, but are not
explicitly tied to specific avoided emissions. In addition, RMPU includes a proxy value for avoided
pollutant emissions and other non-energy benefits in one of the benefit-cost tests that it runs.

Utility-specific Data and Results

In this section, we first present summary tables of key assumptions for utility avoided capacity, avoided
energy, and avoided transmission costs for the seven utilities. These values reflect publically available
information taken from the respective utilities IRPs and energy efficiency/DSM program annual reports.
We then provide program-specific values for the total benefits per unit of lifetime energy savings for
different program types and utilities. These values were derived from utility reports documenting annual
program performance. The total benefits are primarily, and in some cases, entirely, the utility’s avoided
costs. For a few of the utilities, the benefits include valuation of avoided CO2 emissions or non-energy
benefits more generally. The benefits are those calculated by the utility using the primary cost
effectiveness test in each jurisdiction.

26 pacifiCorp, 2017: 113-139.
27 pacifiCorp, 2015c.

28 See Cadmus, 2017: 99.

2 PNM, 2016: 20.
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Arizona
APS SRP TEP
Component 2017 2016 2017
Avoided Cost of Based on deferrable Avoided generation cost is Based on results of the hourly
Generation generation in IRP. the marginal cost calculated | generation dispatch model.
Capacity from production cost

studies. Natural gas CT is
used as the basis to

determine the avoided cost.

Avoided Marginal
Energy Costs

Values not publically
disclosed.

Values not publically
disclosed.

Values not publically
disclosed.

Avoided
Transmission Costs

Avoided cost for
transmission embedded in
overall avoided generation
cost.

Avoided cost for
transmission investments
embedded in overall
avoided generation cost.

Avoided cost for transmission
investments embedded in
overall avoided generation
cost.

Avoided
Distribution Costs

No avoided cost of
distribution.

Avoided cost for
distribution embedded in
overall avoided
generation cost.

No avoided cost of
distribution.

Avoided Pollutant
Costs

Avoided pollutants
reported, but not

Not Provided.

Avoided pollutants reported,
but not monetized.

monetized.
Colorado Nevada
PSCo NPC SPPC
Component 2016 2014 and 2016 2014 and 2016
Avoided Cost of Resource Acquisition The avoided cost of The avoided cost of
Generation Period (RAP) CT: a gas- generation is the marginal generation is the marginal
Capacity fired CT. Costs start at cost calculated from cost calculated from

$8.31/kW-month in 2016
and escalate to
$12.93/kW-month in 2035.

production cost studies. A
natural gas-fired combined
cycle plant used to develop
the avoided capacity cost.

production cost studies. The
type of resource used to
develop the avoided cost of
capacity is a natural gas-fired
combined cycle plant.

Avoided Marginal

Simple Average Hourly

Monthly Capped Long-Term

Monthly Capped Long-Term

Energy Costs Energy costs start at Energy Costs range Energy Costs range between
$32.98/MWh in 2016 and between $17.88/MWh in $18.15/MWh in April 2017
escalate to $66.19/MWh in | April 2017 and and $150.90/MWh in July
2035. $160.20/MWh in July 2046. 2044,

Avoided $0.00/kW-year (1) $52.15/kW-year $51.56/kW-year

Transmission Costs

Avoided $0.00/kW-year (1) $0.00/kW-year $0.00/kW-year

Distribution Costs

Avoided Pollutant
Costs

Value of avoided
pollutants not estimated
but included as part of the
10% adder for non-energy
benefits (25% adder for
low-income programs).

The cost of emissions is
embedded in Production
Cost Model.

The cost of emissions is
embedded in Production Cost
Model.
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comes from the dispatch
model. $80.00/kW-year for
2018 to 2034.

New Mexico Utah
PNM RMPU
Component 2015 and 2016 2015 and 2017
Avoided Cost of Defined as the marginal Sources are derived from the marginal resource at the
Generation generation resource at the | system level, not at the state level.
Capacity summer peak hour. Value

Avoided Marginal
Energy Costs

Cost escalates from
$27.10/MWh in 2018 to
$53.90/MWh in 2034.

Avoided costs vary by measure category. For 2017, nominal
avoided costs vary between $38.44/MWh for Plug Loads and
$162.74/MWh for Residential Cooling.

Distribution Costs

Avoided $0.00/kW-year. T&D deferral credit of $13.56/kW-year.
Transmission Costs
Avoided $0.00/kW-year. T&D deferral credit of $13.56/kW-year.

Avoided Pollutant
Costs

Avoided CO2 emissions
value starts at
$11.10/MWh in 2022 and
escalates to $34.50/MWh
in 2034.

Not Estimated.

(1) As noted above, PSCo started to value avoided T&D costs in its 2017/2018 DSM program plan.

Sources of Long Term Avoided Costs: NPC, 2016. Energy efficiency savings values:

Sources

APS Energy savings data for Estimated Avoided Cost Calculation: APS, 2017a.
Technical details about system costs: APS, 2017b.

TEP Energy savings data for Estimated Avoided Cost Calculation: TEP, 2017a.
Technical details about system costs: TEP, 2017b.

SRP SRP, 2017.

PSCo PSCo, 2017.

NPC
NPC, 2015: Volume 7.

SPPC Data on Long-Term Avoided Costs SPPC, 2016b: Volume 10, 128-132 Energy
efficiency savings values: SPPC, 2015.

PNM Avoided Cost Information: PNM, 20174, p. 20.

RMPU

Cost: PacifiCorp, 2015c.

Transmission Deferral Value: PacifiCorp, 2017: Volume 1 p. 153. Avoided Energy

Table 4 provides the total value of lifetime energy savings in S/kWh saved for a set of common energy

efficiency programs and end-uses, for each utility. These programs include residential lighting,

residential cooling, residential home retrofits, residential new construction, commercial lighting,

commercial cooling, commercial building retrofits and commercial new construction. Where available,

separate estimates are presented for small business lighting and small business cooling programs. We

chose to report the value of energy savings over the lifetime of the various measures or programs,

rather than considering only first year energy savings, since the benefits (i.e., avoided costs) accrue over

the lifetime of the programs.
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The values in Table 4 were derived from the most recent annual DSM program reports for each utility
(either the 2015 or 2016 annual reports) and/or individual program evaluation reports. The value of
lifetime energy savings is generated by dividing the net present value of program benefits (i.e., avoided
costs and in some cases non-utility benefits) by the lifetime energy savings, yielding a $/kWh saved
metric. These values reflect the net present value of avoided costs over the estimated lifetime of each
program or set of energy efficiency measures, depending upon the conventions used by each utility.

Calculating the values in Table 4 is complicated by the way each utility designs its programs and reports
energy savings. In some cases, it was not possible to break out specific end uses. In other cases, a utility
may combine different end-uses into a single program; for example, multiple commercial measures may
be included under the rubric of a “Commercial Comprehensive” program. Frequently, a utility will

Table 4 - Estimates of Program-Specific Avoided costs per unit of Lifetime Energy Savings ($/kWh)

New
Arizona Colorado Nevada Mexico Utah
APS | srRp | TEP | Psco NPC | sPPc PNM RMPU
Residential Programs/Applications
Lighting $0.0304 $0.0170 | $0.0360 $0.0971 $0.0196 $0.0195 $0.0295 $0.0541
Cooling $0.0488 $0.0590 | $0.0765 $0.1579 $0.0565 $0.0158 $0.1631
Building Retrofit $0.0496 $0.1946 $0.0419 $0.0536
New Construction $0.0425 | $0.0270 | $0.1387 | $0.1411
Commercial Programs/Applications
Lighting $0.0284 $0.0130 | $0.0573 $0.0432 $0.0163 $0.0200 $0.0512
Cooling $0.0459 $0.0652 $0.0142 $0.0174 $0.0983
Building Retrofit $0.0458
New Construction $0.0403 $0.0370 | $0.0494 | $0.0579 $0.0393
Small Business
Lighting $0.0284 $0.0940 | $0.0410 $0.0388
Small Business
Cooling $0.0328
Sources
APS Energy savings data for Estimated Benefit Calculation: APS, 2017a. Technical details about
system costs: APS, 2017b.
TEP Energy savings data for Estimated Benefit Calculation: TEP, 2017a. Technical details about
system costs: TEP, 2017b.
SRP SRP, 2017.
PSCo PSCo, 2017a and PSCo, 2017b.
NPC NPC, 2016b: Tables DSM-4 and DSM-5, pp. 9-10.
SPPC SPPC, 2015.
PNM PNM, 2017b: Attachment SMB-2, Table 6-1, p 39.
RMPU PacifiCorp, 2015c. 2017 Nominal Value.
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present the first year energy savings for particular measures in a program but the net present value of
lifetime benefits for the entire program. In that case, lifetime energy savings are calculated by
multiplying the first-year savings by the reported effective useful life of a measure or program. Likewise,
the benefits (i.e., avoided costs) are pro-rated by the proportion of the measure’s first-year savings to
the program level first-year savings. Beyond variation in reporting practices, the differences in valuation
of benefits are due to the methodologies and assumptions each utility employs. Thus, these estimates
are general indicators of the value of energy savings for specific programs and end-uses.

In considering these values, caution is necessary in comparing different utilities to one another. As
explained above, different utilities estimate avoided costs differently and are more (or less)
comprehensive in the types of avoided costs that are included. In addition, program performance varies
in part due to differences in climatic conditions. Consider the value of energy savings for residential
cooling programs. Residential cooling programs in the very hot Arizona climate generate energy savings
most if not all of the year, while cooling programs in Colorado or Utah generate energy savings in the
summer only. Thus, avoided costs per kWh saved, averaged over the year, may be higher in a place like
Colorado compared to Arizona because more of the energy savings are during peak demand periods in
Colorado.

Despite these limitations, the values in Table 4 suggest that residential cooling programs yield a greater
value of energy savings than other types of programs, with a few exceptions. For example, a kWh saved
by SRP’s residential cooling program has 3.5 times the value of a kWh saved by the utility’s residential
lighting program. For RMPU, the same ratio is 3.0; for PSCo, it is 1.6; and for Nevada Power it is 2.9.
These results are logical, given that cooling programs yield more “on peak” savings and thus have higher
avoided capacity values than other types of programs.

All of the utility systems considered in this paper experience their peak demands during the mid-to-late
afternoon hours during the summer months. Residential lighting savings mostly occur later in the
evening, and thus do not provide as much peak demand reduction per kilowatt-hour saved. This does
not mean that residential lighting efficiency programs are not cost effective or desirable; it simply points
out that the energy savings from lighting efficiency measures tend to have less value than savings from
other types of programs.

Commercial programs do not demonstrate the same relationship that residential programs do because
of the differing load shapes for the same end use (e.g., lighting or cooling) between residential and
commercial buildings. In commercial buildings, lighting and cooling are used for many more hours of the
day than are typical in residential buildings. For some utilities, the value of a kWh saved is higher for the
lighting program compared to the cooling program. This is because in commercial buildings, both
lighting and cooling efficiency measures provide energy savings during peak demand periods.
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Recommendations

The information in this paper highlights a number of practices that will improve the valuation of energy
savings by utilities in the Southwest and elsewhere.®®

Value All Avoided Costs and Take into Account the Time-Varying Value of Avoided Costs

It is important and appropriate to value all of the benefits (i.e., avoided costs) produced by energy
efficiency programs and measures. For example, utilities should value avoided T&D capital costs as well
as avoided generation costs, and value avoided CO2 and other pollutant emissions. Also, avoided cost
valuation should be done considering the time-value of energy savings and demand reduction. A more
comprehensive analysis of avoided costs could lead to more programs passing cost-effectiveness
screening, as well as demonstrating for policy makers and other stakeholders the full benefits (value) of
these resources.

Use an Appropriate Discount Rate

The selection of the discount rate is important to calculating the appropriate net present value of energy
savings over the lifetime of energy efficiency measures. In calculating benefits, use of a lower discount
is generally preferred, as it does not reduce benefits as rapidly over the lifetime of a measure. For all
but one of the utilities discussed here, the after-tax weighted average cost of capital (WACC) from the
utility’s last rate case is used as the primary discount rate. PNM is the outlier in that it uses a before-tax
WACC. The use of the after-tax WACC is more appropriate as the utility cost of capital, because it
reflects that actual net cost of capital for a utility. A recently published national manual for energy
efficiency program cost-effectiveness evaluation acknowledges that the after-tax WACC is the proper
utility cost of capital.3!

In performing the TRC or UCT tests, an argument can be made for using a discount rate that is less than
the utility’s after-tax WACC. This is because investments in energy efficiency programs and measures
have a different risk profile than traditional utility capital investments. There is often little or no risk of a
utility failing to recover the costs for its approved energy efficiency programs, as costs are often
recovered through automatic utility bill surcharges rather than use of utility debt or equity. Likewise,
energy efficiency programs consist of many discrete energy efficiency measures, and overall portfolio
performance is well-established and relatively low risk. Therefore, utilities and their regulators should
seriously consider using a lower discount rate than the WACC in valuing avoided costs from a TRC or UCT
perspective.?

30 These best practices represent the observations of SWEEP, and do not necessarily reflect the opinions of the
utilities referenced in this report.

31 National Efficiency Screening Project (NESP), 2017, p. 75.

32 NESP, pp. 72-84.
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In addition, it is appropriate and widely accepted that a social discount rate should be used for
determining cost effectiveness using the Societal Cost test.3® This discount rate, such as the 10-year
U.S. Treasury bond rate, is generally very low, in part to reflect low risk and inter-generational equity.

Base Avoided Generation Capacity Costs on Results of an IRP

It is preferable to establish avoided generation-capacity costs based on time-varying marginal
generation resources identified in the preferred plan of an IRP, rather than using a generic resource,
such as a generic combustion turbine (CT). The hourly avoided costs from the projected marginal
resource are likely to be more consistent with future resource development and operation, as compared
to basing the avoided generation capacity cost on a generic resource. In addition, values from the
marginal generator are more likely to be consistent with fuel and O&M costs assumed in the IRP, as well
as reflect the changing generation mix for a utility.

A secondary recommendation is to make the results of both the IRP preferred plan and any production
cost models available for examination by interested parties. Most of the utilities discussed in this paper
did not disclose the values of avoided generation capacity. When values are published, they are often
aggregated to a monthly or annual value. Utilities and stakeholders should discuss opportunities for
sharing and reviewing information on the valuation of avoided generation, potentially with the
completion of confidentiality agreements.

Include Valuation of Avoided Transmission and Distribution Investments

Transmission deferral values are included in the valuation of energy savings by the Nevada utilities,
RMPU, and by PSCo starting in 2017. Berkeley Lab recently published a study on the time-varying value
of energy efficiency, evaluating five energy efficiency measures in four regions of the country.>* Among
the findings in that study is that avoided transmission and distribution costs create some of the largest
capacity benefits of the time-varying value of efficiency measures in the regions studied.

Utility energy efficiency programs can provide energy savings (as a fraction of total retail sales) of 1% to
3% per year.®®> Thus, energy efficiency programs can have a significant impact on load growth, and
combined with other factors (such as the impacts of federal energy efficiency standards and adoption of
distributed energy resources), can eliminate load growth entirely. This means that energy efficiency
programs will have an impact on the need for transmission investments over the long run. Thus, utilities
should include a value for avoided transmission investments in their valuation of the benefits of energy
efficiency programs.

Valuing deferred distribution system investments is done in some jurisdictions and is gaining credence.®
We recommend that utilities consider including valuation of avoided distribution system costs in the
economic analyses of their DSM programs. In addition, we recommend that utilities investigate

3 NESP, p. 83.

34 Mims, Eckman and Goldman, 2017.
35 Relf, Baatz and Nowak, 2017, p. 17.
36 Neme and Grevatt, 2015.
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opportunities for using energy efficiency in a more targeted manner, in order to defer distribution
system upgrades in particular parts of the distribution network that are fully loaded or overloaded. If
this is done, it would be logical to value avoided or deferred distribution system investments in the
benefit-cost analysis of all geo-targeted energy efficiency programs at a minimum.

Monetize Emissions Reductions

Many utilities report emission reductions, including a reduction in CO2 emissions, from their energy
efficiency and other DSM programs. However, in the Southwest, only PNM monetizes avoided CO2
emissions in the valuation of the benefits of energy efficiency programs. Emissions reductions have
direct impacts on air quality and have indirect impacts on health and quality of life. We recommend
that these benefits be monetized and included in the assessment of DSM program cost-effectiveness.
The approach used by PSCo, which adds a fixed percentage to the utility system benefits in order to
value non-energy benefits broadly (known as the non-energy benefits adder approach), is suboptimal in
our view.* It does not provide an incentive for selecting programs or measures that could maximize
emission-reduction benefits. Therefore, we recommend that utilities and policy makers directly value
emissions reductions in energy efficiency and DSM programs benefit-cost analyses.

Conclusion

This paper examines the ways that seven utilities in the Southwest value the energy savings from their
energy efficiency and other DSM programs. It reviews the approaches used by individual utilities
including the approach to valuing avoided generation capacity and the steps taken to value transmission
and distribution deferrals, avoided O&M and energy costs, and emissions reductions. It finds that there
is considerable variation in the way that the utilities conduct this valuation, although all utilities employ
methodologies that take into account time-varying values for at least some of the avoided costs.

The paper also presents the value of energy savings, in terms of the net present value of avoided costs
per unit of lifetime energy savings, for various types of energy efficiency programs for each utility. This
analysis shows that residential cooling programs tend to yield a higher value per unit of energy savings
than do other types of programs, for each utility. Likewise, residential lighting programs tend to yield a
lower value per unit of energy saving than do other types of programs. These results are logical given
that residential cooling programs result in more peak-demand reduction per unit of energy savings than
do residential lighting programs. All of the utilities in the Southwest are summer peaking utilities.

In addition, this review provides several recommendations for the valuation of energy savings including:
1) value all of the benefits (i.e., avoided costs) produced by energy efficiency programs and measures,
and do so accounting for time-varying avoided costs; 2) use an appropriate discount rate—at most, the
after-tax utility weighted cost of capital, and possibly a significantly lower discount rate; 3) base

37 However, a decision by the Colorado PUC has directed PSCO to include the Social Cost of Carbon (SCC) as a
sensitivity case in Phase Il of its 2016 ERP. The SCC begins at $43.00 per ton in 2022 and increases to $69.00 per
ton in 2050; see CPUC, 2017: 25-31. It is currently unclear whether this decision, which is applied to PSCO’s base
modelling assumptions, will be applied to its cost-effectiveness modeling for its DSM resources.
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avoided-generation capacity costs on time-varying marginal generation resources identified in the
preferred plan of an IRP, rather than using a generic resource; 4) include avoided transmission costs and
potentially deferred or avoided distribution system investments; and 5) value avoided CO2 and possibly
other pollutant emissions.
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Executive Summary

KEY FINDINGS

This report ranks US states on their policy and program efforts to save energy.

First place goes to Massachusetts, which leads the State Scorecard for the ninth
year in a row. Thanks to a strong policy framework established under its Green
Communities Act a decade ago, the state continues to achieve among the highest
levels of utility savings in the nation. Earlier in the year, regulators approved a
new three-year efficiency plan, including an expanded portfolio of programs
intended to help align savings efforts with statewide greenhouse gas reduction
goals. Massachusetts aims to reduce emissions by 80% by 2050.

Rounding out the top 10 are California at #2 and Rhode Island and Vermont, tied
at #3, followed by New York, Connecticut, Maryland, Minnesota, Oregon, and
Washington.

Maryland is this year’s most-improved state. Utility efficiency programs,
delivered through the EMPOWER Maryland initiative, have steadily evolved in
recent years, spurred by robust legislative savings targets. Meanwhile the state
continues to strengthen efficiency in the buildings and transportation sectors,
establishing strong building energy codes, directing funding toward public
transportation, and seeking to accelerate adoption of electric vehicles.

Other states to watch include New Jersey and New York, where utilities and
regulators continue to work to design strengthened efficiency programs to meet
new utility savings targets approved in 2018. These states and others have
established ambitious clean energy goals to transition to a carbon-free economy,
while including energy efficiency as a key pillar in their strategies to do so.

Kentucky fell the farthest in the rankings due to a 2018 decision that discontinued
most of Kentucky Power’s demand-side management programs. Other utilities in
the state have seen similar reductions in program funding.

Savings from ratepayer-funded electric efficiency programs remained fairly level
compared with last year’s results, totaling approximately 27.1 million megawatt-
hours. These savings are equivalent to about 0.73% of total retail electricity sales in
the United States in 2018, enough to power more than 2.6 million homes for a year.

States continue to update and strengthen residential and commercial building
energy codes. Since the publication of the 2018 IECC, states like Maryland,
Massachusetts, Nebraska, Illinois, and Ohio have adopted the newest code
versions, and numerous other states are currently reviewing these codes for
potential adoption in the near future.

It was an especially big year for state appliance standards, with four
states—Washington, Colorado, Hawaii, and Nevada—adopting new laws and an
additional six states and the District of Columbia filing bills.
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The State Energy Efficiency Scorecard, now in its 13th edition, ranks states on their policy and
program efforts. It assesses performance, documents best practices, and recognizes
leadership. The report captures the latest policy developments and state efforts to save
energy and highlights opportunities and policy tools available to governors, state
legislators, and regulators.

Figure ES1 shows the states’” rankings, divided into five tiers for easy comparison. Later in
this section, table ES2 provides details of each state’s scores.

& m pa
By ‘%w

43 ' 38 * Mostimproved
q ~ 45 I Ranks 1-10

B Ranks 11-20
I Ranks 21-30
Ranks 31-40
Ranks 41-51
Figure ES1. 2019 State Scorecardrankings

It was a whirlwind year for energy efficiency in 2019 at the state level. Many legislatures
and governors established the transition to clean energy and reduced greenhouse gas
(GHG) emissions as their top priority and increased their efficiency efforts to help achieve it.
While leading states like Massachusetts, California, and New York continued to innovate
and advance model programs, some of the most exciting stories emerged from states where
efficiency has historically been overlooked as a resource. Nevada, New Mexico,
Washington, New York, and Maine all adopted 100% clean energy goals coupled with plans
to ramp up efficiency investment. In Virginia and New Jersey, utilities unveiled significant
expansions of efficiency program portfolios in response to game-changing clean energy bills
passed in 2018. State legislatures in Colorado, Washington, and Hawaii adopted new
appliance standards in the biggest wave of state-level standard adoption in this decade.
States also led the way in addressing challenges and opportunities surrounding building
electrification and increasing uptake of electric vehicles as a means to achieve a low-carbon
future.

PoLicy AREAS
The Scorecard compares states across six policy areas:



e Utility and public benefits programs and policies
e Transportation policies

¢ Building energy efficiency policies

e Combined heat and power (CHP) policies

e State government-led initiatives around energy efficiency
e Appliance and equipment standards
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Table ES1 provides examples of states that have adopted best-practice policies in each area.
For more information about leading states, refer to the Scorecard chapter corresponding to

each policy area.

Table ES1. States adopting best-practice policies

Area

States

Achievements

Utility and public benefits

Massachusetts, Rhode Island,
Vermont

All have continued to post electric
utility savings above 2% of retail
sales, the highest levels in the nation.

Transportation

District of Columbia, California,
Massachusetts, Oregon, Vermont

Each of these jurisdictions has
adopted California’s vehicle
emissions standards as well as its
Zero-Emission Vehicle (ZEV)
programs, and each has adopted
goals to reduce vehicle miles traveled
and transportation-related GHGs.

Building energy efficiency

California, lllinois, Oregon,
Pennsylvania, Texas, Maryland,
Massachusetts, Nebraska, New York,
Washington

These states have strengthened
statewide building energy codes by
adopting 2015 or 2018 IECC code
versions, in addition to devoting
resources to maintaining code
compliance.

CHP

California, Maryland, Massachusetts,
New Jersey, New York, Rhode Island

All these states have promoted CHP
as an energy resource through
establishment of interconnection
standards, CHP production goals,
and deployment incentives.

State government
initiatives

California, Connecticut, Delaware,
Massachusetts, Rhode Island,
Vermont

These states led this year for
offering loan and grant programs to
Spur energy savings, setting
efficiency standards for public
buildings and fleets, and investing
proceeds from carbon pricing
policies in efficiency programs.

Appliance/equipment
standards

California, Colorado, Nevada,
Washington, Hawaii

Each of these states passed
appliance standards this year that
are expected to save consumers
hundreds of millions of dollars on
utility bills.

SCORES

Table ES2 presents state scores in the six policy areas and their total scores.




Table ES2. State scores in the 2019 State Scorecard
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Utility &
public Building

benefits Trans- energy Combined State Appliance Change Change in

programs portation efficiency heat & government  efficiency TOTAL in rank score

& policies  policies policies power initiatives standards  SCORE from from

Rank State (20 pts.) (10 pts.) (8 pts.) (3 pts.) (6 pts.) (3 pts.) (50 pts.) 2018 2018

1 Massachusetts 20 8.5 7 3 6 0 44.5 0 0.5
2 California 15.5 8.5 7.5 3 6 3 43.5 0 0
3 Rhode Island 20 6 5.5 3 6 0 40.5 0 -0.5
3 Vermont 18 6.5 6 2 6 2 40.5 1 0
5 New York 14 8.5 6.5 2.5 5.5 0 37 1 1.5
6 Connecticut 12.5 7.5 7 2.5 6 1 36.5 -1 -1.5
7 Maryland 12.5 7.5 6 3 5.5 0 34.5 3 4.5
8 Minnesota 14.5 5.5 6 1.5 5 0 32.5 0 0.5
9 Oregon 10.5 7.5 6.5 1.5 5 1 32 -2 -3
10 Washington 9 7 6.5 2 5 2 31.5 -1 0
11 District of Columbia 9.5 9 6 1 3.5 0 29 1 1.5
11 lllinois 11.5 5 6 2.5 4 0 29 1 1.5
13 Michigan 14 3.5 6 1 4 0 28.5 -2 0
14 Colorado 9.5 4.5 5.5 0.5 5 2 27 0 1.5
15 Maine 10.5 5.5 2.5 2.5 5 0 26 -1 0.5
16 Hawaii 11 4 5.5 1 2.5 1.5 25.5 0 2.5
17 New Jersey 6.5 6 6 S 2.5 0 24 1 2.5
18 Pennsylvania 4.5 5.5 7 2 4.5 0 23.5 0 2
19  Arizona 9.5 4 4 1.5 2.5 0 21.5 -2 -0.5
20 New Hampshire 9.5 3 3.5 0.5 4.5 0 21 1 1.5
21 Delaware 3 5 5 1.5 6 0 20.5 1 2
22 Utah 6.5 3 5.5 0.5 4 0 19.5 -2 -1.5
23 lowa 9 2.5 5 0.5 1.5 0 18.5 1 1.5
24 Florida 2 4.5 6 0 4 0 16.5 -1 -1
25 Wisconsin 7.5 1 3.5 0.5 3.5 0 16 4 0.5
26 Nevada 4.5 2.5 4 0 4 0.5 15.5 3 0
26 North Carolina 3 3.5 4.5 1 3.5 0 15.5 0 -0.5
26  Texas 1 3 7 0.5 4 0 15.5 -1 -1
29  Virginia 0.5 5 5.5 -0.5 4.5 0 15 -3 -1
30 Idaho 5.5 1 5.5 0 2.5 0 14.5 -4 -1.5
30 Missouri 2.5 2.5 4 1 4.5 0 14.5 3 -0.5
30 Tennessee 1 3.5 3.5 2 4.5 0 14.5 5 0.5
33 Arkansas 7 1 3 -0.5 3.5 0 14 1 -0.5
33 New Mexico 5.5 1.5 2.5 1 3.5 0 14 3 0.5
33 Ohio 4.5 1 3.5 1 4 0 14 -4 -1.5
36 Montana 3.5 0.5 5.5 0 3 0 12.5 1 -0.5
37 Oklahoma 5.5 2.5 1.5 -0.5 3 0 12 2 1
38 Georgia 2 4 3 0 2 0 11 0 -1
38 Kentucky 1 1.5 4 0 4.5 0 11 -9 -4.5
40  Alaska 1 3.5 2 0 4 0 10.5 1 0.5
40 Indiana 3.5 2.5 2.5 0 2 0 10.5 0 0
40  South Carolina 1.5 2 3 0 4 0 10.5 1 0.5
43  Alabama 0 1 6 -0.5 3 0 9.5 0 0
43 Nebraska 0.5 1 6 -0.5 2.5 0 9.5 1 1.5
45 Mississippi 2 2 1.5 -0.5 3 0 8 -1 0
46 Kansas 0.5 1.5 3.5 0 1.5 0 7 0 -0.5
46 South Dakota 2 1 3.5 0 0.5 0 7 0 -0.5
48 Louisiana 0.5 1.5 2 0 2.5 0 6.5 -2 -1
48  West Virginia -0.5 2 3 0 2 0 6.5 1 1
50 North Dakota 0 1.5 3 0 0.5 0 5 -1 -0.5
51  Wyoming 1 1.5 0 -0.5 2.5 0 4.5 0 0
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STRATEGIES FOR IMPROVING ENERGY EFFICIENCY

A variety of policy tools and program designs are available to state officials to strengthen
efforts to save energy across multiple use sectors. The following list highlights examples of
best practices by state policymakers seeking to improve energy efficiency performance by
energy utilities, in the buildings and transportation sectors, and through appliance
standards. We also highlight best practices that reduce legal and market barriers to
investing in energy efficiency and expand participation in programs that achieve savings.

Establish and adequately fund an energy efficiency resource standard (EERS) or similar
energy savings target. EERS policies set specific energy savings targets that utilities or
independent statewide program administrators must meet through customer energy
efficiency programs. They serve as an enabling framework for cost-effective investment,
savings, and program activity. As states address evolving priorities such as decarbonization,
cost, equity, and grid value, regulators in places like Massachusetts and New York are
adjusting targets to incorporate multiple goals (e.g., fuel-neutral savings) that better align
efficiency programs with electrification and GHG reduction objectives.

Examples: Arizona, Arkansas, Massachusetts, Michigan, Minnesota, New York

Adopt California tailpipe emissions standards and set quantitative targets for reducing
vehicle miles traveled (VMT). Transportation consumes almost 30% of the total energy
used in the United States. At the state level, a comprehensive approach to transportation
energy efficiency must address both individual vehicles and the entire transportation
system. A variety of state-level policy options are available to improve transportation
system efficiency. These include codifying targets for reducing VMT and integrating land
use and transportation planning to create sustainable communities with access to multiple
modes of travel. While federal fuel economy standards are expected to go a long way
toward helping to reduce fuel consumption, standards for model years 2022-2025 are
currently under review and face an uncertain future. States that adopt California’s tailpipe
emissions standards will lead the way toward clean, fuel-efficient vehicles.

Examples: California, Massachusetts, New York, Oregon

Adopt policies to encourage and strengthen programs for income-qualified customers,
and work with utilities and regulators to recognize the nonenergy benefits (NEBs) of
such programs. States and public utility commissions (PUCs) can include goals specific to
the low-income sector, either within an EERS or as a stand-alone minimum acceptable
threshold. PUCs can further strengthen programs serving low-income households by
designing cost-effectiveness tests that take into account the NEBs that these programs
produce, including improved health, greater safety, and fewer trade-offs between energy
and other necessities.

Examples: 1llinois, Michigan, New Hampshire, Pennsylvania

Adopt updated, more stringent building energy codes, improve code compliance, and
involve efficiency program administrators in code support. Buildings use more than 40%
of the total energy consumed in the United States, making them an essential target for
energy savings. Adopting mandatory building energy codes is one way to ensure a
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minimum level of energy efficiency for new residential and commercial buildings. Strategies
such as energy performance standards, benchmarking and transparency policies, and
financing tools to encourage deep retrofits are also critical, for addressing efficiency in the
existing building stock.

Examples: California, Illinois, Maryland, Texas, District of Columbia, Washington, Nebraska

Expand state government-led initiatives and make them visible. States can establish
sustainable funding sources for energy efficiency incentive programs, invest in energy
efficiency-related R&D and demonstration centers, and lead by example by incorporating
energy efficiency into government operations. In the latter area, they can reduce energy use
in public buildings and fleets, and use energy savings performance contracts (ESPCs) to
finance energy-saving projects. States can also work with utilities and community-based
organizations to promote and coordinate energy code compliance training and workforce
development programs.

Examples: Alaska, Connecticut, New York

Explore and promote innovative financing mechanisms to leverage private capital and
lower the up-front costs of energy efficiency measures. Although utilities in many states
offer some form of on-bill financing program to promote energy efficiency in homes and
buildings, expanding lender and customer participation has been an ongoing challenge.
States can pass legislation to increase stakeholder awareness and address legal barriers to
the implementation of financing programs. A growing number of states are seeking new
ways to maximize the impact of public funds and invigorate energy efficiency by attracting
private capital through emerging financing models such as Property Assessed Clean Energy
(PACE) programs and green banks.

Examples: Colorado, Connecticut, Minnesota, Missouri, New York, Rhode Island

Adopt cost-effective efficiency standards for appliances, equipment, lighting, and
plumbing products. State appliance standards are a proven policy that lowers utility bills
for customers and businesses, reduces pollution, and helps spur national standards. Even
when state standards are not adopted at the federal level, adoption by just a few states can
be enough to impact national markets. The Appliance Standards Awareness Project (ASAP)
has outlined a menu of 18 recommended standards for 2019. Combined, they have the
potential to provide more than $100 billion in savings to consumers.!

Examples: California, Colorado, Washington, Hawaii, Nevada

1 Appliance Standards Awareness Project, Update to “States Go First: How States Can Save Consumers Money,
Reduce Energy and Water Waste, and Protect the Environment with New Appliance Standards” (Boston: ASAP, 2018).
appliance-standards.org/sites/default/files/write_up_of%20changes_to-

the_analysis_for 2019 %20Model %20Bill.pdf.



https://appliance-standards.org/sites/default/files/write_up_of%20changes_to-the_analysis_for_2019%20Model%20Bill.pdf
https://appliance-standards.org/sites/default/files/write_up_of%20changes_to-the_analysis_for_2019%20Model%20Bill.pdf
https://appliance-standards.org/sites/default/files/write_up_of%20changes_to-the_analysis_for_2019%20Model%20Bill.pdf
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Executive Summary

Energy efficiency programs for utility customers are offered in every state. Spending on programs
funded by electric utility customers grew by about 20 percent between 2011 and 2016, reaching ~$5.8
billion. Spending—and associated energy savings—have fluctuated over time with state goals, energy
prices and market trends, among other factors. This study provides a forward-looking, bottom-up
assessment of the potential impact of existing and likely policies and market conditions that promote or
constrain future spending and savings for electricity efficiency programs funded by utility customers in
all U.S. states.

We find that energy efficiency programs funded by utility customers have become a significant
electricity resource in many states. This trend is expected to continue through 2030 and will have
important implications for electricity system planning and operations. Electricity savings from these
programs, and from complementary policies such as equipment standards and building energy codes,
have contributed to modest or even no growth in electricity loads in many states in recent years. That
affects the need for investment in new electricity infrastructure, across generation, transmission and
distribution systems, and the impact of such investments on rates. Looking to the future, our analysis
suggests that electricity efficiency programs funded by utility customers will continue to impact load
growth at least through 2030.

Approach

The study includes three scenarios (low, medium and high cases) for 2030, with updated projections of
spending and savings for interim years (2016, 2020 and 2025). The scenarios represent a range of
potential outcomes given the current policy environment and uncertainties in the broader economic
and state policy environment in each state. We reviewed relevant state statutes, regulatory commission
decisions, and filings of electric utilities (investor-owned utilities, rural electric cooperatives and publicly
owned utilities) and other efficiency program administrators. We also conducted more than 50
interviews with regulatory staff, energy efficiency experts, program administrators and other
stakeholders to help inform scenarios and key assumptions.

Modeling future efficiency spending and savings

Our forecast of electricity efficiency program spending and savings to 2030 considers past and current
performance of program administrators and key policy drivers in each state. These policy drivers
include energy efficiency resource standards (EERS), statutory requirements that utilities acquire all
cost-effective energy efficiency or include efficiency under state renewable portfolio standards,
voluntary savings targets, public (or system) benefit charges that fund efficiency, integrated resource
planning (IRP) requirements, demand-side management (DSM) plans and policies intended to reduce
utilities’ disincentives (e.g., decoupling) or provide a financial incentive to promote energy efficiency.
Conversely, some states have adopted policies that effectively constrain the magnitude of available
savings or spending on efficiency programs. We explicitly model policy constraints such as caps on
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program spending or rate impacts and statutes that allow large commercial and industrial (C&l)
customers to opt out of efficiency charges and programs.

We distinguish among three timeframes: historical, policy period and post-policy period. In the
historical period (2013-2016), we collect information on actual program spending and savings to
establish an initial relationship between program costs and first-year electricity savings. The duration of
the policy period (beginning in 2017) varies by state and depends on its specific policies.! In most states,
the policy period does not include the entire study period. Thus, we define a post-policy period (from
the time that key state policies expire to 2030) during which commitments have ended or are
considerably less firm. For this period, we relied on interviews with state and regional experts and for
the high scenario considered their view of best practices in the region to define a range of savings
targets for each state.

Developing the Scenarios

The three scenarios represent alternative pathways for the evolution of electricity efficiency programs
funded by utility customers during the post-policy period:

e The medium scenario largely represents a continuation of current practices and policies, subject
to known policy and market constraints. We project that most states generally stay the course
on policies and meet savings targets. Some states are expected to expand their commitment to
efficiency based on recent legislation or regulatory commission decisions, while other states are
expected to throttle back their commitment to efficiency.

e The low scenario represents a less prominent role for energy efficiency. States that are new to
efficiency adopt a “go slow” approach; other states retreat from the current policy path—for
example, EERS are not continued or are extended with lower savings targets, or states adopt
new policies that constrain efficiency spending.

e The high scenario explores the possibility that states increase energy efficiency targets and
budgets, driven by regional best practices that are adopted by other states in the area, and
adopt favorable utility business models and savings targets set based on achievable energy
efficiency potential.

Our study provides an analytically rigorous assessment of what we know and expect regarding the
future of electricity efficiency programs funded by utility customers, based on current state policies and
market drivers and constraints and a range of likely scenarios from the time these policies end through
2030. While this study does not envision or quantify the impact of potential new drivers and delivery
mechanisms, we highlight emerging challenges faced by program administrators and policymakers and,
in some cases, ways to address them (chapter 5).

1 We compiled information on state policy drivers (e.g., DSM plan filings, IRPs, new legislation or major public utility
commission decisions on electricity efficiency) through August 2018.
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Key Findings

1. Program Spending - In the medium case, spending is projected to increase to $8.6 billion in 2030
compared to ~S$5.8 billion in 2016, an increase of more than 45 percent (see Table ES-1). Projected
growth in program spending tends to be front-loaded with increases concentrated in the first nine
years (to 2025). This dynamic of front-loaded growth in spending is attributable to our
methodological approach as well as our cautious assessment of efficiency market dynamics in the
later years of our study period.? In the high case, annual spending increases to $11.1 billion in 2030,
90 percent higher than 2016 levels. In the low case, spending is projected to decrease in 19 states in
2030 compared to 2016 levels. National spending remains fairly flat, increasing to just $6.8 billion in
2030.3

Table ES - 1. Projected spending on electricity efficiency programs: Three scenarios

Projected Spending Projected Spending Average Annual Spending
(S Billion) as % of Retail Revenues Growth
2016 2020 2025 2030 2020 2025 2030 22%12% 22%22(; 22%2?)
Scenario
Low 6.3 6.8 6.8 1.6% 1.4% 1.2% 2.2% 1.7% 0.1%
Medium 5.8 7.1 8.3 8.6 1.7% 1.8% 1.6% 4.3% 3.6% 0.6%
High 7.9 10.3 11.1 2.0% 2.2% 2.1% 7.1% 6.2% 1.4%

e We project program spending as a share of electric utility retail revenues to be somewhat
lower in 2030 than in 2016. Electricity efficiency program spending in 2030 is projected to
account for about 1.6 percent of retail revenues in the medium case, 2.1 percent in the high
case, and 1.2 percent in the low case. Except for the high case, these levels are all lower than in
2016. Tracking spending as a percent of retail revenues provides an indication for the potential
rate impacts of efficiency programs.

e At the same time, total market activity leveraged by utility efficiency programs increases.
Projected spending by program administrators includes both administrative costs and
incentives. Participating customers also typically pay for a portion of project costs—in some
cases, a significant share. Thus, we also estimated total market activity leveraged by electricity

2 For most states, we assume that when a binding EERS expires, savings targets will continue at levels consistent with the last
year the standard is in effect. In addition, we have higher confidence in our modeling of spending (and savings targets) in the
policy period compared to the post-policy period because we can typically rely on multi-year DSM plans. Finally, our modeling
of the later years of our study period often relies on utility IRPs and their characterization of achievable potential for energy
efficiency. Some utility IRPs are projecting reduced savings levels from 2025 on, which impacts our projections of spending
from 2025 to 2030. Utility estimates of remaining achievable potential are often conservative. In their IRPs, some utilities have
suggested that achievable potential for their efficiency programs is likely to be lower in the future due to tightening federal
efficiency standards and transformation of certain end-use markets (e.g., increased market penetration of light-emitting diode
(LED) lamps).

3 Projected spending in 2030 ($6.8 billion) decreases in the low scenario if we account for the expected effects of inflation and
report spending in real dollars.
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efficiency programs, drawing upon results from the LBNL Cost of Saved Energy project.* For
2016, we estimated this value at about $11.6 billion. If we assume that the relationship
between net participant costs and program administrator costs continues in the future, the
total market size of electricity efficiency programs in 2030 would increase to $17.2 billion in the
medium scenario and range from $13.6 billion in the low scenario to $22.2 billion in the high
scenario.

e Spending varies widely by region today, and regional shares of national spending are
expected to shift over time. The national results are driven by regional trends in program
spending. In 2016, states in the West and Northeast accounted for 64 percent of national
spending on electricity efficiency programs as energy efficiency services markets are relatively
mature in these regions with many states implementing programs for decades, while states in
the South and Midwest accounted for 36 percent. In 2030, these values represent the
estimated shares of national spending in the low scenario. In contrast, in the high scenario,
states in the South assume an increasingly prominent role, with spending projected to increase
to $3 billion in 2030 compared to $1.0 billion in 2016 (see Figure ES-1). Thus, in 2030, the
relative share of spending for states in the West and Northeast decreases to 55 percent of the
national total, while states in the South and Midwest account for 45 percent.

4 Projected spending by program administrators includes administrative costs and incentives. Total costs include costs incurred
by participating customers. On a national basis, the total cost of saved electricity was double the program administrator cost of
saved electricity between 2009 and 2015: $0.05/kWh vs. $0.025/kWh (Hoffman et al. 2018).
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Figure ES - 1. Electricity efficiency program spending by region in 2016 vs. 2030 scenarios

Midwest - Efficiency program spending in 2030 is driven primarily by four populous states
(IL, M1, OH and MN) that have made long-term policy commitments in legislation. The
future trajectory of efficiency spending in the region will be heavily influenced by policy
constraints (e.g., opt-out policies, spending caps), long-term resource planning processes
(e.g., Ml and MN), and the extent to which utilities are motivated by business model
policies to achieve higher savings goals.

South - The range in spending in 2030 across the three scenarios is quite large ($1.3 to $3
billion) because utilities in many states have proposed savings goals in DSM plans or IRPs
that are modest relative to the achievable potential. Thus, there is significant potential
upside in the high scenario, as well as significant uncertainty regarding the extent to which
policies that may constrain savings (e.g., large C&I customer opt-out) will spread to other
states in the region.

West - California accounts for more than 60 percent of spending in the region and we
project that spending will increase by $330-480 million compared to 2016 levels, driven
primarily by state legislation. Lower spending is projected in the Pacific Northwest states in
all scenarios in 2030 compared to 2016, while we expect most Southwest states to sustain
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long-term commitments to energy efficiency driven by state statute and favorable utility
business models.”

0 Northeast - Efficiency program spending is projected to increase under all three scenarios,
ranging between $2.1, $2.6 and $3.2 billion in the low, medium and high scenarios
compared to $1.7 billion in 2016. All nine states in the Northeast have made strong policy
commitments to energy efficiency and recent legislation in several states (NY, NJ, NH)
increased savings (or spending) goals. Several of the historic leaders in the region (MA, R,
VT, CT) are projected to maintain or somewhat reduce spending levels on utility customer-
funded programs due to anticipated saturation of efficiency potential, greater emphasis on
complementary strategies (e.g., equipment standards, financing), concern about potential
retail rate impacts, or state budget constraints.

2. Program Savings - In 2016, efficiency programs funded by utility customers saved 27.5 terawatt-
hours (TWh) of electricity per year, equal to 0.74 percent of retail sales. Efficiency programs funded
by customers offset at least 1 percent of investor-owned utility load in 23 states, with four states
exceeding savings of 2 percent of sales (Hoffman et al. 2018). In the medium case, we project
incremental annual electricity savings to increase very modestly to 28 TWh in 2030. Savings rise
through 2025, and then decrease by 1.6 TWh by 2030. Savings are projected to decrease in most
regions (except the South). The anticipated decline in relative program savings after 2025 across all
scenarios is driven primarily by forecasts and views of program administrators that the potential to
acquire cost-effective savings from voluntary programs is relatively lower because of increased
reliance on complementary efficiency policies (e.g., equipment standards) and transformation of
certain end-use markets (e.g., increased penetration of LEDs).

e Projected electricity savings increase significantly in the South by 2030. The results are
particularly striking in the high scenario, with projected savings significantly greater compared
to other regions: 12.9 TWh in the South vs. 7.2, 8.3 and 9.2 TWh in the Northeast, Midwest and
West, respectively (see Figure ES-2). Savings in the 17 states in the South account for 34 percent
of the national savings from electricity efficiency programs in 2030 in the high scenario
(compared to 19 percent in 2016). These results are driven by our assumptions. Several large
states (FL, TX, TN) significantly increase their efficiency savings targets to levels that are closer to
the achievable potential, program administrators in several states increase their efforts
motivated by attractive utility business models (e.g., OK, NC, SC) or targets set in EERS legislation
(MD, VA). However, savings as a percent of electric utility retail sales in 2030 remain higher in
the Northeast (1.6 percent), West (1.2 percent) and Midwest (1.1 percent) than the South (0.7
percent).

5 Although several utilities propose de-emphasizing efficiency in the long-term in their IRPs.
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Figure ES - 2. Annual incremental program savings by region in 2016 vs. 2030 scenarios

e Electricity savings from complementary strategies such as equipment standards will
increasingly impact utility efficiency programs. For the last decade, estimated annual savings
from electricity efficiency programs were roughly comparable to annual savings from efficiency
standards. However, for the 2017 to 2030 period, the average annual incremental savings from
appliance, equipment and lighting standards may increase substantially compared to the
previous period (e.g., 2002-2016). The increased savings from standards that take effect during
the next five years means that it will be more challenging for efficiency program administrators
to obtain cost-effective savings, particularly in the later years of our study period.

3. Publicly Owned Utilities and Rural Electric Cooperatives — For the first time, we explicitly model
publicly owned utilities and cooperatives and project their future efficiency spending and savings.
Spending by these types of utilities increases from $0.6 billion in 2016 to $0.8, $1.2 and $1.5 billion,
respectively, by 2030 in our low, medium and high scenarios (see Table 4-4 in this report). Spending
on electricity efficiency programs by publicly owned utilities and cooperatives accounts for 12
percent to 14 percent of national spending in the three scenarios and is concentrated in five states
(CA, WA, TX, TN, MN), projected to account for 67 percent of efficiency spending by publicly owned
utilities and cooperatives in 2030. Publicly owned utilities and cooperatives are projected to account
for 14 percent to 19 percent of national savings in 2030 depending on the scenario.
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Key Issues and Challenges

Key issues and challenges ahead for policymakers, regulatory commissions and efficiency program

administrators that contribute to uncertainty in forecasting future pathways include largely external

factors. At the same time, policy choices and regulatory and program practices also heavily influence

efficiency pathways.

A changing economy and shifting policy objectives complicate forecasting of future electricity
loads. EIA projects that total retail electricity sales will increase at an annual growth rate of only
0.59 percent per year from 2016 to 2030. This projected growth rate is quite modest compared
to historic growth rates for electricity sales (1.3 percent per year since 1990). This trend of
slowly increasing or flat electric loads is driven in large part by the steady decline of energy
intensity (i.e., the amount of energy used per unit of economic growth) for many years due to
energy efficiency, structural changes in the economy and fuel economy improvements (EIA
2017).

However, several recent studies have explored the potential long-term impacts of “beneficial
electrification” driven primarily by adoption of electric vehicles, heat pumps and select
industrial applications on future electricity sales and peak demand. If states decide to promote
electrification as a policy objective, then policymakers may have to reassess how they define
energy efficiency policies and guidelines for efficiency programs, and utilities and other
program administrators will have additional technical opportunities for investments in high
efficiency technologies.

The cost of electricity supply options has declined. In recent years, utilities and utility
customers have benefitted from low natural gas prices and declining costs for natural gas-fired
and renewable generation technologies. Going forward, low gas prices and increasing levels of
renewable generation technologies with zero marginal cost translate into reduced efficiency
program benefits (e.g., avoided energy and capacity costs), which may in turn constrain
program budgets. Moreover, the evolving generation mix, current economics of supply-side
options and evolving resource needs of utilities are changing the value proposition for energy
efficiency resources. The result is a greater focus on time-varying value (e.g., to help meet peak
system demand) and locational value (e.g., for load relief on distribution systems), more
emphasis on controllable loads (e.g., to increase system flexibility), and more interest in
bundling demand-side options such as energy efficiency, demand response, distributed
generation and storage, and electric vehicles in order to provide various grid services.

State leadership drives institutional frameworks for energy efficiency. Energy efficiency
resources have distinctive characteristics that require state regulatory commissions to establish
an institutional framework for effective oversight of utility customer-funded programs. These
distinctive elements include: (1) the need for measurement and verification of savings; (2)
program success dependent on customer acceptance and adoption, making stakeholder input

6 EIA estimates that U.S. energy intensity has decreased from 12,000 to 6,000 Btu per dollar from 1980 to 2015 and will be
4,000 Btu per dollar in 2040 (EIA 2017).
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on program design crucial; and (3) the need to align the utility’s financial interest in pursuing
cost-effective efficiency with a state’s policy goals, given the disincentives that exist under
traditional utility regulation. Many leading states have successfully grappled with these
institutional and regulatory policy issues and a variety of approaches have proven to be
effective. Thus, our high scenario assumes that in states that are newer to efficiency, legislatures
and regulatory commissions provide leadership in defining energy efficiency policy objectives,
establish roles and responsibilities for program administrators, and devote sufficient staff (or
technical consultant) resources to effectively oversee acquisition of large-scale energy efficiency
portfolios.

Program portfolios will need to evolve to continue to capture cost-effective electricity
savings. During the timeframe of this study and particularly in the later years (2025-2030), we
expect that utilities and other program administrators will grapple with several significant
challenges in developing a cost-effective portfolio of efficiency programs.

0 New programs - Program administrators will have to look for additional technical
opportunities for saving electricity to offset their historic reliance on lighting programs.

O Large customer opt-out - Program administrators in states that allow large C&I customers
to opt out of paying for and participating in efficiency programs are likely to develop
program designs that focus more on smaller and mid-size C&I customers. The cost of saved
electricity for programs that target smaller C&I customers has historically been higher than
programs for larger customers, putting upward pressure on program costs. For large C&l
customers, program administrators may also focus more attention on Strategic Energy
Management and the ISO 50001 standard to systematically track, analyze and plan energy
use to continually improve energy performance — reducing operating costs and increasing
productivity and competitiveness (State and Local Energy Efficiency Action Network 2016).

0 Achieving deeper savings - In states with more stringent efficiency savings goals for future
years, program administrators will need to design and implement programs that can
achieve deeper savings for participating customers and have a broader reach in terms of
market penetration. Achieving higher market penetration rates includes targeting and
reaching traditionally underserved markets (e.g., small commercial, multifamily, rental
housing, non-owner-occupied commercial buildings) in far greater numbers than current
practice. Program administrators also will need to design new, innovative programs that
offer different strategies and services that are attractive to customers. Examples may
include strategic energy management programs for industrial customers, greater reliance
on building and industrial controls, programs that focus more on upstream/midstream
market interventions (e.g., incentives to retailers, vendors), competitive procurement
processes to meet distribution system needs that are open to aggregators that offer
bundles of demand-side services and technologies, behavior-based programs using
advances in data-based technologies and strategies, programs that combine technical
assistance with incentives and financing (e.g., green bank, on-bill financing), and programs
that integrate delivery of electric and gas efficiency programs. Program administrators can
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also consider leveraging efforts of state and local governments and private providers to
advance efficiency such as building energy benchmarking (Mims et al. 2017b) and Property
Assessed Clean Energy (PACE) financing programs. Performance-based regulation also may
play a role in utilities achieving deeper savings in the future, building on current practice in
some states today (e.g., New York).

We include these examples to highlight that the portfolio of efficiency programs is likely to evolve
significantly over the time horizon of this study. Program administrators and state regulatory
commissions face emerging challenges, such as the increased impact of complementary strategies (e.g.,
standards), the decreasing costs of some supply-side resource options, and adapting the value
proposition for energy efficiency to reflect changing utility system needs. The degree to which program
administrators and states address these challenges is likely to heavily influence the longer term
pathway for spending and savings on efficiency programs.
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Integrated Resource Planning (IRP)
Key Definitions

An Integrated Resource Plan (IRP) is a plan that considers all reasonable resources to satisfy the
demand for electricity during a specific period of time, including those relating to the offering of
electric power and those relating to energy conservation and efficiency, while recognizing the
obligation of compliance with laws and regulations that constrain resource selection.

Overview

Arizona’s electric utilities complete an IRP every three years. Arizona Public Service (APS) and
Tucson Electric Power (TEP) are regulated by the Arizona Corporation Commission (ACC).
They complete their IRPs for a fifteen-year planning period. Salt River Project (SRP) is not
regulated by the ACC. Its plan is for a twenty-year period. SRP completed its last IRP in
2017/2018. TEP and APS completed theirs in 2020. Those plans are then reviewed and
“acknowledged” or not by the ACC. In 2017, the ACC did not acknowledge TEP or APS’ IRPs.
The 2020 plans are expected to be voted on in early 2021.

IRPs are important because they involve a stakeholder process that allows external parties to
provide feedback on the direction the utilities will take in the next fifteen (or twenty) years. The
IRPs are essential for providing a better understanding of the costs and environmental impacts of
reliably providing electricity. An IRP takes a year or more to complete, including the stakeholder
engagement process.
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X N\RESOURCE
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Integrated Resource Plan (IRP) —
* Load Forecast
Resource * Existing Resources
Need
Timing
= Technology Assessment ~ 3-year planning cycle
Resource * Future Resources
Portfolios ~ 15-year outlook
~ 2021 - 2035
* Fuel and Market Pricing ~ S-year Action Plan

Scenarios * Macroeconomics
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Image via TEP: https://www.tep.com/wp-content/uploads/TEP-2020-IRP-Public-Workshop-Final.pdf
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Current Plans

In 2020, TEP announced they will no longer use coal to generate electricity by 2032, will use
renewables to generate 70% of their electricity by 2035, and will reduce their carbon emissions
by 80% from 2005 levels by 2035. TEP’s 2020 IRP is consistent with those announcements and
also does not include the addition of any new gas plants in the next fifteen years. Its Final IRP is
available here: https://www.tep.com/wp-content/uploads/TEP-2020-Integrated-Resource-Plan-

Lo-Res.pdf

Also, in 2020, APS announced it will use 100% clean, carbon free resources to generate
electricity by 2050, it will stop using coal by 2031, and it will use renewables to generate 45% of
its electricity by 2030. APS’ Final IRP provides three possible portfolios, two of which have no

new gas plants in the next fifteen years. Its plan is available here: https://www.aps.com/-/media/
APS/APSCOM-PDFs/About/Our-Company/Doing-business-with-us/Resource-Planning-and-
Management/2020IntegratedResourcePlan062620.ashx?
la=en&hash=24B8E082028B6DD7338D1E8DA41A1563

SRP completed its last IRP in 2018, with a planning period through 2037. SRP plans to
incorporate their 2035 sustainability goals into their IRP. In 2019, SRP finalized their 2035
substantiality goals. Those goals include reducing their carbon emissions per megawatt-hour by
62% from 2005 levels by 2035 and by 90% by 2050. Their last IRP can be found here: https://
www.srpnet.com/about/stations/pdfx/2018irp.pdf.

Policy Status

The ACC has been considering an update to their Energy Rules for two years. Proposed new
rules could change the IRP process significantly. ACC Staff has proposed an updated rule and
several ACC Commissioners have proposed their own amendments to those rules. A group of
stakeholders has also proposed rule changes. The Staft rules, Joint Stakeholder proposal, and all
Commissioner amendments are posted online at the ACC’s website. The soonest the rule update
could be completed is 2021. The docket number is RU-00000A-18-0284 and all documents can
be found here: https://edocket.azcc.gov/Docket/DocketDetailSearch?docketld=21658#docket-
detail-container?2.

Prepared by: Autumn T. Johnson, Energy Policy Analyst, Western Resource Advocates

Phone: 623.439.2781; Email: autumn.johnson(@westernresources.org
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& Tucson Electric Power (TEP): Alternative Portfolios
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Arizona Community Action Association (ACAA), Southwest Energy Efficiency
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Introduction

The following comments are provided by by Western Resource Advocates (WRA), the Arizona Utility
Ratepayer Alliance (AURA), Diné CARE, To Nizhoni Ani, Western Grid Group, Arizona Interfaith Power
and Light, the Conservative Alliance for Solar Energy (CASE), the Tucson 2030 District, the Arizona Solar
Energy Industries Association (AriSEIA), Efficiency First Arizona, the National Association of Energy
Service Companies (NAESCO), the Solar Energy Industries Association (SEIA), the Polyisocyanurate
Insulation Manufacturers Association (PIMA), the Arizona Community Action Association (ACAA), the
Southwest Energy Efficiency Project (SWEEP), and Our Mother of Sorrows Catholic Church regarding the
2017 Integrated Resource Plans filed by APS and TEP.

regarding the 2017 Integrated Resource Plans filed by APS and TEP.

As several stakeholders have indicated in their comments to this proceeding, the plans that were filed
by APS and TEP are biased in favor of natural gas expansion, and biased against other resource options
including renewable energy, energy storage, energy efficiency, and demand management. Importantly,
we note that these other non-gas resource options are not only preferred by customers but also could
lead to less overall cost and risk to customers going forward. As such, we describe here an Alternative
Portfolio for both APS and TEP that we believe would provide a better path going forward in terms of
meeting customer needs than the portfolios selected by APS and TEP in their 2017 IRPs.

Collectively the Alternative Portfolios would eliminate the need for over 4,520 MW of natural gas
additions planned by APS and TEP. They would also put each utility on a path towards approximately
40% renewable energy by 2030, while investing in over 2,530 MW of new energy storage resources, and
reducing peak demand by over 2,640 MW through energy efficiency and over 540 MW through demand
management and demand response. Moreover, the Alternative Portfolios could save Arizona utility
customers over $542 million when compared to the plans selected by APS and TEP.

Given limited budget and time constraints, the analysis presented here does not provide the full suite of
technical modeling that could be pursued in developing an IRP. Nevertheless, we believe the analysis
presented is sufficient to provide insight into the viability of the Alternative Portfolios and we
recommend that they be thoroughly considered. We believe this provides a valuable “proof of concept”
for what could be achieved while providing reasonable estimates of the potential costs and operational
issues that may be encountered along the way. We welcome further discussion with APS, TEP and the
Commission about these alternatives and any additional supporting analysis that may be needed.

Recommendations

As our analysis demonstrates, we believe the Alternative Portfolios presented here each provide a viable
option that has many advantages over the portfolios selected by APS and TEP. In order to achieve the
outcomes characterized by the Alternative Portfolios, we recommend several steps for the Commission
to take:

e Establish a goal for APS and TEP to achieve at least 40% renewable energy by 2032. Include in
this goal a set aside for renewable energy projects that provide a benefit to the Navajo and Hopi
tribes of at least 300 MW for APS and 160 MW for TEP.
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¢ Inthe IRP proceeding, require each utility to adopt a near term action plan that includes the

following:
o APS and TEP should each procure, respectively, 270 MW and 250 MW of energy storage
by 2022.

o At aminimum, APS and TEP should each continue to pursue energy efficiency resources
at levels achieved in 2016, for each year from 2020 through 2032.

o APS and TEP should pursue additional energy efficiency measures and advanced
demand-management measures (beyond 2016 levels) that are specifically tuned to the
evolving load shape (this should not include efforts being pursued through rate design
or energy storage).

o APS and TEP should pursue near-term procurement (by 2022) of a balanced mix of
renewable resources including at least 575 MW of wind (375 for APS and 200 MW for
TEP), 970 MW of solar PV (700 MW for APS and 270 MW for TEP), and 30 MW of forest
biomass for APS.

¢ Direct the utilities to develop a quantitative assessment of the impact of electric vehicles on
system energy needs and needed charging capacity.

e Consider the Alternative Portfolios presented here in any future review of or application for
natural gas plant construction or acquisition.

Summary of the Resource Portfolios Selected by APS and TEP in their
2017 IRPs

APS’ Selected Portfolio

In its 2017 IRP, APS selected a resource portfolio (the “Flexible Resource Portfolio” or “Selected
Portfolio”) that includes significant near-term natural gas resource additions, no increase in utility-scale
renewable resources, significantly reduced demand-side management efforts, and almost no near-term
energy storage resources. Specifically, the plan includes the following:

e Over 5,500 MW of new natural gas resources by 2032. More than 2,400 MW of these gas
resource additions occur within the next five years including 1,500 MW of combined cycle
additions and over 900 MW of combustion turbine additions.

¢ No new utility-scale renewable resources except for a small wind contract extension (16 MW-
peak) in 2027.

e Peak demand reduction from energy efficiency is scaled back from approximately 100 MW
annual incremental savings (or about 1,000 MW over 10 years) to 50 MW annually (or about 500
MW over 10 years).

e Only 3 MW of energy storage added over the next 5 years.

TEP’s Selected Portfolio

In its 2017 IRP, TEP selected a resource portfolio (the “Reference Case”) that includes significant near-
term natural gas resource additions, significantly reduced demand-side management efforts, modest
near-term renewable resource additions and modest near-term energy storage resources. Specifically,
the plan includes the following additions over the next 15 years:



e Approximately 750 MW of natural gas capacity additions, including 336 MW of RICE units and
412 MW of combined cycle units. 600 MW of these additions occur within the next five years.

e Over 700 MW of new renewable resource capacity by 2032, including 100 MW of wind and 80
MW of utility-scale solar added within the next five years.

¢ Peak demand reduction from energy efficiency is scaled back from approximately 36 MW annual
incremental savings (or about 360 MW over 10 years) to only 9 MW annually (or about 950 MW
over 10 years).

e 100 MW of energy storage additions, with 50 MW occurring within five years.

In both cases, the utilities have selected portfolios that significantly expand natural gas resources in the
near term. Meanwhile, both utilities significantly scale back their energy efficiency efforts relative to
current levels, resulting in less energy savings and less peak demand savings going forward relative to
current efforts. APS adds no meaningful new utility-scale renewable resources. In TEP’s case, significant
renewable energy resource additions are included, enabling 30% renewable energy by 2030.' However,
most of these additions do not occur until much later in the planning horizon (i.e. after 2023). Both
portfolios include meaningful energy storage resources; however, in APS’ case most of these additions
do not occur until after 2024.

We recognize that APS and TEP studied additional portfolios as part of their IRP analysis. However, we
find that these other portfolios are not meaningfully different in terms of the expansion of natural gas
resources. For example, the chart below illustrates that all seven of the portfolios analyzed by APS
contain identical additions of natural gas combined cycle units (except for one minor change to one
portfolio in the final year). Similarly, TEP did not appear to defer any gas generation resource additions
in the portfolios that contained alternative resources.

! Figure according to TEP; the 30% renewable level may apply only to renewables’ share of retail sales, not the full
system generation.
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Future NGCC Capacity Additions in APS' IRP Portfolios
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Figure 1. Comparison of NGCC capacity additions in portfolios analyzed in APS’ IRP. Data source: APS 2017 IRP, Attachment
F.1(A)(1) through F.1(A)(7).

Both portfolios appear to emphasize near-term natural gas resource additions instead of a combination
of renewables, energy storage, and demand-side management. We do not believe this emphasis on
natural gas matches customer preferences, moreover it represents a substantial increase in cost and risk
borne by customers due to the uncertainty of future fuel commodity prices and the fact that fuel costs
(and associated price risk) are directly passed through to customers. To better match customer
preferences for clean energy and to better manage the cost and risk associated with natural gas
additions, we developed an Alternative Portfolio for both APS and TEP for the Commission’s
consideration. These Alternative Portfolios are the result of a detailed analysis of the information
provided in the APS and TEP IRPs, with specific modifications as described below.



Summary of the Proposed Alternative Portfolios for APS and TEP

APS Alternative Portfolio Summary

The APS Alternative Portfolio would reduce the addition of new natural gas resources over the next 5
years from over 2,400 MW to just 510 MW.? Over the long-term it would eliminate the need for over
3,875 MW of new natural gas additions when compared to APS’ Selected Portfolio. In place of these gas
additions, the Alternative Portfolio would include the following new resource additions:

e 1,105 MW of new large-scale renewable energy resources over the next 5 years, ultimately
reaching more than 3,000 MW of new renewables by 2032. The near term additions would
include 375 MW of wind, 700 MW of solar PV, and 30 MW of biomass. By 2032 wind additions
would reach 1,105 MW and solar additions would reach 1,920 MW.

e New energy storage resources totaling 270 MW over the next 5 years and 2,100 MW by 2032.

e Incremental energy efficiency resources totaling 723 MW of cumulative peak demand reduction
over the next 5 years and nearly 1,970 MW by 2032.

e Incremental new demand response and demand management resources totaling 168 MW over
the next 5 years and over 450 MW by 2032.

As a result of these changes and others described herein we estimate that the total revenue
requirement (net present value) for the APS Alternative Portfolio would be over $275 M less costly to
customers over the 15-year period than the portfolio selected by APS.

Additionally, we estimate that the Alternative Portfolio would meet basic peak demand (MW) and
energy (MWh) needs in each year of the planning horizon. We also estimate that the Alternative
Portfolio would provide sufficient flexible ramping capability on APS’ system to meet the maximum
ramp events expected to occur in each year through 2032. Overgeneration events would continue to
occur on a limited number of low load days throughout the year but could be managed through a
combination of energy storage, modest renewable resource curtailment, and continued participation in
regional markets.

’The remaining 510 MW consists of the Ocotillo Modernization Project, which we presumed was too advanced at
this stage to be avoided.
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APS Alternative Portfolio Resource Additions
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Figure 2. Capacity additions included in the APS Alternative Portfolio by MW-peak contributions,

ekt (8 2017- | 2017-

Additions (MW

oanletE 2017 2018 2019 2020 2021 2022 2022 2032
pameplate, Total Total
incremental

NG Combined 0 0 0 0 0 0 0 0

Cycle

WG Cambusmor 0 0 510 0 0 0 510 | 1,600

Turbine

Energy Efficiency 98 125 125 125 125 125 723 1,973

Demand

Response 18 30 30 30 30 30 168 466

Winti 0 75 75 75 75 75 375 | 1,920

(nameplate)

RamY 0 140 0 280 140 140 700 | 1,834

(nameplate)

Energy Storage 0 45 0 50 75 100 270 3,200

Table 1. Near-term resource additions in the Alternative Portfolio for APS

TEP Alternative Portfolio Summary

The TEP Alternative Portfolio would reduce the addition of new natural gas resources over the next five
years from over 600 MW to 100 MW. Over the long-term it would eliminate the need for approximately
650 MW of new natural gas additions when compared to TEP’s Reference Case. One 100 MW RICE unit
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addition included in the Reference Case would be delayed from 2020 until 2022 while other RICE units
and combined cycle resource additions would be eliminated. In place of these gas additions, the
Alternative Portfolio would include the following new resource additions:

e 470 MW of new large-scale renewable energy resources over the next 5 years, reaching over
1,125 MW of new renewables by 2032.

e New energy storage resources totaling 250 MW over the next 5 years and over 430 MW by
2032.

e Incremental energy efficiency resources totaling 225 MW of cumulative peak demand reduction
over the next 5 years and 675 MW by 2032.

e Incremental new demand response and demand management resources totaling 30 MW over
the next 5 years (above existing levels) and 90 MW by 2032.

As a result of these changes and others described herein we estimate that the total revenue
requirement (net present value) for the Alternative Portfolio would be $268 M less over the 15-year
period than the portfolio selected by TEP.

Additionally, we estimate that the Alternative Portfolio would meet basic peak demand (MW) and
energy (MWh) needs in each year of the planning horizon.

We estimate that the Alternative Portfolio would provide sufficient flexible ramping capability on TEP’s
system to meet the maximum 10-minute ramping events through 2024. Additional analysis may be
needed to assess 10-minute ramping needs over the long term.

Due to time and resource constraints we were unable to analyze any overgeneration issues on TEP’s
system. However, we believe TEP will be able to employ strategies similar to those we describe for APS
to manage this, including energy storage, renewable resource curtailment, and regional market
participation.

10
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Figure 3. Capacity additions included in the TEP Alternative Portfolio by MW-peak contributions.

Resource Additions 2017-2022
(MW nameplate, incremental) 2017 | 2018 | 2019 | 2020 | 2021 | 2022 Total
Natural Gas Combined Cycle +0 +0 +0 40 +0 +0 +0
Natural Gas RICE +0 +0 +0 +0 +0 | +100 +100
Incremental DSM (MW) +0 +45 +45 +45 +45 +45 +225
Incremental DR (MW) +0 +6 +6 +6 +6 +6 +30
Incremental Wind (nameplate) +0 +50 +50 +0 | +100 +0 +200
Incremental Solar PV (nameplate) +0 +40 +50 +50 +50 +80 +270
Incremental Storage +0 +25 +0 +90 +45 +90 +250

Portfolio Constr

In each case, the development of the Alternative Portfolios began by using the Selected Portfolio or
Reference Case Portfolio developed by APS and TEP as a starting point. We relied on the same energy
and peak demand forecasts as those developed in the utility portfolios. We also relied on the same
forecasts for distributed energy included in the utility portfolios.

Table 2. Near-term resource additions in the Alternative Portfolio for TEP

uction
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We then removed or delayed several of the natural gas plant additions proposed in these portfolios. For

APS, one exception to this was the 510 MW combustion turbine addition associated with the Ocotillo
Modernization Project. Since this project is already at a very advanced stage, we presumed it could not
be significantly altered. For TEP we delayed the addition of the first 100 MW of RICE units to 2022.

11



Next, sufficient additional resources were included to ensure that the portfolios met both annual peak
demand (MW) needs and annual energy (MWh) needs for each year through 2032. To ensure a
reasonable buildout, we limited additions of certain resources to a finite amount in each year. For
example, wind additions were limited to no more than 100 MW in a single year for each utility. Several
additional timing adjustments were also made, included the following:

e Extended one tolling agreement for APS.’

e Extended the PacifiCorp/APS diversity exchange.*

e Modified short term market purchases within 5 years.”

e Retired Cholla Generating Station in 2024 and Four Corners Generating Station in 203 1R

For existing thermal units, energy output was initially set to match the capacity factors modeled in the

87

Selected Portfolios. Adjustments were then made to the energy ouptut from certain thermal units based

on overall energy needs. In most years, this led to a reduction in output, reflecting the fact that
additional energy efficiency and renewable resources will likely lead to reduced overall energy need
from thermal generation in some years, thereby yielding additional fuel cost savings (or potential off-
system sales).

Detailed load and resource tables and energy mixes are presented in Appendices A & B.

? Similar to the method employed by APS in construction of its Selected Portfolio.

* see: https://www.azcentral.com/story/money/business/2014/09/11/aps-plans-close-one-four-generators-cholla-

power-plant/15455255/
® Assumes short-term capacity purchase price of $50/kW-yr.
® Similar to TEP’s Reference Case and APS’ Coal Reduction Portfolio.

12
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@ Purpose of stakeholder engagement

initiative

E3 has worked with APS to engage stakeholders in a transparent
scenario analysis exercise based on detailed analytics, with the
objective of enabling stakeholders to test the impacts of various
resource portfolios and policies before APS files its preliminary
2019 IRP

This initiative broadly encompassed three goals:

1. Develop an Excel-based tool that balances complexities of electric system
modeling with time limitations and is directionally consistent with industry
standard optimization models

2. Provide stakeholders with a more active means to participate in the
portfolio planning process

3. Allow stakeholders to put forth a set of scenarios to study and directionally
inform APS’ development of its IRP

Energy+Environmental Economics 5



@ Guiding principles for the initiative

<+ Transparency: stakeholders can review IRP inputs and propose
alternative future views to see how they affect key output metrics

+ Alignment: analytics used to inform stakeholder discussion give
results that are directionally consistent with more detailed planning
models

+ Flexibility: stakeholders can suggest alternative inputs (e.g.,
capacity additions or policy targets) to develop different scenarios

+ Accessibility: stakeholders will have input into the scenarios
modeled in the preliminary 2019 IRP

Energy+Environmental Economics



@ Overview of stakeholder screening tool

+ E3’s stakeholder screening tool is an

Excel-based model capable of
designing and evaluating portfolios
based on:

= Assumptions used in APS’ IRP

« Alternatives proposed by stakeholders

The tool provides useful directional
results generally consistent with more
rigorous planning models, enabling
stakeholders to test a wide range of
possibilities and build intuition

By using the tool to explore a wide
range of alternative scenarios
stakeholders will have the opportunity
to develop more focused input into
IRP process

Energy+Environmental Economics

Screening tool will allow stakeholders
to prioritize input into scenario design

Alternative

Reduced Set of
Stakeholder Scenarios
for Detailed IRP Modeling
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Scenarios Analyzed




@ Building blocks for clean energy

+ A technology-neutral approach to establishing future goals will
provide optionality as opportunities for carbon reductions evolve,
enabling utilities to choose the most affordable “building blocks”

Building Block

Description

@g Nuclear

€5 Renewables
)  Fuel switching

'E Clean imports

+
{=) Electrification

. Energy storage

' Demand management

Energy+Environmental Economics

Maintain existing carbon-free generation

Increase and diversify carbon-free generation

Conversion from coal to gas (or other) generation

Utilize excess low-carbon electricity

Electrify transportation sector and select building end uses
Load shifting/absorbing excess solar via energy storage

Efficiency, demand response, & other demand-side measures



Four groups of scenarios explore different

policy options

<+ Scenarios modeled generally fall into four broad categories that
affect the types of investments needed in each:

1. Renewable Portfolio Standard (RPS): portfolios designed to meet a kWh
production quota for renewables, expressed as a percent of retail sales (30-50%
RPS by 2030)

2. Clean Enerqgy Standard: portfolios designed to meet a kWh production quota for
carbon-free resources (including nuclear & clean imports), expressed as a percent
of retail sales (60-80% clean by 2030)

3. Carbon Target: portfolios designed to meet a specific carbon goal (40-60%
reductions by 2030)

4. Natural Gas Prohibition: portfolios that prohibit investment in new natural gas
infrastructure to meet future reliability needs

+ Stakeholders also designed a wide range of sensitivities to test
assumptions on load growth, technology costs, and other key
assumptions

Energy+Environmental Economics 10



Science-based carbon targets

(Informed by Xcel Energy’s analysis of science-based targets)

+ Global climate modeling efforts
have established a range of
emissions reductions trajectories
consistent with 2C climate
stabilization

+ Downscaling these estimates to
specific geographies, sectors, and
companies is a challenging exercise
with no one-size-fits-all solution

+ Reduction goals based on IPCC
modeling that informed Xcel
Energy’s targets include a wide
range that encompasses both
Carbon-50 and Carbon-60 scenarios

+ Notwithstanding uncertainty,
modeling suggests considerable
reductions are needed to achieve
global climate stabilization

Energy+Environmental Economics

Science-based targets that informed
Xcel Energy’s future climate goals

60% by 30
Achieved Goal Carbon-free Electsicity Aspiration

Background figure source: Grounding Xcel Energy’s
Goals in Climate Science

1"
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@ Model inputs and outputs

BT ) BT ) T

| Demand forecast | Cost minimization Installed capacity
Determine costs via
hourly economic .
Clean ener oals | : Annual generation
| bl dispatch -
Identify new build
| Existing resources | resources Imports
Satisfy planning
| Customer resources | reserve margin Renewable curtailment
_ Satisfy hourly energy
| New resource options | nee.ds Carbon emissions
Satisfy clean energy
goal(s) .
| Fuel prices | Generation cost
| Hourly profiles |
Analysis conducted in five-year increments
I maxsat prices | Model outputs reported in nominal dollars

Energy+Environmental Economics 13



@ Overview of model functionality

The screening tool constructs portfolios from a menu of resource options to meet
specified clean energy and carbon goals while maintaining reliability:

Renewables selected to provide carbon-free energy to meet user-specified goals
Customer resources included in portfolio based on user forecast

+
3

+ Energy storage is added on an economic basis to balance renewables & meet reliability needs
+ Tracks energy imports and associated implied emissions based on imputed market heat rates
e

Additional gas resources added to meet reliability when economic to maintain affordability

Example Summer Dispatch (2030) Example Spring Dispatch (2030)

10 10
Storage

Gas CT

3 4 3 4
Gas CCGT
2 Coal 2
0 Nuclear 0
1 3 5 7 9 11 1315 17 19 21 23 1 3 5 7 '9 11 13 1517 19 71 23
Hour Hour

Energy+Environmental Economics 14



@ Approximation of renewable & storage

ELCC

+ Planning reserve margin (PRM) requirement of 15% maintained to ensure reliability

+ Capacity accreditation for variable and use-limited resources under a PRM framework
requires estimate of “effective load carrying capability,” which captures limitations of each
resource to meet reliability needs

Typically determined through detailed loss-of-load-probability modeling

+ In this model, ELCCs for renewables & storage are estimated based on their respective
impacts on the net peak demand across the top 60 hours of the year (1% of hours)*

Approximation of ELCC Based on Impact on Net Peak Demand

9000 9000
8000
. L 8500 SIS Ny B S S s i,
70 - Y -
00 _ \ Wind ELCC
— 6000 . =% 8000 L.
2 5000 B :
= 3 - . 7500
S 4000 / Storage
T : ELCC
Z 3000 7000
2000 e A T,
6500
1000
0 6000
1234567 8 9101112131415161718192021222324 14 15 %6 Iy I8 19 20 Ft 2L 23 24
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Meeting reliability needs during peak

periods

+ Resources needed to ensure reliability are based on expected peak demand plus
a planning reserve margin

*  Example of 2030 need: 10,000 MW peak + 15% reserve margin = 11,500 MW

+ Contribution of different resources varies according to availability:

* Nuclear, coal, and gas (“firm” resources) that are available on demand contribute full capacity

- Solar, wind, and storage contribute less than full capacity due to limits on availability

12000 EaN 10.000 MW of solar & storage provide

- the middle of the day but has but also has diminishing returns — retghly 2,000 MW af efisctive capacity
limited impact on resource need
during peak
8000 8000
= 2 .
< 6000 Pom . _ et 4\ 6000
4000 Additional resources are 4000
needed to serve residual

v .
2000 & 2000

o ek , I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Nameplats Effective

Figure is illustrative of model dynamics and not a model result
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£3) Key model inputs & assumptions

+ Inputs and assumptions used in this study provided by APS

Category Assumption
Load Forecast » Energy demand (prior to impacts of APS programs) grows at a rate of 2.8%/yr
Energy Efficiency « Energy efficiency program assumptions vary across scenarios
* APS current DSM plan (~116 GWh/yr) reduces growth rate to 2.6%/yr
« “High EE”" scenario (239 GWhlyr) reduces growth rate to 2.3%/yr
Demand Response « Demand response programs continue to grow at a rate of 25 MW per year
BTM Solar *  BTM solar increases from 1,269 MW in 2020 to 2,819 MW in 2035
Nuclear « Palo Verde (1,146 MW) remains in service throughout analysis period
Coal = Navajo Generating Station retired by 2019
» Cholla retired in 2025 for modeling purposes?
» Timing of Four Corners retirement varies across scenario (2031 or 2038)
« Take-or-pay fuel supply agreement results in low marginal cost of generation up to ~60% capacity factor through 2031
« Beyond 2031, minimum take-or-pay requirement removed and plant operated based on economics
Gas » Existing APS-owned gas plants remain in service throughout analysis
« CCGT tolling agreements totaling 1,600 MW expire in mid-2020s; 1,135 MW extended based on economics®
» New gas CCGT and CT resources selected by the model based on costs in Appendix
Utility-Scale Solar « Existing APS resources (~500 MW) remain in service; new First Solar project (65 MW) added in 2021
« New solar resources selected by the model based on costs (including integration cost of $2.50/MWh)
Wind « Existing APS resources (~300 MW) remain in service
» New wind resources selected by the model based on costs (including integration cost of $2.50/MWh)
Storage « Planned 850 MW of utility-scale storage deployed by 2025
« Additional storage selected by the model based on costs
Fuel prices + Uranium, coal, and gas prices aligned with APS 2019 IRP assumptions (see Appendix)
+ Carbon price begins in 2025
External market prices = Hourly price forecast for California reflects aggressive policy goals & associated negative prices at a floor of -$30/MWh

(escalating at inflation)

a APS is considering a biomass conversion of a Cholla unit; however, given that this is not final, we assume that the plant is retired for modeling purposes
b The extension of CCGT tolls is a simplifying assumption made for the purposes of E3's analysis and does not reflect a commitment by APS

Energy+Environmental Economics 17



@ Demand forecast (energy)

+ Robust growth in population
and economic activity are
expected to drive increased
energy demand over time

+ Efficiency assumptions reflect
APS’ current DSM plan

+ Forecast load growth is partially
offset by incremental DSM and
DG PV

Effects DSM and customer PV
reduce expected growth rate by
>1%/yr

Energy+Environmental Economics

APS Demand Forecast

Annual Load (GWh)
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@ Energy efficiency levels

+ Two energy efficiency levels were modeled: APS’ current DSM program level and a higher EE
level

+ APS current DSM plan focuses on peak reductions & results in 116 GWh of incremental EE
programs per year

« 412 GWh of incremental EE per year when including codes and standards
Based on DSM measures in the APS 2019 DSM Plan (filed 12/31/18)
+ Higher DSM level results in 239 GWh of incremental EE programs per year
+ 534 GWh of incremental EE per year when including codes and standards

APS Current DSM Plan High DSM Sensitivity

__ 10,000 __ 10,000
L L=
$ 9000 S 9,000
© 8,000 ® 8,000
w 7,000 w 7,000
)] (=)}
£ 6000 £ 6,000
S 5,000 & 5,000
> 4,000 > 4,000
=] o
3,000 s 3,000
o 2,000 & 2,000 5 i
1 1000 ’ 2 I S T 1 ;OOO - :: —
0 _‘.'.'..’ e e . E— '_II ——— I'I —_— I‘rl_' — _I —— O . A= o - - I - - e - o S - —
2020 2025 2030 2035 2020 2025 2030 2035

Additional analysis needed to characterize the cost impacts of achieving the High DSM scenario
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. Existing and planned resources

Existing Resources (through 2020)

+ Resource retirements and expiring contracts, 12,000 ® EE
combined with load growth, drive capacity needs U WER
. < 10,000 m Other
through 2035: 2 - B Battery
> 8000
PacifiCorp seasonal exchange (480 MW) expires in 2020 g l?lll\:rsom
2. 5,000 t
Cholla (387 MW) retires after 2024 % o :fe'zf’,l ermal
1,598 MW of CCGT tolls expire between 2025 & 2030; N o
this analysis assumes that 1,135 MW of CCGTs are = 2,000 B Gas CCGT
renewed through the analysis horizon (assumption 5 H Coal
informed by preliminary analysis & sensitivities) 5020 2025 5030 5035 Nuclear
Planned Additions (beyond 2020)
+ APS DSM programs reduce 2035 peak by an 12,000 i
additional 700 MW = §iiii | DR
= = Other
4+ New DR deployed at a rate of 25 MW per year E; 8,000 ™ Bottery
£ IBTNIQﬁa
+ Battery storage added to meet APS’ 850 MW goal by % 6,000 wd
2025 T 3 000 m Geothermal
= = g W Biomass
+ Customer adoption of BTM solar results in additional £ 2000 | i i iy
1,500 MW by 2035 5 f—— .Lm: '
uciear

2020 2025 2030 2035
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. New resource options

+ In each five years, the model selects which new investments to add to the portfolio on a least-cost basis
while considering that (1) sufficient effective capacity must be available to meet reliability needs (i.e. PRM
needs); and (2) sufficient “clean” energy is available to meet the corresponding policy goal

Resource* Option(s)

Utility-Scale Solar .

Wind .

Energy Storage .

Gas CT .

Gas CCGT .

Single-axis tracking utility-scale solar
with 33%+ capacity factor (pre-
curtailment)

New Mexico wind (49% capacity factor
pre-curtailment)

Arizona wind (32% capacity factor pre-
curtailment)

4-hour lithium ion battery storage

Frame combustion turbines

Combined cycle gas turbines

Capabilities

Low cost source of intermittent generation
Limited capacity value beyond levels in existing
portfolio

Low cost source of intermittent generation
Small to medium additional capacity value

Source of flexibility to balance intermittency of
renewables (esp. solar) and wholesale purchases
from California

Initially large capacity value but declining impact with
scale

Low-cost source of new capacity to meet reliability
needs
Infrequent operations due to high heat rate

High-cost source of new capacity to meet reliability
needs
Lower heat rate translates to more frequent operations

* Customer solar, demand response, and energy efﬁciency are treated as fixed resources and are not optimized in this study,; see
Slide 20 for a summary of assumptions. Future efforts may consider incorporating these options into optimization if data is available.

Energy+Environmental Economics

21



@ Key takeaways from analysis

. APS and Arizona are experiencing continued population and load growth which

could drive significant investment needs across all scenarios analyzed

. All modeled scenarios show that significant investment in new clean resources

would be needed to achieve substantial carbon reductions

Scenarios with broadly-defined policies to encourage clean energy and carbon
reductions provide more affordable and flexible options than prescriptive targets
for specific technologies that narrow utilities’ choices (e.g., RPS)

Palo Verde is critical to meeting future clean energy goals at low costs; replacing
it with other resources would considerably increase customer costs and require
substantial development time

Scenarios with early retirement of Four Corners show significant carbon benefits,
but would require large replacement investments in the next decade to maintain
reliability

Even in deep decarbonization scenarios, firm gas resources play a crucial
reliability role but operate infrequently and at low capacity factors

Energy+Environmental Economics 39



&) Towards a clean low-carbon grid

+ A balanced portfolio of resources will best enable a transition to a low-
carbon grid while still meeting objectives of affordability and reliability

<+ The characteristics of each resource inform its role in a low-carbon grid

+ Removing any single component from this picture could considerably
increase the challenge of achieving objectives

Meeting grid needs in a clean, low-carbon grid

Energy Flexibility Capacity Description of Role
Nuclear o - (] Provides stable source of firm carbon-free power
Renewables @ - Offers low-cost but intermittent carbon-free power
Storage _— [ Balances renewable variability, provides some capacity
Gas —_— ® Serves as low-cost standby resource to meet reliability
DSM /® /® /® Offers dynamic customer response to grid needs

How reliable is ® Primary purpose(s)
my portfolio? my portfolio?
Secondary purpose(s)

— Small or negligible contribution

Energy+Environmental Economics 40



@ Defining a spectrum of policy options

Gas
Prohibition

>

RPS +
Carveouts

Renewables
Portfolio

Standard

Ratepayer * My leetinieliomen dfncating: Standand Carbon
Costs Target

More Prescriptive Policies More Broadly Defined Policies

Energy+Environmental Economics 41
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CLIMATE AND TEP RESOURCE PORTFOLIOS — EMISSIONS
REDUCTION AND CUMULATIVE CARBON BUDGETS

TEP IRP Public Workshop — May 20, 2020

Ben McMahan, Asst. Research Professor, Climate Assessment for
the Southwest (CLIMAS), Arizona Institutes for Resilience

Will Holmgren, Asst. Research Professor, Hydrology and
Atmospheric Sciences

University of Arizona

CYCLIMAS /A, [ENVIRONMENT
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4. TEP IRP PORTFOLIOS: GHG REDUCTION AND
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BACKGROUND AND CONTEXT

ARIZONA BUSINESS RESILIENCE INITIATIVE (ABRI)
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CLIMATE RISKS
AND IMPACTS
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UTILITY SECTOR:

RESULTS OF A COLLABORATIVE RESEAR
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Description of Key Risk/Cost ShortTimesclaLedia:lIr:tenSityLong Probability Confidence
Fire Risk - Proximity to Critical Infrastructure MED _ LOW MED
Buffel Grass Infestation & Wildfire Risk MED MED MED MED

(<]

§ Fire Behavior & Changing Seasonality LOW MED MED

g Debris Flow & Post-Fire Flooding LOW LOW LOW LOW LOW
Particulate Matter Concentraion - Smoke & Ash LoOwW MED MED LOW LOW
Gradual Warming - Increased Peak (daily) Load/Demand LOW MED

o Gradual Warming - Infrastructure Wear (O&M Costs) LOW LOW LOW LOW MED

g Extreme Heat - Transmission Efficiency, Reduced Capacity Factor LOW LOW MED LOW LOW

g Extreme Heat - Market Competition - Regional Outages LOW MED MED _

(]

* Gradual Warming - Social/Community Vulnerability (quality of life) LOW MED MED MED MED
Gradual Warming - Changing Seasonal Demand LOW MED MED MED
Regional Drought & CAP Water Restrictions (e.g. 1075") LOW MED LOW MED

% Regulatory Impacts of Water Resource Management (AMAs) LOW LOW MED MED MED

S

g Regional Drought and Water Availability MED LOW

g Water Availability/Competition - PHX Basin LOW MED
Water Availability/Competition - Tucson Basin LOW LOW LOW LOW
Increased Dust, Particulate Matter, & Erosion LOW MED MED LOW

% Increased NO.x and O3 (EPA Attainment Status in Phoenix Basin) LOW LOW MED LOW MED

=

g Particulate Matter Concentraion - Smoke & Ash LOW LOW LOW LOW LOW
Increased GHG Emissions/Methane (Federal Regulatory Framework) LOW MED MED MED

Intervention| Perception

Potential of Risk
LOW LOW
LOwW LOW
LOwW LOW

LOW
MED LOW
LOW LOW
MED MED
LOW MED

MED
LOW
LOW LOW
MED MED
MED MED
MED MED
LOW LOwW
LOW
LOW LOwW
MED




State of the Climate Science

Since pre-industrial times, CO,
concentrations have increased by
40%.

Warming of the climate system is
“unequivocal” and many of the
changes to the system have been
“unprecedented over decades to
millennia”.

_—

Human activity has been the
— [ E— —— . :
06 04 02 0 02 04 06 08 10 125 15 175 dominant cause of global warming
Source: IPCC (°C) since the mid-20t" century.




Projected impacts for the U.S. Southwest

Increased Increase d
— temperatures temperature leads to
B P increased peak
Changa in electricity demand

precipitation

Source: National Climate Assessment
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Select U.S. utilities” emissions reductions targets

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Southern California Edison
National Grid US
NextEra Energy
Dominion Energy Inc.
American Electric Power
Vectren Corp.
Duke Energy Corp
Minnesota Power
DTE Energy Co.
CMS Energy
First Energy
PPL Corporation
Ameren Illinois/Missouri
Madison Gas and Electric
Alliant Energy
WEC Energy Group
Southern Company
Xcel Energy
Portland General Electric
Holy Cross Energy
Avangrid
NRG Energy Inc.
PNM
Puget Sound Energy
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* Most investor-owned utilities frame targets
as a % reduction below a baseline before an
end date.

What can we
learn from

* Diversity of targets and starting points makes
comparisons difficult.

this?

* The anchor among all the targets is the
extension to the US’s NDC: “80% reductions '
under 2005 emissions by 2050”. /

P 4
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Science Based Targets Initiative

Carbon dioxide (CO2) emissions by sector or source, World . . .
Share of carbon dioxide {GD(z} emissi)crns from fuel combu;ti?n by sector or source. o G H G red u Ct | O n ta rget |S ”SC|e nce'

s pased” if it is in line with the level
of decarbonization necessary to

—  limit warming to 1.5 C or well
below 2°C compared to pre-
industrial levels.

BO% st i

Mfg Industries and
a Construction

SCIENCE
sl Transport BASED
TARGETS
20% E I e Ct ri City a n d H eat DRIVING AMBITIOUS CORPORATE CLIMATE ACTION
c ;_}p%M cﬂ_% s ®
0% P ro d - Ct I O A G‘GDP 5: .‘f? {EEP :%E%E}:;EES %
15960 1970 15980 1990 2000 2010 2014 w ’ “‘vwl;;

Source: Intemational Energy Agency (IEA) via The World Bank



Sectoral Decarbonization
Reduction Framework — Overall and by sector
Power Generation: 80->90% reduction in 2005 emissions by 2050 (well below 2C)

Figure 8. Sectoral breakdown of absolute CO2 emissions budget, 2011-50
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Electric Power Research Institute
4 insights for creating emissions reductions targets

billion metric tons CO, (GtCO,) / year

30

60

40

20

-20

-40

-60

2050 (14% to -96%
change from 2010)

Range and select
scenarios shown (n =408)

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Use individual perspectives to identify
the relevant uncertainties and define
the company-specific context;

Base climate strategies on scientific
understanding of climate goals and the
companies’ relationship to these goals;

Choose a cost-effective target, which
will differ across companies; and

Robust strategies are those that are
flexible and that make sense in
different future contexts.
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Clean Energy
Key Definitions

Clean Energy comes from an energy resource that operates with zero net carbon dioxide
emissions.

Overview

An energy transition is underway globally, in the United States, and in Arizona. The use of fossil
fuels to produce energy, including electricity, has led to extensive pollution, excessive water use,
and emissions that result in climate change. Countries, states, counties, cities, and even
corporations have made announcements in the last couple of years committing to reduce their
carbon emissions or increase their use of clean energy resources.

You can view a list of such commitments here:

Sierra Club: https://www.sierraclub.org/ready-for-100/commitments;

Natural Resources Defense Council: https://www.nrdc.org/resources/race-100-clean; and

Ceres: https://www.ceres.org/sites/default/files/reports/2019-08/
Ceres_ElecSectorClimateStratAssess Update 081319.pdf.

Climate change poses risks of increased temperatures, drought, and wildfires in Arizona. The
Intergovernmental Panel on Climate Change (IPCC) states that to keep to a 1.5°C increase in
global temperature, economy-wide carbon emissions must be net zero by 2050, but earlier
reductions are also needed, including a 45% carbon reduction by 2030. The electric sector is the
simplest major sector of the economy to decarbonize, so it should go furthest fastest. This is
because the technology to decarbonize already exists and this sector is critical to decarbonizing
other sectors, such as transportation and buildings.

Current Status

Arizona was an early leader when it adopted the Renewable Energy Standard and Tariff (REST),
but we have since fallen behind many of our neighboring states. All of Arizona’s large utilities
have announced plans to increase their clean energy resources and/or reduce their carbon
emissions. However, Arizona’s only requirement is 15% renewable energy by 2025. An updated
REST should at least match voluntary commitments made by utilities.

You can view the announcements from Arizona utilities here:

Salt River Project (SRP): https://www.srpnet.com/environment/sustainability/2035-goals.aspx;

Tucson Electric Power (TEP): https://www.tep.com/news/tep-plans-clean-energy-expansion-

carbon-reduction/; and

Arizona Public Service (APS): https://www.aps.com/-/media/APS/APSCOM-PDFs/About/Our-

Company/EnergyResources/CleanEnergyCommittment.ashx?
la=en&hash=EC0606653A170A6A83A716703CD62B44.



https://www.sierraclub.org/ready-for-100/commitments
https://www.nrdc.org/resources/race-100-clean
https://www.ceres.org/sites/default/files/reports/2019-08/Ceres_ElecSectorClimateStratAssess_Update_081319.pdf
https://www.ceres.org/sites/default/files/reports/2019-08/Ceres_ElecSectorClimateStratAssess_Update_081319.pdf
https://www.ceres.org/sites/default/files/reports/2019-08/Ceres_ElecSectorClimateStratAssess_Update_081319.pdf
https://www.srpnet.com/environment/sustainability/2035-goals.aspx
https://www.tep.com/news/tep-plans-clean-energy-expansion-carbon-reduction/
https://www.tep.com/news/tep-plans-clean-energy-expansion-carbon-reduction/
https://www.aps.com/-/media/APS/APSCOM-PDFs/About/Our-Company/EnergyResources/CleanEnergyCommittment.ashx?la=en&hash=EC0606653A170A6A83A716703CD62B44
https://www.aps.com/-/media/APS/APSCOM-PDFs/About/Our-Company/EnergyResources/CleanEnergyCommittment.ashx?la=en&hash=EC0606653A170A6A83A716703CD62B44
https://www.aps.com/-/media/APS/APSCOM-PDFs/About/Our-Company/EnergyResources/CleanEnergyCommittment.ashx?la=en&hash=EC0606653A170A6A83A716703CD62B44
https://www.aps.com/-/media/APS/APSCOM-PDFs/About/Our-Company/EnergyResources/CleanEnergyCommittment.ashx?la=en&hash=EC0606653A170A6A83A716703CD62B44
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DSIRE"

U.S. DEPARTMENT OF Energy Efﬁciency &
NC CLEAN ENERGY
TECHNOLOGY CENTER e ENERGY Renewable Energy

Renewable Portfolio Standard Policies

www.dsireusa.org / October 2018 (UCS updated July 2019)

MAE: 80% x 2030, 100% x 2050
NH: 25 2% x 2025
VT 75% x 2032 |
RE 36.5% x 2035
CT:44% x 2000
N 54% x 2031
PA: 18% x 2021%
DE: 26% x 2026°
\ 56 2% 2021 DC: 100% x 2032
\
- 1 29 States + Washington
U.S. Territories DC + 3 territories have a
HI: 100% x 2045 Guam 25%x 2005 ~ Renewable Portfolio
oo Standard
- (8 states and 1 territories have
renewable portfolio goals)
. Renewable portfolio standard 3K Eyiea credit for solar or customer-sited renewables
D Renewable portfolio goal T Includes non-renewable alternative resources
Policy Opportunities

The Arizona Corporation Commission has been considering an update to the REST for two
years. ACC Staff has proposed a new rule that would require 100% clean energy by 2050 and
50% renewable energy by 2035. Stakeholders and ACC Commissioners have also put forward
proposals. It is important that a new rule be adopted. An improved REST should focus on
carbon reductions, as opposed to specific technologies; have interim metrics to spur reduced
emissions sooner; and must include a tracking mechanism. The soonest the rule update could be
completed is 2021. The docket number is RU-00000A-18-0284 and all documents can be found
here: https://edocket.azcc.gov/Docket/DocketDetailSearch?docketld=21658#docket-detail-
container2

Prepared by: Autumn T. Johnson, Energy Policy Analyst, Western Resource Advocates

Phone: 623.439.2781; Email: autumn.johnson(@westernresources.org



https://edocket.azcc.gov/Docket/DocketDetailSearch?docketId=21658#docket-detail-container2
https://edocket.azcc.gov/Docket/DocketDetailSearch?docketId=21658#docket-detail-container2
https://edocket.azcc.gov/Docket/DocketDetailSearch?docketId=21658#docket-detail-container2
mailto:autumn.johnson@westernresources.org
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Model Setup and Assumptions



The GenX Model

e Hichl p bl Enhanced Decision
rlighilly eomiiguiEsle Support for a Changing
* Detailed operating constraints Electricity Landscape:
(unit commitment, etc.) TicCenX Conliguable
o o= Electricity Resource Capacity
* Hourly resolution 2. Expansion Model

* Transmission losses &

reinforcements g Revision 1.0
W November 27, 2017

An MIT Energy Initiative Working Paper

e Distribution losses,
reinforcements &
“non-wires” alternatives

Jesse D. Jenkins'*

Nestor A. Sepulveda**

* Distributed energy resources & N %) http://bit.ly/GenXModel
. = *These authors contributed equally to this work
flexible demand -



http://bit.ly/GenXModel

Western Interconnection (WECC) 7-zone GenX Model

Existing Transmission Constraints, MW

Regional Demand, TWh (2030)

Model Region

® CAN
CA_S

® WECC_AZ
WECC_CO

® WECC_NM
WECC_NW

® WECC_SNV



Baseline scenario inputs and assumptions

Input Description

Planning periods

No-foresight periods of 2020-2030 and 2031-2045. Technology costs based on average of
costs over all years in period.

RPS

Wind, PV, small hydro, geothermal, biomass. (Conventional hydro qualifies for 100% RPS
case in 2045)

WRA CES

Technology neutral, credit based on emissions rate. Gas CC is ~0.6 credits/MWh, CT is ~0.4
credits/MWh. 0.96 credits for NGCC w/CCS @ 90% capture rate. Zero-emission
technologies (including renewables, hydro, nuclear, NGCC w/CCS @ 100% capture rate)
are 1 credit/MWh.

Tech CES

1 credit per MWh for qualifying technologies: renewables (including hydro) plus nuclear
and NGCC w/CCS (both 90% and 100% get 1 credit).

Load growth

2011-2019 growth based on historical rates from EIA. Future rates based on EIA AEO
reference for regions in WECC. AZ base growth rate of 2%, which is higher than Southwest
value of 1.1%.

Transmission expansion

Add up to 100% existing capacity in each planning period.

EV growth and charging

Scale hourly profiles from Evolved Energy Research to match 1.3/2.7 million MWh
(2030/2045) AZ load from MJ Bradley. Apply ratio of AZ load/EV load to other regions. 80%
of charging in each hour can be delayed up to 5 hours.




Examine range of policy scenarios and sensitivity of model inputs (2030/2045)

Case Description CES

WRA CES with RPS ~81% in 2030*/100% in 2045 50%

WRA CES ~81% in 2030*/100% in 2045 None

Tech CES + RPS 80% in 2030/100% in 2045 50%

Tech CES 80% in 2030/100% in 2045 None

RPS only None 50% in 2030/100% in 2045

* Equal to WECC emissions 40% below 2016 levels. Exact requirement varies based on total load.




Examine range of policy scenarios and sensitivity of model inputs (2030/2045)

Case Description

Load Growth

Transmission Build

Slow AZ load growth Default EIASW rate of 1.1% Baseline Baseline (maximum 100% Moderate growth (~9.5%
for AZ before EV load expand per period) VMT by 2045)

Half WECC load growth Half of default EIA rates Baseline Baseline Moderate growth
(0.15-0.55%) before EV load

Limit transmission 2% rate in AZ Baseline Maximum 25% of each Moderate growth

existing line in a period
High EV penetration 2% rate in AZ Baseline Baseline High growth (~67% VMT
by 2045)
Low cost nuclear 2% rate in AZ Low nuclear capex Baseline Moderate growth
Low gas prices 2% rate in AZ AEO high resource Baseline Moderate growth
scenario gas prices

Low cost CCS 2% rate in AZ Low CCS capex Baseline Moderate growth

High cost CCS 2% rate in AZ High CCS capex Baseline Moderate growth

Low cost renewables 2% rate in AZ Low wind/PV/battery  Baseline Moderate growth

capex

*Other cases

Phase out all coal by 2030, phase out coal + no new gas, no new gas
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Results - WECC
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Excluding firm zero carbon sources (100% RPS) raises prices 22-39% in 2045*

70+
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e %))
o o
|

Total Cost ($/MWh) H

WRA CES w/ RPS

Tech CES w/ RPS

RPS only

WRA CES

Tech CES
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* Under-estimate of total
costs required to meet
reliability needs in bad
wind/solar/hydro years
given inter-annual
variability not considered
in this study.




WRA CES without RPS replaces coal w/new gas, builds more renewables in 2045
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Results - Arizona
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Arizona costs in 2045 are much higher with RPS-only policy

*Important:

AZ results are in the
context of a least-cost
optimization of the
entire WECC. The
model does not try to
achieve the least-cost
outcome for AZ. Many
solutions may exist
that could change the
AZ-specific resource
mix and costs with very
small increases in total
WECC-wide cost.
Average WECC costs
are more indicative of
the average cost of AZ
supply that could be
achieved through
planning and long-term
contracting.
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*AZ specific costs are calculated in a WECC-wide optimization.

Many other options could lead to lower costs in AZ.
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Clean firm resources reduces dependence on new transmission for 2045 goals
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Key Conclusions For Western Interconnect

1. WECC can achieve a zero-carbon grid by 2045 at a cost of $40-55/MWh,
even with increased demand due to electrification, provided that all zero
carbon resources can compete to provide power.

2. Costs are 20% lower if renewable or nuclear costs are in the lower range
of estimates.

3. Coal phaseout drives deep emission cuts by 2030 at a cost of $2-3/MWh.

Under all scenarios, Arizona builds at least 30 GW of new clean
generating capacity, roughly the amount in service today.

5. Retaining the option for firm zero-carbon generating capacity (e.g. CES
construct) avoids a 50% generation cost increase realized in scenarios
that exclude such capacity (e.g. RPS only).



Policy Recommendations

1. Now is the time to increase the REST.

2. The Joint Stakeholder proposed rules - a long-term, technology-neutral
CES with an RPS in the near term - is the preferred policy.

3. Imposing an RPS in 2030 drives near-term investments in renewable
energy, at modest cost increases.

4. A CES will support further technological and market developments that
will avoid a generation cost increase of 50%, reduce in-state generating
capacity requirements by more than 60%, and reduce required interstate

high voltage transmission line capacity by 85%.
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EXECUTIVE SUMMARY

The latest Intergovernmental Panel on Climate Change (IPCC) report has intensified the focus on measures to
achieve deep decarbonization. For the United States, most experts say that, if the aim is to be on a 1.5°C pathway,
the United States must achieve a net-zero carbon profile economy-wide by around mid-century, going negative
thereafter. There are five basic elements of achieving deep decarbonization of the energy system: (1) employ energy
efficiency to the maximum degree; (2) decarbonize the electricity supply; (3) electrify other sectors as much as
possible, including heat, transportation, and industrial processes; (4) use zero-carbon fuels for the areas that cannot
be effectively electrified; and (5) use carbon capture, utilization, and storage (CCUS) and carbon dioxide removal
(CDR) for areas where fossil fuels are still needed and for achieving negative emissions.

Clean energy has been growing in the United States and around the world, but to achieve deep decarbonization,
much, much more is needed. While the shares of different fuels in the U.S. and global energy mix have changed
dramatically over the past couple of centuries and even the past few decades, the share of global energy supplied by
clean energy over the last decade has remained flat, as clean energy growth is only just keeping up with total energy
growth, including new fossil fuel generation growth. Furthermore, from a climate perspective, what matters is not
shares but the absolute levels of usage and emissions — and from that vantage point, the changing energy picture has
been less a story of transitions than of additions, with any changes in shares swamped by growth in overall energy
demand. A true energy transition to achieve deep decarbonization will require not just additions of new incremental
capacity but also subtractions of the carbon-intensive parts of the current energy system. This is not yet happening
globally, though the United States may be experiencing some transition, with flattening demand from energy
efficiency, growing use of natural gas, declining coal generation, and a move to lower-carbon sources, including
increased deployment of solar (distributed and utility-scale) and a growing role for battery storage (both driven largely
by plummeting costs).

The increased attention to deep decarbonization has focused the debate around whether the goal is 100% renewables
(mostly solar and wind) or 100% zero-carbon. Studies looking at deep decarbonization scenarios for the grid have
generally found that the availability of some kind of firm, zero-carbon power (e.g., nuclear, hydro, geothermal,
biomass, fossil with CCUS, hydrogen, long-duration storage) reduces the costs and risks of decarbonization,
particularly as the penetration of variable renewables increases. This is largely because of the variability — particularly
the seasonal variability — of wind and solar. While the country is still at such low levels of renewables penetration that
the debate about what to do when penetrations get really high can seem somewhat academic, policies adopted now
could either open or foreclose technological decarbonization options. The likely need for zero-carbon dispatchable
resources in a decade or two suggests that it is better to keep options open. Still, large corporate buyers, who have
been among the biggest drivers of clean energy in recent years, have focused their purchasing almost exclusively on
renewables. This is partly because wind and solar are easier in terms of public opinion, the risks of NGO criticism,
and accounting, but it is also partly due to the fact that most companies are seeking only to match their amount of
energy usage, not to actually power their facilities 24/7 with electrons from zero-carbon power sources.
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Because of the changing expectations of customers (big and small), new technologies, and overarching objectives such
as decarbonization, states are beginning to rethink what the electricity distribution grid looks like and how to plan
it. Growing numbers of distributed energy resources (DERs) are changing the needs and capabilities of the grid, so
some states and regulators are starting to look at distribution grid planning processes that encourage DERs where
they are helpful to the overall system and that compensate DERs for the value they provide. There are technological
opportunities behind, at, and in front of the meter, including automated interoperable home devices, smart meters,
smart inverters, and high-resolution sensors. Utility investments in DERs and grid modernization, however, are
hindered by antiquated cost-effectiveness tests and accounting rules, such as ones that favor capex over opex and
thus limit utilities’ incentives to invest in software and cloud services to utilize the data being collected by smart
technologies. Some critics have also argued that only the rich benefit from DERs while the poor subsidize them,
but community solar is one way of democratizing access to clean energy. Technologies such as blockchain can allow
people to use their DERs to provide peer-to-peer energy transactions, though there are some policy, technology, and
cost barriers to that at the moment.

In the U.S. wholesale electricity system, competitive markets have fostered innovation, lowered prices, and facilitated
renewables deployment. Technological advancements in storage, demand response, and energy efficiency, however,
are reducing the need for instantaneous matching of supply and demand and for constructs such as mandatory
reserve margins and optimal capacity mixes. The U.S. Federal Energy Regulatory Commission (FERC) plays an
important role in removing barriers to the participation of storage in wholesale markets, streamlining processes to
better integrate renewables, and breaking down barriers to entry for aggregated DERs, but FERC is facing challenges
regarding how to value the externalities (e.g., carbon, resilience) of various types of power sources. As those
externalities go unvalued at the federal level, states are increasingly stepping in with out-of-market supports for local
sources of generation. It is a question of perspective whether these supports are distorting the market or filling gaps
in it — and whether imperfect markets or imperfect regulations are better for meeting the range of societal goals.

While much of the decarbonization focus tends to be on electricity, transportation has surpassed it as the largest
contributor of GHG emissions in the United States. With respect to light-duty vehicles, a lot of decarbonization
efforts are focused on battery electric vehicles (EVs), sales of which are growing rapidly. Some major manufacturers
have announced plans to convert their fleets from internal combustion engines to electric. Other key accelerants for
EV adoption could include the deployment of charging infrastructure, policy incentives, the ability to monetize the
grid benefits provided by EVs, and the rise of shareable autonomous mob