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Summary of Energy Savings (therms),

Selected Years

Baseline Forecast (therms)

Potential Forecasts (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Cumulative Savings (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Energy Savings (% of Baseline)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Incremental Savings (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential
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2019
123,231,862

122,702,298
122,241,647
121,657,268
119,993,583

529,565
990,215
1,574,594
3,238,280

0.4%
0.8%
1.3%
2.6%

333,424
527,930
875,986
1,809,141

2020
124,383,448

123,482,919
122,832,284
121,868,830
119,572,379

900,529
1,551,164
2,514,618
4,811,069

0.7%
1.2%
2.0%
3.9%

369,466
559,955
939,400
1,567,136

2022
125,348,545

122,833,755
121,847,269
119,556,377
116,038,828

2,514,790
3,501,276
5,792,168
9,309,717

2.0%
2.8%
4.6%
7.4%

1,167,261
1,352,349
2,262,626
2,988,126

2028
133,277,265

121,145,865
121,390,173
112,443,189
107,647,590

12,131,400
11,887,092
20,834,076
25,629,675

9.1%
8.9%
15.6%
19.2%

2,294,752
1,973,374
3,360,892
3,824,986
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2038
147,015,422

117,278,046
125,753,607
104,746,227

98,623,601

29,737,376
21,261,815
42,269,196
48,391,821

20.2%
14.5%
28.8%
32.9%

1,594,933

208,493
1,967,650
2,157,180
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Summary of Energy Savings (therms),

Selected Years

Baseline Forecast (therms)

Potential Forecasts (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Cumulative Savings (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Energy Savings (% of Baseline)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Incremental Savings (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
Achievable Technical Potential
Technical Potential
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2019
94,398,445

93,811,369
93,947,284
92,758,005
91,515,329

587,075
451,161
1,640,440
2,883,115

0.6%
0.5%
1.7%
3.1%

313,506
233,412
833,615
1,452,520

2020
95,540,156

94,576,969
94,812,733
93,014,892
91,171,727

963,187
727,423
2,525,264
4,368,429

1.0%
0.8%
2.6%
4.6%

375,891
276,119
893,323
1,493,946

2022
98,107,808

95,920,877
96,446,677
93,355,705
90,368,413

2,186,931
1,661,131
4,752,103
7,739,395

2.2%
1.7%
4.8%
7.9%

773,942
602,559
1,287,975
1,857,647

2028
107,060,779

99,147,639
100,944,282
94,212,341
89,081,949

7,913,141
6,116,498
12,848,438
17,978,831

7.4%
5.7%
12.0%
16.8%

1,049,624

820,760
1,442,143
1,726,851
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2038
122,968,382

107,561,211
111,241,993
101,188,467

96,803,024

15,407,171
11,726,388
21,779,915
26,165,358

12.5%

9.5%
17.7%
21.3%

861,545
650,245
986,088
1,190,244
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Summary of Energy Savings (therms),

Selected Years

Baseline Forecast (therms)

Potential Forecasts (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
RVT Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Cumulative Savings (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
RVT Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Energy Savings (% of Baseline)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
RVT Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Incremental Savings (therms)
UCT Achievable Economic Potential
TRC Achievable Economic Potential
RVT Achievable Economic Potential
Achievable Technical Potential
Technical Potential

Appendix D
Demand Side Management

Industrial DSM Highlights

2019
24,778,429

24,663,998
24,658,719
24,676,331
24,641,897
24,591,345

114,431
119,710
102,098
136,532
187,084

0.5%
0.5%
0.4%
0.6%
0.8%

57,081
59,600
50,922
68,047
92,815

2020
24,988,671

24,814,702
24,809,504
24,835,082
24,784,516
24,711,152

173,969
179,167
153,589
204,156
277,519

0.7%
0.7%
0.6%
0.8%
1.1%

61,380
61,407
53,128
69,932
93,626

2022
25,279,998

24,940,709
24,921,352
24,966,153
24,877,752
24,751,606

339,289
358,646
313,845
402,246
528,392

1.3%
1.4%
1.2%
1.6%
2.1%

100,644
113,693
102,153
123,855
153,801

2028
27,322,555

26,339,005
26,342,909
26,444,224
26,246,272
25,991,355

983,551
979,647
878,332
1,076,283
1,331,200

3.6%
3.6%
3.2%
3.9%
4.9%

107,763
99,569
89,266

109,251

128,805
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2038
28,202,435

26,649,309
26,706,942
26,829,901
26,547,546
26,252,340

1,553,126
1,495,493
1,372,534
1,654,889
1,950,095

5.5%
5.3%
4.9%
5.9%
6.9%

23,006
19,153
22,944
23,157
27,487
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EXECUTIVE SUMMARY

In the fall of 2017, Cascade Natural Gas Corporation (Cascade) contracted with Applied Energy Group
(AEG) to conduct this Conservation Potential Assessment (CPA) in support of their conservation and
resource planning activities. This report documents this effort and provides estimates of the potential
reductions in annual energy usage for natural gas customers in the Cascade service territory from energy
conservation efforts in the time period of 2018 to 2038. To produce a reliable and transparent estimate of
energy efficiency (EE) resource potential, the AEG team performed the following tasks to meet Cascade’s
key objectives:

Used information and data from Cascade, as well as secondary data sources, to describe how
customers currently use gas by sector, segment, end use and technology.

Developed a baseline projection of how customers are likely to use gas in absence of future EE
programs. This defines the metric against which future program savings are measured. This projection
used up-to-date technology data, modeling assumptions, and energy baselines that reflect both
current and anticipated federal, state, and local energy efficiency legislation that will impact energy
EE potential.

Estimated the technical, achievable technical, and achievable economic potential at the measure level
for energy efficiency within Cascade’s service territory over the 2018 to 2038 planning horizon.

Deliver a fully configured end-use conservation planning model, LoadMAP, for Cascade to use in
future potential and resource planning initiatives

In summary, the potential study provided a solid foundation for the development of Cascade’s energy
savings targets. Table ES-1 summarizes the results of this study at a high level. AEG analyzed potential for
the residential, commercial, and industrial market sectors. First-year utility cost test (UCT) achievable
economic potential is 658 thousand therms. This increases to a cumulative total of 1,286 thousand therms
in the second year and 28,932 thousand therms by the eleventh year. As part of this study, we also
estimated total resource cost (TRC) potential, with the focus of fully balancing non-energy impacts. This
includes the use of full measure costs as well as quantified and monetizable non-energy impacts and non-
gas fuel impacts (e.g. electric cooling or wood secondary heating) consistent with methodology within
the Seventh Northwest Conservation and Electric Power Plan (Seventh Plan). We have also built a
framework for estimating potential under the Resource Value Test (RVT) in the event that jurisdictional
goals are defined.

Table ES-1 Conservation Potential by Case, Selected Years (thousand therms)

Scenario 2018 2019 2020 2022 2028 2038
Baseline Projection (thousand therms) 253,869 256,413 259,098 264,884 282,830 319,800

Cumulative Savings (thousand therms)

UCT Achievable Economic Potential 658 1,404 2,382 6,758 29,035 63,358

Achievable Technical Potential 1,314 2,691 4,316 10,667 39,459 75,884

Technical Potential 3,361 6,560 9,945 19,760 52,882 88,728
Cumulative Savings (% of Baseline)

UCT Achievable Economic Potential 0.3% 0.5% 0.9% 2.6% 10.3% 19.8%

Achievable Technical Potential 0.5% 1.0% 1.7% 4.0% 14.0% 23.7%

Technical Potential 1.3% 2.6% 3.8% 7.5% 18.7% 27.7%

Key opportunities for savings include residential furnace and water heating equipment upgrades and
weatherization as well as Built Green savings in later years.
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1
INTRODUCTION

This report documents the results of the Cascade Natural Gas Corporation 2018-2037 Conservation
Potential Assessment (CPA) as well as the steps followed in its completion. Throughout this study, AEG
worked with Cascade to understand the baseline characteristics of their service territory, including a
detailed understanding of energy consumption in the territory, the assumptions and methodologies used
in Cascade’s official load forecast, and recent programmatic accomplishments. Adapting methodologies
consistent with the Northwest Power and Conservation Council’s (Council’s) Seventh Conservation and
Electric Power Plan® for natural gas studies, AEG then developed an independent estimate of achievable,
cost-effective EE potential within Cascade’s service territory between 2018 and 2038.

Goals of the Conservation Potential Assessment

The first primary objective of this study was to develop independent and credible estimates of EE potential
achievably available within Cascade’s service territory using accepted regional inputs and methodologies.
This included estimating technical, achievable technical, then achievable economic potential, using the
Council's ramp rates as the starting point for all achievability assumptions, leveraging Northwest Energy
Efficiency Alliance’s (NEEA's) market research initiatives, and utilizing assumptions consistent with Seventh
Plan supply curves and RTF measure workbooks when appropriate for use in natural gas planning studies.

The second primary objective was to deliver a fully configured end-use model for Cascade to use in future
EE planning initiatives. AEG has customized its LoadMAP end-use planning tool with data specific to
Cascade’s territory and the Northwest. This includes a detailed snapshot of how Cascade’s customers use
energy in the base year of the study, 2016, assumptions on future customer growth from Cascade’s load
forecasting team, and measure assumptions using Cascade primary data, regional research, and well-
vetted sources from around the nation. AEG has also facilitated training sessions with the Cascade team
to ensure a smooth handoff of the model.

Additionally, the CPA is intended to support the design of programs to be implemented by Cascade during
the upcoming years. One output of the LoadMAP model is a comprehensive summary of measures. This
summary documents input assumptions and sources on a per-unit value, program applicability and
achievability (ramp rates), and potential results (units, incremental potential, and cumulative potential) as
well as cost-effectiveness at the TRC, UCT, and RVT levels. This summary was developed in collaboration
with Cascade and refined throughout the project.

Finally, this study was developed to provide EE inputs into Cascade’s Integrated Resource Planning (IRP)
process. To this end, AEG developed detailed achievable economic EE inputs by measure for input into
Cascade’'s SENDOUT planning model. These inputs are highly customizable and provide potential
estimates at the Washington-territory level, Cascade climate zone, and city-gate level. We present a map
of Cascade’s Washington climate zones and city gates in Figure 1-1, to summarize the terms we reference
throughout this study.

1 "Seventh Northwest Conservation and Electric Power Plan.” Northwest Power & Conservation Council, February 10, 2016.
http://www.nwcouncil.org/energy/powerplan/7/plan
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Figure 1-1 Cascade’s Washington Service Territory (courtesy Cascade)
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Summary of Report Contents

The document is divided into six additional chapters, summarizing the approach, assumptions, and results
of the EE potential analysis. We describe each section below:

Volume 1, Final Report:

Analysis Approach and Data Development. Detailed description of AEG's approach to conducting
Cascade’s 2018-2038 CPA and documentation of primary and secondary sources used.

Market Characterization and Market Profiles. Characterization of Cascade's service territory in the
base year of the study, 2016, including total consumption, number of customers and market units, and
energy intensity. This also includes a breakdown of the energy consumption for residential,
commercial, and core industrial customers by end use and technology.

Baseline Projection. Projection of baseline energy consumption under a naturally occurring efficiency
case, described at the end-use level. The LoadMAP models were first aligned with actual sales and
Cascade’s official, weather-normalized econometric forecast and then varied to include the impacts
of future federal standards, ongoing impacts of the 2015 Washington State Energy Code on new
construction, and future technology purchasing decisions.

Overall Energy Efficiency Potential. Summary of EE potential for Cascade’s entire service territory for
selected years between 2018 and 2038.

Sector-Level Energy Efficiency Potential. Summary of EE potential for each market sector within
Cascade’s service territory, including residential, commercial, core industrial customers. This section
includes a more detailed breakdown of potential by measure type, vintage, market segment, end use,
and Cascade climate zone in the case of residential.

Comparison with Current Programs and Ramp Rate Adjustments Detailed comparison of potential
with current Cascade programs, including new opportunities for potential. Also describes AEG's
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recommended process for adapting the Council’s Seventh Plan ramp rates for use with natural gas EE
measures.

Recommendations: Discussion of recommendations for future analysis or research by Cascade.
Includes notes on updating the CPA in future years, refinements on primary natural gas data,
adjustment of participation rates in future years, and additional options for savings outside of standard
rebate offerings.

Volume 2, Appendices:

Alignment with the Council’'s Seventh Plan Methodology. Discussion on how this study aligns with
Council electric-centric methodologies, including ramp rates, regional data, and measure
assumptions.

Data Dictionary. Defines terms commonly used within the potential study process and LoadMAP
models. This covers all phases of the potential study from market characterization through potential
estimation and resource planning.

Resource Value Test Potential. Preliminary estimate of EE potential using the recently released
Resource Value Test rather than UCT or TRC for cost-effectiveness.

Market Profiles. Detailed market profiles for each market segment. Includes equipment saturation,
unit energy consumption or energy usage index, energy intensity, and total consumption.

Customer Adoption Factors. Documentation of the ramp rates used in this analysis. These were
adapted from the Seventh Plan electrical power conservation supply curve workbooks for use in the
estimation of achievable natural gas potential.

Measure List. Contained in a separate spreadsheet accompanying delivery of this report. List of
measures, along with example baseline definitions and efficiency options by market sector analyzed.

Detailed Measure Assumptions. Contained in a separate spreadsheet accompanying delivery of this
report. This dataset provides input assumptions, measure characteristics, cost-effectiveness results,
and potential estimates for each measure permutation analyzed within the study.

LoadMAP Process Manual. Contained within a separate document and delivered alongside this report,
the process manual is intended to serve as a guide to updating and running the LoadMAP model. It
also contains recommendations on how to update key data and assumptions relevant to future
planning efforts undertaken by Cascade.
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Throughout the report we use several abbreviations and acronyms. Table 1-1 shows the abbreviation or
acronym, along with an explanation.

Table 1-1 Explanation of Abbreviations and Acronyms

Acronym Explanation

AEO Annual Energy Outlook forecast developed by EIA
B/C Ratio Benefit to Cost Ratio

BEST AEG’s Building Energy Simulation Tool

BPA Bonneville Power Administration

C&I Commercial and Industrial
CBSA NEEA’s 2014 Commercial Building Stock Assessment

Council Northwest Power and Conservation Council (NWPCC)

DHW Domestic Hot Water

DSM Demand Side Management

EE Energy Efficiency

EIA Energy Information Administration

EUL Estimated Useful Life

EUI Energy Usage Intensity
HVAC Heating Ventilation and Air Conditioning

IFSA NEEA’s 2014 Industrial Facilities Site Assessment
IRP Integrated Resource Plan
LoadMAP AEG’s Load Management Analysis and Planning™ tool

NEEA Northwest Energy Efficiency Alliance
o&M Operations and Maintenance
RBSA NEEA’s 2012 Residential Building Stock Assessment
RTF Regional Technical Forum

RVT Resource Value Test

TRC Total Resource Cost test

UCT Utility Cost Test

UEC Unit Energy Consumption

UES Unit Energy Savings
WSEC 2015 Washington State Energy Code
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2
ANALYSIS APPROACH AND DATA DEVELOPMENT

This section describes the analysis approach taken for the study and the data sources used to develop the
potential estimates.

Overview of Analysis Approach

To perform the potential analysis, AEG used a bottom-up approach following the major steps listed below.
We describe these analysis steps in more detail throughout the remainder of this chapter.

1. Performed a market characterization to describe sector-level natural gas use for the residential,
commercial, and industrial sectors for the base year, 2016. This included extensive use of Cascade
data and other secondary data sources from NEEA and the Energy Information Administration (EIA).

2. Developed a baseline projection of energy consumption by sector, segment, end use, and
technology for 2018 through 2038.

3. Defined and characterized several hundred EE measures to be applied to all sectors, segments, and
end uses.

4. Estimated technical, achievable technical, and achievable economic energy savings at the measure
level for 2018-2038. Achievable economic potential was assessed using both the UCT and TRC
screens as well as preliminarily estimated using the RVT.

Comparison with Northwest Power & Conservation Council Methodology

Cascade’s WA Conservation Advisory Group (CAG) strongly recommended the Council's methodology to
assess potential and develop ramp rates. It is important to note the Council’'s methodology was developed
for, and used, in electric CPAs. Natural gas impacts are typically assessed when they overlap with electricity
measures (e.g. gas water heating impacts in an electrically heated “Built Green Washington” home). The
Council’'s ramp rates were also developed with electric utility DSM programs in mind. Electricity is the
primary focus of the regionwide potential assessed in the Council’s Plans. For these reasons, AEG adapted
Council methodologies in some cases, rather than using them directly from the source. This is especially
relevant in the development of ramp rates when achievability was determined to not be applicable to a
specific natural gas measure or program. We discuss this in Section 7 of this report.

A primary objective of the study was to estimate natural gas potential consistent with the Northwest Power
& Conservation Council’'s (NWPCC) analytical methodologies and procedures for electric utilities. While
developing Cascade’s 2018-2038 CPA, the AEG team relied on an approach vetted and adapted through
the successful completion of CPAs under the Council’s Fifth, Sixth, and now Seventh Power Plans. Among
other aspects, this approach involves using consistent:

Data sources: regional surveys, market research, and assumptions
Measures and assumptions: Seventh Plan supply curves and RTF work products
Potential factors: Seventh Plan ramp rates

Levels of potential: technical, achievable technical, and achievable economic
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Cost-effectiveness approaches: assessed potential under the UCT as well as Council’'s TRC method,
including non-energy impacts which may be quantified and monetized and O&M impacts within the
TRC

Conservation credits: applied a 10% conservation credit to avoided energy costs for energy benefits
LoadMAP Model

For this analysis, AEG used its Load Management Analysis and Planning tool (LoadMAP™) version 5.0 to
develop both the baseline projection and the estimates of potential. AEG developed LoadMAP in 2007
and has enhanced it over time, using it for the EPRI National Potential Study and numerous utility-specific
forecasting and potential studies since. Built in Excel, the LoadMAP framework (see Figure 2-1) is both
accessible and transparent and has the following key features.

Embodies the basic principles of rigorous end-use models (such as EPRI's Residential End-Use Energy
Planning System (REEPS) and Commercial End-Use Planning System (COMMEND)) but in a more
simplified, accessible form.

Includes stock-accounting algorithms that treat older, less efficient appliance/equipment stock
separately from newer, more efficient equipment. Equipment is replaced according to the measure life
and appliance vintage distributions defined by the user.

Balances the competing needs of simplicity and robustness by incorporating important modeling
details related to equipment saturations, efficiencies, vintage, and the like, where market data are
available, and treats end uses separately to account for varying importance and availability of data
resources.

Isolates new construction from existing equipment and buildings and treats purchase decisions for
new construction and existing buildings separately. This is especially relevant in the state of
Washington where the 2015 WSEC substantially enhances the efficiency of the new construction
market.

Uses a simple logic for appliance and equipment decisions. Other models available for this purpose
embody complex customer choice algorithms or diffusion assumptions, and the model parameters
tend to be difficult to estimate or observe and sometimes produce anomalous results that require
calibration or even overriding. The LoadMAP approach allows the user to drive the appliance and
equipment choices year by year directly in the model. This flexible approach allows users to import
the results from diffusion models or to input individual assumptions. The framework also facilitates
sensitivity analysis.

Includes appliance and equipment models customized by end use. For example, the logic for water
heating is distinct from furnaces and fireplaces.

Can accommodate various levels of segmentation. Analysis can be performed at the sector level (e.g.,
total residential) or for customized segments within sectors (e.g., housing type, climate zone, or
income level).

Natively outputs model results in a detailed line-by-line summary file, allowing for review of input
assumptions, cost-effectiveness results, and potential estimates at a granular level. Also allows for the
development of IRP supply curves, both at the achievable technical and achievable economic potential
levels.
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Consistent with the segmentation scheme and the market profiles we describe below, the LoadMAP model
provides projections of baseline energy use by sector, segment, end use, and technology for existing and
new buildings. It also provides forecasts of total energy use and energy-efficiency savings associated with
the various types of potential. ?

Figure 2-1 LoadMAP Analysis Framework
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Definitions of Potential

Before we delve into the details of the analysis approach, it is important to define what we mean when
discussing energy efficiency (EE) potential. In this study, the savings estimates are developed for three
types of potential: technical potential, economic potential, and achievable potential. These are developed
at the measure level, and results are provided as savings impacts over the 21-year forecasting horizon.
The various levels are described below.

Technical Potential is defined as the theoretical upper limit of EE potential. It assumes customers
adopt all feasible measures regardless of their cost. At the time of existing equipment failure,
customers replace their equipment with the most efficient option available. In new construction,
customers and developers also choose the most efficient equipment option.

Technical potential also assumes the adoption of every other available measure, where technically
feasible. For example, it includes installation of high-efficiency windows in all new construction
opportunities and furnace maintenance in all existing buildings with installed furnaces. These retrofit
measures are phased in over a number of years to align with the stock turnover of related equipment
units, rather than modeled as immediately available all at once.

2 The model computes energy forecasts for each type of potential for each end use as an intermediate calculation. Annual-energy savings
are calculated as the difference between the value in the baseline projection and the value in the potential forecast (e.g., the technical
potential forecast).
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Achievable Technical Potential refines technical potential by applying customer participation
rates that account for market barriers, customer awareness and attitudes, program maturity, and other
factors that affect market penetration of conservation measures. The customer adoption rates used
in this study were the ramp rates developed for the Northwest Power & Conservation Council’s
Seventh Plan based on the electric-utility model, tailored for use in natural gas EE programs.

UCT Achievable Economic Potential further refines achievable technical potential by applying
an economic cost-effectiveness screen. In this analysis, primary cost-effectiveness is measured by the
utility cost test (UCT), which assesses cost-effectiveness from the utility's perspective. This test
compares lifetime energy benefits to the costs of delivering the measure through a utility program,
excluding monetized non-energy impacts. These costs are the incentive, as a percent of incremental
cost of the given efficiency measure, relative to the relevant baseline course of action (e.g. federal
standard for lost opportunity and no action for retrofits), plus any administrative costs that are
incurred by the program to deliver and implement the measure. If the benefits outweigh the costs
(that is, if the UCT ratio is greater than 0.9), a given measure is included in the economic potential.
Note that we set the measure-level cost-effectiveness threshold at 0.9 for this analysis since Cascade
is allowed to include non-cost-effective measures as long as the entire portfolio is cost effective. This
is important because a portfolio considers more than just energy savings. Cascade may include
popular measures that are on the cusp of cost-effectiveness, accommodate variance between climate
zones, maintain a robust portfolio, or include a measure that improves customer outreach and
communication.

TRC Achievable Economic Potential is similar to UCT achievable economic potential in that it
refines achievable technical potential through cost-effectiveness analysis. The total resource cost (TRC)
test assesses cost-effectiveness from a combined utility and participant perspective. As such, this test
includes full measure costs but also includes non-energy impacts realized by the customer if
quantifiable and monetized. In addition to non-energy impacts, we assessed the impacts of non-gas
impacts following Council methodology. This includes a calibration credit for space heating equipment
consumption to account for secondary heating equipment present in an average home as well as
other electric end-use impacts such as cooling and interior lighting as applicable on a measure-by-
measure basis. As a secondary screen, we include TRC results for comparative purposes.

RVT Achievable Economic Potential is similar to the UCT and TRC achievable economic potential
but assesses cost-effectiveness from a regional perspective. The resource value test (RVT) reframes
the analysis around accomplishing a jurisdiction’s regional policy goals and includes hard-to-quantify
impacts through quantitative or qualitative approaches. This test allows jurisdictions to define policy
goals which may include additional impacts beyond the traditional utility-customer TRC approach. In
May of 2017, the National Efficiency Screening Project (NESP) released a National Standard Practice
Manual® (2017 NSPM) which details an approach for conducting screening measures under the RVT.
AEG assessed preliminary estimates of potential under the RVT as part of this study, but since policy
goals are defined at the regional level under this test, we are awaiting recommendations on non-
energy impacts and values from the Washington Utilities and Transportation Commission (WUTC). The
model has been configured to accommodate these future updates as they become available.

8 National Standard Practice Manual for Assessing Cost-Effectiveness of Energy Efficiency Resources, May 18, 2017
https://nationalefficiencyscreening.org/wp-content/uploads/2017/05/NSPM May-2017 final.pdf
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Market Characterization

Now that we have described the modeling tool and provided the definitions of the potential cases, the
first step in the actual analysis approach is market characterization. To estimate the savings potential from
energy-efficient measures, it is necessary to understand how much energy is used today and what
equipment is currently in service. This characterization begins with a segmentation of Cascade’s natural
gas footprint to quantify energy use by sector, segment, end-use application, and the current set of
technologies in use. For this we rely primarily on information from Cascade, augmenting with secondary
sources as necessary.

Segmentation for Modeling Purposes

This assessment first defined the market segments (climate zones, building types, end uses, and other
dimensions) that are relevant in Cascade’s service territory. The segmentation scheme for this project is
presented in Table 2-1.

Table 2-1 Overview of Cascade Analysis Segmentation Scheme
Dimension Segmentation Variable Description
1 Sector Residential, Commercial, Industrial (core customers only)

Residential: Climate Zones 1 through 3 Single Family,
Climate Zones 1 through 3 Multifamily
Commercial: Office, Retail, Restaurant, Grocery, Education,

2 Segment Healthcare, Lodging, Warehouse, Miscellaneous
Industrial: Food Products, Agriculture, Primary Metals, Stone Clay &
Glass, Petroleum, Paper & Printing, Instruments, Wood & Lumber
Products, Other Industrial

3 Vintage Existing and new construction
4 End uses Heating, secondary heating, water heating, food preparation, process,
and miscellaneous (as appropriate by sector)
5 Appliances/end uses and Technologies such as furnaces, water heaters, and process heating by
technologies application, etc.

Equipment efficiency levels Baseline and higher-efficiency options as appropriate for each
for new purchases technology

With the segmentation scheme defined, we then performed a high-level market characterization of natural
gas sales in the base year, 2016. We used detailed Cascade billing and customer data with minimal
augmentation from secondary sources to allocate energy use and customers to the various sectors and
segments such that the total customer count and energy consumption matched Cascade’s system totals
in 2016. This information provided control totals at a sector level for calibrating the LoadMAP model to
known data for the base-year. Please note that due to a very low number of mobile homes with natural
gas service in Cascade’s territory, as identified from billing data and supported by the 2011 RBSA, we
included consumption for these dwellings within the single-family market segment.

Market Profiles

The next step was to develop market profiles for each sector, customer segment, end use, and technology.
A market profile includes the following elements:
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Market size is a representation of the number of customers in the segment. For the residential sector,
the unit we use is number of households. In the commercial sector, it is floor space measured in square
feet. For the industrial sector, it is number of employees.

Saturations indicate the share of the market that is served by a particular end-use technology. Three
types of saturation definitions are commonly used:

0 The conditioned space approach accounts for the fraction of each building that is conditioned by
the end use. This applies to cooling and heating end uses.

0 The whole-building approach measures shares of space in a building with an end use regardless
of the portion of each building that is served by the end use. Examples are commercial
refrigeration and food service, and domestic water heating and appliances.

0 The 100% saturation approach applies to end uses that are generally present in every building or
home and are simply set to 100% in the base year.

UEC (Unit Energy Consumption) or EUl (Energy Usage Index) define consumption for a
given technology. UEC represents the amount of energy a given piece of equipment is expected to
use in one year. EUl is a UEC indexed to a non-building market unit, such as per square foot or per
employee)

0 These are indices that refer to a measure of average annual energy use per market unit (home,
floor space, or employee in the residential, commercial, and industrial sector, respectively) that
are served by an end-use technology. UECs and EUls embody an average level of service and
average equipment efficiency for the market segment.

Annual energy intensity for the residential sector represents the average energy use for the
technology across all homes in 2016. It is computed as the product of the saturation and the UEC and
is defined as therms/household for natural gas. For the commercial and industrial sectors, intensity,
computed as the product of the saturation and the EUI, represents the average use for the technology
across all floor space or all employees in the base year.

Annual usage is the annual energy used by each end-use technology in the segment. It is the
product of the market size and intensity and is quantified in therms or thousand therms.

The market characterization results and the market profiles are presented in Section 3 and Appendix D.

Baseline Projection

The next step was to develop the baseline projection of annual natural gas use for 2017 through 2038 by
customer segment and end use in the absence of new utility energy efficiency programs.

We first aligned with Cascade’s official forecast. AEG worked with Cascade’s load forecasting group to
incorporate assumptions and data utilized in the official utility forecast. Cascade’s heating degree days
(base 60°F) were incorporated into the LoadMAP model to align the baseline projection with the official
utility forecast. We also calibrated to 2017 actual sales and will provide Cascade with an approach for
calibrating to actual sales in future years once data becomes available.

The end-use projection includes impacts of future federal standards that were effective as of December
2017, which drive energy consumption down through the study period.

Naturally occurring energy conservation, that is, energy conservation that is realized within the service
area independent of utility-sponsored programs, is incorporated into the baseline projection consistent
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with the US Energy Information Administration’s Annual Energy Outlook for the Pacific region. Results of
the primary market research were used to calibrate these assumptions to ensure the secondary sources
were relevant to Cascade customers. For example, some customers will purchase and install energy
conservation measures that are available in the market without a utility incentive. Please note this is not
the "Frozen Efficiency” case defined by the Council, which is used for comparison with electricity savings
from the Seventh Plan. After discussions with the Cascade team and review of the load forecast, AEG
determined that a naturally occurring baseline is appropriate and would align better with the official
forecast, whose econometric approach includes impacts of naturally occurring efficiency embedded within
natural gas sales for the last few years.

As such, the baseline projection is the foundation for the analysis of savings in future conservation cases
and scenarios as well as the metric against which potential savings are measured.

Inputs to the baseline projection include:

Current economic growth forecasts (i.e., customer growth, changes in weather (Heating Degree Day,
base-60°F (HDD60) normalization))

Trends in fuel shares and equipment saturations
Existing and approved changes to building codes and equipment standards

We present the baseline projection results for the system as a whole, and for each sector in Section 4.

Energy Efficiency Measure Development

This section describes the framework used to assess the savings, costs, and other attributes of energy
efficiency measures. These characteristics form the basis for measure-level cost-effectiveness analyses as
well as for determining measure-level savings. For all measures, AEG assembled information to reflect
equipment performance, incremental costs, and equipment lifetimes. This information combined with
Cascade's avoided cost data informs the economic screens that determine economically feasible
measures. In this section, AEG would like to acknowledge the work of the Cascade team in analyzing actual
implementation data to provide territory-specific costs for many of the measures assessed within this CPA.

Figure 2-2 outlines the framework for measure characterization analysis. First, the list of measures is
identified; each measure is then assigned an applicability for each market sector and segment and
characterized with appropriate savings, costs and other attributes; then the cost-effectiveness screening
is performed. Cascade provided feedback during each step of the process to ensure measure assumptions
and results lined up with programmatic experience.

We compiled a robust list of conservation measures for each customer sector, drawing upon Cascade's
program experience, AEG's own measure databases and building simulation models, and secondary
sources, primarily the Regional Technical Forum'’s (RTF) UES measure workbooks and the Seventh Plan’s
electric power conservation supply curves. This universal list of measures covers all major types of end-
use equipment, as well as devices and actions to reduce energy consumption.
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Figure 2-2 Approach for ECM Assessment
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The selected measures are categorized into two types according to the LoadMAP modeling taxonomy:
equipment measures and non-equipment measures.

Equipment measures are efficient energy-consuming pieces of equipment that save energy by
providing the same service with a lower energy requirement than a standard unit. An example is an
ENERGY STAR® residential water heater (UEF 0.64) that replaces a standard efficiency water heater
(UEF 0.58). For equipment measures, many efficiency levels may be available for a given technology,
ranging from the baseline unit (often determined by a code or standard) up to the most efficient
product commercially available. These measures are applied on a stock-turnover basis, and in general,
are referred to as lost opportunity (LO) measures by the Council because once a purchase decision is
made, there will not be another opportunity to improve the efficiency of that equipment item until its
end of useful life (EUL) is reached once again.

Non-equipment measures save energy by reducing the need for delivered energy, but do not
involve replacement or purchase of major end-use equipment (such as a furnace or water heater).
Measure installation is not tied to a piece of equipment reaching end of useful life, so these are
generally categorized as “retrofit” measures. An example would be low-flow showerheads that modify
a household’s hot water consumption. The existing showerheads can be achievably replaced without
waiting for the existing showerhead to malfunction, and saves energy used by the water heating
equipment. Non-equipment measures typically fall into one of the following categories:

0 Building shell (windows, insulation, roofing material)
0 Equipment controls (smart thermostats, water heater setback)

0 Whole-building design (Built Green homes)



Appendix D
2018 WA IRP Demand Side Management Page 45

0 Retrocommissioning

We developed a preliminary list of efficient measures, which was distributed to Cascade’s project team for
review as well as Cascade’s nonresidential implementer, Lockheed Martin. The list was also provided to
the CAG for review. Once we assembled the list of measures, the AEG team assessed their energy-saving
characteristics. For each measure, we also characterized incremental cost, service life, non-energy impacts,
and other performance factors. Following the measure characterization, we performed an economic
screening of each measure, which serves as the basis for developing the economic and achievable
potential scenarios.

Representative Measure Data Inputs

To provide an example of measure data, Table 2-2 and Table 2-3 present examples of the detailed data
inputs behind both equipment and non-equipment measures, respectively, for the case of residential
direct-fuel furnaces in single-family homes in Climate Zone 1. Table 2-2 displays the various efficiency
levels available as equipment measures, as well as the corresponding effective useful life, energy usage,
and cost estimates. The columns labeled “On Market” and “"Off Market” reflect equipment availability due
to codes and standards or the entry of new products to the market.

Table 2-2 Example Equipment Measures for Direct Fuel Furnace — Single-Family Home, Climate
Zone 1
ooyt Uplalle  fament  femese o on o
AFUE 80% 18 $3,288 579 2016 2023
AFUE 90% 18 $3,451 520 2016 2023
AFUE 92% 18 $3,510 508 2016 n/a
AFUE 95% 18 $4,776 490 2016 n/a
AFUE 98% 18 $6,220 474 2016 n/a
Convert to NG Heat Pump 21 $11,507 415 2016 n/a

Table 2-3 lists some of the non-equipment measures applicable to a direct-fuel furnace in an existing
single-family home. All measures are evaluated for cost effectiveness based on the lifetime benefits
relative to the cost of the measure. The total savings, costs, and monetized non-energy impacts are
calculated for each year of the study and depend on the base year saturation of the measure, the
applicability of the measure, and the savings as a percentage of the relevant energy end uses. We model
two flavors of most shell insulations measures. The first is the installation of insulation where there is none
(or very little). This applies to a small subset of the population (roughly 6% of the population is eligible
for this measure per RBSA 2011) but has large savings impacts. This percentage is low due to the impacts
of current Cascade programs, strict Washington building codes, and naturally occurring efficiency. The
second is an insulation upgrade measure where homes with existing insulation below the threshold but
not classified as no insulation, may be upgraded to higher R-values. This applies to a much larger
percentage of the market.
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Table 2-3 Example Non-Equipment Measures — Existing Single Family Home, Climate Zone*

Saturation Lifetime Measure Energy

End Use Measure Applicability

in 2016°

rs Installed Cost Savings (%
(yrs) gs (%)

Insulation - Ceiling

Heating . 0% 6% 45 $1,739 29.9%
Installation

Heating Insulation — Ceiling Upgrade 20% 88% 45 $1,739 7.6%

Heating Ducting Repair and Sealing 15% 50% 20 $794 5.5%

Heating Windows - High 89% 100% 45 $4,689 25.3%

Efficiency/ENERGY STAR

Table 2-4 summarizes the number of measures evaluated for each segment within each sector.

Table 2-4 Number of Measures Evaluated
Sector Total Measures Measure Permutations Measure Permutations
w/ 2 Vintages w/ All Segments
Residential 44 88 792
Commercial 53 106 954
Industrial 43 86 774
Total Measures Evaluated 140 280 2,520

Calculation of Energy Conservation Potential

The approach we used for this study to calculate the energy conservation potential adheres to the
approaches and conventions outlined in the National Action Plan for Energy-Efficiency (NAPEE) Guide for
Conducting Potential Studies.® This document represents credible and comprehensive industry best
practices for specifying energy conservation potential. Three types of potential were developed as part of
this effort: technical potential, achievable technical potential, and achievable economic potential (using
UCT, TRC, and RVT). The calculation of technical potential is a straightforward algorithm which, as
described above, assumes that customers adopt all feasible measures regardless of their cost.

Stacking of Measures and Interactive Effects

An important factor when estimating potential is to consider interactions between measures when they
are applied within the same space. This is important to avoid double counting and could feasibly result in
savings at greater than 100% of equipment consumption if not properly accounted for.

This occurs at the population or system level, where multiple DSM actions must be stacked or layered on
top of each other in succession, rather than simply summed arithmetically. These interactions are
automatically handled within the LoadMAP models where measure impacts are stacked on top of each
other, modifying the baseline for each subsequent measure. We first compute the total savings of each
measure on a standalone basis, then also assign a stacking priority, based on levelized cost, to the

4 The applicability factors consider whether the measure is applicable to a particular building type and whether it is feasible to install the
measure. For instance, duct repair and sealing is not applicable to homes with zonal heating systems since there is no ductwork present
to repair.

5 Note that saturation levels reflected increase from their base year saturation as more measures are adopted.

6 National Action Plan for Energy Efficiency (2007). National Action Plan for Energy Efficiency Vision for 2025: Developing a Framework for
Change. www.epa.gov/eeactionplan.
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measures such that “integrated” or “stacked” savings will be calculated as a percent reduction to the
running total of baseline energy remaining in each end use after the previous measures have been applied.
This ensures that the available pie of baseline energy shrinks in proportion to the number of DSM
measures applied, as it would in reality. The loading order is based on the levelized cost of conserved
energy, such that the more economical measures that are more likely to be selected from a resource
planning perspective will be the first to be applied to the modeled population.

We also account for exclusivity of certain measure options when defining measure assumptions. For
instance, if an AFUE 95% furnace is installed in a single-family home, the model will not allow that same
home to install an AFUE 98% furnace, or any other furnace, until the newly installed AFUE 95% option has
reached its end of useful life. For non-equipment measures, which do not have a native applicability limit,
we define base saturations and applicabilities such that measures do not overlap. For example, we model
two flavors of ceiling insulation. The first assumes the installation of insulation where there previously was
none. The second upgrades pre-existing insulation if it falls under a certain threshold. We used regional
market research data to ensure exclusivity of these two options. NEEA's 2014 RBSA contains information
on average R-values of insulation installed. The AEG team used this data to define the percent of homes
that could install one measure, but not the other.

Estimating Customer Adoption

Once the technical potential is established, estimates for the market adoption rates for each measure are
applied that specify the percentage of customers that will select the highest—efficiency economic option.
This phases potential in over a more realistic time frame that considers barriers such as imperfect
information, supplier constraints, technology availability, and individual customer preferences. The intent
of market adoption rates is to establish a path to full market maturity for each measure or technology
group and ensure resource planning does not overstep acquisition capabilities. We adapted the Northwest
Power and Conservation Council's Seventh Plan ramp rates to develop these achievability factors for each
measure. Applying these ramp rates as factors leads directly to the achievable technical potential. More
details on this process can be found in Section 7.

Screening Measures for Cost-Effectiveness

With achievable technical potential established, the final step is to apply an economic screen and arrive
at the subset of measures that are cost-effective and ultimately included in achievable economic potential.

LoadMAP performs an economic screen for each individual measure in each year of the planning horizon.
This study uses the UCT test as the primary cost-effectiveness metric, which compares the lifetime hourly
energy benefits of each applicable measure with the incentive and administrative costs incurred by the
utility. The lifetime benefits are calculated by multiplying the annual energy savings for each measure by
Cascade’s avoided costs and discounting the dollar savings to the present value equivalent. Lifetime costs
represent incremental measure cost. The analysis uses each measure’s values for savings, costs, and
lifetimes that were developed as part of the measure characterization process described above.

The LoadMAP model performs this screening dynamically, considering changing savings and cost data
over time. Thus, some measures pass the economic screen for some, but not all, of the years in the
forecast.

It is important to note the following about the economic screen:

e The economic evaluation of every measure in the screen is conducted relative to a baseline
condition. For instance, in order to determine the therm savings potential of a measure,



Appendix D
2018 WA IRP Demand Side Management Page 48

consumption with the measure applied must be compared to the consumption of a baseline
condition.

e The economic screening was conducted only for measures that are applicable to each building type
and vintage; thus, if a measure is deemed to be irrelevant to a building type and vintage, it is
excluded from the respective economic screen.

This constitutes the achievable economic potential and includes every program-ready opportunity for
conservation savings. Potential results are presented in Chapters 4 and 5. Measure-level detail is available
as a separate appendix to this report.

Data Development

This section details the data sources used in this study, followed by a discussion of how these sources
were applied. In general, data were adapted to local conditions, for example, by using local sources for
measure data and local weather for building simulations.

Data Sources

The data sources are organized into the following categories:
Cascade-provided data
AEG's databases and analysis tools
Other secondary data and reports

Cascade Data

Our highest priority data sources for this study were those that were specific to Cascade, including the
primary market research conducted specifically for this study. This data is specific to Cascade’s service
territory and is an important consideration when customizing the model for Cascade’s market. This is best
practice when developing CPA baselines when the data is available.

Cascade customer account database. Cascade provided billing data for development of
customer counts and energy use for each sector. This included a very detailed database of customer
building classifications which was instrumental in the development of segmentation. This also included
equipment flags, identifying the presence of a substantial number of gas-consuming technologies.
This data was very useful in developing a detailed estimate of energy consumption within Cascade’s
service territory.

Load forecasts. Cascade provided forecasts, by sector and climate zone, of energy consumption,
customer counts, weather actuals for 2016 and 2017, as well as weather-normal HDD60s.

Economic information. Cascade provided a discount rate as well as avoided cost forecasts and
transportation loss factors.

Cascade program data. Cascade provided information about past and current programs, including
program descriptions, goals, and measure achievements to date. Cascade also provided a
comprehensive list of measure costs, developed from measure installations within actual Cascade
conservation programs as per guidance they received from a previous third-party program evaluation.
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Northwest Regional Data

The study utilized a variety of local data and research, including research performed by the Northwest
Energy Efficiency Alliance (NEEA) and analyses conducted by the Council. Most important among these

are:

Northwest Power and Conservation Council Seventh Plan and Regional Technical
Forum workbooks. To develop its Power Plan, the Council maintains workbooks with detailed
information about measures. This was used as a primary data source when Cascade-specific
program data was not available, and the data was determined to be applicable to natural gas
conservation measures. The most recent data and workbooks available were used at the time of this
study.

Northwest Energy Efficiency Alliance, 2011 Residential Building Stock Assessment
Single-Family, Market Research Report, http://neea.org/docs/reports/residential-building-stock-
assessment-single-family-characteristics-and-energy-use.pdf?sfvrsn=8

Northwest Energy Efficiency Alliance, 2011 Residential Building Stock Assessment:
Manufactured Home, Market Research Report, #E13-249, January 2013.
http://neea.org/docs/default-source/reports/residential-building-stock-assessment--manufactured-
homes-characteristics-and-energy-use.pdf?sfvrsn=8

Northwest Energy Efficiency Alliance, 2011 Residential Building Stock Assessment:
Multifamily, Market Research Report, #13-263, September 2013. http://neea.org/docs/default-
source/reports/residential-building-stock-assessment--multi-family-characteristics-and-energy-
use.pdf?sfvrsn=4

Northwest Energy Efficiency Alliance, 2014 Commercial Building Stock Assessment,
December 16, 2014, http://neea.org/docs/default-source/reports/2014-cbsa-final-report 05-dec-
2014.pdf?sfvrsn=12.

Northwest Energy Efficiency Alliance, 2014 Industrial Facilities Site Assessment,
December 29, 2014, http://neea.org/resource-center/regional-data-resources/industrial-facilities-
site-assessment

Since Cascade’s billing data included information on appliance saturations at the customer-level, the NEEA
surveys were used more for benchmarking and comparative purposes, rather than as a primary source of
data. The NEEA surveys were used extensively to develop base saturation and applicability assumptions
for many of the non-equipment measures within the study. It is worth noting that NEEA's 2016 RBSA was
released during the drafting of this report, following conclusion of analysis. This survey incorporates new
market trends and building characteristics and is expected to be a useful source of measure baseline
saturations when updating this CPA.

AEG Data

AEG maintains several databases and modeling tools that we use for forecasting and potential studies.
Relevant data from these tools has been incorporated into the analysis and deliverables for this study.

AEG Energy Market Profiles. For more than 10 years, AEG staff has maintained profiles of end-
use consumption for the residential, commercial, and industrial sectors. These profiles include market
size, fuel shares, unit consumption estimates, and annual energy use by fuel (natural gas and
electricity), customer segment and end use for 10 regions in the U.S. The Energy Information
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Administration surveys (RECS, CBECS and MECS) as well as state-level statistics and local customer
research provide the foundation for these regional profiles.

Building Energy Simulation Tool (BEST). AEG's BEST is a derivative of the DOE 2.2 building
simulation model, used to estimate base-year UECs and EUls, as well as measure savings for the HVAC-
related measures.

AEG’'s Database of Energy Conservation Measures (DEEM). AEG maintains an extensive
database of measure data for our studies. Our database draws upon reliable sources including the
California Database for Energy Efficient Resources (DEER), the EIA Technology Forecast Updates —
Residential and Commercial Building Technologies — Reference Case, RS Means cost data, and
Grainger Catalog Cost data.

Recent studies. AEG has conducted more than 60 studies of EE potential in the last five years. We
checked our input assumptions and analysis results against the results from these other studies, both
within the region and across the country.

Other Secondary Data and Reports

Finally, a variety of secondary data sources and reports were used for this study. The main sources are
identified below.

Annual Energy Outlook. The Annual Energy Outlook (AEO), conducted each year by the U.S.
Energy Information Administration (EIA), presents yearly projections and analysis of energy topics. For
this study, we used data from the 2016 and 2017 AEQ.

American Community Survey. The US Census American Community Survey is an ongoing survey
that provides data every year on household characteristics. http://www.census.gov/acs/www/

Local Weather Data. Weather from NOAA's National Climatic Data Center for Bellingham (Cascade
climate zone 1), Bremerton (Cascade climate zone 2), and Yakima (Cascade climate zone 3) were used
where applicable. For the commercial and industrial sectors, where analysis was not done at the
climate zone-level, we used a weighted average of the three weather stations based on Cascade’s
billing data within each zone.

EPRI End-Use Models (REEPS and COMMEND). These models provide the energy-use
elasticities we apply to prices, household income, home size, heating, and cooling.

Database for Energy Efficient Resources (DEER). The California Energy Commission and
California Public Utilities Commission (CPUC) sponsor this database, which is designed to provide
well-documented estimates of energy and peak demand savings values, measure costs, and effective
useful life (EUL) for the state of California. We used the DEER database to cross check the measure
savings we developed using BEST and DEEM.

Other relevant resources: These include reports from the Consortium for Energy Efficiency, the
EPA, and the American Council for an Energy-Efficient Economy. This also includes technical reference
manuals (TRMs) from other states. When using data from outside the region, especially weather-
sensitive data, AEG adapted assumptions for use within Cascade’s territory.



Appendix D

2018 WA IRP Demand Side Management Page 51

Application of Data to the Analysis

We now discuss how the data sources described above were used for each step of the study.

Data Application for Market Characterization

To construct the high-level market characterization of natural gas consumption and market size units
(households for residential, floor space for commercial, and employees for industrial), we primarily used
Cascade’s billing data as well as secondary data from AEG's Energy Market Profiles database.

Data Application for Market Profiles

The specific data elements for the market profiles, together with the key data sources, are shown in Table
2-5. To develop the market profiles for each segment, we used the following approach:

1.

Develop control totals for each segment. These include market size, segment-level annual natural gas
use, and annual intensity. Control totals were based on Cascade’s actual sales and customer-level
information found in Cascade’s customer billing database.

Develop existing appliance saturations and the energy characteristics of appliances, equipment, and
buildings using equipment flags within Cascade’s billing data, NEEA’s 2011 RBSA, 2014 CBSA, and 2014
IFSA, DOE's 2009 RECS, the 2016 and 2017 editions of the Annual Energy Outlook, AEG’s Energy Market
Profile (EMP) for the Pacific region, and the American Housing Survey.

Ensure calibration to Cascade control totals for annual natural gas sales in each sector and segment.
Compare and cross-check with other recent AEG studies.

Work with Cascade staff to verify the data aligns with their knowledge and experience.
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Table 2-5

Model Inputs

Market size

Annual intensity

Appliance/equipment
saturations

UEC/EUI for each end-use
technology

Appliance/equipment age
distribution

Efficiency options for each
technology

Appendix D
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Data Applied for the Market Profiles

Description

Base-year residential dwellings, commercial
floor space, and industrial employment

Residential: Annual use per household
Commercial: Annual use per square foot
Industrial: Annual use per employee

Fraction of dwellings with an
appliance/technology

Percentage of C&I floor space/employment
with equipment/technology

UEC: Annual natural gas use in homes and
buildings that have the technology

EUI: Annual natural gas use per square
foot/employee for a technology in floor space
that has the technology

Age distribution for each technology

List of available efficiency options and annual
energy use for each technology

Page 52

Key Sources

Cascade 2016 actual sales
Cascade customer account database

Cascade customer account database
AEG’s Energy Market Profiles

AEO 2016 — Pacific Region

Other recent studies

Cascade equipment flags in customer
account database

2011 RBSA, 2014 CBSA and IFSA
2014 American Community Survey
AEG’s Energy Market Profiles

HVAC uses: BEST simulations using
prototypes developed for Cascade

Engineering analysis

AEG DEEM

AEO 2016 — Pacific Region
Recent AEG studies

2011 RBSA, 2014 CBSA, and recent
AEG studies

Cascade current program offerings
AEG DEEM

AEO 2015 through AEO 2017

CA DEER

Recent AEG studies
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Data Application for Baseline Projection

Table 2-6 summarizes the LoadMAP model inputs required for the baseline projection. These inputs are
required for each segment within each sector, as well as for new construction and existing
dwellings/buildings.

Table 2-6 Data Applied for the Baseline Projection in LoadMAP

Model Inputs Description Key Sources

Forecasts of new construction in
Customer growth forecasts . . Cascade load forecast
residential and C&l sectors

Shipments data from AEO and
For each equipment/technology, ENERGY STAR
purchase shares for each efficiency
level; specified separately for existing
equipment replacement and new
construction

AEO 2017 regional forecast
assumptions’

Equipment purchase shares for
baseline projection
Appliance/efficiency standards
analysis

Price elasticities, elasticities for other

. . EPRI’s REEPS and COMMEND models
variables (income, weather)

Utilization model parameters
In addition, assumptions were incorporated for known future equipment standards as of December 2017,

as shown in Table 2-7 and Table 2-8. The assumptions tables here extend through 2025, after which all
standards are assumed to hold steady.

7 We developed baseline purchase decisions using the Energy Information Agency's Annual Energy Outlook report (2017), which utilizes
the National Energy Modeling System (NEMS) to produce a self-consistent supply and demand economic model. We calibrated equipment
purchase options to match distributions/allocations of efficiency levels to manufacturer shipment data for recent years.
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Table 2-9 details the energy-efficiency data inputs to the LoadMAP model. It describes each input and
identifies the key sources used in the Cascade analysis.

Table 2-9

Model Inputs

Energy Impacts

Costs

Measure Lifetimes

Applicability

On Market and Off
Market Availability

Data Inputs for the Measure Characteristics in LoadMAP

Description

The annual reduction in consumption attributable to each
specific measure. Savings were developed as a
percentage of the energy end use that the measure
affects.

Equipment Measures: Includes the full cost of purchasing
and installing the equipment on a per-household, per-
square-foot, or per employee basis for the residential,
commercial, and industrial sectors, respectively.
Non-Equipment Measures: Existing buildings — full
installed cost. New Construction - the costs may be either
the full cost of the measure, or as appropriate, it may be
the incremental cost of upgrading from a standard level
to a higher efficiency level.

Estimates derived from the technical data and secondary
data sources that support the measure demand and
energy savings analysis.

Estimate of the percentage of dwellings in the residential
sector, square feet in the commercial sector, or
employees in the industrial sector where the measure is
applicable and where it is technically feasible to
implement.

Expressed as years for equipment measures to reflect
when the equipment technology is available or no longer
available in the market.

Key Sources

Cascade program data
NWPCC workbooks, RTF
AEG BEST

AEG DEEM

AEO 2017

CA DEER

Other secondary sources

Cascade program data
NWPCC workbooks, RTF
AEG DEEM

AEO 2017

CA DEER

RS Means

Other secondary sources

NWPCC workbooks, RTF
AEG DEEM

AEO 2017

CA DEER

Other secondary sources

2011 RBSA, 2014 CBSA

2015 WSEC for limitations on new

construction

AEG DEEM

CA DEER

Other secondary sources

AEG appliance standards and

building codes analysis
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Data Application for Cost-effectiveness Screening

To perform the cost-effectiveness screening, a number of economic assumptions were needed. All cost
and benefit values were analyzed as real dollars, converted from nominal provided by Cascade. We applied
Cascade’s long-term discount rate of 3.52% excluding inflation. This rate was based off the average 30-
year mortgage value rather than weighted average cost of capital (WACC) to maintain consistency with
the IRP. LoadMAP is configured to vary this by market sector (e.g. residential and commercial) if Cascade
develops alternative values in the future. All impacts in this report are presented at the customer meter,
but transportation losses were provided by Cascade and were included for cost-effectiveness screening.

Estimates of Customer Adoption

To estimate the timing and rate of customer adoption in the potential forecasts, two sets of parameters
are needed:

Technical diffusion curves for non-equipment measures. Equipment measures are installed
when existing units fail. Non-equipment measures do not have this natural periodicity, so rather than
installing all available non-equipment measures in the first year of the projection (instantaneous
potential), they are phased in according to adoption schedules that generally align with the diffusion
of similar equipment measures. For this analysis, we used the Council’s retrofit ramp rates, “Retro”,
applied before the 85% achievability adjustment.

Customer adoption rates, also referred to as take rates or ramp rates, are applied to measures on
a year by year basis. These rates represent customer adoption of measures when delivered through a
best-practice portfolio of well-operated efficiency programs under a reasonable policy or regulatory
framework. Information channels are assumed to be established and efficient for marketing, educating
consumers, and coordinating with trade allies and delivery partners. The primary barrier to adoption
reflected in this case is customer preferences. Again, these are based on the ramp rates from the
Northwest Power and Conservation Council’s Seventh Plan.

The ramp rates referenced above were adapted for use for assessing natural gas measure potential. We
describe this process in Section 7. The customer adoption rates used in this study are available in Appendix
E.
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3
MARKET CHARACTERIZATION AND MARKET PROFILES

In this section, we describe how customers in the Cascade service territory use natural gas in the base
year of the study, 2016. It begins with a high-level summary of energy use across all sectors and then
delves into each sector in more detail.

Overall Energy Use Summary

Total natural gas consumption for all sectors for Cascade in 2016 was 207,445 thousand therms. As shown
in Figure 3-1 and Table 3-1, the residential sector accounts for the largest share of annual energy use at
51.5%, followed by the commercial sector at 38.7%. Core customers within the industrial sector (non-
transport) account for 9.8% of usage.

Figure 3-1 Sector-Level Natural Gas Use in Base Year 2016 (annual therms, percent)

UCT Achievable
Economic, 34%

Achievable
Technical, 66%

Table 3-1 Cascade Sector Control Totals, 2016
Number of Natural Gas
Sector -
Customers/Buildings Use (thousand therms)
Residential 200,716 106,837
Commercial 18,495 80,267
Industrial 1,749 20,341

Total 207,445
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Residential Sector

The total number of households and gas sales for the service territory were obtained from Cascade’s
actual sales for 2016. Details, including number of households and 2016 natural gas consumption for the
residential sector can be found in Table 3-2 below. In 2016, there were over 200,000 households in the
Cascade territory that used a total of nearly 107,000 thousand therms, resulting in an average use per
household of 532 therms per year. This is an important number for the calibration process.

One adjustment made to Cascade customer counts was in the multifamily segments. A common trend in
billing data is master accounts that represent multiple units within the same floor or building. When
natural gas usage is shared in that way, we do not use the data directly. To account for this, we used 2011
RBSA data on multifamily usage per customer, then scaled it based on the relative usage within the three
climate zones. For example, multifamily homes used comparatively more natural gas in climate zone 1
compared to zone 3, so the RBSA intensities were scaled upward in zone 1 and downward in zone 3. In
future updates to the LoadMAP model, Cascade may substitute the RBSA data for a more local source if
additional research is done into this topic.

These values represent weather actuals for 2016 and were adjusted within LoadMAP to normal weather
using heating degree day, base 60°F, using data provided by Cascade. 2016 was an exceptionally warm
year, which is reflected in lower than average consumption. When adjusting these values for normal
weather in 2018, heating consumption increased by between 10 and 20% depending on the climate zone.

Table 3-2 Residential Sector Control Totals, 2016
" Households Natural Gas Use Annual Use/Customer
(thousand therms) (therms/HH)
CZ1 - Single Family 69,111 43,217 625
CZ1 - Multi Family 21,473 7,175 334
CZ2 - Single Family 35,863 21,815 608
CZ2 - Multi Family 4,092 1,182 289
CZ3 - Single Family 56,689 29,599 522
CZ3 - Multi Family 13,488 3,848 285

Total 200,716 106,837 532
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Figure 3-2 Residential Natural Gas Use by Segment, 2016
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Figure 3-3 shows the distribution of annual natural gas consumption by end use for an average residential
household. Space heating comprises a majority of the load at 70% followed by water heating at 21%.
Miscellaneous loads make up a very small portion of the total load. This is expected for a natural gas
profile as there are very few miscellaneous technologies. One example are natural gas barbecues.

Figure 3-3 Residential Natural Gas Use by End Use, 2016
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Equipment flags within Cascade’s billing data informed estimates of the saturation of key equipment types,
which were used to distribute usage at the technology and end use level.

Figure 3-4 presents average natural gas intensities by end use and housing type. Single family homes
consume substantially more energy in space heating. This is due to two factors. The first is that single
family homes are larger. The second is that more walls are exposed to the outside environment,
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compared to multifamily dwellings with many shared walls. This increases heat transfer, resulting in greater
heating loads. Water heating consumption is higher in single family homes as well. This is due to a greater
number of occupants, which increases the demand for hot water.

Figure 3-4
700
600
500

400
therms/

HH 300

200

10

o

CZ1 - CZ1 - CZ2 -
Single Multi Single
Family Family Family

Cz2 - CZ3 - CZ3 -
Multi Single Multi
Family Family Family

Residential Energy Intensity by End Use and Segment, 2016 (Annual Therms/HH)

B Space Heating
Secondary Heating

11 Water Heating

Appliances

B Miscellaneous

Average
Home

The market profile for an average home in the residential sector is presented in Table 3-3 below. An
important step in the profile development process is model calibration. All consumption within an average
home must sum up to the intensity extracted from billing data. This is necessary so estimates of
consumption for a piece of equipment do not exceed the actual usage in a home. Since consumption in
2016 was rather low, the household intensity increased in 2018 when normalizing weather, allowing for
increased consumption in space heating and secondary heating technologies.

Table 3-3

End Use

Technology

Saturation

Average Market Profile for the Residential Sector, 2016

UEC
(therms)

Intensity
(therms/HH)

Usage
(thousand therms)

Furnace - Direct Fuel

83.5% 437.4 365.1 73,276

Space Heating
Boiler - Direct Fuel 1.6% 442.6 7.0 1,402
Secondary Heating Fireplace 28.3% 103.8 29.4 5,901
Water Heater <= 55 gal. 64.4% 166.6 107.3 21,539

Water Heating
Water Heater > 55 gal. 1.2% 197.4 2.4 480
Clothes Dryer 8.8% 26.6 2.3 471

Appliances

Stove/Oven 23.5% 54.5 12.8 2,566
Pool Heater 0.8% 380.0 3.1 614

Miscellaneous
Miscellaneous 100.0% 2.9 2.9 587
Total 532.3 106,837
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Commercial Sector

The total number of nonresidential accounts and natural gas sales for the service territory were obtained
from Cascade’s customer account database.

AEG first separated the Commercial accounts from Industrial by analyzing the SIC codes and rate codes
assigned in the company's billing system. Prior to using the data, AEG inspected individual accounts to
confirm proper assignment. This was done on the top accounts within each segment, but also via spot
checks when reviewing the database. Energy use from accounts where the customer type could not be
identified were distributed proportionally to all C&l segments. In addition, transportation-only customers
were excluded from consideration in the potential study, as they are not eligible for participation in
demand-side programs. This left only core industrial customers in the study.

Once the billing data was analyzed, the final segment control totals were derived by distributing the total
2016 nonresidential load to the sectors and segments according to the proportions in the billing data.

Table 3-4 below shows the final allocation of energy to each segment in the commercial sector, as well as
the energy intensity on a square-foot basis. Intensities for each segment were derived from a combination
of the 2014 CBSA and equipment saturations extracted from Cascade’s database. The CBSA intensities
corresponded to spaces with lower natural gas saturations than Cascade’s database, so AEG increased
intensities proportionally based on the additional presence of natural gas-consuming equipment.

Table 3-4 Commercial Sector Control Totals, 2016

Intensity 2016 Natural Gas

Segment Description (therms/Sq Use (thousand
Ft) therms)

Traditional office-based businesses including finance,

Office insurance, law, government buildings, etc. 0.77 9,629
Retail Department stores, services, boutiques, strip malls etc. 1.00 10,480
Restaurant Sit-down, fast food, coffee shop, food service, etc. 4,95 15,527
Grocery Supermarkets, convenience stores, market, etc. 1.50 4,930
Education College, university, trade schools, etc.as well as day care, 0.42 12,194
pre-school, elementary, secondary schools
Health Health practitioner office, hospital, urgent care centers, etc. 1.21 7,201
Lodging Hotel, motel, bed and breakfast, etc. 0.97 5,657
Warehouse Large storage facility, refrigerated/unrefrigerated warehouse 0.71 1,698

Catchall for buildings not included in other segments,
Miscellaneous includes churches, recreational facilities, public assembly, 1.19 12,952
correctional facilities, etc.

Total 0.96 80,267

Figure 3-5 shows each segments’ natural gas consumption as a percentage of the entire commercial sector
energy consumption. The four segments with the highest natural gas usage in 2016 are restaurant,
education, miscellaneous, and retail, in descending order. As expected, the highest intensity segment is
restaurant. This is based on the high presence of food preparation equipment.
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Figure 3-5 Commercial Natural Gas Use by Segment, 2016
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Figure 3-6 shows the distribution of natural gas consumption by end use for the entire commercial sector.
Space heating is the largest end use, followed closely by food preparation and water heating. The
miscellaneous end use is quite small, as expected.

Figure 3-6 Commercial Sector Natural Gas Use by End Use, 2016
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Figure 3-7 presents average natural gas intensities by end use and segment.
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Figure 3-7 Commercial Energy Usage Intensity by End Use and Segment, 2016 (Annual Therms/Sq.
Ft)
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The total market profile for an average building in the commercial sector is presented in Table 3-5 below.
Cascade customer account data informed the market profile by providing information on saturation of
key equipment types. Secondary data was used to develop estimates of energy intensity and square
footage and to fill in saturations for any equipment types not included in the database.

Table 3-5 Average Market Profile for the Commercial Sector, 2016
. EUI Intensity Usere
Technology Saturation (therms/ (therms/ (thousand therms)
Sq Ft) Sq Ft)

Furnace 63.9% 0.50 0.32 26,862

Heating Boiler 26.8% 0.50 0.14 11,299
Unit Heater 18.0% 0.49 0.09 7,349

Water Heating Water Heater 62.6% 0.29 0.18 15,089
Oven 5.7% 0.22 0.01 1,076

Conveyor Oven 2.9% 0.38 0.01 921

Double Rack Oven 2.9% 0.58 0.02 1,398

Fryer 9.4% 0.63 0.06 4,933

Food Preparation Broiler 3.2% 0.71 0.02 1,899
Griddle 5.0% 0.49 0.02 2,041

Range 16.7% 0.30 0.05 4,257

Steamer 3.1% 0.40 0.01 1,026

Commercial Food Prep Other 3.1% 0.28 0.01 734

R Pool Heater 4.6% 0.03 0.00 103
Miscellaneous 100.0% 0.02 0.02 1,280

Total 0.96 80,267
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Industrial Sector

The total sum of natural gas used in 2016 by Cascade’s core industrial customers was 20,341 thousand
therms. The industrial sector total natural gas usage does not include transport-only customers as they
are not eligible for DSM programs. Like in the commercial sector, customer account data was used to
allocate usage among segments. Energy intensity was derived from AEG's Energy Market Profiles database.
We cross-referenced this data with bureau of labor statistics employment data by industry. Number of
employees is calculated by dividing total usage by intensity. For the industrial sector, the unit of measure
chosen is employment. This is because floor area is not as indicative of process loads, which may be
constrained to one portion of a larger warehouse/storage facility. We chose to capture usage on an
employment basis rather than customer since NEEA's 2014 IFSA reports in a similar metric and it allows
us to compare intensities with those estimated for the region as a whole. Most industrial measures are
installed through custom programs, where the unit of measure is not as necessary to estimate potential.

Table 3-6 Industrial Sector Control Totals, 2016
Segment Intensity (therms/employee) (’\tlaf)l;r:a:n(;clatshii?fse) Employees
Food Products 3,055 6,338 2,075
Agriculture 215,375 3,220 15
Primary Metals 10,134,779 2,670 0
Stone, Clay, and Glass 6,298,221 1,357 0
Petroleum 75,572,940 1,214 0
Paper and Printing 6,853,926 797 0
Instruments 245,457 706 3
Wood and Lumber Products 1,028,622 567 1
Other Industrial 215,375 3,473 16
Total 9,642 20,341 2,110

Figure 3-8 summarizes core-customer industrial natural gas consumption by industry type.

Figure 3-8 Industrial Natural Gas Use by Segment, 2016
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Figure 3-9 shows the distribution of annual natural gas consumption by end use for all industrial
customers. Two major sources were used to develop this consumption profile. The first was AEG's analysis
of warehouse usage as part of the commercial sector. We begin with this prototype as a starting point to
represent non-process loads. We then added in process loads using our Energy Market Profiles database,
which summarizes usage by end use and process type. Accordingly, process is the largest overall end use
for the industrial sector, accounting for 80% of energy use. Heating is the second largest end use, and
miscellaneous, non-process industrial uses round out consumption.

Figure 3-9 Industrial Natural Gas Use by End Use, 2016, All Industries
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Figure 3-10 summarizes industrial energy intensities by industry type. Petroleum is presented on a separate
axis due to the much higher usage per employee estimate.
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Figure 3-10 Industrial Energy Usage Intensity by End Use and Segment, 2016 (Annual
Therms/Employee)
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Table 3-7 shows the composite market profile for the industrial sector. Process cooling is very small and
represents technologies such as gas-driven absorption chillers.

Table 3-7 Average Natural Gas Market Profile for the Industrial Sector, 2016
EUI Intensity
. Usage

End Use Technology Saturation (therms/ (therms/
(thousand therms)

employee) employee)
Furnace 42.2% 71.29 30.06 1,118
Heating Boiler 9.1% 83.79 7.62 283
Unit Heater 41.8% 95.42 39.87 1,483
Process Boiler 100.0% 189.13 189.13 7,034
Process Heating 100.0% 238.22 238.22 8,860

Process

Process Cooling 100.0% 0.90 0.90 33
Other Process 100.0% 8.83 8.83 329
Miscellaneous Miscellaneous 100.0% 32.29 32.29 1,201

Total 546.93 20,341
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A
BASELINE PROJECTION

Prior to developing estimates of energy conservation potential, we developed a baseline end-use
projection to quantify what the consumption is likely to be in the future in absence of any energy
conservation programs. The savings from past programs are embedded in the forecast, but the baseline
projection assumes that those past programs cease to exist in the future. Thus, the potential analysis
captures all possible savings from future programs.

The baseline projection incorporates assumptions about:
2016 energy consumption based on the market profiles
Customer population growth
Appliance/equipment standards and building codes already mandated
Appliance/equipment purchase decisions
Cascade’s customer forecast

Trends in fuel shares and appliance saturations and assumptions about miscellaneous natural gas
growth

Although it aligns closely, the baseline projection is not Cascade’s official load forecast. Rather it was
developed as an integral component of our modeling construct to serve as the metric against which
energy conservation potentials are measured. This chapter presents the baseline projections we developed
for this study. Below, we present the baseline projections for each sector, which include projections of
annual use in thousand therms. We also present a summary across all sectors.
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Summary of Overall Baseline Projection

Table 4-1 and Figure 4-1 provide a summary of the baseline projection for annual use by sector for the
entire Cascade service territory. The large spike between 2016 and 2017 is due to the adjustment from
2016 actual weather to 2017 actual weather (which was a colder year and very similar to normal weather).

Overall, the forecast shows modest growth in natural gas consumption, driven roughly equally by all
sectors. We compare change and growth rates starting in 2018 since that is the first year with weather-
normal assumptions. Beginning in 2018, we differ from Cascade’s official forecast. This is because AEG
updated 2017 with actual sales. At the time this analysis was completed, Cascade’s official forecast had
not yet been updated to reflect the substantial difference between these two years, as described above.

Table 4-1 Baseline Projection Summary by Sector, Selected Years (thousand therms)
% Change
Sector 2019 2020 2022 2028 ('18-38)
Residential 136,048 137,623 139,291 142,899 152,857 171,945 26.4% 1.2%
Commercial 95,999 96,641 97,334 98,885 105,013 119,718 24.7% 1.1%
Industrial 21,822 22,149 22,473 23,101 24,960 28,137 28.9% 1.3%
Total 253,869 256,413 259,098 264,884 282,830 319,800 26.0% 1.2%
Figure 4-1 Baseline Projection Summary by Sector (thousand therms)
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Residential Sector Baseline Projection

Table 4-2 and Figure 4-2 present the baseline projection for natural gas at the end-use level for the
residential sector, as a whole. Overall, residential use increases from 136,048 thousand therms in 2018 to
171,945 thousand therms in 2038, an increase of 26.4%. There are two high-level factors affecting growth.
The first is a moderate increase in number of households and customers. The second is a decrease in
equipment consumption due to future standards and naturally occurring efficiency improvements (notably
the AFUE upcoming 92% furnace standard). Consumption in Cascade’s load forecast decreases in 2018
while the LoadMAP projection remains at an elevated level. This difference is due to how recently 2017
actual data became available, which resulted in a large change compared to historical sales. At the time
this analysis was completed, Cascade had not yet updated their official load forecast to account for this
large spike. If new information becomes available, the Cascade team will have the tools to update 2018
consumption within LoadMAP to reflect updated forecast data. We model gas-fired fireplaces as
secondary heating. These consume energy and may heat a space but are rarely relied on to be a primary
heating technology. As such, they are estimated to be more aesthetic and less weather-dependent. This
end use grows faster than others since new homes are more likely to install a unit, increasing fireplace
stock. Miscellaneous is a very small end use in natural gas studies and includes technologies with low
penetration, such as gas barbeques.

Table 4-2 Residential Baseline Projection by End Use (thousand therms)
% Change Avg.
2018 2019 2020 2022 2028 ('18-'38) Growth
Space Heating 101,359 102,671 104,039 106,934 113,806 125,346 23.7% 1.1%
Secondary Heating 7,465 7,740 8,022 8,611 10,571 14,551 94.9% 3.3%
Water Heating 22,707 22,640 22,602 22,610 23,362 26,217 15.5% 0.7%
Appliances 3,229 3,264 3,301 3,375 3,617 4,079 26.3% 1.2%
Miscellaneous 1,288 1,307 1,327 1,368 1,501 1,752 36.0% 1.5%
Total 136,048 137,623 139,291 142,899 152,857 171,945 26.4% 1.2%
Figure 4-2 Residential Baseline Projection by End Use (thousand therms)
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Commercial Sector Baseline Projection

Annual natural gas use in the commercial sector grows 24.7% during the overall forecast horizon, starting
at 95,999 thousand therms in 2016, and increasing to 119,718 thousand therms in 2038. Table 4-3 and
Figure 4-3 present the baseline projection at the end-use level for the commercial sector, as a whole.
Similar to the residential sector, market size is increasing and usage per square foot is decreasing slightly.
The weather normalization between 2016 and 2018 is also readily apparent in both AEG's projection and
Cascade's official load forecast.

Table 4-3 Commercial Baseline Projection by End Use (thousand therms)
2022 2028 2038
Heating 58,854 59,266 59,709 60,694 64,453 73,184 24.3% 1.1%
Water Heating 16,941 16,895 16,860 16,837 17,264 19,430 14.7% 0.7%
Food Preparation 18,783 19,040 19,303 19,851 21,658 25,197 34.2% 1.5%
Miscellaneous 1,421 1,441 1,461 1,502 1,639 1,907 34.2% 1.5%
Total 95,999 96,641 97,334 98,885 105,013 119,718 24.7% 1.1%
Figure 4-3 Commercial Baseline Projection by End Use (thousand therms)
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Industrial Sector Baseline Projection

Industrial sector usage increases throughout the planning horizon. Table 4-4 and Figure 4-4 present the
projection at the end-use level. Overall, industrial annual natural gas use increases from 21,822 thousand
therms in 2018 to 28,137 thousand therms in 2038. Growth in most end uses is consistent at around 1.3%
per year but impacts of naturally occurring efficiency lowers consumption in the space heating end use.
We applied a much smaller weather normalization factor for the industrial heating end use since
consumption is so heavily dominated by motors and process and a correlation to such small consumption
values is much lower. The industrial load grows at a similar rate to Cascade’s official forecast but increases
in 2017 due to the alignment with actual consumption in that year, as described above.

Table 4-4 Industrial Baseline Projection by End Use (thousand therms)
% Change Avg.
End Use 2018 2019 2020 2022 2028 (18-'38) s
Heating 3,783 3,828 3,873 3,960 4,229 4,721 24.8% 1.1%
Process 16,798 17,061 17,321 17,824 19,305 21,805 29.8% 1.3%
Miscellaneous 1,241 1,261 1,280 1,317 1,426 1,611 29.8% 1.3%
Total 21,822 22,149 22,473 23,101 24,960 28,137 28.9% 1.3%
Figure 4-4 Industrial Baseline Projection by End Use (thousand therms)
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5
OVERALL ENERGY EFFICIENCY POTENTIAL

This chapter presents the measure-level energy conservation potential across all sectors. This includes
every possible measure that is considered in the measure list, regardless of program implementation
concerns. Year-by-year savings for annual energy usage are available in the LoadMAP model and measure
assumption summary, which were provided to Cascade at the conclusion of the study. Please note that all
savings are provided at the customer site. This section includes potential from the residential, commercial,
and industrial analyses.

Summary of Overall Energy Efficiency Potential

Table 5-1 and Figure 5-1 summarize the energy conservation savings in terms of annual energy use for all
measures for four levels of potential relative to the baseline projection. Figure 5-2 displays the energy
conservation forecasts. Savings are represented in cumulative terms, which reflect the effects of persistent
savings in prior years in addition to new savings. This allows for the reporting of annual savings impacts
as they actually impact each year of the forecast.

Technical Potential reflects the adoption of all conservation measures regardless of cost-
effectiveness. In this potential case, efficient equipment makes up all lost opportunity installations and
all retrofit measures are installed, regardless of achievability. 2018 first-year savings are 3,361 thousand
therms, or 1.3% of the baseline projection. Cumulative savings in 2028 are 52,882 thousand therms,
or 18.7% of the baseline. By 2038, cumulative savings reach 88,728 thousand therms, or 27.7% of the
baseline. Technical potential is useful as a theoretical construct, applying an upper bound to the
potential that may be realized in any one year. Other levels of potential are based off this level which
makes it an important component in the estimation of potential.

Achievable Technical Potential refines technical potential by applying customer participation
rates that account for market barriers, customer awareness and attitudes, program maturity, and other
factors that affect market penetration of conservation measures. For the 2018-2038 CPA, ramp rates
from the Seventh Power Plan were customized for use in natural gas programs and applied. Since the
Seventh Plan does not assign ramp rates for the majority natural gas measures, we assigned these
based on similar electric technologies present in the Plan as a starting point. These ramp rates may
be found in Appendix E. 2018 first-year net savings are 1,314 thousand therms, or 0.5% of the baseline
projection. Cumulative net savings in 2028 are 39,459 thousand therms, or 14.0% of the baseline. By
2038 cumulative savings reach 75,884 thousand therms, or 23.7% of the baseline.

UCT Achievable Economic Potential further refines achievable technical potential by applying
an economic cost-effectiveness screen. In this analysis, the cost-effectiveness is measured by the utility
cost test (UCT), which compares lifetime energy benefits to the total utility costs of delivering the
measure through a utility program, excluding monetized non-energy impacts. Avoided costs of energy
were provided by Cascade. A 10% conservation credit was applied to these costs per Council
methodologies. Additional details can be found in Appendix A. 2018 first-year savings are 658
thousand therms, or 0.3% of the baseline projection. Cumulative savings in 2028 are 29,035 thousand
therms, or 10.3% of the baseline. By 2038 cumulative savings reach 63,358 thousand therms, or 19.8%
of the baseline.
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TRC Achievable Economic Potential further refines achievable technical potential by applying an
economic cost-effectiveness screen. In this analysis, the cost-effectiveness is measured by the total
resource cost (TRC) test, which compares lifetime energy benefits to the total customer and utility
costs of delivering the measure through a utility program, including monetized non-energy impacts.
AEG also applied benefits for non-gas energy savings, such as electric HVAC savings for
weatherization and lighting savings for retrocommissioning. We also applied the Council’s calibration
credit to space heating savings to reflect the fact that additional fuels may be used as a supplemental
heat source within an average home and may be accounted for within the TRC. Avoided costs of
energy were provided by Cascade. A 10% conservation credit was applied to these costs per the
Council methodologies. 2018 first-year savings are 472 thousand therms, or 0.2% of the baseline
projection. Cumulative net savings in 2028 are 24,097 thousand therms, or 8.5% of the baseline. By
2038 cumulative savings reach 47,533 thousand therms, or 14.9% of the baseline. Potential under the
TRC test is lower than UCT due to the inclusion of full measure costs rather than the utility portion.
For most measures, these far outweigh the quantified and monetized non-energy impacts included
in the TRC.

Table 5-1 Summary of Energy Efficiency Potential (thousand therms)

Scenario 2018 2019 2020 2022 2028 2038
Baseline Projection (thousand therms) 253,869 256,413 259,098 264,884 282,830 319,800

Cumulative Savings (thousand therms)

UCT Achievable Economic Potential 658 1,404 2,382 6,758 29,035 63,358
TRC Achievable Economic Potential 472 967 1,600 5,116 24,097 47,533
Achievable Technical Potential 1,314 2,691 4,316 10,667 39,459 75,884
Technical Potential 3,361 6,560 9,945 19,760 52,882 88,728
Cumulative Savings (% of Baseline)
UCT Achievable Economic Potential 0.3% 0.5% 0.9% 2.6% 10.3% 19.8%
TRC Achievable Economic Potential 0.2% 0.4% 0.6% 1.9% 8.5% 14.9%
Achievable Technical Potential 0.5% 1.0% 1.7% 4.0% 14.0% 23.7%

Technical Potential 1.3% 2.6% 3.8% 7.5% 18.7% 27.7%
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Figure 5-1 Summary of Energy Efficiency Potential as % of Baseline Projection (thousand therms)
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Figure 5-2 Baseline Projection and Energy Efficiency Forecasts (thousand therms)
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Summary of Overall UCT Achievable Economic Potential

Figure 5-3 shows the cumulative UCT achievable potential by sector for the full timeframe of the analysis
as percent of total. Table 5-2 summarizes UCT achievable potential by market sector for selected years.

While the residential and commercial sectors represent a comparable share of the overall potential in the
early years, by the mid-2020s, the residential sector share grows to a significant majority of savings
potential. Since industrial consumption is such a low percentage of the baseline once large customers
have been excluded, potential for this sector makes up a lower percentage of the total. While residential
and commercial potential ramps up, industrial potential is mainly retrofit in nature, and is much flatter.
This is because process equipment is highly custom and most potential comes from controls modifications
or process adjustments rather than high-efficiency equipment upgrades. Additionally, we model
retrocommissioning to phase in evenly over the next twenty years. This measure has a maintenance
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component, and not all existing facilities may be old enough to require the tune-up immediately but will
be eligible at some point over the course of the study.

There is a notable downtick in residential savings around 2024. This is due to the impacts of the residential
forced-air furnace standard, which raises the baseline from AFUE 80% to AFUE 92%, which is a substantial
increase when the efficient option is an AFUE 95% unit.

Figure 5-3 Cumulative UCT Achievable Economic Potential by Sector (% of Total)
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Table 5-2 Cumulative UCT Achievable Economic Potential by Sector, Selected Years (thousand
therms)
Sector
Residential 275 596 1,080 4,106 20,792 48,850
Commercial 284 592 975 2,218 7,962 15,732
Industrial 59 118 180 359 1,016 1,587

Total 618 1,305 2,235 6,683 29,770 66,169
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6
SECTOR-LEVEL ENERGY EFFICIENCY POTENTIAL

The previous section provided a summary of potential for the Cascade territory as a whole. In this section,
we provide details for each sector.

Residential Sector Potential

Table 6-1 and Figure 6-1 summarize the energy efficiency potential for the residential sector. In 2018, UCT
achievable economic potential is 269 thousand therms, or 0.2% of the baseline projection. By 2028,
cumulative savings are 19,726 thousand therms, or 12.9% of the baseline.

Table 6-1 Residential Energy Conservation Potential Summary (thousand therms)
Scenario 2018 2019 2020 2022 2028 2038
Baseline Forecast (thousand therms) 136,048 137,623 139,291 142,899 152,857 171,945
Cumulative Savings (thousand therms)
UCT Achievable Economic Potential 269 602 1,104 3,999 19,726 45,708
TRC Achievable Economic Potential 157 318 565 2,810 16,043 32,298
Achievable Technical Potential 412 876 1,537 5,474 25,775 53,050
Technical Potential 1,790 3,419 5,210 11,425 33,906 61,335
Energy Savings (% of Baseline)
UCT Achievable Economic Potential 0.2% 0.4% 0.8% 2.8% 12.9% 26.6%
TRC Achievable Economic Potential 0.1% 0.2% 0.4% 2.0% 10.5% 18.8%
Achievable Technical Potential 0.3% 0.6% 1.1% 3.8% 16.9% 30.9%
Technical Potential 1.3% 2.5% 3.7% 8.0% 22.2% 35.7%
Figure 6-1 Residential Energy Conservation by Case (thousand therms)
60,000
50,000
40,000
Thousand 30,000
Therms 2%]
2
20,000 2,0]
- J HH .
/ e
R s [ ([[|="" R

2018 2019 2020 2022 2028 2038

11 UCT Achievable Economic TRC Achievable Economic # Achievable Technical W Technical



Appendix D
2018 WA IRP Demand Side Management Page 77

Figure 6-2 presents forecasts of energy savings by end use as a percent of total annual savings and
cumulative savings. Space heating makes up a majority of potential but declines slightly in the early to
mid-2020s due to the future furnace standard.

Figure 6-2 Residential UCT Achievable Economic Potential — Cumulative Savings by End Use
(thousand therms, % of total)
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Table 6-2 identifies the top 20 residential measures by cumulative 2018 and 2019 savings. Furnaces,
weatherization, Built Green homes, and tankless water heaters are the top measures.
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Table 6-2 Residential Top Measures in 2018 and 2019, UCT Achievable Economic Potential
(thousand therms)

2018 Cumulative 2019 Cumulative

Measure / Technology Potential Savings Potential Savings
(thousand therms) (thousand therms)

1 Furnace - Direct Fuel - AFUE 95% 126.7 47.1% 267.4 44.4%

Insulation - Ceiling, Installation - R-38

0, 0,
2 o 22.8 8.5% 45.6 7.6%
3 Insulation - Floor/Crawlspace - R-30 18.4 6.9% 36.8 6.1%
4 Built Green homes - Built Green spec 145 5 4% 41.9 7.0%
(NC Only)
Thermostat - Wi-Fi/Interactive -
5 Interactive/learning thermostat (ie, 11.0 4.1% 21.9 3.6%
NEST)
Insulation - Ducting - duct thermal 0 0
6 losses reduced 50% 9.6 3.6% 19.2 3.2%
Water Heater <= 55 gal. - Instantaneous o o
7 - ENERGY STAR (UEF 0.87) 8.4 3.1% 19.7 3.3%
8 Ilnlsulatlon - Wall Cavity, Installation - R- 76 2.8% 15.1 2.5%
9 \éV:;:;aFLiiier - Faucet Aerators - 1.5 54 2.0% 106 1.8%
10 Insulation - Ceiling, Upgrade - R-49 5.3 2.0% 10.6 1.8%
Water Heater - Pipe Insulation -
11 Insulated 5' of pipe between unit and 4.8 1.8% 9.4 1.6%
conditioned space
12 Insulation - Basement Sidewall - R-15 4.2 1.6% 8.4 1.4%
Insulation - Infiltration Control (Air 0 0
13 Sealing) - 20% reduction in ACH50 4.0 1.5% 8.1 1.3%
Gas Boiler - Pipe Insulation - Pipe o o
14 insulated throughout home 3.8 1.4% 12.1 2.0%
15 Fireplace - Tier 1 (70% FE Rating) 3.5 1.3% 7.8 1.3%
16 Thermostat - Programmable - 24 0.9% 48 0.8%

Programmed thermostat

Water Heater - Thermostatic Shower
17 Restriction Valve - Restrictor installed, 2.4 0.9% 4.7 0.8%
shutting off water when it is warm

Water Heater <= 55 gal. - ENERGY STAR

18 2.3 0.9% 5.5 0.9%
(UEF 0.64)
Water Heater - Temperature Setback - o o
19 Setback to 120° F 1.9 0.7% 3.7 0.6%
H - 1 1 - 0,
20 Ducting - Repair and Sealing - 50% 18 0.7% 35 0.6%

reduction in duct leakage
Subtotal 260.8 96.8% 556.8 92.5%
Total Savings in Year 269.2 100.0% 602.1 100.0%



Appendix D
2018 WA IRP Demand Side Management Page 79

Commercial Sector Potential

Table 6-3 and Figure 6-3 summarize the energy conservation potential for the commercial sector. In 2018,
UCT achievable economic potential is 329 thousand therms, or 0.3% of the baseline projection. By 2028,
cumulative savings are 8,291 thousand therms, or 7.9% of the baseline.

Table 6-3 Commercial Energy Conservation Potential Summary
Scenario 2018 2019 2020 2022 2028 2038
Baseline Forecast (thousand therms) 95,999 96,641 97,334 98,885 105,013 119,718
Cumulative Savings (thousand therms)
UCT Achievable Economic Potential 329 682 1,094 2,394 8,291 16,093
TRC Achievable Economic Potential 259 537 866 1,967 7,104 13,776
Achievable Technical Potential 835 1,682 2,577 4,798 12,612 21,204
Technical Potential 1,478 2,954 4,455 7,811 17,646 25,473
Energy Savings (% of Baseline)
UCT Achievable Economic Potential 0.3% 0.7% 1.1% 2.4% 7.9% 13.4%
TRC Achievable Economic Potential 0.3% 0.6% 0.9% 2.0% 6.8% 11.5%
Achievable Technical Potential 0.9% 1.7% 2.6% 4.9% 12.0% 17.7%
Technical Potential 1.5% 3.1% 4.6% 7.9% 16.8% 21.3%
Figure 6-3 Commercial Energy Conservation by Case (thousand therms)
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Figure 6-4 presents forecasts of energy savings by end use as a percent of total annual savings and
cumulative savings. Space heating makes up a majority of the potential early, but food preparation
equipment upgrades provide substantial savings opportunities in the later years.
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Figure 6-4 Commercial UCT Achievable Economic Potential — Cumulative Savings by End Use
(thousand therms, % of total)
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Table 6-4 identifies the top 20 commercial measures by cumulative savings in 2018 and 2019. Boilers are
the top measure, followed by weatherization and food preparation. Retrocommissioning potential is
present in the top measures but is a smaller contributor due to revised savings assumptions. RCx in the
commercial sector is a restoration of HVAC systems to their original, or better, conditions.
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Table 6-4 Commercial Top Measures in 2018 and 2019, UCT Achievable Economic Potential
(thousand therms)

2018 Cumulative 2019 Cumulative

Measure / Technology Potential Savings Potential Savings

(thousand therms) (thousand therms)
1 Boiler - AFUE 98% 65.8 20.0% 138.3 22.9%
2 Insulation - Roof/Ceiling - R-38 21.9 6.7% 40.4 6.7%
3 Fryer - ENERGY STAR 21.5 6.5% 47.6 7.9%
4 HVAC - Demand Controlled Ventilation - 19.0 5 8% 581 4.6%

DCV enabled

5 Insulation - Wall Cavity - R-21 18.8 5.7% 34.8 5.8%

Gas Boiler - Insulate Steam
6 Lines/Condensate Tank - Lines and 17.4 5.3% 25.7 4.3%
condensate tank insulated

Retrocommissioning - HVAC - Optimized

0, 0,

7 HVAC flow and controls 15:2 4.6% 22.6 3.7%

8 Water Heater - TE 0.94 12.6 3.8% 30.2 5.0%

Space Heating - Heat Recovery o o

9 Ventilator - HRV installed 12.0 3.7% 17.8 2:9%

10 Gas Boiler - Insul_ate Hot Water Lines - 116 359% 172 2.9%
Insulated water lines

11 Furnace - AFUE 95% 11.4 3.5% 29.0 4.8%

12 Gas F_urnace- Mjcnntenance-General 11.4 3.59 153 259%
cleaning and maintenance

Gas Boiler - High Turndown - Turndown

0, 0,

13 control installed 9.6 2.9% 14.2 2.4%

14 \'f;trf:‘EZOHdmd - DCV/MUA - DCV/HUA 9.3 2.8% 13.9 2.3%
Strategic Energy Management - Energy

15 management system installed and 8.9 2.7% 13.4 2.2%

programmed

16 Gas BO|I.er - Hot Water Reset - Reset 3.0 2.4% 12.7 21%
control installed

Steam Trap Maintenance - Cleaning and

17 . 5.8 1.8% 8.6 1.4%
maintenance

18 HVAC-Shut Off Damper - Damper 57 1.7% 35 1.4%
installed

19 Water Heater - Faucet Aerator - 1.5 55 1.7% 36 1.4%

GPM faucet

20 Gas BO|I.er - .Stack Economizer - 50 1.5% 75 1.2%
Economizer installed

Subtotal 296.6 90.2% 534.4
Total Savings in Year 328.8 100.0% 604.7



Appendix D
2018 WA IRP Demand Side Management Page 82

Industrial Sector Potential

Table 6-5 and Figure 6-5 summarize the energy conservation potential for the core industrial sector. In
2018, UCT achievable economic potential is 60 thousand therms, or 0.3% of the baseline projection. By
2028, cumulative savings reach 1,018 thousand therms, or 4.1% of the baseline. Industrial potential is a
lower percentage of overall baseline compared to the residential and commercial sectors. While large,
custom process optimization and controls measures are present in potential, these are not applicable to
all applications which limits potential at the technical level. Additionally, since the largest customers were
excluded from this analysis due to their status as transport-only customers making them ineligible to
participate in energy efficiency programs for the utility, the remaining customers are smaller and tend to
have lower process end-use shares, further lowering industrial potential. As seen in the figure below,
industrial potential is substantially lower due to the smaller sector size and process uses.

Table 6-5 Industrial Energy Conservation Potential Summary (thousand therms)
Scenario 2018 2019 2020 2022 2028 2038
Baseline Forecast (thousand therms) 21,822 22,149 22,473 23,101 24,960 28,137
Cumulative Savings (thousand therms)
UCT Achievable Economic Potential 60 120 184 365 1,018 1,557
TRC Achievable Economic Potential 56 112 170 338 950 1,460
Achievable Technical Potential 67 133 203 395 1,072 1,631
Technical Potential 94 186 280 524 1,330 1,921
Energy Savings (% of Baseline)
UCT Achievable Economic Potential 0.3% 0.5% 0.8% 1.6% 4.1% 5.5%
TRC Achievable Economic Potential 0.3% 0.5% 0.8% 1.5% 3.8% 5.2%
Achievable Technical Potential 0.3% 0.6% 0.9% 1.7% 4.3% 5.8%
Technical Potential 0.4% 0.8% 1.2% 2.3% 5.3% 6.8%
Figure 6-5 Industrial Energy Conservation Potential (thousand therms)
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Figure 6-6 presents forecasts of energy savings by end use as a percent of total annual savings and
cumulative savings.
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Figure 6-6 Industrial UCT Achievable Economic Potential — Cumulative Savings by End Use (thousand

therms, % of total)
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Table 6-6 identifies the top 20 industrial measures by cumulative 2018 and 2019 savings. Strategic energy
management and retrocommissioning are top measures in the industrial sector. Strategic energy
management of industrial process applications is the highest measure by total savings. For smaller
industrial customers, this measure typically involves a cohort of between five to ten customers who form
a working group facilitated by an energy management expert. One or more employees at each facility are
designated an energy conservation “champion” who work to integrate efficient energy-consuming
behavior into the company’s culture. Many of these measures are more custom in nature, such as strategic
energy management and retrocommissioning. These results in behavior-based and low-cost/no-cost
measures but result in larger custom projects. We estimate that this potential will be captured within these
measures/delivery mechanisms.
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Table 6-6 Industrial Top Measures in 2018 and 2019, UCT Achievable Economic Potential (thousand
therms)

2018 Cumulative 2019 Cumulative

Measure / Technology Potential Savings Potential Savings
(thousand therms) (thousand therms)

Strategic Energy Management - Energy
1 management system installed and 16.8 34.7% 25.0 31.6%
programmed

2 Gas BO|I.er - Hot Water Reset - Reset 55 11.4% 3.9 11.3%
control installed

3 Gas BO|Ifer - Stack Economizer - 33 7.8% 57 729%
Economizer installed

4 Boiler - AFUE 98% 3.6 7.4% 7.9 10.0%

Gas Boiler - High Turndown - Turndown

0, 0,

3 control installed 3.2 6.6% 4.8 6.1%

6 Insulation - Roof/Ceiling - R-38 3.2 6.5% 5.8 7.4%

7 Retrocommissioning - Optimized HVAC 26 5 59 39 5 0%
flow and controls

8 Gas B_0|Ier - Malr?tenance - General 25 5 2% 34 4.3%
cleaning and maintenance

9 Insulation - Wall Cavity - R-21 2.4 5.1% 4.5 5.7%

10 Steém Trap Maintenance - Cleaning and 13 2.7% 19 259%
maintenance
Gas Boiler - Insulate Steam

11 Lines/Condensate Tank - Lines and 1.1 2.2% 1.6 2.0%
condensate tank insulated

12 Unit Heater - Infrared Radiant 0.7 1.5% 1.9 2.4%
Building Automation System -

13 Automation system installed and 0.5 1.0% 0.9 1.2%
programmed

14 Furnace - AFUE 95% 0.4 0.7% 0.9 1.1%

15 Gas Boiler - Insul.ate Hot Water Lines - 03 0.6% 0.9 1.1%
Insulated water lines

Gas Boiler - Burner Control

16 Optimization - Optimized burner 0.3 0.5% 0.5 0.6%
controls
17 Windows - High Efficiency - U-.22 or 02 0.4% 04 0.5%
better
18 Gas F_urnace - Mjamtenance - General 0.0 0.0% 0.0 0.0%
cleaning and maintenance
Subtotal 48.3 100.0% 79.0 100.0%

Total Savings in Year 48.3 100.0% 79.0 100.0%
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7

COMPARISON WITH CURRENT PROGRAMS AND
RAMP RATE ADJUSTMENTS

One of the goals of this study is to inform targets for future programs, including the current calendar-
year, 2018. As such, AEG conducted an in-depth comparison of the CPA’s 2018 UCT Achievable Economic
Potential with Cascade’s 2017 accomplishments at the sector-level. This involved assigning each measure
within the CPA to an existing Cascade program or a new “Other” bundle to be considered. Compared to
2017 accomplishments, AEG estimates lowered potential in the residential sector and higher in the
commercial and industrial sectors. We will describe these in more detail below.

Residential Comparison with 2017 Programs

Table 7-1 summarizes Cascade’s 2017 residential accomplishments and the 2018 UCT Achievable Economic
potential estimates from LoadMAP. The LoadMAP estimate of 269.2 thousand therms is slightly lower than
Cascade’s 2017 accomplishments at 297.2 thousand therms. Please note, the achieved therms are based
on preliminary assessments from Cascade with final program accomplishments officially available once
their annual report is filed in June 2018.

Table 7-1 Comparison of Cascade’s 2017 Residential Accomplishments with 2018 UCT Achievable
Economic Potential (thousand therms)

Cascade 2017 CELIUS
2018 UCT
Program Group (thousand
(thousand
therms)

therms)
Built Green 20.4 14.5
Furnace 172.5 126.7
Fireplace 4.1 3.5
Combination Unit 12.3 1.9
Water Heater 16.5 11.1
Air Sealing 12.9 4.0
Ceiling Insulation 29.5 28.2
Floor Insulation 13.3 18.5
Wall Insulation 5.0 11.8
Door 0.3 0.3
ESK 4.9 8.1
Thermostat 5.5 13.4
Other 27.3
Program Total 297.2 241.9

All Measures 269.2
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The main reason that potential is lower is that the baseline assumed for forced-air furnaces is adjusted in
the following ways.

The 2015 Washington State Energy Code (WSEC) prescribes very efficient building shell requirements,
which substantially reduces the consumption of a new home. Since every new home requires a lost
opportunity purchasing decision when constructed, they make up a large portion of the potential. The
lower unit energy savings in new homes due to lower heating requirements reduces the unit energy
savings (UES) from this measure.

Another reason is the incorporation of a market baseline, which assumes not everyone purchases the
minimum federal standard in the absence of efficiency programs. This results in approximately 20%
of customers purchasing an AFUE 90% and 5% purchasing an AFUE 92% in the baseline, which reduces
the average unit energy consumption upon which savings for an AFUE 95% are based,

Additional descriptions for other measure differences are provided below:

Potential for Built Green Homes has been reduced due to WSEC 2015. The efficient shell requirements
lower space heating savings from the prior estimate, which was made before this code went into
effect.

Weatherization measures are an existing construction measure and WSEC 2015 does not apply. We
have found that Cascade’s weatherization programs, especially in Climate Zone 3, are ramping up. As
such, we are modeling higher potential for these measures in 2018.

Combination unit potential is lowered due to a reduction in unit energy savings. Once AEG
characterized Cascade’s market, we recalculated potential for this measure using the revised baseline,
where consumption for boilers was lower than previously estimated. This reduces the savings
substantially.
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Commercial and Industrial Comparison with 2017 Programs

Table 7-2 summarizes Cascade’s 2017 commercial and industrial accomplishments and the 2018 UCT
Achievable Economic potential estimates from LoadMAP. The LoadMAP estimate of 388.8 thousand therms
is substantially higher than Cascade’s 2017 accomplishments at 260.3 thousand therms. Please note, the
achieved therms are based on preliminary assessments from Cascade with final program accomplishments
officially available once their annual report is filed in June 2018.

Table 7-2 Comparison of Cascade’s 2017 Commercial and Industrial Accomplishments with 2018
UCT Achievable Economic Potential (thousand therms)

Cascade 2017 LB ULP
2018 UCT
Program Group (thousand
(thousand
therms)

therms)
Custom 105.6 186.5
Insulation 50.1 76.7
Boilers 48.1 69.4
Fryer 18.0 21.5
Water Heaters 14.5 12.6
Furnaces 9.8 11.8
Motion Faucet 6.4 0.0

Controls

Convection Oven 4.5 4.3
Energy Saver Kit 2.5 5.5
Dishwashers 0.4 0.5
Clothes Washers 0.3 0.0
HVAC Bonus - 0.0
All Measures 260.3 388.8

The following are key drivers in commercial potential:

In addition to new measures within the “Custom” bundle such as retrocommissioning and strategic
energy management, we estimate that some measures may realize additional potential in 2018. These,
along with additional custom opportunities, make up the majority of additional potential.

HVAC equipment shows promising levels of potential. Efficient boiler and furnace installations are two
of the top ten measures, even after reducing the applicable furnace market to exclude difficult-to-
reach rooftop unit furnaces, which make up about 40-50% of the installed technology.

Fryer and convection oven potential is substantial due to the high gas consumption of restaurants
and Cascade’s current success with this program.
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Application of Electricity Ramp Rates to Natural Gas Measures

A key driver in estimation of potential are participation rates, also known as ramp rates. These identify the
percentage of an applicable population that will adopt an efficiency measure as part of a utility EE program
or other non-utility mechanism within the territory. For CPAs in the Northwest, and particularly the state
of Washington, the Seventh Plan’s electric ramp rates are a key source of information. While very thorough
and straightforward to use, these were developed with electric utilities and electric programs in mind. This
implies that they may not be appropriate to apply directly to natural gas EE programs or measures.

Figure 7-1 Example Power Council Ramp Rates

Lost Opportunity Ramp Rates
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AEG adjusted the Power Council's ramp rates using three of the four approaches illustrated below.

Reassign an individual measure’s ramp rate

Each electric measure within the Seventh Plan was prescribed a ramp rate as part of the analysis. AEG
began by mapping those to similar gas measures (e.g. using similar HVAC equipment or low-flow
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showerhead ramp rates) when estimating potential. In some cases, we found that these did not align with
what we expected for natural gas programs or Cascade’s accomplishments. For example, commercial
boilers were originally on the “LO20Fast” ramp rate, which is a lost opportunity (turnover) ramp rate that
starts at about 20% of applicable participants and approaches 85% quickly. When comparing with
Cascade’s current programs, AEG observed that they were realizing higher potential, indicating that this
is a more mature program. As a result, we reassigned this to the “LO50Fast” ramp rate, which begins
around 50% and ramps up quickly as well. We also investigated lowering a few ramp rates. The most
notable is in residential weatherization. When discussing current Cascade programs with the team, we
noticed that potential has been challenging to achieve in recent years, but due to recruitment of a new
implementer in Climate Zone 3, potential there is increasing. In this case, we remapped weatherization to
a slower ramp rate, which begins at a lower percentage but increases year-over-year as the program gains
traction. Figure 7-2 summarizes the process of reassigning “LO12Med" to both a faster and slower rate.

Figure 7-2 Example of Ramp Rate Reassignment

Reassignment from "LO12Med"
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Accelerate or Decelerate an Existing Ramp Rate

While reassignment of rates was used to make changes to the achievability, AEG also configured the model
to shift ramp rates forward or backward to start in a year other than the first. This allows us to state that
a measure or program may be more mature than the rate originally implies but allows us to keep it on
the same trajectory. We may employ this method when we observe a measure to be conserving more in
practice than LoadMAP originally estimates, but not by enough to warrant complete reassignment.

Another use of this approach is to delay potential for specific measures by beginning the ramp rate in
year 2 or beyond. We used this primarily for large new programs that the model identified but would not
fit into 2018 programs since programs had already been designed for that year. For example, AEG
identified that efficient windows (Class 30 and Class 22) were passing cost-effectiveness and have a large
impact on potential. Adding this measure to the portfolio will require Cascade to recruit trade allies and
generate program interest, which requires the rest of this year to accomplish. As such, we began
estimating window potential in 2019. This was also used for Built Green Homes in Climate Zones 1and 2,
where the measure has not yet taken off. We anticipate there to be substantial potential, but Cascade is
currently working with builders to implement this measure, which may take a few years to finalize. Figure
7-3 illustrates the process of accelerating and decelerating the "LO12Med" ramp rate by two years.
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Figure 7-3 Example of Ramp Rate Acceleration/Deceleration
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Dampen Early-Year Measure Ramping Effects

Many of the Power Council ramp rates are designed to increase achievability rapidly over time. This can
result in two-to-three times the incremental potential for a measure compared to the previous year. In our
experience, this is not always a possibility as programs require time to mature and gain traction. As such,
we applied an early-year adjustment to ramp rates within LoadMAP. To do this, we reduced the
acceleration in years two and three by 50%, then accelerated in years four through eight to catch up with
the unmodified ramp rate. We did this such that the Council’'s 85% long-term achievability target would
still be met while reflecting the realities in working to increase program participation. Note that this does
not affect many of the more mature “"Retrofit” ramp rates since they achieve a constant percentage in each
of the early years. Figure 7-4 illustrates the impact of this dampening and re-acceleration on the
"LO12Med" ramp rate.

Figure 7-4 Example of Ramp Rate Dampening
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Design a New Ramp Rate

The final approach which AEG developed for adjusting ramp rates is to design an entirely new rate. While
we prefer to use prescribed rates consistent with the Council, there are measures and programs which
may not be suitable for any existing rate. While completing Cascade’'s CPA, AEG did not apply this
approach. We are instead documenting it here for future use.

We recommend using this approach sparingly, and to reflect specific programs or measures where
participation is dramatically different from a typical approach. In other CPAs, we have used this approach
most frequently when assessing potential for home energy reports. Within this measure, the utility
contracts with a third party to communicate energy-efficient behaviors directly to customers, using their
bills as a reference. The difference between this measure and others is that it does not require the
customer to participate. Participation is rather determined by the utility in coordination with their report
vendor. Typical program participation may take the form of a small pilot (small achievability percentage
in year-1) and a full-scale program in years 2 and 3 (high achievability percentage). This measure may also
apply to more or less than the 85% maximum achievability based on the number of customers reserved
in a control group for future evaluation efforts.

In the example above, none of the Council’s electricity ramp rates accelerate over the course of two-to-
three years to maximum achievability, which removes them as applicable options, necessitating
development of this “Custom” ramp rate. The actual percentages in each year will be documentable based
on the utility’s deployment plan. AEG's LoadMAP model is configured to quickly incorporate additional
ramp rates as necessary, which can be assigned to each individual measure permutation within the study.
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8
FUTURE RECOMMENDATIONS

As part of this study, AEG is delivering a fully populated end-use model for Cascade to use in future
program and resource planning efforts. This model, and all of its inputs, are “unlocked”, allowing Cascade
to make any changes in assumptions necessary to estimate potential as new data becomes available. In
this section, we provide recommendations for future consideration by Cascade on a number of topics:

Future Updates to the CPA
Updating Ramp Rates in Later Years
Incorporating the Total Resource Cost Test

Options for Savings Outside Standard Utility Rebate Offerings

Future Updates to the CPA

Assumptions, methodologies, measures, and approaches within the industry are constantly changing. New
market research surveys and emerging technologies become relevant every year. While AEG recommends
more continuous monitoring for incremental updates, potential studies are generally updated every two
to four years, depending on the jurisdiction. In the state of Washington, electric utilities are required to
conduct a new CPA every two-years by law. With this in mind, AEG recommends tracking key data points
and making updates to the LoadMAP model as they become developed and citable. Ideally, these updates
would occur every two to four years at a maximum. AEG has identified a few key assumptions that may
have large impacts on potential which may be tracked:

Updates to market research stock assessments (NEEA’s RBSA, CBSA, and IFSA)

These surveys provide details into how energy is consumed in recent years within the Northwest. They
contain detailed assumptions on home and building characteristics, including how the baseline stock has
evolved over time. They are therefore a very useful resource when updating the study, either as a relevant
data source or regional benchmark for Cascade-specific data. During the drafting of this report, NEEA
released data on the 2016 RBSA, which may include updated assumptions on insulation levels, measure
installations, and other useful details. This may also help determine the average annual consumption for
a multifamily dwelling as described in the next section.

New measures or substantial changes to high-profile measures

Many measure assumptions change over time. As additional evaluation studies are conducted, and new
technologies come on market, individual measure assumptions may need to be updated. For example, if
a new type of highly-efficient water heater comes on market with promising technical applicability (e.g.
not limited to laboratory testing), it may warrant inclusion within the model. Lifetime, savings, costs, and
non-energy impacts may all be updated or added.

In addition, Cascade may determine while conducting EE programs that a certain measure is now obsolete
and should be removed from the potential or replaced with a new option. This is the case with network-
enabled thermostats, which are in the process of replacing standard programmable thermostats as a
measure within utility programs. As Cascade recognizes people transitioning from standard
programmable thermostat incentives to the networked options, this measure may be removed from the
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model and efforts can be fully focused on the more popular technology. NEEA also collaborates to develop
new pilots and measures to be considered. These can be incorporated as they are defined, such as the
new condensing rooftop heater measure which is currently under development.

Updates in federal standards or building codes

New federal equipment standards and updates to state-level building codes may be finalized and take
effect during the study period. If these impact high-potential measures, AEG recommends updating the
model to explicitly remove obsolete technologies from the market. This could take the form of an
accelerated, or delayed, AFUE 92% furnace standard, which has implications for programs in the mid-
2020's. Additionally, the state of Washington will be releasing new building codes every three years. While
the 2015 WSEC is very efficient and resulting in large efficiency gains in new homes, it is possible that
enhancements or additional specifications may be made. Cascade may choose to update the model to
remove or tailor measures to meet these new standards. For example, if it is determined that high-
efficiency water heaters are part of the base-code rather than the optional credit section (where they are
now), potential for this measure and Built Green Homes may be modified downward.

Future refinements based on natural gas primary data

Through programs, audits, inspections, and surveys, Cascade may identify changes in the market or
additional details to be considered within the model. These can be easily built into the base-year market
profile or baseline projection, further customizing the model to the territory. Examples of future data
which may become available include:

Updates to appliance saturations within Cascade’s customer database
Additional research into multifamily consumption per apartment dwelling

Progress in vendor recruitment for weatherization and windows in the various Climate Zones,
accelerating potential for those measures

Results of new pilots in Cascade’s territory, such as Built Green Homes in Climate Zones 1 and 2 or
results of NEEA emerging technology pilots

Another useful refinement includes enhancing the model by incorporating the most recent years of billing
data. In February of 2018, AEG worked with Cascade to incorporate actual data (consumption and
customers at a sector-level) into the models. Results of this update can be seen in the baseline section of
this report.

Updating Ramp Rates in Later Years

Customer participation in programs may change over time for a variety of reasons. In addition to the
updates discussed in Section 7, it will be necessary to update all ramp rates at various points in the future.
This may occur after the Council releases their Eighth Electric Power Plan with updated ramp rates or when
Cascade chooses to update the base-year of the potential study.

In the first case, AEG recommends performing a similar step to that taken in this study. This includes
mapping electric ramp rates to their closest gas counterparts then adjusting appropriately to reflect the
differences between electric and gas EE programs. The four approaches identified here may be utilized to
accomplish this.

In the second case, the question is whether to shift all ramp rates back to year-1or continue with a different
starting year. This is an interesting point of discussion, where AEG recommends a hybrid approach:
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1. Re-align the first year of each ramp rate with the new start year (reassigning ramp rates to the
most similar Council rates is likely not necessary here)

2. Evaluate accelerating key measures based on program accomplishments (e.g. starting furnaces in
year-3 if potential continues to outperform the original rate)

3. Evaluate market conditions and identify any barriers to participation where measures are not
keeping up with estimates

a. This point may also be used to re-evaluate existing barriers and consider adjusting if they
have been mitigated (e.g. fireplace efficiency labeling becomes simplified resulting in
more efficient purchases)

Please note that we recommend beginning the faster retrofit ramp rates in year-1. In contrast to lost
opportunity rates, which increase over time to reach 85%, retrofits decrease such that the sum of all years
is 85%. By starting a retrofit ramp rate in year 2 or 3, that first year of achievability is lost and the sum will
be less than 85% by the end of the study. Note this may still be appropriate for some of the slowest rates
where the percent lost is fractional and it aligns better but should not be used for the "Medium” or “Fast”
ramp rates.

Incorporating the Total Resource Cost Test

In addition to the UCT, LoadMAP has been configured to evaluate potential using the TRC. This test focuses
on impacts for both the utility and customer, which is an alternative frame of reference from the UCT. The
TRC includes the full measure cost (incremental for lost opportunities, full cost for retrofits), which is
generally substantially higher than the incentive cost included within the UCT. The TRC does include one
additional value stream that the UCT does not, non-energy impacts. This test is fully incorporated into
LoadMAP and prepared for Cascade to use in the event the Company feels a “fully balanced” TRC is
identified.

In accordance with Council methodology, these impacts must be quantified and monetized, meaning
impacts such as personal comfort, which are difficult to assign a value to, are not included. What this does
include are additional savings including water reductions due to low-flow measures or reduced detergent
requirements to wash clothes in a high-efficiency clothes washer. AEG has incorporated these impacts as
they are available in source documentation, such as RTF UES workbooks.

Some impacts are already included within Cascade’s avoided costs. These include the 10% conservation
credit applied by the Council for infrastructure benefits of efficiency. The future prices of carbon are also
included. Additionally, risk adders for the procurement of natural gas supplies in future years are also
already incorporated. Per TRC methodology, as these impacts are already captured within the avoided
costs provided to AEG, we did not incorporate them a second time outside the costs.

Another set of impacts captured within Council methodology include the Simplified Energy Enthalpy
Model (SEEM) “calibration credits”. The Council calibrates this energy model using metered end-use
energy consumption to reflect actual conditions. While these are technically energy impacts, they are not
captured as a benefit to a natural-gas utility as they are instead an impact on the customer. The Council
then assumes the difference between the uncalibrated and calibrated models represents the impacts of
secondary heating by different fuels present in the home. In the Council’s case, these could be small gas
heaters or wood stoves present alongside an electric forced-air furnace. For Cascade, AEG followed a
similar methodology, but instead applied the calibration percent impact to estimated gas-heating savings
rather than electric. To monetize these impacts, we incorporated the latest Mid C energy prices, including
carbon impacts, from the RTF's website, adjusted for differences in efficiency between electric and natural
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gas heating equipment (e.g. converted therm savings from an AFUE 80% baseline to kWh savings from
an EF 0.97 resistance heater baseline). We applied these impacts to many non-equipment measures with
space heating impacts in all sectors as well as to residential space heating equipment, which was the
primary use for the Council.

Finally, AEG identified additional non-gas end uses which may be impacted by gas efficiency measures.
These include impacts from other end uses, such as cooling savings due to efficient shell measures or
lighting savings due to a comprehensive retrocommissioning or strategic energy management program.
Like the calibration credit above, these do not have a benefit to a natural-gas utility but do to the customer.
It is worth a note of caution when incorporating these impacts. Certain comprehensive building measures,
such as retrocommissioning and strategic energy management have very large electric impacts that may
be greater than the original estimated gas impacts. LED lighting is a very popular technology within
electric utility-programs and can have massive impacts. Commercial HVAC retrocommissioning includes
both cooling and ventilation electric impacts, which could outweigh the gas space heating impacts. We
only recommend incorporating these into future TRC analyses if additional steps are taken to partner with
electric utilities within the territory to share the costs. We have seen this accomplished successfully in
other jurisdictions, leading to a high level of both electric and natural gas savings. If this step is not taken,
AEG recommends removing these impacts from LoadMAP. This can be done by setting these values to
"FALSE” when generating new impacts.

Options for Savings Outside Standard Utility Rebate Offerings

In addition to the recommendations above, AEG has also identified recommendations for achieving
additional savings outside standard utility rebate offerings. There are several delivery mechanisms and
tools at a utility’s disposal when looking to expand EE initiatives. We discuss several of them here:

Identify additional measure bundles

One way to achieve deeper energy savings is to bundle the installation of compatible measures within a
utility program. Cascade currently implements this as a bonus incentive credit for installing more than one
measure, which is a good way to increase participation in existing programs. Another option is to bundle
low-cost or no-cost measures.

Regarding low-cost or no-cost measures, these are typically less costly operations and maintenance type
measures (O&M) which may not be cost-effective on their own. This is because it would cost too much in
labor for a contractor to travel to a customer site just to implement this one measure, but the incremental
cost is very low when already on-site. Examples of this include cleaning filters or checking sensors on the
heating system when installing a new measure or sealing off the most problematic areas of a home
“prescriptively” while installing attic insulation. Both of these are difficult measures to incentivize on their
own but can be added onto a larger measure. It is worth noting in these cases that interactive effects
between measures may be much greater than the population as a whole. For example, if installing
insulation and tuning up a furnace at the same time, the reduced runtime due to less heat loss results in
a lower baseline that the maintenance measure is applied to, reducing savings. This may not apply to a
prescriptive air sealing measure and weatherization since they are reducing heat loss from two separate
sources within the home and do not interact. Please note that if employed within Cascade’s programs,
future research and exploration into interactive savings for these bundles would be required to accurately
track energy savings.
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“Cross-sell” additional measures

Another option is to encourage contractors to “cross-sell” measures when engaged with a customer. This
could involve the installation of a smart thermostat when already onsite to install an efficient furnace or
the installation of low-flow showerheads when upgrading a water heater. In the cases described here,
interactive effects would need to be considered.

These options don't necessarily need to be related to result in additional savings. A common approach in
electric direct install programs is to replace high-usage lamps with LEDs and showerheads with low-flow
variants when onsite for a larger project. These are cheaper technologies that can be installed without
significant additional work and can result in savings that are unlikely to interact with one another (e.qg.
different end uses).

One of the most successful uses of this approach is with retrocommissioning and energy management
programs. These programs get a trained contractor or engineer onsite to improve operation of a building
or industrial facility. This expert is able to identify additional capital measures at the same time, resulting
in increased participation in programs and additional custom savings. In this case, the retrocommissioning
study can be funded by, or partially by, the utility and include the stipulation that the customer install a
certain number of non-capital measures with short simple paybacks. At the same time, larger capital
projects with deeper energy savings will be identified for the contractor, which can “fast track” the
implementation and review process, increasing customer participation.

Partner with nearby electric utilities

The retrocommissioning and strategic energy management programs described above are best employed
by leveraging relationships with neighboring electric utilities. These programs can address many end uses
at once and are typically more efficient when doing so. Working with an electric utility to split the costs
can have significant upsides. It allows for the companies to share marketing and outreach and contact
more customers. This may be necessary to incorporate retrocommissioning programs under the TRC since
the electric benefits may outweigh those identified for gas.

Another opportunity for collaboration is on weatherization or energy kit programs. Weatherization can
save energy on both gas heating and electric cooling plus ventilation, so once again, costs and outreach
can be shared. Energy savings kits could also combine electric and gas measures. If a standard gas kit with
showerheads, aerators, and possibly weather strips is expanded to include LED lamps, both utilities can
benefit from savings and outreach.

Continue participating in pilot/emerging technology studies with NEEA

Cascade already participates with NEEA regarding gas efficiency initiatives and pilots. These are a valuable
source of potential and can help inform future full-scale efficiency programs. Continuing to be involved
in these initiatives can be a good way to introduce new measures and technologies to market.

Assist in market transformation initiatives

AEG's final recommendation is to assist in market transformation efforts in the region. This could manifest
itself both by participation in NEEA's market transformation efforts, which affect the regional and national
levels, as well as independent research projects. For example, if a measure is popular, widely available,
and non-cost prohibitive, there may be ways to incorporate this technology into the baseline. This
approach does not reduce the energy savings realized by a customer, just shifts it out of a utility EE
program into the baseline where it is automatically captured in new construction and major retrofits. The
state of Washington drafts new building codes every three years and looks to incorporate measures that
may be achieving market transformation.
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EXECUTIVE SUMMARY

In the fall of 2017, Cascade Natural Gas Corporation (Cascade) contracted with Applied Energy Group
(AEG) to conduct this Conservation Potential Assessment (CPA) in support of their conservation and
resource planning activities. This report documents this effort and provides estimates of the potential
reductions in annual energy usage for natural gas customers in the Cascade service territory from energy
conservation efforts in the time period of 2018 to 2038. To produce a reliable and transparent estimate of
energy efficiency (EE) resource potential, the AEG team performed the following tasks to meet Cascade’s
key objectives:

Used information and data from Cascade, as well as secondary data sources, to describe how
customers currently use gas by sector, segment, end use and technology.

Developed a baseline projection of how customers are likely to use gas in absence of future EE
programs. This defines the metric against which future program savings are measured. This projection
used up-to-date technology data, modeling assumptions, and energy baselines that reflect both
current and anticipated federal, state, and local energy efficiency legislation that will impact energy
EE potential.

Estimated the technical, achievable technical, and achievable economic potential at the measure level
for energy efficiency within Cascade’s service territory over the 2018 to 2038 planning horizon.

Deliver a fully configured end-use conservation planning model, LoadMAP, for Cascade to use in
future potential and resource planning initiatives

In summary, the potential study provided a solid foundation for the development of Cascade’s energy
savings targets. Table ES-1 summarizes the results of this study at a high level. AEG analyzed potential for
the residential, commercial, and industrial market sectors. First-year utility cost test (UCT) achievable
economic potential is 658 thousand therms. This increases to 1,404 thousand therms in the second year
and 29,035 thousand therms by the eleventh year. As part of this study, we also estimated total resource
cost (TRC) potential, with the focus of fully balancing non-energy impacts. This includes the use of full
measure costs as well as quantified and monetizable non-energy impacts and non-gas fuel impacts (e.g.
electric cooling or wood secondary heating) consistent with methodology within the Seventh Northwest
Conservation and Electric Power Plan (Seventh Plan). We have also built a framework for estimating
potential under the Resource Value Test (RVT) in the event jurisdictional goals are defined.

Table ES-1 Conservation Potential by Case, Selected Years (thousand therms)

Scenario 2018 2019 2020 2022 2028 2038
Baseline Projection (thousand therms) 253,869 256,413 259,098 264,884 282,830 319,800

Cumulative Savings (thousand therms)

UCT Achievable Economic Potential 658 1,404 2,382 6,758 29,035 63,358

Achievable Technical Potential 1,314 2,691 4,316 10,667 39,459 75,884

Technical Potential 3,361 6,560 9,945 19,760 52,882 88,728
Cumulative Savings (% of Baseline)

UCT Achievable Economic Potential 0.3% 0.5% 0.9% 2.6% 10.3% 19.8%

Achievable Technical Potential 0.5% 1.0% 1.7% 4.0% 14.0% 23.7%

Technical Potential 1.3% 2.6% 3.8% 7.5% 18.7% 27.7%

Key opportunities for savings include residential furnace and water heating equipment upgrades and
weatherization as well as Built Green savings in later years.
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1
INTRODUCTION

This report documents the results of the Cascade Natural Gas Corporation 2018-2037 Conservation
Potential Assessment (CPA) as well as the steps followed in its completion. Throughout this study, AEG
worked with Cascade to understand the baseline characteristics of their service territory, including a
detailed understanding of energy consumption in the territory, the assumptions and methodologies used
in Cascade’s official load forecast, and recent programmatic accomplishments. Adapting methodologies
consistent with the Northwest Power and Conservation Council’s (Council’s) Seventh Conservation and
Electric Power Plan® for natural gas studies, AEG then developed an independent estimate of achievable,
cost-effective EE potential within Cascade’s service territory between 2018 and 2038.

Goals of the Conservation Potential Assessment

The first primary objective of this study was to develop independent and credible estimates of EE potential
achievably available within Cascade’s service territory using accepted regional inputs and methodologies.
This included estimating technical, achievable technical, then achievable economic potential, using the
Council's ramp rates as the starting point for all achievability assumptions, leveraging Northwest Energy
Efficiency Alliance’s (NEEA’'s) market research initiatives, and utilizing assumptions consistent with Seventh
Plan supply curves and RTF measure workbooks when appropriate for use in natural gas planning studies.

The second primary objective was to deliver a fully configured end-use model for Cascade to use in future
EE planning initiatives. AEG has customized its LoadMAP end-use planning tool with data specific to
Cascade’s territory and the Northwest. This includes a detailed snapshot of how Cascade’s customers use
energy in the base year of the study, 2016, assumptions on future customer growth from Cascade’s load
forecasting team, and measure assumptions using Cascade primary data, regional research, and well-
vetted sources from around the nation. AEG has also facilitated training sessions with the Cascade team
to ensure a smooth handoff of the model.

Additionally, the CPA is intended to support the design of programs to be implemented by Cascade during
the upcoming years. One output of the LoadMAP model is a comprehensive summary of measures. This
summary documents input assumptions and sources on a per-unit value, program applicability and
achievability (ramp rates), and potential results (units, incremental potential, and cumulative potential) as
well as cost-effectiveness at the TRC, UCT, and RVT levels. This summary was developed in collaboration
with Cascade and refined throughout the project.

Finally, this study was developed to provide EE inputs into Cascade’s Integrated Resource Planning (IRP)
process. To this end, AEG developed detailed achievable economic EE inputs by measure for input into
Cascade’'s SENDOUT planning model. These inputs are highly customizable and provide potential
estimates at the Washington-territory level, Cascade climate zone, and city-gate level. We present a map
of Cascade’s Washington climate zones and city gates in Figure 1-1, to summarize the terms we reference
throughout this study.

1 "Seventh Northwest Conservation and Electric Power Plan.” Northwest Power & Conservation Council, February 10, 2016.
http://www.nwcouncil.org/energy/powerplan/7/plan
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Figure 1-1 Cascade’s Washington Service Territory (courtesy Cascade)
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Summary of Report Contents

The document is divided into six additional chapters, summarizing the approach, assumptions, and results
of the EE potential analysis. We describe each section below:

Volume 1, Final Report:

Analysis Approach and Data Development. Detailed description of AEG's approach to conducting
Cascade’s 2018-2038 CPA and documentation of primary and secondary sources used.

Market Characterization and Market Profiles. Characterization of Cascade’s service territory in the
base year of the study, 2016, including total consumption, number of customers and market units, and
energy intensity. This also includes a breakdown of the energy consumption for residential,
commercial, and core industrial customers by end use and technology.

Baseline Projection. Projection of baseline energy consumption under a naturally occurring efficiency
case, described at the end-use level. The LoadMAP models were first aligned with actual sales and
Cascade’s official, weather-normalized econometric forecast and then varied to include the impacts
of future federal standards, ongoing impacts of the 2015 Washington State Energy Code on new
construction, and future technology purchasing decisions.

Overall Energy Efficiency Potential. Summary of EE potential for Cascade’s entire service territory for
selected years between 2018 and 2038.

Sector-Level Energy Efficiency Potential. Summary of EE potential for each market sector within
Cascade’s service territory, including residential, commercial, core industrial customers. This section
includes a more detailed breakdown of potential by measure type, vintage, market segment, end use,
and Cascade climate zone in the case of residential.

Comparison with Current Programs and Ramp Rate Adjustments Detailed comparison of potential
with current Cascade programs, including new opportunities for potential. Also describes AEG's
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recommended process for adapting the Council’s Seventh Plan ramp rates for use with natural gas EE
measures.

Recommendations: Discussion of recommendations for future analysis or research by Cascade.
Includes notes on updating the CPA in future years, refinements on primary natural gas data,
adjustment of participation rates in future years, and additional options for savings outside of standard
rebate offerings.

Volume 2, Appendices:

Alignment with the Council’'s Seventh Plan Methodology. Discussion on how this study aligns with
Council electric-centric methodologies, including ramp rates, regional data, and measure
assumptions.

Data Dictionary. Defines terms commonly used within the potential study process and LoadMAP
models. This covers all phases of the potential study from market characterization through potential
estimation and resource planning.

Resource Value Test Potential. Preliminary estimate of EE potential using the recently released
Resource Value Test rather than UCT or TRC for cost-effectiveness.

Market Profiles. Detailed market profiles for each market segment. Includes equipment saturation,
unit energy consumption or energy usage index, energy intensity, and total consumption.

Customer Adoption Factors. Documentation of the ramp rates used in this analysis. These were
adapted from the Seventh Plan electrical power conservation supply curve workbooks for use in the
estimation of achievable natural gas potential.

Measure List. Contained in a separate spreadsheet accompanying delivery of this report. List of
measures, along with example baseline definitions and efficiency options by market sector analyzed.

Detailed Measure Assumptions. Contained in a separate spreadsheet accompanying delivery of this
report. This dataset provides input assumptions, measure characteristics, cost-effectiveness results,
and potential estimates for each measure permutation analyzed within the study.

LoadMAP Process Manual. Contained within a separate document and delivered alongside this report,
the process manual is intended to serve as a guide to updating and running the LoadMAP model. It
also contains recommendations on how to update key data and assumptions relevant to future
planning efforts undertaken by Cascade.
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Throughout the report we use several abbreviations and acronyms. Table 1-1 shows the abbreviation or
acronym, along with an explanation.

Table 1-1 Explanation of Abbreviations and Acronyms

Acronym Explanation

AEO Annual Energy Outlook forecast developed by EIA
B/C Ratio Benefit to Cost Ratio

BEST AEG’s Building Energy Simulation Tool

BPA Bonneville Power Administration

C&I Commercial and Industrial
CBSA NEEA’s 2014 Commercial Building Stock Assessment

Council Northwest Power and Conservation Council (NWPCC)

DHW Domestic Hot Water

DSM Demand Side Management

EE Energy Efficiency

EIA Energy Information Administration

EUL Estimated Useful Life

EUI Energy Usage Intensity
HVAC Heating Ventilation and Air Conditioning

IFSA NEEA’s 2014 Industrial Facilities Site Assessment
IRP Integrated Resource Plan
LoadMAP AEG’s Load Management Analysis and Planning™ tool

NEEA Northwest Energy Efficiency Alliance
o&M Operations and Maintenance
RBSA NEEA’s 2012 Residential Building Stock Assessment
RTF Regional Technical Forum

RVT Resource Value Test

TRC Total Resource Cost test

UCT Utility Cost Test

UEC Unit Energy Consumption

UES Unit Energy Savings
WSEC 2015 Washington State Energy Code
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A

ALIGNMENT WITH THE COUNCIL’S SEVENTH PLAN
METHODOLOGY

While developing potential estimates for Cascade’s CPA, AEG strove to adapt Northwest Power &
Conservation Council’s Seventh Conservation and Electric Power Plan methodologies wherever
appropriate for gas studies and maintain consistency with analysis procedures within the region. To
accomplish this, AEG employed the following approach:

Estimate technical, achievable technical, and achievable economic potential
Utilize regional market baseline data

Consider all measures within the Seventh Plan and RTF work products when applicable to gas, utilize
or adapt Council and RTF assumptions wherever possible

Adapt the Seventh Plan’s ramp rates for use in natural gas efficiency programs
Incorporate all quantified and monetized non-energy impacts when developing a fully balanced TRC

We describe these in more detail below.

Estimate technical, achievable technical, and achievable economic potential

Within the Seventh Plan, the Council estimates three levels of potential, technical, achievable technical,
and achievable economic. This is different from best-practice methodology for other parts of the country,
where technical, economic, then achievable potential is estimated. The primary advantage of estimating
achievable technical potential first is that it allows for a more apples-to-apples comparison with previous
studies and other utilities throughout the region. Avoided costs are one of the most likely potential drivers
to change and will likely vary by utility, so isolating this impact is important when making comparisons.

Within AEG's LoadMAP model, we estimate potential using the Council’s preferred approach of beginning
with technical potential, applying ramp rates to estimate achievable technical potential, and finally
screening for cost effectiveness to estimate achievable economic potential. Within this study, AEG
estimated potential primarily under the UCT, since that is Cascade’s primary cost-effectiveness test, but
also estimated potential using the Council’s preferred test, a fully-balanced TRC, for future reference and
planning initiatives if necessary.

Utilize regional market baseline data

In addition to Cascade-specific data, which is the best-practice primary source available, AEG relied on
NEEA's regional stock and site assessments, the 2011 RBSA, 2014 CBSA, and 2014 IFSA. These surveys,
which also informed the baseline of the Seventh Plan, contain detailed home, building, and industrial
facility information for customers in the region. While these surveys have primarily been used to inform
electric CPAs, AEG identified a list of useful data that is applicable for gas customers in the region as well.
For example, AEG utilized detailed home and building shell characteristics to determine the applicable
portion of the market for many retrofit opportunities. This included the percentage of customers with no,
or very low, ceiling insulation. We also used this to determine baseline window types (e.g. single vs. double
pane) and amount of homes with exterior ductwork.
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NEEA's surveys were also used to inform commercial and industrial energy intensities on a square foot
and employee basis respectively. This data, particularly the consumption per square foot, is invaluable
when determining energy consumption in commercial and industrial facilities. Compared to a residential
home, which roughly corresponds one-to-one with customer accounts, a commercial facility may be
anywhere from a few thousand square feet to over one million. Utilizing NEEA data allowed AEG an
additional benchmark upon which to estimate building energy consumption.

Consider all measures within the Seventh Plan and RTF work products when applicable to
gas, utilize or adapt Council and RTF assumptions wherever possible

While many of the Council and RTF assumptions were developed with electricity savings in mind, there is
data that may be adapted for use in estimating gas potential. For example, weatherization measures may
be applied equally to both electric and gas heating systems, so assumptions on lifetime and cost are
applicable to both. Additionally, energy savings as percent of baseline consumption may also be adapted
if reasonably scrutinized. For example, electric resistance and natural gas direct-fuel furnaces should share
similar load shapes and save similar percentages. On the other hand, efficiency of electric air-source heat
pumps varies by load and outside temperatures and is not comparable to any commercially available gas
technologies and should not be used.

When developing the measure list for this study, AEG began with workbooks from the Seventh Plan and
RTF to ensure that all similar measures were captured. We used assumptions from these workbooks when
appropriate, and substituted gas-specific details as necessary.

Adapt the Seventh Plan’s ramp rates for use in natural gas efficiency programs

A key driver in estimation of potential are participation rates, also known as ramp rates. These identify the
percentage of an applicable population that will adopt an efficiency measure as part of a utility EE program
or other non-utility mechanism within the territory. For CPAs in the Northwest, and particularly the state
of Washington, the Seventh Plan’s electric ramp rates are a key source of information. While very thorough
and straightforward to use, these were developed with electric utilities and electric programs in mind. This
implies that they may not be appropriate to apply directly to natural gas EE programs or measures.

AEG utilized these ramp rates as a starting point for estimating potential. We adapted the Councils ramp
rate assignments from electric measures to their most similar gas counterparts (e.g. started with identical
ramp rates for weatherization). We also applied ramp rates based on similar electric technology categories
(e.g. similar food preparation rates). The next step was to adapt these for use in natural gas programs,
using observations from programs within the region as well as implementation knowledge provided by
the Cascade team. This information was used to both identify high-performing programs (accelerate
potential) and additional market barriers (to possibly delay potential). To apply these ramp rates to a
natural gas potential assessment, AEG utilized three of the following approaches:

Reassign an individual measure’s ramp rate
Accelerate or decelerate an existing ramp rate
Dampen early-year measure ramping effects
Design a new ramp rate

A description of how these approaches were used may be found in Section 7 of this report.
Recommendation on how to further adapt these ramp rates in the future may be found in Section 8.
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Incorporate all quantified and monetized non-energy impacts when developing a fully
balanced TRC

In addition to the UCT, LoadMAP has been configured to evaluate potential using the TRC. This test focuses
on impacts for both the utility and customer, which is a different frame of reference from the UCT. In the
TRC, this involves including the full measure cost (incremental for lost opportunities, full cost for retrofits),
which is generally substantially higher than the incentive cost included within the UCT. The TRC does
include one additional value stream that the UCT does not, non-energy impacts. This test is fully
incorporated into LoadMAP and prepared for Cascade to use in the event a “fully balanced” TRC is
identified.

In accordance with Council methodology, these impacts must be quantified and monetized, which means
impacts such as personal comfort, which are difficult to assign a value to, are not included. What this does
include are additional savings such as water reductions due to low-flow measures or less detergent
required to wash clothes in a high-efficiency clothes washer. AEG has incorporated these impacts as they
are available in source documentation, such as RTF UES workbooks. We estimated TRC non-energy
impacts in the following ways:

Include quantified and monetized non-energy impacts present in Council and RTF workbooks

Incorporate NEls directly into the avoided cost (e.g. 10% conservation credit, carbon adders, and
natural gas risk adders)

Account for the presence of secondary heating when calibrating energy models (e.g. apply a
calibration credit to many space heating savings)

Account for non-gas impacts, such as cooling savings within a weatherization program or lighting
savings from a retrocommissioning program

These impacts are quantified within the LoadMAP models and utilized to assess achievable economic
potential under the TRC. Results of this analysis may be found in Sections 5 and 6 of this report.
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B
DATA DICTIONARY

This appendix provides definitions for a list of terms commonly used in the development of Cascade’s
2017 Conservation Potential Assessment (CPA).

Modeling Tool
LoadMAP End-Use Forecasting Tool

AEG's custom end-use energy forecasting and modeling tool. The model is separated into three modules
as detailed below.

LoadMAP Baseline

Baseline end-use forecasting tool. The model takes a units-based approach to stock turnover, tracking
equipment installations in each year.

LoadMAP Potential

Potential forecasting module which calculates potential relative to the baseline projection developed
in the previous module. This model begins with the detailed stock accounting results from the
LoadMAP Baseline analysis but converts all measures to single line-item for transparency and ease of
review.

LoadMAP Results

Summarizes modeling outputs from the two prior modules at both a high level and in measure-by-
measure detail. This module does not perform any potential estimation calculations but is instead
intended to serve as a centralized location for reviewing model outputs and summarizing results.

Model Input Spreadsheets

Three separate spreadsheets are used to develop inputs that feed into the LoadMAP model. These allow
us to organize data, efficiently update assumptions, and convert data into a format more suitable for
computer use.

Market Profile

LoadMAP input tool which deconstructs utility-provided base-year consumption data into detailed
sectors, segments, end uses, and technologies as described below.

Equipment Input Generator

Formats modeling inputs for all equipment types of technologies. The LoadMAP modeling framework
defines a piece of equipment as a piece of energy-consuming technology whose primary function is
to deliver an end-use service, such as heating a home.

Non-Equipment Input Generator

Formats modeling inputs for all non-equipment types of measures. The primary purpose of non-
equipment measures is to modify energy consumption of equipment technologies and save energy.
Examples include smart thermostats and low-flow showerheads.
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Occasionally, an equipment technology may be classified as a non-equipment measure for modeling
considerations, such as if the equipment in question does not directly use the energy fuel under study,
or if more than one end use would be affected. This occurs in the case of clothes washers, which
consume electricity to mechanically clean clothes, but will save natural gas if connected to a gas-fired
water heater.

Market Profile

Market profiles characterize energy use for each customer segment, end use, and technology for the base
year. The base-year market profiles are the basis for developing the forecast of annual energy use by
customer segment and end use.

Segmentation

The purpose of segmenting a market is to group customers into segments with common properties. When
developing a profile, we break energy out using the following categories:

Market Sector

Distributes the market by general use type. The most common sectors are residential, commercial,
and industrial.

Market Segment

Defines the primary market segments. This approach is useful because energy-use patterns differ
strongly across home types in the residential sector, building types in the commercial sector, and
industries in the industrial sector. Differences reflect variation in energy-using activities and energy-
using equipment and technologies.

Vintage

The model separates floor area into new and existing vintages. Existing homes are present in the base-
year of the study and go off-market over the study period. The new vintage includes new construction
as well as major retrofits which are subject to current building codes. The new vintage grows over
time.

End Use

An energy end use is the ultimate service delivered by energy-using equipment, such as Space
Heating, Water Heating, etc.

Technology

The term “Technology” is used in LoadMAP to indicate the specific type of equipment used to deliver
the end-use service. Equipment technologies consume energy and represent the most granular
energy classification within the market profile. Examples of equipment technologies include forced-
air furnaces, tankless water heaters, and ovens.

Profile Parameters
The market profile contains the following data fields:

Control Total

Annual energy consumption in the base year of the study, typically the most recent calendar year with
12 months of billing data.
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Market Size

Number of modeling units within a given sector and segment. These are generally defined in
households for the residential sector, floor stock for the commercial sector, and employment for the
industrial sector.

Saturation

Indicates the share of the market that is served by a particular end-use technology. Three types of
saturation definitions are commonly used:

e The conditioned space approach accounts for the fraction of each building that is conditioned by
the end use. This applies to cooling and heating end uses.

e The whole-building approach measures shares of space in a building with an end use regardless
of the portion of each building that is served by the end use. Examples are commercial
refrigeration and food service, and domestic water heating and appliances.

e The 100% saturation approach applies to end uses that are generally present in every building or
home and are simply set to 100% in the base year. This is used for process and miscellaneous
consumption.

UEC or EUI

Unit Energy Consumption (the amount of energy a given piece of equipment is expected to use in
one year) or Energy Use Index (a UEC indexed to a non-building market unit, such as per square foot
or per employee).

These are indices that refers to a measure of average annual energy use per market unit (home, floor
space, or employee in the residential, commercial, and industrial sector, respectively) that are served
by an end-use technology. UECs and EUIs embody an average level of service and average equipment
efficiency for the market segment.

Energy Intensity

Intensity is computed as the product of the saturation and the UEC or EUl and represents the average
use for the technology across all market units. If the saturation is 100%, the intensity will exactly equal
the UEC or EULI.

Intensity may be summed up at the end use level to calculate the average end-use consumption for
a given market segment or fully summed to calculate consumption for an average home, square foot,
or employee. The market profile is calibrated to the intensity calculated as the quotient between the
control total and market size.

Base-Year Energy Equation

These are the key concepts used in end-use energy analysis. By developing data for these concepts, a
complete profile of sector-level energy use can be produced. With the usage index set to 1.0, the central
energy equipment defined the current energy use for each segment as the product of three factors: market
size, saturation, and UEC or EUI. For a specific market segment, end use and technology, the central energy
equation is:

Energy = Z Z Z N, xShare,, xUEC

Where:
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e N = market size
e Share = average saturation of space served by an end use and technology
e UEC (or EUl) is the average energy use per market size (floor space, GDP or home) of served space

Indices:

e s =segment
e e =-enduse
e i =technology

Market size, share and UEC / EUI values for each segment are the base-year input data required by end-
use models. These data are combined in the central energy equation to give sales by end use and
technology for each segment.

Segmentation Definitions

The following section describes the details that comprise each market segment. For end use and
equipment technology definitions, please refer to the measure list Excel file delivered as part of this study.

Residential Segmentation
Residential segmentation is broken down into two or more housing types, as described below.
Single Family

Single family homes consist of standalone homes as well as town homes where less than five units are
connected (e.g., duplexes, triplexes, etc). Due to a larger footprint and fewer shared
walls/ceilings/floors, single family homes consume considerably more energy per unit than the
multifamily units described below.

Multifamily

The multifamily segment consists of both low-rise and high-rise apartment buildings as well as town
homes where more than four units are connected. These units individually consume less energy than
a single-family home and may have centralized heating or water heating equipment serving more
than one unit at a time.

Commercial Segmentation
Commercial segmentation is broken down by building type, as described below.
Office
Traditional office-based businesses including finance, insurance, law, government buildings, etc.
Retail
Department stores, services, boutiques, strip malls etc.
Restaurant
Sit-down, fast food, coffee shop, food service, etc.
Grocery

Supermarkets, convenience stores, market, etc.
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College, university, trade schools, etc.as well as day care, pre-school, elementary, secondary schools

Health

Health practitioner office, hospital, urgent care centers, etc.

Lodging

Hotel, motel, bed and breakfast, etc.

Warehouse

Large storage facility, refrigerated/unrefrigerated warehouse

Miscellaneous

Catchall for buildings not included in other segments, includes churches, recreational facilities, public
assembly, correctional facilities, etc.

Industrial Segmentation

Industrial segmentation is broken down by industry type. These include food products, agriculture,
primary metals, stone clay and glass, petroleum, paper and printing, instruments, wood and lumber
products, and other industrial.

End-Use Definitions

The following table describes the end uses modeled as part of this study and identifies which market
sectors each applies to. In each case, we only call out segments where consumption of the end use is

considerable. The remaining applications get captured by the miscellaneous end-use category.

Table B-1 Description of End Uses by Market Sector

End Use

Space Heating

Secondary Heating

Water Heating

Appliances

Food Preparation

Process

Miscellaneous

Description

Provides heating for conditioned spaces and freeze
protection for select unconditioned spaces

Provides backup or supplemental heating and is
normally installed along with primary space heating
equipment. May be used for aesthetic reasons rather
than practical.

Heating of potable hot water for domestic
applications, typically delivered via faucets and
showerheads.

Energy-consuming piece of equipment especially for
use in the home or for performance of domestic
chores.

Equipment designed for the use in commercial or
institutional-scale kitchens used to cook and store
food.

Industrial processes which use heat to form, process,
or dry manufactured goods.

Catch-all category which includes small or non-
typical applications. This includes equipment such as
gas barbeques and pool heaters

Industrial
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Baseline Projection

For the base year, the market profiles discussed above provide a detailed depiction of energy-use patterns
at the end-use level. The end-use forecasting framework projects these detailed profiles into the future.
It is applied separately to each segment. As a result, it is appropriate to think of an end-use model as a
matrix of models.

Projection Modeling Components

The following discussion describes each model component briefly within the end-use forecasting
framework.

Market Size Projection

This component is used to organize information about the existing market size and to forecast future
size. The outlook for market size embodies the utility planning assumptions about growth in
population for the residential sector and growth in economic activity for the commercial and industrial
sectors.

Saturation Growth/Decay

This component reflects trends in construction practices and consumer purchases for new and
replacement appliances and equipment. While some end-use models attempt to model these changes
in saturations, others (like LoadMAP) rely on observed historical trends and expected future outcomes
to develop these forecasts.

UEC or EUI Changes

These values reflect the choices among energy technologies, primarily the decision to select a specific
design option, defined by equipment type and efficiency level. The choices are reflected in a forecast
of purchase shares for each specific design option. Combined with building and dwelling
characteristics and initial usage patterns, this decision determines the UEC or EUI for each segment
and end-use technology.

Projection Parameters

Once a building is constructed and equipment is in place, changes in usage levels reflect daily decisions
about the frequency and intensity of equipment use. These decisions are determined by the behavior of
building occupants and managers. The factors that influence usage are typically explicitly identified in an
end-use model as energy prices, weather data, and other user-defined exogenous variables. These
parameters include:

Purchase Shares

Represent equipment purchasing decisions for each year of the projection. Each share represents the
percent of equipment purchased for each efficiency level within a technology. For each technology
permutation, these must sum up to exactly 100% and obey off-market designations whenever a new
federal standard or state building code goes into effect.

Vintage Distribution

Represents the age of equipment present in the base-year of a study. Equipment is classified into
annual bins based on age. LoadMAP’s stock-accounting model steps vintage forward one year then
identifies the number of equipment units which have exceeded their lifetime. The model then
repurchases equipment at the efficiency levels defined by that year’s purchase shares.
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Utilization Index

In the base year, usage levels are set to 1.0, providing an index of usage. Changes relative to the base-
year usage pattern will be modeled as changes in the usage index, proportional to the starting value.
For example, if a natural gas price increase leads to a change in thermostat settings that causes a 5%
decline in space heating use, the usage index for natural gas would drop from 1.0 to .95.

Baseline Projection Equation

Within each market segment, or model cell, the end-use model computes energy sales using the central
energy equation. For a given customer segment (s), end use (e), technology (i), this equation sums across
all vintages as follows:

Zva X Share, X UEC, X Util,
v

This equation defines the annual energy sales as the sum across vintages (v) of the product of four factors:

Market size of vintage v

The share of vintage market size using the end-use technology
The UEC in vintage v

Utilization rates in vintage v

Potential Estimation

In this study, the savings estimates are developed for three types of potential: technical potential,
economic potential, and achievable potential. These are developed at the measure level, and results are
provided as savings impacts over the 21-year forecasting horizon. The various levels are described below.

Technical Potential

Technical potential is defined as the theoretical upper limit of conservation potential. It assumes that
customers adopt all feasible measures regardless of their cost. At the time of existing equipment
failure, customers replace their equipment with the most efficient option available. In new
construction, customers and developers also choose the most efficient equipment option.

Technical potential also assumes the adoption of every other available measure, where technically
feasible. For example, it includes installation of high-efficiency windows in all new construction
opportunities and furnace maintenance in all existing buildings with installed furnaces. These retrofit
measures are phased in over a number of years to align with the stock turnover of related equipment
units, rather than modeled as immediately available all at once.

Achievable Technical Potential

Achievable technical potential refines technical potential by applying customer participation rates that
account for market barriers, customer awareness and attitudes, program maturity, and other factors
that affect market penetration of conservation measures. The customer adoption rates used in this
study were the ramp rates developed for the Northwest Power & Conservation Council’s Seventh Plan,
modified for use in natural gas conservation programs.

UCT Achievable Economic Potential
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UCT achievable economic potential further refines achievable technical potential by applying an
economic cost-effectiveness screen. In this analysis, primary cost-effectiveness is measured by the
utility cost test (UCT), which assesses cost-effectiveness from the utility's perspective. This test
compares lifetime energy benefits to the costs of delivering the measure through a utility program,
excluding monetized non-energy impacts. These costs are the incentive, as a percent of incremental
cost of the given efficiency measure, relative to the relevant baseline course of action, plus any
administrative costs that are incurred by the program to deliver and implement the measure. If the
benefits outweigh the costs (that is, if the UCT ratio is greater than 0.9), a given measure is included
in the economic potential. Note that we set the measure-level cost-effectiveness threshold at 0.9 for
this analysis since Cascade is allowed to include non-cost-effective measures as long as the entire
portfolio is cost effective. This is important because a portfolio considers more than just energy
savings. Cascade may include popular measures that are on the cusp of cost-effectiveness,
accommodate variance between climate zones, maintain a robust portfolio, or include a measure that
improves customer outreach and communication.

TRC Achievable Economic Potential

TRC achievable economic potential is similar to UCT achievable economic potential in that it refines
achievable technical potential through cost-effectiveness analysis. The total resource cost (TRC) test
assesses cost-effectiveness from a combined utility and participant perspective. As such, this test
includes full measure costs but also includes non-energy impacts realized by the customer if
quantifiable and monetized. As a secondary screen, we include TRC results for comparative purposes
and future use if Cascade uses the TRC as their primary cost-effectiveness screen in the future.

RVT Achievable Economic Potential

RVT Achievable Economic Potential is similar to the UCT and TRC achievable economic potential but
assesses cost-effectiveness from a regional perspective. The resource value test (RVT) reframes the
analysis around accomplishing a jurisdiction’s regional policy goals and includes hard-to-quantify
impacts through quantitative or qualitative approaches. This test allows jurisdictions to define policy
goals which may include additional impacts beyond the traditional utility-customer TRC approach. In
May of 2017, the National Efficiency Screening Project (NESP) released a National Standard Practice
Manual? (2017 NSPM) which details an approach for conducting screening measures under the RVT.
AEG assessed preliminary estimates of potential under the RVT as part of this study, but since policy
goals are defined at the regional level under this test, we are awaiting recommendations on non-
energy impacts and values from the Washington Utilities and Transportation Commission (WUTC). The
model has been configured to accommodate these future updates as they become available.

A key step in the process of estimating energy conservation potential is the definition of each measure in
terms of key parameters. These define how much energy a measure saves, how much it costs, how long
the savings will last, any additional impacts the measure may have, the portion of the population where
the measure is already installed, the percentage of the population for which measure installation is
technically feasible, and the rate at which a measure may be achievably installed.

ECM Parameters

Lifetime

The effective useful lifetime (EUL) of an ECM. Determines the number of years for which a measure
may be installed before requiring replacement. In the equipment model, EUL is typically defined as a

2 National Standard Practice Manual for Assessing Cost-Effectiveness of Energy Efficiency Resources, May 18, 2017
https://nationalefficiencyscreening.org/wp-content/uploads/2017/05/NSPM May-2017 final.pdf
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range that averages out to a deemed value. This is done to the portion of the population which may
maintain a unit longer than average and the portion that purchases new equipment earlier in a
product’s lifetime.

Measure Cost

Incremental cost of equipment plus labor required to install a measure. In the case of equipment
measures, this is the difference in cost between installation of an efficient unit and the minimum
baseline required by federal standards and building codes. In the case of non-equipment measures,
the baseline is no action or installation, thus incremental costs equal full measure cost plus any labor.

Non-Energy Impacts

Additional benefits or costs present when installing a measure which may be present in addition to
energy savings. A positive value represents a benefit while a negative value represents a cost. NEIs
must be monetized in some way in order to be included within cost-effectiveness testing, typically as
an annual $/year benefit, but may be monetized as a percentage scalar on utility costs or as a flat
benefit added to the benefit-to-cost ratio calculation. Examples include reductions in water, detergent,
and wood fuel usage.

O&M Impacts

Operation and maintenance costs or benefits required to keep a measure in operation. Most types of
equipment technologies require periodic maintenance, so this cost or benefit only captures the
difference in O&M between technologies. A piece of efficient equipment may be more complex,
requiring more upkeep and therefore costing the consumer additional money each year. They may
also be more robust and require less maintenance overall. Impacts due to a difference in baseline and
efficient-case lifetimes may also be represented as an O&M impact and captured by the model.

Unit Energy Savings

Unit energy savings (UES) represent the annual savings, in therms, for a given measure or technology.
This is specified in LoadMAP for each end use and technology for which it applies. In the case of
efficient equipment, this is the difference in consumption between baseline technology and an
efficient piece of equipment. The UES is given for the base-year of the study and is likely to change
over time as baseline equipment becomes more efficient and exogenous utilization factors affect
consumption.

Base Saturation

Percentage of market units for which a measure is present in the baseline. For equipment units,
multiplying measure saturation by market units results in the total number of technology installations
present. A subset of these units may be eligible for ECMs as determined by the stock turnover engine.

For non-equipment measures, this is the fraction of the population where a measure is already
installed.

Technical Applicability

Technical applicability is the percentage of the market where a measure may be technically installed.
This accounts for instances where a measure design may not be feasibly installed or where a technical
barrier to installation is present. In equipment measures, this percentage is multiplied by the base
saturation to determine the applicable percentage of the market. Since equipment measures are
already limited by annual turnover, this is set to 100% by default and normally adjusted only for
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emerging technologies. Since this value is multiplied by equipment saturation, applicability fractions
may be less than saturations.

For non-equipment measures, this represents the total fraction of the population upon which a
measure may be installed. The difference between technical applicability and base saturation
represents the technically eligible fraction of a population. Due to this arithmetic, applicability for a
non-equipment measure must always be greater than or equal to its base saturation.

Additionally, applicability may be used to model the installation of more than one efficient technology
or measure type, such as tanked and tankless water heaters or Class 30 and Class 22 windows. By
splitting the applicability between two options, the model may include two mutually inclusive
measures within the potential without running the risk of double-counting potential.

Please note that since LoadMAP only applies measures to relevant, specified equipment types,
applicability does not represent the applicable percentage of end-use load (e.g. percent of heating
which is ducted).

Ramp Rates

Also known as participation rates or potential factors. Ramp rates represent the achievable percentage
of measure installations available in a given year. For equipment measures, these ramp rates are known
as lost opportunity (LO) and represent the total percent of equipment turnover upon which a measure
may be installed. As such, “LO" ramp rates begin at the base-year percentage and gradually increase
until they reach maximum achievability.

For non-equipment measures, generally known as retrofits (Retro), ramp rates represent the
percentage of entire stock eligible for measure installation. Since retrofit measures are not gated by
end-of-life purchasing decisions, the total available number of units is much larger than in the lost
opportunity case. These ramp rates are calculated from the lost opportunity ramp rates as the
difference between two subsequent years. As such, retrofit ramp rates sum up to the steady-state
maximum achievability rather than gradually reach it over time.

The standard assumption in CPAs in the Northwest is that ramp rates reach 85% achievability by the
end of the study period. An exception is made for emerging technology ramp rates, which instead
reach 55%. This may be modified on a measure-by-measure or program basis if real-world installation
conditions differ from the regional average upon which these ramp rates are based.
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C

RESOURCE VALUE TEST POTENTIAL

Background

As part of the 2017 CPA analysis, AEG has developed an approach for quantifying additional non-energy
impacts (NEIs) used for assessing cost-effectiveness under the Resource Value Test (RVT). This test is similar
in nature to a Total Resource Cost (TRC) test but reframes the analysis around accomplishing a
jurisdiction’s regional policy goals and includes hard-to-quantify impacts through quantitative or
qualitative approaches. This test allows jurisdictions to define policy goals which may include additional
impacts beyond the traditional utility-customer TRC approach. It is worth noting that certain impacts, such
as those on public health, may be lessened for natural gas analysis, compared to electricity, especially in
the Northwest. In the case of one notable impact, health benefits of emissions reductions, the impact is
primarily from the reduction of fossil fuel electricity generation. Since natural gas is much cleaner than
other fuels, translating this impact to end-user combustion will result in a small benefit. Additionally, this
impact will be substantially reduced in the Northwest since the majority of generation comes from low-
emission hydroelectric generation.

At this time, AEG recommends capturing all quantified and monetized impacts from the TRC described in
the main volume of this report as well as a preliminary percent adder of 20% to all avoided costs to
represent the impacts that cannot be easily monetized and have yet to be defined at a jurisdictional level.

The Washington Utilities and Transportation Commission (Commission) is currently developing
recommendations for implementing the RVT by investor-owned utilities in the state and has provided
guidance that this test be included in the current round of Conservation Potential Assessments (CPAs).
Accordingly, AEG has built RVT functionality into its LoadMAP potential model. This includes the ability to
assign quantified RVT-specific non-energy impacts and benefit-to-cost ratio adders at the detailed
measure-level as well as to apply additional dollar and percentage benefits directly to avoided energy
costs. Since the Commission has not yet finalized the jurisdiction’s recommended policy goals, AEG
recommends including the RVT as a secondary test for this CPA and not using RVT results for the setting
of conservation goals. Placeholders have been included within LoadMAP to accept these specific benefits
as they are defined.

In May of 2017, the National Efficiency Screening Project (NESP) released a National Standard Practice
Manual® (2017 NSPM) which details an approach for conducting screening measures under the RVT. AEG
will follow the approach for conducting resource value cost-effectiveness testing as described in this
manual. The following sections of this memo provide a summary of RVT benefits and AEG's initial
recommendations for Cascade's territory and documents our proposed approach for quantifying
additional NEls.

Summary of RVT Impacts and AEG’s Recommendations

The 2017 NSPM provides details on potential policy goals to include and recommends five different
approaches for quantifying the associated impacts. One key component of this analysis is symmetry,
ensuring the inclusion of any related benefits associated with the costs are included in testing. An example

8 National Standard Practice Manual for Assessing Cost-Effectiveness of Energy Efficiency Resources, May 18, 2017
https://nationalefficiencyscreening.org/wp-content/uploads/2017/05/NSPM May-2017 final.pdf
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of this would be the inclusion customer-side NEls such as the water savings when also including the non-
incentivized portion of a high-efficiency clothes dryer measure installation.

Another important aspect to be aware of within these categories is impact overlap. This may manifest
itself in two different ways.

e  First, care must be taken to exclude impacts already accounted for in utility avoided costs. For example,
if the avoided costs already include a social cost of carbon or energy risk adders, then it is not
appropriate to include these costs within the “Energy Security” category as well.

e Second, overlapping impacts between categories must also be accounted for. For example, if the
economic benefits due to reduced energy bills are quantified as part of the "Economic Development
and Jobs" category, then they should not be included as poverty alleviation under the “Impacts on
Low-Income Customers” category.

The table below summarizes the eight categories of non-utility impacts presented in Table 6 of the 2017
NSPM. While this list is not intended to be exhaustive, it provides a detailed list of impacts to consider
and is a suitable starting point. Once finalized, AEG recommends Cascade update this list based on the
final set of impacts provided by the Commission, if applicable to Cascade’s service territory and the region.
Please note that the 10% bonus for the energy and capacity benefits of conservation* from the Pacific
Northwest Electric Power Planning and Conservation Act does not fall neatly into one of the categories
below but may also be included in some form if determined to be applicable to natural gas.

Table C-1 Non-Utility RVT Impacts Considered for the 2017 Cascade CPA

NSPM
Section®

Non-Utility Impact Recommendation Description

The more tangible benefits are already captured in the sections
3.3.2 Participant Impacts Consider in Future below. May include intangibles such as comfort and productivity
if the Commission provides a recommendation.

The benefits of low-income energy efficiency programs are well-
recognized and have been included in other jurisdictions around

Include Low- X . .
Impacts on Low-Income the country. We recommend including a tailored set of low-
3.3.3 Income Measures . . . .
Customers o Niadal income measures in LoadMAP and applying a benefit-to-cost
in Mode
ratio adder to these measures, which may allow them to pass
with an RVT ratio of less than one.
AEG recommends capturing the benefits from secondary fuels for
measures where natural gas measures may have an impact. For
3.34 Other Fuel Impacts Include o . . o
weatherization measures, this would include a reduction in wood
fuel use and/or the impact on electric cooling in the summertime.
Water impacts are already monetized for RTF and Seventh Plan
3.3.5 Water Impacts Include measures. AEG recommends including these and expanding to

non-RTF measures if appropriate.

4 Washington Administrative Code 194-37-070 (5) (c) (xiv) http://apps.leg.wa.gov/WAC/default.aspx?cite=194-37-070

5 Table 6 indicates that examples begin in section 3.3.1, but actually begin in 3.3.2. The first section instead summarizes the approach for
the following eight impacts.
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NSPM
Section®

Non-Utility Impact Recommendation Description

Carbon already . . . .
. . . - A carbon credit is already included in the avoided cost of energy
3.3.6 Environmental Impacts included in Utility

. used for this analysis.
Avoided Costs

Due to the potentially large impacts and variance in existing
estimates, AEG believes that this category should be quantified at
a regional level for use by all investor-owned utilities. AEG will

3.3.7 Public Health Impacts Exclude o .
add a placeholder within the LoadMAP model to be updated in
should the Commission provide a recommended value for this
category.

These impacts include both the use of conservation as a vehicle

3.3.8 Economic Development Include for job growth/job retention and an increase in a customer’s

and Jobs disposable income and are of interest to both Cascade and the

Commission.

Risk is already . . . .
. . X . Reliance on volatile energy markets is already reflected in the
3.3.9 Energy Security included in Utility

. avoided energy costs as a risk premium adder.
Avoided Costs

Methodology for Quantifying Benefits

Table 12 of the 2017 NSPM recommends five different approaches for accounting for NEIs under the RVT.
When followed in order, these approaches transition from more local and quantitative to more national
and qualitative in nature. We detail the five approaches below.

Jurisdiction-Specific Studies

Relevant studies in Cascade'’s territory and the state of Washington should be used when available. These
may take the form of low-income housing research, regional electricity prices for other fuel impacts, and
local water costs for Cascade’s territory. Since the RVT is a relatively new test and hasn’t been widely
implemented, we anticipate quantifying the more traditional NEls using this approach.

Studies from Other Jurisdictions

Studies from other areas in the country or national sources may be used to quantify NEls in the absence
of regional sources. If these are used, care must be taken that assumptions are appropriate for Cascade’s
territory. For example, costs from a state that spends three to five times more on conservation than the
average may not yield applicable data for more rural areas in Washington. In these cases, it still may be
possible to adapt the methodology to Cascade’s territory rather than the actual value.

Apply Similar Proxies

When no relevant sources are available, it may be useful to identify a similar metric or NEI and adapt it
for use. One example where this may be appropriate is the ten percent electricity conservation credit
defined above. While that credit may not fit neatly into one of the categories listed previously, it may
provide insight for some combination of environmental impacts and energy security since the
Conservation Act includes it to prioritize conservation over fossil-fuel emitting generation, which could
require fuel to be imported from outside the region.
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Quantitative and Qualitative Information and Alternative Thresholds

Care must be taken when using the final two approaches described in the 2017 NSPM, as they may not
be traceable to well-documented sources. These approaches are important in context of the RVT because
of the underlying test principle that “using best-available information, proxies, alternative thresholds, or
qualitative considerations to approximate hard-to-monetize impacts is preferable to assuming those cost
and benefits do not exist or have no value” (2017 NPSM, pg. viii).

Qualitatively monetized impacts will likely take the form of a percent addition to the avoided cost of
energy ($/therm) since they likely will not be detailed enough to be applied to specific measures. This
approach may be useful for highly subjective participant impacts, such as comfort, if determined to be an
appropriate category in the region.

One example where an alternative threshold may be used would be to assess low-income measure cost-
effectiveness. Since some low-income benefits such as reduced mobility may be difficult to quantify but
we do not want to apply a low-income benefit globally to all measures, we may add a benefit-to-cost
adder to all low-income measures, allowing them to pass with a cost-effectiveness ratio of 0.50 instead of
1.0 for example.

Preliminary Results of RVT Analysis

While developing potential estimates for the CPA analysis, AEG estimated preliminary impacts resulting
from the additional non-energy impacts present within the RVT. The table below summarizes these
impacts for selected years, compared to potential from the UCT test as well as the achievable technical
and technical cases. As seen below, the RVT estimate is very similar to the UCT, resulting in slightly greater
savings by the final year of the study. These values may change as additional impacts are finalized within
the region.

Table C-2 Preliminary Potential Estimates using the RVT (thousand therms)
Scenario 2018 2019 2020 2022 2028 2038
Baseline Forecast (thousand therms) 253,869 256,413 259,098 264,884 282,830 319,800
Cumulative Savings (thousand therms)
UCT Achievable Economic Potential 658 1,404 2,382 6,758 29,035 63,358
RVT Achievable Economic Estimate 618 1,305 2,235 6,683 29,770 66,169
Achievable Technical Potential 1,314 2,691 4,316 10,667 39,459 75,884
Technical Potential 3,361 6,560 9,945 19,760 52,882 88,728
Energy Savings (% of Baseline)
UCT Achievable Economic Potential 0.3% 0.5% 0.9% 2.6% 10.3% 19.8%
RVT Achievable Economic Estimate 0.2% 0.5% 0.9% 2.5% 10.5% 20.7%
Achievable Technical Potential 0.5% 1.0% 1.7% 4.0% 14.0% 23.7%
Technical Potential 1.3% 2.6% 3.8% 7.5% 18.7% 27.7%

As part of this analysis, we also summarize RVT estimates by market sector. The table and figure below
display RVT estimates for the residential, commercial, and industrial sectors for select years. Compared to
the UCT, RVT estimates are higher in the residential sector, and comparable to UCT in the commercial and
industrial sectors. A large portion of commercial and industrial potential is already cost-effective, muting
these impacts.
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Table C-3 Preliminary RVT Potential Estimates by Sector (thousand therms)
Sector
Residential 275 596 1,080 4,106 20,792 48,850
Commercial 284 592 975 2,218 7,962 15,732
Industrial 59 118 180 359 1,016 1,587
Total 618 1,305 2,235 6,683 29,770 66,169

Figure C-1 Annual Share of Preliminary RVT Estimates by Sector
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D

MARKET PROFILES

This appendix contains detailed market profiles supplementing the sector-wide versions present in Section
3. We first present the residential profiles, followed by commercial, and finally industrial.

Residential Market Profiles

Table D-1 Average Market Profile for the Single-Family Segment in Climate Zone 1, 2016
. UEC Intensity Usage

End Use Technology Saturation (Therms) (Therms/HH)  (Thousand Therms)
Furnace - Direct Fuel 84.7% 504 426.9 29,505

Space Heating
Boiler - Direct Fuel 1.9% 448 8.3 577
Secondary Heating Fireplace 32.7% 108 35.3 2,439
Water Heater <= 55 gal. 70.1% 181 126.6 8,751

Water Heating
Water Heater > 55 gal. 1.6% 199 3.2 224
. Clothes Dryer 13.1% 28 3.7 254

Appliances

Stove/Oven 27.4% 54 14.9 1,032
Pool Heater 1.0% 380 3.8 263

Miscellaneous
Miscellaneous 100.0% 3 2.5 174
Total 625.3 43,217

Table D-2 Average Market Profile for the Multi-Family Segment in Climate Zone 1, 2016
. UEC Intensity Usage

End Use Technology Saturation (Therms) (Therms/HH)  (Thousand Therms)
Furnace - Direct Fuel 84.7% 504 426.9 29,505

Space Heating
Boiler - Direct Fuel 1.9% 448 8.3 577
Secondary Heating Fireplace 32.7% 108 35.3 2,439
Water Heater <= 55 gal. 70.1% 181 126.6 8,751

Water Heating
Water Heater > 55 gal. 1.6% 199 3.2 224
. Clothes Dryer 13.1% 28 3.7 254

Appliances

Stove/Oven 27.4% 54 14.9 1,032
Pool Heater 1.0% 380 3.8 263

Miscellaneous
Miscellaneous 100.0% 3 2.5 174

Total 334.1 7,175
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Table D-3 Average Market Profile for the Single-Family Segment in Climate Zone 2, 2016
. UEC Intensity Usage
End Use Technology Saturation (Therms) (Therms/HH)  (Thousand Therms)
Furnace - Direct Fuel 78.2% 533 416.9 14,952
Space Heating
Boiler - Direct Fuel 3.6% 467 17.0 611
Secondary Heating Fireplace 29.2% 108 31.5 1,129
Water Heater <= 55 gal. 65.3% 180 117.3 4,207
Water Heating
Water Heater > 55 gal. 1.5% 197 3.0 108
. Clothes Dryer 9.3% 28 2.6 94
Appliances
Stove/Oven 26.2% 54 14.3 512
Pool Heater 1.0% 380 3.8 136
Miscellaneous
Miscellaneous 100.0% 2 1.9 68
Total 608.3 21,815
Table D-4 Average Market Profile for the Multi-Family Segment in Climate Zone 2, 2016
. UEC Intensity Usage
End Use Technology Saturation (Therms) (Therms/HH)  (Thousand Therms)
Furnace - Direct Fuel 68.4% 251 171.6 702
Space Heating
Boiler - Direct Fuel 3.2% 433 13.8 56
Secondary Heating Fireplace 13.2% 69 9.1 37
Water Heater <= 55 gal. 62.3% 112 69.8 286
Water Heating
Water Heater > 55 gal. 0.0% 123 0.0 0
. Clothes Dryer 8.5% 20 1.7 7
Appliances
Stove/Oven 33.9% 55 18.5 76
Pool Heater 0.0% 380 0.0 0
Miscellaneous
Miscellaneous 100.0% 4 4.4 18

Total 288.9 1,182
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Table D-5 Average Market Profile for the Single-Family Segment in Climate Zone 3, 2016
. UEC Intensity Usage
S CR VATl B Saturation (Therms) (Therms/HH) (Thousand Therms)
Furnace - Direct Fuel 87.2% 418 364.2 20,644
Space Heating
Boiler - Direct Fuel 0.1% 371 0.3 19
Secondary Heating Fireplace 31.4% 108 33.8 1,918
Water Heater <= 55 gal. 57.6% 178 102.5 5,809
Water Heating
Water Heater > 55 gal. 1.3% 196 2.6 149
. Clothes Dryer 3.4% 28 1.0 55
Appliances
Stove/Oven 17.0% 54 9.3 526
Pool Heater 1.0% 380 3.8 215
Miscellaneous
Miscellaneous 100.0% 5 4.7 264
Total 522.1 29,599

Table D-6 Average Market Profile for the Multi-Family Segment in Climate Zone 3, 2016

. UEC Intensity Usage
End Use Technology Saturation (Therms) (Therms/HH)  (Thousand Therms)
Furnace - Direct Fuel 84.5% 238 201.2 2,714
Space Heating
Boiler - Direct Fuel 0.1% 153 0.1 2
Secondary Heating Fireplace 11.5% 69 8.0 107
Water Heater <= 55 gal. 55.5% 111 61.8 834
Water Heating
Water Heater > 55 gal. 0.0% 122 0.0 0
. Clothes Dryer 4.7% 20 1.0 13
Appliances
Stove/Oven 20.3% 55 11.1 149
) Pool Heater 0.0% 380 0.0 0
Miscellaneous ;
Miscellaneous 100.0% 2 2.2 30

Total 285.3 3,848
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Commercial Market Profiles

Table D-7 Average Market Profile for the Office Segment, 2016
EUI Intensity
Technology Saturation (Therms/ (Therms/ Usage
Sq Ft) Sq Ft) (Thousand Therms)
Furnace 74.5% 0.66 0.49 6,160
Heating Boiler 16.7% 0.90 0.15 1,867
Unit Heater 9.1% 0.51 0.05 577
Water Heating Water Heater 31.1% 0.20 0.06 770
Oven 0.9% 0.06 0.00
Conveyor Oven 0.4% 0.11 0.00
Double Rack Oven 0.4% 0.16 0.00
Fryer 1.8% 0.10 0.00 23
Food Preparation Broiler 0.4% 0.10 0.00
Griddle 1.0% 0.07 0.00
Range 5.3% 0.08 0.00 50
Steamer 0.4% 0.13 0.00 6
Commercial Food Prep Other 0.8% 0.09 0.00 9
R Pool Heater 1.0% 0.01 0.00 1
Miscellaneous 100.0% 0.01 0.01 131
Total 0.77 9,629
Table D-8 Average Market Profile for the Retail Segment, 2016
EUI Intensity
End Use Technology Saturation (Therms/ (Therms/ LR
Sq Ft) Sq Ft) (Thousand Therms)
Furnace 79.6% 0.68 0.54 5,666
Heating Boiler 4.7% 1.15 0.05 565
Unit Heater 35.6% 0.65 0.23 2,427
Water Heating Water Heater 32.7% 0.28 0.09 975
Oven 3.8% 0.17 0.01 68
Conveyor Oven 1.9% 0.30 0.01 58
Double Rack Oven 1.9% 0.45 0.01 89
Fryer 6.6% 0.28 0.02 194
Food Preparation Broiler 1.2% 0.29 0.00 37
Griddle 4.3% 0.20 0.01 92
Range 5.8% 0.21 0.01 131
Steamer 1.1% 0.35 0.00 42
Commercial Food Prep Other 1.1% 0.25 0.00 30
Miscellaneous Pool Heater 0.3% 0.02 0.00 0
Miscellaneous 100.0% 0.01 0.01 108
Total 1.00 10,480
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Table D-9 Average Market Profile for the Restaurant Segment, 2016
EUI Intensity
Technology Saturation (Therms/ (Therms/ LR
Sq Ft) 5q Ft) (Thousand Therms)
Furnace 74.3% 0.47 0.35 1,099
Heating Boiler 2.9% 1.01 0.03 94
Unit Heater 12.3% 0.57 0.07 220
Water Heating Water Heater 73.3% 0.72 0.53 1,663
Oven 14.6% 1.29 0.19 587
Conveyor Oven 7.3% 2.20 0.16 502
Double Rack Oven 7.3% 3.34 0.24 763
Fryer 58.4% 2.08 1.21 3,805
Food Preparation Broiler 23.1% 2.14 0.49 1,547
Griddle 33.7% 1.52 0.51 1,601
Range 51.5% 1.57 0.81 2,544
Steamer 6.7% 2.63 0.18 552
Commercial Food Prep Other 6.7% 1.87 0.13 393
Miscellaneous Pool Heater 0.6% 0.05 0.00 1
Miscellaneous 100.0% 0.05 0.05 157
Total 4.95 15,527

Table D-10 Average Market Profile for the Grocery Segment, 2016

. EUI Intensity Usere
Technology Saturation (Therms/ (Therms/ (Thousand Therms)
Sq Ft) Sq Ft)

Furnace 84.0% 0.70 0.59 1,940

Heating Boiler 2.5% 1.19 0.03 97
Unit Heater 48.9% 0.67 0.33 1,083

Water Heating Water Heater 76.6% 0.30 0.23 762
Oven 24.3% 0.14 0.03 114

Conveyor Oven 12.1% 0.24 0.03 98

Double Rack Oven 12.1% 0.37 0.05 148

Fryer 51.7% 0.23 0.12 393

Food Preparation Broiler 2.9% 0.24 0.01 22
Griddle 6.4% 0.17 0.01 36

Range 26.8% 0.17 0.05 154

Steamer 2.0% 0.29 0.01 19

Commercial Food Prep Other 2.0% 0.21 0.00 13

R Pool Heater 0.2% 0.01 0.00 0
Miscellaneous 100.0% 0.02 0.02 49

Total 1.50 4,930



2018 WA IRP

Table D-11 Average Market Profile for the Education Segment, 2016
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Technology Saturation (Therms/ (Therms/ (Thousgzzg:herms)
Sq Ft) Sq Ft)
Furnace 51.0% 0.20 0.10 2,916
Heating Boiler 49.0% 0.24 0.12 3,389
Unit Heater 14.1% 0.13 0.02 552
Water Heating Water Heater 80.8% 0.16 0.13 3,698
Oven 6.0% 0.06 0.00 113
Conveyor Oven 3.0% 0.11 0.00 97
Double Rack Oven 3.0% 0.17 0.01 147
Fryer 6.7% 0.10 0.01 204
Food Preparation Broiler 2.6% 0.11 0.00 80
Griddle 3.1% 0.08 0.00 68
Range 15.9% 0.08 0.01 364
Steamer 4.7% 0.13 0.01 182
Commercial Food Prep Other 4.7% 0.09 0.00 129
Miscellaneous Pool Heater 1.2% 0.01 0.00 3
Miscellaneous 100.0% 0.01 0.01 252
Total 0.42 12,194

Table D-12 Average Market Profile for the Healthcare Segment, 2016

. EUI Intensity Usere
Technology Saturation (Therms/ (Therms/ (Thousand Therms)
Sq Ft) Sq Ft)

Furnace 61.7% 0.39 0.24 1,431

Heating Boiler 34.0% 0.78 0.27 1,584
Unit Heater 9.7% 0.44 0.04 255

Water Heating Water Heater 75.1% 0.56 0.42 2,518
Oven 7.9% 0.19 0.01 88

Conveyor Oven 4.0% 0.32 0.01 75

Double Rack Oven 4.0% 0.49 0.02 115

Fryer 4.6% 0.30 0.01 82

Food Preparation Broiler 2.5% 0.31 0.01 46
Griddle 6.1% 0.22 0.01 81

Range 35.8% 0.23 0.08 489

Steamer 5.2% 0.38 0.02 119

Commercial Food Prep Other 5.2% 0.27 0.01 84

R Pool Heater 1.4% 0.05 0.00 4
Miscellaneous 100.0% 0.04 0.04 230

Total 1.21 7,201
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Table D-13 Average Market Profile for the Lodging Segment, 2016

EUI Intensity

Technology Saturation (Therms/ (Therms/ (Thousgzzg:herms)
Sq Ft) Sq Ft)
Furnace 51.9% 0.39 0.20 1,171
Heating Boiler 21.9% 0.79 0.17 1,005
Unit Heater 8.1% 0.44 0.04 209
Water Heating Water Heater 80.8% 0.49 0.39 2,303
Oven 8.0% 0.12 0.01 58
Conveyor Oven 4.0% 0.21 0.01 50
Double Rack Oven 4.0% 0.32 0.01 75
Fryer 10.6% 0.20 0.02 124
Food Preparation Broiler 6.9% 0.21 0.01 83
Griddle 10.0% 0.15 0.01 86
Range 28.5% 0.15 0.04 253
Steamer 5.0% 0.25 0.01 73
Commercial Food Prep Other 5.0% 0.18 0.01 52
VT e Pool Heater 42.9% 0.03 0.01 77
Miscellaneous 100.0% 0.01 0.01 39
Total 0.97 5,657

Table D-14 Average Market Profile for the Warehouse Segment, 2016

. EUI Intensity Usere
Technology Saturation (Therms/ (Therms/ (Thousand Therms)
Sq Ft) Sq Ft)

Furnace 42.9% 0.59 0.25 605

Heating Boiler 6.0% 1.12 0.07 159
Unit Heater 53.4% 0.63 0.34 803

Water Heating Water Heater 51.4% 0.09 0.05 111
Oven 0.0% 0.03 0.00 0

Conveyor Oven 0.0% 0.05 0.00 0

Double Rack Oven 0.0% 0.08 0.00 0

Fryer 0.7% 0.05 0.00 1

Food Preparation Broiler 0.0% 0.05 0.00 0
Griddle 0.0% 0.04 0.00 0

Range 1.4% 0.04 0.00 1

Steamer 0.0% 0.07 0.00 0

Commercial Food Prep Other 0.0% 0.05 0.00 0

R Pool Heater 0.0% 0.00 0.00 0
Miscellaneous 100.0% 0.01 0.01 17

Total 0.71 1,698
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Saturation

EUI
(Therms/

Average Market Profile for the Miscellaneous Segment, 2016

Intensity
(Therms/
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Usage
(Thousand Therms)

Heating

Water Heating

Food Preparation

Miscellaneous

Total

Furnace

Boiler

Unit Heater
Water Heater
Oven

Conveyor Oven
Double Rack Oven
Fryer

Broiler

Griddle

Range

Steamer
Commercial Food Prep Other
Pool Heater

Miscellaneous

74.1%
18.2%
15.6%
57.5%
3.0%
1.5%
1.5%
4.8%
3.4%
4.2%
16.1%
1.2%
1.2%
7.0%
100.0%

Sq Ft)
0.73
1.28
0.72
0.37
0.13
0.22
0.33
0.21
0.21
0.15
0.16
0.26
0.18
0.02
0.03

Sq Ft)
0.54
0.23
0.11
0.21
0.00
0.00
0.00
0.01
0.01
0.01
0.02
0.00
0.00
0.00
0.03
1.19

5,874
2,539
1,223
2,288
41

35

53
107
78

69
272
34

24

17
297
12,952
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Industrial Market Profiles
Table D-16 Average Market Profile for the Food Products Segment, 2016

EUI Intensity

. Usage
Technology Saturation (Therms/ (Therms/ (Thousand Therms)
Employee) Employee)
Furnace 37.0% 188 70 144
Heating Boiler 52.6% 35 18 38
Unit Heater 18.0% 513 92 191
Process Boiler 100.0% 1,580 1,580 3,277
Process Heating 100.0% 1,157 1,157 2,400
Process
Process Cooling 100.0% 11 11 24
Other Process 100.0% 62 62 129
Miscellaneous Miscellaneous 100.0% 65 65 135
Total 3,055.1 6,338

Table D-17 Average Market Profile for the Agriculture Segment, 2016

. EUI Intensity Ve
End Use Technology Saturation (Therms/ (Therms/ (Thousand Therms)
Employee) Employee)
Furnace 35.1% 70 25 368
Heating Boiler 7.4% 87 6 96
Unit Heater 32.8% 99 33 488
Process Boiler 100.0% 71 71 1,057
e Process Heating 100.0% 57 57 854
Process Cooling 100.0% 0 0 2
Other Process 100.0% 3 3 43
Miscellaneous Miscellaneous 100.0% 21 21 312
Total 215.4 3,220

Table D-18 Average Market Profile for the Primary Metals Segment, 2016

EUI Intensity

. Usage
End Use Technology Saturation (Therms/ (Therms/ (Thousand Therms)
Employee) Employee)
Furnace 94.3% 149 140 37
Heating Boiler 0.0% 37 0 0
Unit Heater 13.1% 1,422 186 49
Process Boiler 100.0% 1,274 1,274 336
Process Heating 100.0% 7,995 7,995 2,106
Process
Process Cooling 100.0% 6 6 2
Other Process 100.0% 101 101 27
Miscellaneous Miscellaneous 100.0% 432 432 114

Total 10,134.8 2,670
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Average Market Profile for the Stone, Clay, and Glass Segment, 2016

Technology

Heating

Process

Miscellaneous

Total

Table D-20

Furnace

Boiler

Unit Heater
Process Boiler
Process Heating
Process Cooling
Other Process

Miscellaneous

Average Market Profile for the Petroleum Segment, 2016

Technology

EUI
Saturation (Therms/
Employee)
54.1% 206
7.0% 417
31.7% 467
100.0% 191
100.0% 5,376
100.0% 1
100.0% 62
100.0% 378

I_?;ensity e
émpﬁgr;:é) (Thousand Therms)
112 24
29 6
148 32
191 41
5,376 1,158
1 0
62 13
378 81
6,298.2 1,357

Heating

Process

Miscellaneous

Total

Table D-21

Furnace

Boiler

Unit Heater
Process Boiler
Process Heating
Process Cooling
Other Process

Miscellaneous

EUI
Saturation  (Therms/
Employee)
3.2% 7,252
3.9% 1,560
1.0% 29,846
100.0% 24,398
100.0% 46,419
100.0% 31
100.0% 690
100.0% 3,429

I_?;ensity e
E(mpTcr)r;eSg) (Thousand Therms)
234 4

61

310 5
24,398 392
46,419 745
31 0
690 11
3,429 55
75,572.9 1,214

Average Market Profile for the Paper and Printing Segment, 2016

Technology

Intensity

Heating

Process

Miscellaneous

Total

Furnace

Boiler

Unit Heater
Process Boiler
Process Heating
Process Cooling
Other Process

Miscellaneous

EUI
Saturation  (Therms/
Employee)
83.7% 528
7.6% 1,525
24.6% 2,385
100.0% 2,536
100.0% 2,347
100.0% 11
100.0% 397
100.0% 419

Usage
é;hpﬁgr;:é (ThousandgTherms)
442 51
116 13
586 68
2,536 295
2,347 273
11 1
397 46
419 49

6,853.9 797
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Table D-22

Average Market Profile for the Instruments Segment, 2016

Technology
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Intensity
(Therms/
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Usage
(Thousand Therms)

Heating

Process

Miscellaneous

Total

Table D-23

Furnace

Boiler

Unit Heater
Process Boiler
Process Heating
Process Cooling
Other Process

Miscellaneous

EUI

Saturation  (Therms/

Employee)

68.2% 35

6.8% 92

43.6% 72

100.0% 117

100.0% 39

100.0% 0
100.0%

100.0% 26

Employee)
24

31
117
39

26
245.5

Average Market Profile for the Wood and Lumber Segment, 2016

Technology

Intensity
(Therms/
Employee)

68
18
91
337
111

75
706

Usage
(Thousand Therms)

Heating

Process

Miscellaneous

Total

Table D-24

Furnace

Boiler

Unit Heater
Process Boiler
Process Heating
Process Cooling
Other Process

Miscellaneous

EUI
Saturation  (Therms/
Employee)
58.5% 78
0.5% 2,228
47.2% 127
100.0% 288
100.0% 528
100.0% 1
100.0% 16
100.0% 79

45
12
60
288
528

16
79
1,028.6

Average Market Profile for the Other Industrial Segment, 2016

Technology

Intensity
(Therms/

25

33
158
291

44
567

Usage
(Thousand Therms)

Heating

Process

Miscellaneous

Total

Furnace

Boiler

Unit Heater
Process Boiler
Process Heating
Process Cooling
Other Process

Miscellaneous

EUI

Saturation  (Therms/

Employee)

42.9% 57

6.0% 108

53.4% 61

100.0% 71

100.0% 57

100.0% 0
100.0%

100.0% 21

Employee)
25

33
71
57

21
215.4

397
104
526
1,140
921

46
337
3,473
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E
CUSTOMER ADOPTION FACTORS

As described in Section 2, to estimate the rate at which measures are phased into the study given market
barriers such as customer preference, imperfect information, and commercial availability of technologies;
we apply a set of customer adoption factors. These are also referred to as ramp rates or take rates. The
values are the factors applied to the technical potential for a given measure in a given year to arrive at
the achievable technical potential. These factors may be found in Table E-1 below.

AEG based these off the ramp rates developed for electric EE programs by the Council as part of the
Seventh Northwest Conservation and Electric Power Plan. We adapted these ramp rates for use in
estimating achievable natural gas EE potential using the first three of the following methods.

Reassign an individual measure’s ramp rate
Accelerate or decelerate an existing ramp rate
Dampen early-year measure ramping effects
Design a new ramp rate

Ramp rates assignments for each measure permutation may be found in the measure summary
documentation within Appendix G. More details on the approach for adapting ramp rates may be found
in Section 8.

Measures are divided into two categories, each of which has its own timing and achievability
considerations:

Lost Opportunity potential occurs at the time of equipment burnout. When equipment is replaced, a
unigue opportunity exists to upgrade efficiency at incremental (above standard equipment), rather
than full cost. If standard equipment is installed, the high-efficiency equipment would not be installed
until the new equipment reaches the end of its normal life cycle, without early replacement (usually
requiring a significantly higher incremental cost). The same applies for opportunities at the time of
new construction. These “LO" ramp rate factors increase over time to values of either 85% or 55% and
apply only to the subset of units which turn over in any given year.

Retrofit potential is not subject to such stringent timing constraints and can, theoretically, be acquired
at any point in the planning period assuming customer willingness and necessary delivery
infrastructure. Since these ramp rates apply to all units in the market, “Retro” ramp rates instead sum
to either 85% or 55% and are intended to phase in potential throughout the study period. The faster
ramp rates (e.g. summing up to 85% sooner) will phase potential in over a shorter timeframe.
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Applied Energy Group, Inc.
500 Ygnacio Valley Road, Suite 250
Walnut Creek, CA 94596

P: 510.982.3525



Appendix D
Demand Side Management

Page 140

2018 WA IRP

15822404 B 31eAq)|ed 03 Ajewnid pasn AioFaied jjeydied v 3auoN 13 SNO3UEB||ISIN Snoaue|@sIAI[  seo |ednieN 60034
“UOIIBSUIPUOD SIY] WOJJ 1B3Y By} 3Sh OS|e pue $$3204d UOIISNQUIOD 33 Ul padnpoud JodeA Ja1em ay3 aSUIPUOd (06" 43) Buisuapuo) a J133e3H [00d SNO3UE||RJSIAI|  SeD |ednieN 8003y

‘syun 8uisuapuod Jo ‘syun Aduaidiye ySiy AJ9A “uonsNquIod pajeas pue ‘sasso| SuljaAd aanpal 03 3ysiem Ja3y8i| pue azis 1edwod ‘(3y3y| oid .
ou) uoiHUSI 21U0JIII[ ‘S|0JJUOD UBY ISNBYXD :dPN[DUI UBd sjuawanosdwi Aouaiiy3 “dooj e ul Jajem 1eay 0} Jauing e aAey siajeay [0od seg (8L 43) paepuess i 121894 |00d SMOSUEIRSIA - 589 [eIMEN 8003y
Aouaioyge J1aysiH "pooy ay1 dn 1eay Asy) a1049q Jie Jo Junowe agie| e pue [391s Jo spunod G¢ 1noge dn 1eay 1541} 1SNW SUSAO [EUOIIUSAUOD) w043 a UsAQ/an01S saouelddy| seo jeimen £003Y
*A313ua anes 03 saguly pue s3ayses Joop uano Sumily-423ysn pue Juswiliedwod USAO 3y} Ul UOIe|NSUI [EUOIIIPPE 3ABY S1onpoud asay] 66€°0 43 13 uanQ/anois ssouelddy| seo |eimen £003Y
(%09< 30) ¥VLS ADYINI/VIIN [Z] 12kig sayop) seouel|ddy|  seo [eimeN 90034
piepuels 13 19hig sayio|) seouel|ddy| seo |exmeN 9003y
€20C (£'T 43) HMdH uondiosqy palli-ses vIaN 3 “|e3 5 < Ja1eaH Ja1eM SuneaH ;a1em | seo [eimeN 50034
(€T 43) HMdH uondiosqy palii-ses V3N 93 ‘|e8 GG < J33eaH Je3eM BuneaH Ja1eM | seo |ednienN 5003y
(26°0 43n) Buisuapuo) - snoauejuelsy| 53 ‘|e3 5 < Ja1eaH Ja1em Sunesy ;1em | seo jeamey 5003y
*UOIIESUIPUOI SIY} WOJJ 1B3Y 2Y) 3sh Os|e pue $s320.4d UoiSNquiod ayy ul paonpoud Jodea Jajem (£8°0 43N) ¥VLS ADYINI - Snoauejuelsu| 3 ‘|e8 G§ < Ja1eaH Jarem BuneasH Jo1eM | seo |esnen 5003y
3Y3 8SUSPUOD YIIYM ‘s}un Suisuapuod ul a|qejiene s ued Aousidiye Jayuny v “(J81eM paiols ay3 JO JUSIU0D 3y} 03 unoy Jad 1s0| 1eay 4o ofred (28'0 43Nn) Buisuapuo) €3 ‘|e8 GG < J91eaH J2leM Sunesy Jo1ep | seo |esnen S003Y
ay3) sasso| Agpueis mo| pue Aouapiye [eway 1o A1anodal ysiy e Aq paziialdeleyd ale sjun Jusdyy3 “Hun 3[uls e Ul S|0J1U0d pue ‘uolie|nsul (#8°0 43N) SuIsuapUO)-UON - SnoauejueISU| I£] *|e8 GG < Ja1eaH Jarem Buneay Jajem | seo |eunien 50034
“192e[ J21n0 “jue) a8el01s Jauing e sa1es0diodul ydiym ‘Iareay a8elo1s e s| adAy uowwod 1sow sy ‘Suieay Jalem oy ses |ednjeu Jo4 (9£°0 43n) plepuers 13 ‘|e8 GG < J91eaH J2IeM Sunesy Jo1ep | seo |esnen S003Y
€z0T (£°T 43) HMdH uondiosqy paJii-ses v3IIN 013 ‘|e8 GG => J33eaH J23eM Sunesy JajeM | seo [esnieN 003y
(2'T 43) HMdH uondiosqy pauli-ses vIaN 63 8 GG => Ja1eaH Jarem Sunesy ;1M [  seo jeamey 7003y
(26°0 43Nn) Buisuspuo) - snoauejueIsu| 83 e3 GG => Ja1eay Jare Buneasy Jo1eM | seo |esnmen 003y
88'0 43N ueL a8elols VE] |8 g5 => Ja1eaH Ja3eM SuneaH s1ep|  seo [einien 70034
(£8°0 43N) ¥VLS ADYIN3 - SNO3UEIUEISU] 93 |8 5 => Ja1eaH Ja3eMm Sunesy ;1eMm |  seo [eamen %0034
(18°0 43n) Buisuapuo s3 ‘|e8 §§ => Ja1eaH Jaem SuneaH s1ep|  seo [eimieN 70034
*UOIIBSUBPUOD SIY3 WOJJ JB3Y 3Y3 3SN OS|e pue $s320.4d UoISNqUIOd 3y} Ui padnpoud Joden Jajem (18°0 43N) SuIsuapuo)-uoN - snoauejuelsu| 3 ‘|e8 gg => Jajeay Ja1eM Buneay Jajem | seo |eunien 0034
3Y3 8SUIPUOD YIIYM ‘s}un SuisUspuOd Ul 3|qe|IeA. S| 3 Aduaidlyye Jayliny v *(423eM PaJols 83 JO JUSIUO0D By} 03 Jnoy Jad 1s50| 3e3Y JO olel (0£°0 43N) %0T + YVLS ADYINI €3 ‘|e8 GG => Ja1eay Jo1e Sunesy Jo1eM | seo |esmen 003y
Y1) 53550] AGPUBIS MO| PUB AJUBIDLD [BUWLIBYY JO A12A0D31 YBIY e AQ PazIialorleyd dJe SHUN JUBDIYT JUN 3|3UIS & Ul S|01U0D puUe ‘Uone|nsul (¢9'0 43N) ¥VLS ADYINI [£] o8 G => Ja1eaH Jorem Sunea Jolem| seo [eanien 70034
“192e/ J21no “jue) a8el01s Jauing e sa1esodiodul yaiym ‘Iareay a8elols e si adAy uowwod 1sow sy ‘Suiieay Jalem joy ses |ednjeu 104 (85°0 43n) auiaseg 13 ‘|e8 GG => Ja1eay Jo1e Sunesy Jo1eM | seo |esmen 003y
(Buney 34 +%££) 74311 €3 aoejdauly| BunesH Aiepuodas| seo |ednieN €003y
‘uopoel) 19x1ew ujules aue s3uN JUSIYS JO I (Suney 34 %0£) T 4a1L a aoe|dasi4| Sunesy Alepuodas| seo |esnien €003y
33.y3 ||e ‘anienIuUl YIIN 434 "(43) 10308} ASuaua Jo (34) Aduaidyys adejdally ul Byl paziialdeleyd S| Aduaidlyg yeay Jo adejdauy ses [esnieN (8uney 34 %09 031 %0S) auljaseg 13 aoejdaui4| Sunesy Alepuodass| seo |esnien €003Y
dwng 1e3H DN 01 1JaAUOD /3 |an4 12a.1q - 43)109 Bunesy aseds| seo jeamen 2003y
%96 3N4V 93 19n4 30311Q - J3)l0g 8uneay adeds(  seo |esnen 2003y
*UOI}BSUBPUOD SIY} WO }B3Y B3 3SN OS|e pue $$3204d UOIISNqUIOd By} %56 IN4V s3 |an4 3211 - 43]109 Buneay adeds| seo esnmen 2003y
ul paonpoud Jodea Jajem ay3 asU3PU0I ‘s}un Suisuspuod 1o ‘spun Aduaniys Yy Alsp "uonsnquiod pajeas pue ‘adid anjy Jajawelp-a|jews %06 IN4Y 3 |an4 103.1q - 43109 Bunesy aoeds| seo jeameN 2003y
‘sass0| u1pAd @dnpad 03 3ySiam J23y3)| pue azis 0edwod ‘(3y81) 10)1d ou) uonjuB) 21UOIIIB|S ‘S|0J3UOD UBY ISNBYXD :BPN|IUl UBD SjuaWaAodw] %58 IN4Y €3 |an4 10211 - 43j109 Sunesy aseds| seo jeamen 7003y
Aouad1y3 *[10d B BIA JIE 1B3Y URD 1O ‘SWa)SAS 10O JUBIPE] IO SIOlBIpE) PIE0GaSEq BIA PIINQLISIP 3¢ UED J31eM 10y PUe ‘SI0jeIpel Weals %¥8 IN4V a |an4 302.1Q - 43109 Bunesy aoeds| seo |eameN 2003y
03 sadid ein painguisip sl weals ‘Sulieay 404 3uip|ing 8y} punoJe painquisip g 03 Wea)s 10 Jajem oy Jayya Suipinold Uaiem jeay sisjlog 020T %28 IN4Y 13 |an4 10211 - J3j109 Sunesy aseds| seo jeamen 7003y
dwing 1894 924n0S U1y DN 01 1J2AUOD 93 |an4 193.1Q - 9deuIny Buneay adeds| seo |esmen 1003y
%86 ANV s3 [on4 19321 - 3%eUINY SuneaH adeds| seo |eimeN 10034
*UOIIESUIPUOI SIY} WOJ) 1eaY %S6 IN4Y 3 |an4 193.1Q - 9deuUIny BunesH adeds| seo jeameN 10034
941 @sn os|e pue ssa204d UOIISNqUWIOd 3y} ul padnpoud Joden Jajem ay3) asuUapuUOd ‘syun SulsUaPUOI Jo ‘spun Adualiye ydiy Alsp “uonsnquiod %26 IN4Y €3 |2n4 198.1Q - 92eUINY Sunesy aseds| seo jeameN 1003y
pajeas pue ‘adid anjy J93awelp-1a||ews ‘s3ss0| SuljaAd 33npad 03 yB1am J21y81| pue dzis 30edwiod ‘(3y3i| Jojid ou) uonius! 21uoIIRR %06 IN4V 3 |an4 193.1Q - 92eUINg Buneay adeds| seo esneN 10034
‘5|043U02 Uy ISNBYXD :9PNJoUl Ued suawaAosdwi Aduaiy] “s1np Suisn Suip|ing ay3 YSnoayy Jie pajeay sy 3INGLISIP pue Jje Jeay sadeulny €20 %08 3NV 13 [2n4 323.41Q - 2eUIN Suneay aoeds| seo |eameN 10034

1N JO  IDHEIN UO 12qe7 juawdinby ASojouyda asn pu3l 1ang 3po) ainsea|y

(3uawdinb3) 1s17 aanseapy jennuapisay :Auedwo) seo jeanjeN apease)




Appendix D
Demand Side Management

Page 141

2018 WA IRP

‘1awo1snd e Aq asn ul Ajlenyoe

SI J9MOYS 3} 21049q Pasn Ja1em 104 [eUOHIPPE 3Y) JO BISEM [BJOIABYI] Sy} BUIINPAJ SNY) ‘DA[BA BY) SBYIEDI J91EM 10U BY) 32UO UMOP MOJ} JSMOYS Y1 SUIMO|S A S)J0M IIv| Sunesyssrem| seoeinmen Joeqias aunjesadwa] - J91eaH Jarem STONY
901A3p 3YL "PEIYIIMOYS MOJJ-MO| B Y3iM pajdnod aq Ued pue ‘peay-1amoys ay} pue We JIMOYS U1 UIMII] P3||elsul s dA[BA (YSL) UONDLIISAI JAMOYS JIBISOWIBY] Y

INdD S'T 03 §'Z WOl [NdO SUdDNpal ‘PeayIaMoys MO} MO| e SUl||BISUI SSA|OAUI SINSEIW SIY ] Sunesy s21eM|  seo jeanien (INdD S'T) PE3YIIMOYS MO|{ MOT - J93BSH Jale YZONY

INdD 0°Z 03 §°'Z WOl D Buidnpal ‘peaysamoys moj} Mo| e 3ul||eIsul SIA|OAUI 3INSe3W SIY | BunesH a1ep|  seo |eanieN (INdD 0°7) PeaYIaMOYS MO|4 MOT - I191B3H J31eM E€TONY

0'T 03 G'Z WOJ} NIdD SuIoNpal ‘asn WOOJY3eq 104 103eJ9E 12dNey e JUl|[BISUI SIA|OAU] 2INSESW SIY | Sunesy s21eM|  seo jeamien S10}eJay 190Nk - I91eaH Jai1e ZTONY
“uleJp JaMOYS 343 Y1eauiapun eale ay}

01 ssa22e 3ulinbau ‘Ajijiqedljdde pajiwi| sey 3 “wa3sAs Sunjesy Ja1em ay) 01 ABiaus 1ey) Jo awos Suluinial ‘Juiod ulelp ay) 1e waisAs A1anodal 1eay e s||eisul aunseaw siy| Ilv| BunesHsiem|  seoeineN A121033y 1e3H Jremulelq - 121eaH JIem TZony

*auaidoau pue ausjAyiaAjod aie 3sodind siy3 1oy s|elia1ew UoIRINSUL UOWIWOD 3sow ay] *A8Iaua sanes yojym quiod 18s Ja3em 10y ay3 Jo Suliamo| ay3 mojje Suneay sseds| seo jesnen uonejnsu| add - Ja|10g sen 0ZONY
Aew pue ua1em 1oy jo Asaniap Ja3dinb ul s3nsau os|e 3“3 ng ay1 InoysnoJy3 J1em joy sa1nquisip 1eyi Suidid wouy sasso| A3Iaua sasealdap sadid Ja1em joy 3unre|nsu|

‘peo| uneay awes ay1 Joj ABiaua aiow asn 03 Jun ay3 Sulinbas ‘@ouewlojiad ul aulpap Apesis e 01 spes| eoueusiulew Alessadau Suids|SsN "3y s Inoysnoiyy Sunesy aseds| seo jesnien dJUBUBUIEIA - J3|I0g SBD 6TONY
Ajpuainiyya pue Aj9AI309449 UOIdUNY 03 JIUN BY3 JOJ SdUBUSIUIRW pUE $323Y2 Jeindau aJinbau JaBueyoxs 1eay pue ‘sdoo| uoIIe|NID ‘5|00 UOIISNQWO) § J9)10q Y

Sunesy aoeds| seo jeinmen 9sueuajulely des| Wea)s - Jajiog seo STONY

Sunea adeds| seo |einjen 1953y 1218\ 10H - J3|i0g Se9 LTONY

‘peo| uieay awes ay1 Jojy ABiaua aiow asn 03 31un ay3 Sulinbas ‘@ouew.ojiad ul aulpPap Apesis e 01 spes| eoueusiulew Alessadau Suias|3sN "8y s Inoysnoiyy 2oewiny( Sunesy adeds| seo |eimien JUBUBIUIRIA - dBUINS SBD 9TONY
Apuaiya pue AjaA399))3 UOIOUNY 01 JIUN BY1 404 3DUBUSIUIEW PUE $23YD Jejn8aJ a.inbal J95UBYdXa 183Y pue ‘SWaISAS UOITE|IIUBA ‘S|0UOI UOIISNELIOD §,80eUIN) Y
“1eysoway) ajqewwelgoud e s UOIIIPUOD BuI|3Se] 3Y3 JBY) SBWNSSe SisAjeue siy3 ‘snolinbign awo0daq aAey sieisowsayl s|qewwesdold

sy 'syun a|qewweJgoud di1seq ay3 ueyy sduines Ja11aq Suizijea Ajjeinusiod pue adualuaAuod ay) Suisealdul ‘Ajprowal Sunnsnipe pue SujwweliSold mojje Ayjiqeded 14 IIv| 8unesy soeds| seo |esnien BAIIDRIBIU|/14-IM - JBISOWIBY L STONY
-IM YUM s1un ‘uooulalje ay) Sulinp sainjesadwal asealdul 01 Jswwins ul pue 3ysiu je saunjesadwa) Jamo| 01 Jajuim Sulinp pasn AjjeaidAy aue syeisowsayl s|qewwelsold
“Je1sowiay) ajqewwelgold e si UOIIIPUOD BuI3SE] 3Y) JBY]) SBWNSSe SisA[eue iyl ‘snolinbign awo0d3q aAey sieisowsayl s|qewwesdold

sy 'syun a|qewweJgoud diseq ay3 ueyy sduines Jo11aq Suizijeau Ajjeiausiod pue adusjuaAu0d ay3 Suiseasoul ‘Aj@3owal Sunnsnipe pue Sujwwelsoid mojje Ayl IIv| 8unesy soeds| seo |esnien 3|qewweldoud - 1eISOWIaY | YTONY
-IM YUM s1un ‘uooulalje ay) Sulinp sainjesadwal asealdul 01 Jswwins ul pue 3ysiu je saunjesadwa) Jamo| 01 Jauim Sulinp pasn AjjeaidAy aue syeisowsay) s|qewwelsold
*MmopuIm ay3 Jo sanJadoud Suiejnsul sy aseassul Jayuiny 01 (uosie Ajjensn) pa||ij-ses a1e SMOpUIM aued-3|gnNOP 3WOS "Ja)SUBJ] 1E3Y DAI}IDAUOD PUB SAIFONPUOI SIINP3I

ey} ssej3 aued-a|gnop s s|dwexa Jayjouy ‘3uidedss wouy A31aua anem-3uo| syuanaid pue sse|3 ygnoayi AS1aua Jejos anem-1ioys jo adessed smoj|e 1ey) adeyns sse|3 II¥| BunesHadeds| seo |einen Aduad1y3 ysSiH - smopuipy ETONY
31 U0 SUILO SPIXO I|[LIBW JO W1} UIYL € ‘SUIIROD 3-MO| B SABY SMOPUIM BWOS ‘3|duwiexs 404 "92ens Suize(s ay1 Y8noiy) Jajsues] 1eay JO JUNOWE Y] 9INPaJ SMOPUIM
*}4ojwo0d Juednddo aseatoul pue asn A8iaua adnpad 03 pausisap aJe ‘Weidold YY1S ADYINI Y1 Japun pajage| asoyl Se Yans ‘smopuim Aduaidiyje-ysiH
‘28eyes| Jie 93npaJ 01 awelp100p ayl uo 3uiddiils-1ayieam yum papirosd ale osje pue saipuadoud uone|nsul [ewsayy [euondadsxs

9ABY SI00p [BWIBYL "UONE.|Iul 10 95edes| Jie 9anpad djay Os|e ued Joop wJols Bunlly 1ySn v 's100p Alewiid pue wiols 9y} Usam1aq adeds Jie Sune|nsul ue sa1eald Ilv| 8unesyaseds| seo|einmen |ew.ay] pue wlojs - si00q ZTONY
100p WI0JS B “MOPUIM WHIO]S B 0} JB[IWIS "S3SSO| JUBIPES PUB ‘UOIIEI}|IJUl ‘UOIIINPUOD :5SO| 183Y 4O S3dA] [eIaA3S 0 193[QNS 2. SI00P ‘|[3YS BY) JO SIUBUOWOD JYI0 I
‘suonedljdde jue|eas Jo sansiieldeIRYD SUide ay) paluap!

Sey Y21easa. pa3uaWwinIop ou pue ‘ajif Jjays 14oys AjaAle[a. e sey yoe3 "Isixa s3onpoud pue spoyiaw Suijess Jo A1aLieA 9pIM B ‘S1oNp [e3S O "JIE PAUORIPUOD 3Y) pue Jie soewing|  Sunean sveds| seo jeimen Sujess pue ieday - uppng —
100PIN0 3Y1 UIMIB] Ad|RYIUD Ul 9IUBIBHIP Y} pue e es| JO JUNOWE 3y} 0} [euoiJodold SSO| 19341 € Ul 3INSaJ SI00PIN0 B3 O} Wa)SAS aU1 WOy Y3 JIy H40M1oNnp ay}
40 a3e pue ‘diysuewnIom uofe|eIsul ‘AjquISsSe 10 SPoYIBW Y3 ‘pasn Assulyoew Suliedligey Ul S33USI34Ip Y3 J0 asnedaq Ajgelapisuod salieA s1onp pajessun uj agexes

*Ajuo s31J01134 Jofew / UOIIINIISUOI M3U 10} pajapouw st Bulyieays ||ep\ aualAisAjod pidu pue ‘ssej31aqiy (Umo|q) ||14-2500] ‘@S0|N||32 (UMO|Q) ||14-9S00] :dpNjdul S|etdlew ol e sy ST 56 - U] ALY
Sunejnsul |eaidA] “sanyjiqissod Sune|nsul saulyap uo[INIISUOD 3uip|ing jo adAl 3y *Sulp|ing e woJy uled Jo ssoj 3eay Sujpnpal Ag ABJsUa SAISSUOD UBD UOKEB|NSUI [BWIBYY
‘SN "SPOLU J3SUB.} DAIBIPES PUE ‘DAI1IDAUOD ‘DAIINPUOD Ag ASIaua 183Y JO MO} 9Y3 1GIYUI 03 Pash JJE 1By} S|eLId1eu JO SUOIBUIGLIOD 1O [B1I31eW S| UOIE|NSU [BWIBYL

*Ajuo s11j0.324 Jofew / UOIIINIISUOD M3U 10} P3[aPOW S| UoiIe|nsul [[eA) BuaJAisAjod piBu pue ‘ssej81aqi) (Umo|q) |]1J-2500] ‘@50[N||93 (UMO|q) [|1-9500]| :BpNjoul S|edlew | suneomsoeds| seo jeimen Uone|[eIsul “ANNeD (e - Uonepnsul 00Ny
Bunensui [eaidA] “sanjiqissod une|nsul ssuyap uoiINIISUOd 3ulp|ing Jo adAl ay] ‘Sulp|ing e wouy uied 1o sso| 1eay Sudnpai Aq ASJaua aAIaSUOD UBD UOIIR|NSUI [BWIBY)
‘SNYL "S9POW J9SueI] SAIRIPE. PUE ‘DAI}IIAUOD ‘DAIINPUOD Aq ASIaUa 1e3Y JO MOJ} 3Y1 2IqIYUl O3 PASN S.e 1By S|eLI2IBW JO SUOIEUIGLIOD JO [BLIS}EW S| UOIIRINSU [BWIBYL
‘UOIIEeJY|IJUl JIB 3DNP3J JaYLIN) pue [eas 1y311 e 91eaJD ||IM SMopuim pue sioop Suiddiiis-iayieapn ‘s8uines AS1aus juedijiudis spinoad

v Buneay sdeds| seo |esmen apessdn ‘Alne) ||epn - uonejnsu| S00NY
ued sJau.0d ||em pue ‘Suiquinid ‘s39]1no Jamod ‘sswelyloop ‘sawely mopuim punode Suiddiils-1ayieam pue syes| ||ews Suijned Aq 1es uonesiyul Jie syl Suuamo
‘auaJlAisAjod pi8ls pue ‘sse|31aqly (UMO|q) ||1J-9500] ‘@50|N||92 (UMO|Q) ||1}-2S00| :aPN|dUl S|eLISIeW

e|nsul [eaidA] “saniiqissod Suiiejnsul ssulyap uonaNIIsuod Sulpjing jo adAl sy "Sulp|ing e wouy uied Jo sso| 1eay Supnpai Aq ABJaus aAI9SUOI UBD UOIIRINSUI [BWIBYY IIv| S8unesy soeds| seo |esnien 2oeds|mel) /1004 - u LOOWY
‘SN L "SIPOL J3JSUB} DAIRIPES PUE ‘DAIIDAUOD ‘DAIINPUOD A AS1aua 183Y JO MO} 9Y3 11Ul 03 PASn B4 1By} S|eLId1eU JO SUOIEBUIGLIOD 1O [E1I31RW S| UOIE|NSU [BWIBYL
‘uoleJl|Ijul Jie 9InpaJ Jayyiny pue |eas 1ysiy e 91eaJd ||IM SMopuim pue sioop Suiddiiis-iayieap ‘s8uines A3iaua juediyiudis apinosd

IIv| S8unesy soeds| seo jesnien (8u1jeas J1y) [023u0) uonE.YU| - UOIEINSU| 900NY
Ued sJauJod |lem pue ‘Buiquinid ‘s39)3n0 Jamod ‘sawelyioop ‘sawely mopuim punoJe Suiddiils-1ayieam pue syes| jews Supjned Aq s1eJ uoiesljiyul Jie 3yl SuleamoT
'%0S Aq $30np Ul uleS/dop ainjeladwal ay} 2npaJ Ued uoie[Nsul 3oNp 3Ul|[eISUl 1BY) SBWUNSSE SISA[EUR S| 'SIONP JO1I91XD 10§ S|elialew

ays pJey jooudiaiem pue ‘uoiie|nsul pidi pan|3 1o ‘payael ‘dedm 3dNnp ‘pieoq 1anp ‘1Inp palejnsul-aid 1Onp 3|qixaj4 Sulpn|dul ‘d|qejieA. a1 uole|Nsul 3ONP pue sINp Jo 2oeuuny Buneay adeds| seo |esmen 8unong - uonensu| SO0NY
53dA} [BJ3ASS "UOIIRINSUL YHM BB 30B4INS 3J13US 3Y3 SULSA0I AQ PaA3IYde 3¢ Ued S)Insal 3539 's3ss0| SUlj00d 10 Sulzesy InpaJ 03 Pa3e|Nsul 3¢ UBD S3INP UoRNGLASIP JIY
-auaJAisA|od piSia pue ‘sse|S1aquy (Umojq) ||1i}-2500] ‘50|Nn|[22 (UMO|Q) ||1}-2500] :3pnjaul selsa1ew Sunensul [eaidA| “senyjigissod Sunejnsu;

saulap uoidNJISUOd Sulp|ing Jo adAy 8y “sjoo. y3nouy3 Jo/pue sdile ojul ujed 4o sso| 1eay ay3 Suidnpal Aq AS1aus anIasu0d Ued S3Ul|iad SA0GE UOIBINSUI [BWIBYY aoeuuny Buneay sdeds| seo |esmen ||[eMapIS JusWaseg - uone|nsu| 00NY
‘SNY "S9POW Ja)suel] SAIFRIPEI PUB ‘DAI}IIAUOD ‘DAIINPU0D Aq ASI3ua 383y JO MOJ} Y3 3qIYUl O3 P3SN B.. Jey} S|BLI3}RW JO SUOJBUIGIOD JO [BLI}BW S| UOIIR|NSU [BWBY L
-auaJAisAjod piSia pue ‘sse|S1aquy (Umojq) ||1i}-2500] ‘50|N|[22 (UMO|Q) ||1}-2500] :3pnjoul sjelsa1ew Sunensul [ealdA | “senyjigissod Sunejnsu;

saulap uoi3dINJIsuUod Sulp|ing jo adAy ayy “sjoo. y3noayi Jo/pue sdile ojul uted 4o ssoj 1eay ayl Suidnpal Aq A31aus an1asuod ued s3ul|iad SA0GE UOIB|NSUI [BWIBYY 2oeuuny Buneay adeds| seo |esmen uoljepuno4 gejs - u €00NY
‘SNYL "S9POW J9sueI] SAIRIPE. PUE ‘DAI}IIAUOD ‘DAIINPUOD Aq ASIaUa 183y JO MOJ} 3Y1 2IqIYUl O3 PASN S.e 1By S|eLI2IBW JO SUOIEUIGLIOD JO [BLIS}EW S| UOIIRINSU [BWIBYL
auaJAisA|od piSi pue ‘sse|S1aquy (Umojq) ||1I}-2500] ‘50|N|[32 (UMO|Q) ||1}-2500] :3pN|aul Selia1ew Sunensul [ealdA| “sar: sod 3une|nsuj

saulap uoidNJISUOd Sulp|ing Jo adAy ay “sjoo. y3noayi Jo/pue sdile ojul uted 4o sso| 1eay ay3 Sudnpal Aq A31aus anIasu0d Ued S3Ul|iad SA0GE UOIBINSUI [BWIBYY II¥| BunesHadeds| seo |einen apeasdn ‘Buljie) - uonensu| ZOOWNY
‘SNY "S9POW Ja)suel} SAIFRIPEI PUB ‘DAI}IIAUOD ‘DAIINPU0D Aq ASI3ua 183y JO MOJ} Y3 3qIYul O3 P3SN B.. Jey} S|BLI3}RW JO SUOBUIGIOD JO [BLI}BW S| UOIIR|NSU [BWBY L
-auaJAisAjod piSi pue ‘sse|S1aqy (Umojq) ||I}-2500] ‘50|N|[22 (UMO|Q) ||1}-2500] :Bpnjpul sjelsa1ew Sunensul [ealdA| “senyjigissod Sunejnsuy

sauyap uol3dINJIsuUod Sulp|ing jo adAy ayy “sjoo. y3noayi Jo/pue sdile ojul uted 4o ssoj 1eay ayl Sudnpas Aq AS1aus an1asuod ued s3ul|iad SA0GE UOIB|NSUI [BWIBYY II¥| BunesHadeds| seo |einen |[easu] ‘Buljia) - uonensu| TOOWNY
‘SNYL "SOPOW J9SUeI] SAIRIPE. PUB ‘DAI}DIAUOD ‘DAIINPUOD Aq ASIaUa 183y JO MOJ} 3Y1 2IqIYUl O3 PASN S.e 1By S|eLI2IBW JO SUOIEUIGLIOD JO [BLIS}EW S| UOIIRINSU [BWIBYL

uondisag :03 Addy s3uines |eaidAL ainsea|y 3po) anseay

(3uawdinb3-uop) 1517 ainseal |ennuapisay :Auedwo) seo |eanjeN apease)




Appendix D
Demand Side Management

Page 142

2018 WA IRP

‘syuauodwod Bunesy 11\
juepunpaJ ay3 Suneuiwl|a Aq s3uines aWOs 03 Pes| Ued YoIyMm ‘S J[3SIWOP 10} J91BM 10y pue J3jiog e Se spaau Suieay pjoyasnoy yioq apiaoid ued 3jun UoKeUIGWOD i/ Suneay soeds| o2 IBMEN (ss3pjueL) waishs MHA + 431108 pauIquwod SEONY
“syuauodwod Buneay Ja1eM\
juepunpaJ ay3 Suneuiwl|a Aq s3uiAes 3WOS 03 Pes| Ued YoIlym ‘dsh 3SIWOP 10} J91BM 10y pue Jajiog e Se spaau Sueay pjoyasnoy yioq apiaoid ued 3jun UoieUIqWOD i/ Suneany| o0 ISMEN (ueL 28e1035) wdishs MHA + 431108 pauIqwod ZECHE
3uneay Ja1e
2NJ1SU0D BWOY MaU JU3Id1Ya ASIaua anisuayaidwo) Suneay aseds SeD [eimeN sauioy uaain Jiing EEONY
Buneay Ja1eM\
*U0139NJISUOD BWOY MaU Juadlyd ABiaus anisusyaidwo) Suneay soeds Se9 [eimeN SOWIOH ¥V1S ASY¥IN CEONY
*191e3Y J91eM 3y3 woJy sSulAes [an} sed ay1 pue 1ijauag AS1au3z UON SSuIABS J21BM BY1 YIIM PaUJ3IUOD 318 aM
‘Apnis sed |eanjeu siy) 404 “Ia1em ss9| asn os|e Ay ‘s9|2Ad ysem Sulunsuo-A11014109|9 $$9| 10 19110Ys J0j suondo a1ow aAeY Ajuo 10U SIaYSem Saylo|d palel Yy1S AOYINI V] BuneaH sajem|  seo jeinien SIDUSEM SUI0D ¥VLS ADYINT TEONY
*191eay J21em 3y} woJy s3uines [any sed ayl pue Jijauag AS1au3z UON SSUIABS J91BM BY} YUIM PauJaduo0d a1e am ‘Apnis
seg |eanjeu s|y3 104 "I31eM SS3| 35N 0s|e Aayi ‘sajoAd Aup pue ysem Suiwinsuod-A31a11303]8 $S3| 40 13310Ys 104 SUORAO 310W dARY A|UO 30U SIBYSBMYSIP PR3eJ YV1S ADYINI V| BuneaH Joiem| - seo eanien BRI S AHEIE] OO
*spaau 8uneay jood ay3 Ajuo sansas pue ‘Jajjews AjjedidAy st dnias siy3 ‘aroqe wialsAs 3uiieay Jalem Jejos e 03 Jejiwis 191e9H |00d snoaue|22sIN|  seo |ednieN W1SAS 1e|0S - 121B3H |00d 620NY
‘wa1sAs Bul1eay-Jalem |BUOIIUSAUOD e Aq
papinod S| 31 ‘papaau S| 3eay [BUORIPPE §| U} J21e3Y J3BM |BUOIUSAUOD € 40 yue} Jeaya.d a3eiedas e ul paJois S| a1em pajeay ay] (*4aiem 3|qejod ay3 syeay uayi jeyy
J198ueydXa 183y e apn|pul doo| pinjj-1ajsuell-1eay eledas e Yyum swaisAs) “l Wodj 1eay SIaysuel) pue I1agJosge ay) 0} paydeyie saqny YSnouyl smojy Jarem ajgejod [enjoe lIv| Suneaysalem| seojeimen Wa1sAS 4e|oS - J91eaH Jalem 8ZONY
331 Jo pinjj Jajsuell-1eay e Jayi3 Huel 98elo1s [BNID. Ue 1O J033||02 JB|OS B UIYLIM 3IBJINS J3GJOS]e JB|0S B 3sn swalsAs asay |esauad ul ‘Alea sadAy waisAs ySnoyljy
*10199||02 e Sulj|eisul 4oy spuno.d papeysun Aqieau Jo Jood Suidej-yinos-ieau aleudosdde ue aney eyl s3ulp|ing |eUSPISAL Ul Pash ag ued swalsAs Suneay Jalem Jejos
*auaidoau pue ausjAyiaAjod aie asodind siy3 Joy s|ela3eWw UOIRINSUL UOWIWO 3s0W ay] “ABJaua saAes yiym ‘quiod 13s Ja1em 10y ay3 Jo Suliamo| ays mojje IIv| Sunesyssiem| seojesnien uonensu| adid - Ja1eaH Jarem LTONY
Aew pue ua1em 1oy Jo Asaniap Ja3dinb ul synsas os|e 3 31 ng ay1 InoysnoJy Ja1em joy sanquiisip 1eyi Suidid wouy sasso| A3Iaua sasealdap sadid Jajem joy 3uirejnsu|
“19W03ISnd e Aq asn Ul Ajlenioe
SI J9MOYS 3} 210499 Pasn Ja1em 104 [eUORIPPE 3Y) JO B1SEM [BJOIABYI] Sy} BUIINPaJ SNY) ‘DA[BA BY) SOYIED J91EM 10U BY] 32UO UMOP MOJ} JSMOYS Y1 SUImO|s A Sy Jom IIv| Sunesy ssrem| seoeimen SAjBA UOIOLIISY JOMOYS J11BISOULIBY] - J91BDH JaleM 9ZONY

901A3p 3YL "PEIYIIMOYS MOJJ-MO| B YlM pajdnod aq Ued pue ‘peay-1amoys ay} Pue WIe JIMOYS U UIMIS] P3||elsul S| AABA (YSL) UOHDLIISAI JAMOYS IBISOWIBY] Y




Appendix D
Demand Side Management

Page 143

2018 WA IRP

525N 5e8 [eINjeU SN0AUE[|235IL J0j A0Ba3ed [[ey1e) V] SN03UE|ISIN 13 SN03UE|[3ISIN snoaue|[adsiy|  seo [eamen 1030
“UOIESUAPUO? SIU3 LIOJJ JBDY BY3 35N Os[e| (06" 43) Buisuspuo) a 13334 |00d Snoaue||JSIAI| - Seo [ednieN €103D
pue s53301d UONSNGUI0D 3Y) Ul PaaNPOId JodeA Ja3eM a3 BSUBPUO3 ‘SHUN SUISU3PUOD 0 “SHiun AIUAIDIYS UBIY AJA "UONSNGUIOD Pajeas pue ‘sassol Sulipka 3anpai 0} yBiam
1 pue 2215 19edwio “(3y81 1011 0u) UORIUS] U3 ‘SI0IUO e ISNEYXD :PNAU LD SuBWaAR0IdWI AIUaII3 “do0] € Ul J31eM JeaY 03 JaUING © aney sialeay [00d seo (28" 43) pepuesrs 1 J19383H [00d Snoaue|[@asiN|  seo [ednieN £1030
31qeaydde a1aym (18] 0)id ou) YV.S ADYINT a 13y10 daud poo4 [ersawwo) uopesedaid pooy| se |esnien 21030
1uS) 91U029]2 pue ‘saBuIY PuE S}9YSeB 100P BUNY-I2YSN ‘UONEINSUI [EUONIPPE ‘UBISAP PARCIT YIIM WuBWIIN BUP00D AdUBIIR-BIY SIPNIUI SBINSEA JO 195 SIYL paepueis 13 1930 daud ooy [esawwo)|  uonesedaid pooy| seo jeimeN 21030
a1qeaydde asaym (148 104d ou) YV1S AD¥INI a Jaweas|  uopeiedaid poos| seo [eimeN 11030
1u81 91U029}2 pue ‘saBuIY pue $}9Yse8 100P BUNY-I2YSN ‘UONEINSUI [EUOIPPE ‘USiSAP PARCITW UM uBWIINbS BuP00d ADUBIIR-UBIY SIPNIAUI SBINSEA JO 335 SIYL pJepuels 13 saweals| uonesedaid pooy| seo jeanjeN 11030
s1qeandde aaym (131 105 ou). Aouaniy3 y3iy ] 28uey| uonesedaid poo4| seo |esnieN 01032
21U0A}I3J2 pue ‘saBuy pue s3axses J0op Bt 123481 ‘UonieINSUl [eUORIPPE ‘UBISaP PaAOIAL YHM JUBWINDS BUBO0I ASUBINHR-YBIY SIPN|IUI SBINSEAL JO 335 SIY L | plepueis 13 a8uey uonesedald poo4| seo |esnieN 01030
2jqeaydde a1aym (181 101d ou) YV1S AD¥INI [Z] ajppuo|  uonesedaiq pood| seo jeimen 60030
101329} pue ‘sa8uly pu $}95e8 100P BUNY-I21YSN ‘UONEINSUI [EUOIPPE ‘USISAP PARCITW UM JuBWIINbS BuP00d AdUBIIR-BIY SIPNJAUI SBINSEA JO 395 SIYL pJepuels 13 a|ppun| uonesedaid pooy| seo jeimen 60030
aqeaydde asaym (18 104d ou) siauing pateyul [Z] uonesedaiqd pood| seo eimen 80030
1uS) 91U029}2 Pue ‘SaBuIY Pu S}9YeB 100P BUNY-I2YSN ‘UONEINSUI [EUONIPPE ‘UBISAP PARCITL UM WuBWIIND BUP00D ADUBIIR-BIY SIPNIUI SBINSEA JO 195 SIYL pJepuels 13 uopeiedaid pooy| seo jeimeN 80030
sadA1 1uaLdinb UOWILLIOD 310W 13430 343 M PIaPOLL 34| YV1S AD¥INI a uonesedaid poo4[  sep [eimeN £003D
0} paWNSse pue ‘s1aUIea)s PUe SI3[101q Se 4INS JUaLIINA UOWIWO) S5 "SIAUIEIUOD POOJ 10U PUE ‘SIAYSEMUSIP ‘SUBNO ‘SIaAu} ADUBIIR-YBIY SIPNAUI SBINSEA JO 325 SIYL pJepuels 13 uope.edaid pooy| seo jeimeN £003D
sadA1 1uaLdinba UOWLLIOD 310W 13410 34} M PIaPOL 3 (Aoua1143 8uPi00D %0S<) PaYIEND ISL4 [Z] uaAQ Yoy 2qno@|  uonesedald pood| seo [einjeN 90030
0} pawnSse pue ‘s1auieals PUe SI3[101q Se 4INS WaWIINDA UOWIWO) S5 "SIAUIEIU0D POOJ 10U PUE ‘SIAUSEMUSIP ‘SUBNO ‘SIaAu} ADUDIIJR-YBIY SIPNDUI SRINSEA JO 395 SIYL pJepuels 13 UIAQ orY d|qnog|  uonesedald pood|  seo [esmien 90030
sadA1 1uaLidinb UOWILLIOD 310W 13410 343 M PIaPOL 34| 96T P3S INLSV BUIZI[N USAQ UORISAUOD (% < 43) HVLS AD¥IN a U3AQ J0AaAUOD|  uonesedaid pood|  seo [einieN 50030
0} paWNSse pue ‘s1aUIea}s PUE SI3[101q S 4NS JUaLIIN UOWIWIO) S5 "SIAUIEIUOD POOJ 10U PUE ‘SIAYSEMUSIP ‘SUBNO ‘SIaAu} AdUBIIR-YBIY SIPNIUI SBINSEA JO 395 SIYL pJepuels 13 UdAQ JoAaAUO) | uonesedald pooy| seo jeanjeN 50030
53dA1 JuaWdiNba UOWIWO 310W J3Y10 3Y1 YUIM P3[aPOW aq 96vT4 PIS INLSY BUIZI|IIN USAQ UOIIBAUOD (%P 2 43) ¥VLS AOYINT a uano uopesedaid pooy| se |esnien 0030
0} pawNSse pue ‘s1aWIeals PUe SI3(101q Se 4INS WaWIINDA UOWIWO) S5 "SIAUIEIU0D POOJ 10U PUE ‘SIAUSEMUSIP ‘SUBNO ‘SIaAJ} AdUDIIJR-YBIY SIPNDUI SBINSEA JO 125 SIYL pJepuels 13 uanQ|  uonesedaid pooy| seo jeimen 0030
HMdH uondiosqy paii-seg ] 191831 J91e Suneap 1236 | seo jeimen 0030
¥6°0 31 SNoaueuEISU| v3 191831 J9Ie M Suneay 193eM |  seo [eimeN 0030
uoneayidde [eUAPISaI-UOU @ Ul PaI[eIsUl 43 £5°0 Yl S1a3eay Jatem a3eiols paily-sed e aq| ¥6°0 3L =] J191e3H JEM SuneaH Ja1eM|  seo [eimeN 0030
01 paunsse 5| uawdinba 1uaiaiya 3y ‘Adde 0} UoNeziIB1IRIRY) SIU 10 J3PIO U] ‘SIUBINEISAI PUE S3D14J0 ‘Sa2eds [e1DIAUILIOI [[EWS ‘S[210U/S[2104 (0} PaYLY| 10U 3ng) 3pniaul 06'03L a J193e9H IR M Suneay Ja1eM|  seo [eimeN $003D
pInom suoneaydde Aewii “Ja3eay Jajem pai ses e pey Apeafe Jey) uonedijdde [enUIPISaI-UOU € Ul SIaeay JaJem Paily-sed 43 %9 € Bullelsul 03 saidde ainseaw siyL 08031 13 191831 J91eM Suneay 193eM |  seo jeimen 0030
“J21e9Y 1un Se8 [eAnJeu BUISUIPUOD-UOU € 3q O} PAWINSSE S| UONIPUOD dulfaseq 3y ‘Aidde ueipey paleul €3 JemesH uun Bunean|  seo feinieN €003
o1 uonezIBRIRYS Y1 104 J3pI0 U “1uaLIdinba SeB [einieu BunsIxa Buigelda) G 1SNLI UN B “SUONED3AS JaINeINUEL 13d PIUIEIP S1ESUIPUO? PUE ‘PIIU3A 3G 1SN Suisuapuo)y [£] J13389H HUN Suneaq| sep jeinieN £0030
121834 33 puE %06 < AUBIDIY3 [EWIAU L B YIM HEI 0DE 03 dn J23eaY 1N BuISUIPUOD e 3q 0} PaWINSSe s JuawIdINba JuaIaIyya a3 ‘Adde 0 UOREZLIRIIEIRYD SIYY IO} JAPIO U] pJepuels 13 19331 HUN Suneay| seo jeimen £0030
duwing 183 921n0S J1y ON 03 LIBAUOD ] Buneay| seo |eimen 20030
‘pautesp

39 35N pue 35UBPUO? 53s5ES ANIJ U} J0 3UIOS ‘Sassed anjy Buidedsa Ay WO1j 1eay ISem AOWIA O} PAsN aJe S1aBUEYIXD Jeay ajdn|nw asnedaq ‘sassed anjj woJj Jeay| %L6 3NV v Bunesy|  seo [eimeN €003
3158M 311 40 UOILIOd 1UEILIUIS & 3A0Wa 1ey) $138UBY>X3 183y SN PUE JAGUIEU> UOIISNGUIOD P3[e3s © J0 UONEZ1|IN 343 YBNOIY} SBUIRES Se8 ana1yde S13)10q AUaIIa) %58 INAV =] SuneaH| seo jeimeN 20030
Y8IH 19110 J21eM 104 JO Weays paulj-sed ‘Aoual 1xo 3|qesedaul ue Jo Juawade|da) 3q 1SN JuaWdINbD PaIEISUl Y 21NSEaW SIU 10§ Ayjjenb o] (Paepuesls) %08 N4V 13 Suneay| seo jeimen 20030
A812U3 511123]3 [EUONIPPE GAES Ue> SI0JOL U2} D3 LI paddinba saseuing %96 3N4V & 20eUINg Bunesy| seo [eimeN 10030

E ] ‘sassed anjj Buid 81 il “sassed
POUIIP 2 1501 PUE 35UPUOD S3SSES N 31 0 3501 ‘S355E8 anl BUyde9s2 3us o) JeaN 93Ser DU 03 RS B¢ SISBUE3K® 1634 Il asnesag 5as5ed an i %06 3NV . 6wy SupesH| seo jemen 001

W01y 12l 215eM 3] JO UOMLIOM JUEIIUSIS © AAOLIBI 1Y) SIFFURYIX 123y AN PUE ‘SIAUING VSIS 210U JAGUIEL) UONSNGUIOD Paje|nsul Jadns ‘Pajeas e Jo U
243 Y80I SBUINES BRI SaIeUINY SeB AJUAIID YSIH 99eUIN) SB ADUI1HD PIEPUEIS € 4O N3] Ul 38Uy Se8 AIUBIDILR YBIY © JO UONEIeISUl B3 SIOA0D 2ANSEAL SIYL (p4epuess) %08 3NV 13 @oeuiny BuneaH| seo eimeN 10030

uondysag ainseay. e HO 1B UO 12qeq juawdinb3 ASojouyday asn pu3 1an4 3po) ainsea

(3uawdinb3) 3517 ainsea esawwo) :Auedwo) seo |eanieN apesse)




Appendix D
Demand Side Management

Page 144

2018 WA IRP

io1ea JoreM | SunesH ssiem| seo jesmen anjep Aeads asury-ald - 191eaH Ja1ep LTOND
“(sBuines Jaem pue Aiaus 21e3H Ja3e, Suneay Ja1e, seo |eunie aysemys 2183H Ja3e,
A Ji ul. A J A MYSI u =i J
10J *$22ds YV 1S ADYINI SPa22xa) 9|qe|ieA. SIaysemysip [e1diawwod Aduaidiye 1saysiy ayl aie Asy] ‘siaysemysip |ensawwod alnjesadwal ySiy ||e sapnjoul sainseaw siy | BRI B BIELIERAN DY 4 HSId 3UBllT - eieat 1aieM peeus
1a1eaH Jo1ep | SunesH ssiem|  seo jeimen A12A023Y 1e3H J91emulel( - 191EDH J121eM SZOWND
*S9AIDSUO0D JOIRIDE D] JDIBM 210U Y3 [NO Y3 JOMO| 3U3 pUE (INdD) d1nuiw Jad suojjed
Ja1eaH Jolep\|  SunesH satepm|  seo jesmien J101eJRY 129NE - J91E3H JaleM YZOND
ul painseaw si Jojesae ayl ysnouyy Suissed Jaiem Jo Junowe ay] "a8esn Jajem aonpad 01 Suidjay 19one) B WO Wealls 8yl spealds 9|2zou MO|) MO| JO JOjeJae 19dney
192Nne4 B UO JOSUSS [043U0D UoRow | JajesH Jatem| SunesH ssiem| seo jeinien 192NE4 [013U0D UOIOIA - J91B3H Jalem €Z0ND
DIEEED 91831 J91e, Bunesy Ja1e, Seo |enie| siaysep Adpune [erJswwo; El 91831 J91e,
A Ji ul. A J 3 Jpu 12w IH - J
Buiysem d14303|3 3Y3 UBY) JBY3eI J21B3Y Ja1eM BY) 1B pazi|eal aJe sZulAes duls ainseaw juawdinba-uou e se pajapo Juawdinba Aipune| jeiasswwod Aduspiye ysiH BN ] DI NS B)2ELR AL = R 2
*A819U3 Ul 210W UBAS BUIABS ‘PAWINSUOD J91EM JO JUNOWIE [210) 3Y] SIINP3J OS|E BUOZO BUISN *SUBUI| YSEM O} PIPIIU J91EM 10 PUE ‘SJUDSIS1SP ‘S|EdIWdYD
40 JuUnowe ay1 danpal ||im waisAs Aipune| auozo ue 3ulppy “1a1em p|od ul s|10s yum Suideas Ajlestwayd Aq saligey ueapd sdjay yaiym ‘ejndajow 3uilinddo Ajjesnieu|  ajesH Jolep|  Suneay uslep|  seo jeanien Aipuneq auozQ - J91e9H Ja1e M TZO0ND
e ‘(€0) @uozo Jolesauald walsAs ay] "sed |ednjeu Yum pajeay Jaiem joy Suisn saulydew Sulysem |elasswwod Sulsixa Jo Mau 01 UO-pappe s walsAs Aipune| 3uozo mau v
"Je3sowayy ajqewwelSoud pJepuess e s| 9INseaw siy3 10j aul[aseq ay] "saduaIasaid Jasn uo paseq s8unias asnipe Ajjesnewoine
. 117 Suneay| seo [einieN pa]qeu3 1M - 1esownay | 0ZOND
1ey1 swyyos|e  Buiuies|, anpul os|e slppow Auel ‘dde suoyd |013u0d 910WaJ B SB YINS S24N1Ea) SAIIIRISIUI YIIM 1BISOWIBY] d|qewwe.lSo.d e SI9pISU0D ainseaw siyl
“1E1SOWIAY] [BNUBW € S| aUlj95eq oYL ‘Sall|iqeded aAI}IeIa3ul 230Ul OU L3IM 1BISOWIBY] 9]qetutiel30.d pIEpuE)S e SIaPISU0d aInseaw syl Suneay| seo |eimen 3|qewweldoud - 1eISOWIay L 6TOND
Sunean atede aMnna L NI 1PAN IAISIE N AIRANIAIAC M MALL IR NIINAMNA LR NHNOALT AAMIAN 1AS1PINYA 1BAI IP-M=1IP /M- 1I11INNY B €acn LINNBINLAA A1AANNA1IRAL upesH| seo jeineN 8TOND
*SaUI| J91BM 10y WOJJ SSO| 183y Juana.d 0} uonensu| Suneay| seo |einleN SaUI7 191BA\ 10H d)B|NSU| - Ja|10g SeD LTOND
"SaUl| Wea)s Wouy sso| 1eay Juanald 03 uonejnsu| Sunesy| seo |esmen 3UB] 9)BSUBPUOD/SAUIT WEd)S S3e|Nsu| - Ja|iog SeH 9TOND
Suneay| seo |esmeN SHasu| agn] ddeuung se STOND
“suonjedljdde Suiieay 2eds 10J pasn 950U1 Se PaUlap aJe SJ3|IOi “S19ZIWIOU0D3 YBIS YIIM SI3|10
n ] 3 P Y1 se paulyap q DVAH l S2.3S Yl 4 OVAH Suneay| seo jeimen 1921L0U027 YIE)S - J3|log SeD YTOND
40 11J04131 BY) S9GIIISIP DINSEAW SIY] “IDIEM PBd) 43|10q 1eaya.d 0] Pasn Si 1eay PIISA0IDY *sasses an|y 13]10q 10y WOIJ 1eaY J9A0I 0} PAUSISIP DI SI9ZIOU0ID YelS
e Uey) Jayied ‘Aduednddo uo paseq pa||oJ3uod Agalay) a.1e Sa3e. UONE|IIUSA " elul 03 SPIauU WalsAs ay3 Jie apisino 4o Junowe ay3 3snfpe ued sjoJjuod Suljpuey Jie 1eyy
: s Sunesy| seo |esmeN UOIB|IIUSA P3][043U0D) pUBWS(Q - IVAH £TOND
05 S|2A3] 70D 0)IUOW SI0SUBS “deds e Ul A2uednado 4O [9A3] Y3 31eIpUl 0} S|]9AR] (20D) APIXOIP UOGJED SASN BINSEAW SIY} ‘UOHE|IUSA P3||0JIUC) PUBISQ SE UMOUY OS|Y @deuIng
*suoiipuod 3unesado a1els-Apesls ansiyoe 01 papaau awiy ay) Suidnpal Aq
11esado |[esan0 asealoul Aj3ysi|s ued Jie U uoiaNpal siy | “I1d8ueyIXa 13y J3Jlog Jo 9deu.ny ay1 ySnoay) sassed 1eyy Jie Jo Junowe sy} SuloNpal pue JUSA Wiem
ayl n: Esm% Butaq wouy 1eay Juanald ued Jadwep 440 INYs Mau e Jo uolie||eIsu| 3oy ||13s S aN|4 3yl pue 4o sinys adueljdde ay) Ja3je Aja3eIpawiwl JUaA 3y} ysnoayy umelp v Sunesy| seo |esnieN Jadweq 40 INYS - IVAH ZTOND
sl die 2.0 "aumesadwia) JoopIno pue ‘Jarawelp ‘Wysiay ¥aels ay) 03 [euoiniododd a)ed e 1. 13Ul Jie UoHN|IP 4O POOY 1eJP BY] BIA 3IE1S 3Y) YSN0IY] UMEIP S| JIe WOoO.
wuem apow Agpueis uo a.e saoueljdde uaypn “Jadwep 4o 1nys e Inoyum Suneay sdeds w:.nSoE $92BUINJ 10 SJ19|10q 211aYdsSowe |BIIUSPISAI-UOU IO S| 3INSeIW SIY |
W
Sunes seo |eunje uoneziwndo [043U0) Jauing - J3jiog se
ua8Axo pue sjos3uod Suiuonisod [9|jeJed Jo uoneulqwod awos ySnoayl paysijdwodde aq Aew siy] "uoisnquiod aziwido 03 siadwiep sed |ednjeu pue Jie J3[ioq JO [0J3U0D e€3H 9 [EIMEN HEZWRAO joau0) 9 108 se9 TTons
*Adua1d144 ||BIBAO 19113 Ul 3NS3I SIYBU] ISAY JO
||e ‘sauswialinbay Jie-28und s92npaJ pue ‘Jaulng ay3 Uo Jeal-pue-1eam SIABS ‘|0J1U0d peo| J911aq sapiro.d ‘sdnliels Jaulng sednpaJ oljes umopu.ny Jaysly v ‘sjuswalinbal
B Sunesy| seo |esnieN umopuin] ysiy - J3j10g sen OTOWD
PeO| Y3 333W 03 430/U0 3[2A2 3SNW J3]10g 3Y3 ‘D384 SULIl MO 3Y3 MO|3q SPEO] 03 P3303[gNS 3Je SI3]10q UBYAN "33eJ Sullly Mo| Y3 03 33ed Sulily yS1y ays jo oizes
Y3 Sl umopuun] “T:9 uey ssa| umopu.ni e Suiney siauing yum Sunesy aseds Suipino.ad sjoa3uod ssajadesul] yum paddinba s1a|10q |BIIUSPISAI-UOU 10} S| SRINSEIW SIY |
‘Wesls 31SeM ||Im pue |eas 03 |iey [|Im desy 3y pue Ajgadoud 3502 03 [y [|IM SAjeA 33 Aj[ENIUSAS ‘BoUBURIUIRW
. I Sunesy| seo |esneN 2sueudjulel ded] weals 600D
OU Y/ “UOISOID 9DBJINS SISNED PUE BAISOLI0D S| I3IRAN “MOJ} Jalem ainssaid-ysiy 10y 03 paldalqns si eale 1eas pue aAjeA dY) ‘SUOHIPUOI Sunesado [ewou Japun
'5100p3N0 dnjeladuwa} Ulelad e dAOGE S| 3] UsyMm uo Sujuiny
woJj J3J10q Y3 JuaAaid 01 135 OS|e S| a1njesadwa) IN03I0| Y “24njesadwa) Jie SPISINO Ul 3SEIDUI Ue 0} BN Peo| Suileay Ul 3SeaJdap Yl YIIM S9Sealdap ainjesadway
Sunesy| seo |esmeN 1959y 1918\ 10H - J3|i0g SED 800D
J91eM Addns 8y usamiaq aduataip ainjesadwal ay3 Suisealoul Aq panes si AS1au3 ‘AS1aus aAes 0] ainjeladwal Jie JOOPINO BY] JO UOIIDUNY B Se peo| Suljesy 03 dAIle|a
aJnjesadwsal Alddns Ja1em uajioq ay1 Asea 03 si9jiog Suiresy Suip|ing |el3uspisal-uou 03 s|0J3u0d Suippe Aq Aduaialyye uonsnquod Suinoidwi 03 Sa1ejaJ aunseaw Siy |
“%0T se yonw se Aq Juswdinba Suiwuoyiad Alz0od jo Aduaidiyye ayy asealdoul ued dueuRUIRA “Sasealdul asn AS1aua a|iym aduewoiad ul aulIap Apeals e 0] spes|
aoeuiny Sunesy| seo |eineN 2JUBUBIUIBIA - IBUINS SBD) LOOWD
@dueuRlUlEW AleSS303U SUN3|SaN "921AI3S J0 S1eaA )1 InoySnoayy Ajus|dle pue Ajl2A10344 UoIIdIUNS 03 3JeUIN SEF [eJnjeu B S3|qeUS dueUSIUIRW pue Sujues|d Jejngay
“%0T se yonw se Aq Juswdinba Suiwuoyiad Alzood jo Aduaidiye ayy asealdul ued dueuRUIBA Sasealdul asn AS1aua a|iym aduewloiad ul aulIap Apeals e 03 spes|
Sunesy| seo jeineN 2dURUBIUIBIA - J3]10g SED 900D
9oueUIIUIEW AJESSRIRU SUNIISN "921AIBS JO SIeaA )1 IN0YSnoy3 AjUSIOLIS pue A[2A1309443 UoIIOUNY 03 J3]Ioq SeS [einjeu e s3|qeus adueudjulew pue Sujues)d Jejngay
*MOpUIM 33 o sallJadoud Bunensul ay3 asealoul Jayiiny 03 (uod.e Ajjensn) paj|iy-sed aJe ey sasse|d
aued-a|qnop Os|e a.e 343yl ‘I2jSuUeJ] 1B SAIII2AUOD PUB BAI}INPUOI SINPaJ 1ey) sse|d aued-s|gnop si s|dwexa Jayjouy ‘Suidedss wouy ABiaus anem-3uo| syusnaud
pue ssej3 ySnouyy AS1aus Jejos anem-1oys jo a5essed sMoj|e eyl 3deyns ssejS ay3 uo SuIR0I 3PIXO J[|BIBW JO Wil UIY3 B S| YdIYm ‘BUIBOD 3-MO| B SARY SMOPUIM I Sunesy| seo |esmeN Adua1d11J3 YSIH - SMOPUIM SOOWD
awos ‘s|dwexa Jo4 "adeyins 3uize|3 ay) YSnouyj Jajsuely 1eay Jo Junowe ayl 2dnpaJ eyl saipuadoud Sudnpal aney smopuim Aduaidiye-ysiH awin awes ayl 1e syuednado
931 40} Hojwod Buisealnul 3jiym [jiq ASIaua s,8ulpjing e 9anpaJ 03 pausisap aJe ‘welSold YV1S ADYINI 2y Jopun pajage| 5oy se yons ‘smopuim Aouapiyye-ysiH
‘suopiealjdde jue|eas jo sonsuade.eyd Suide syl paynuapl
SBY |21easaJ pajuawndop ou pue ‘a4l 4|ays Hoys AjaA1e[al e sey yae3 ‘1sixa s3onpoud pue spoyiaw 3uljeas jo A1a1ieA apim e ‘s}onp [eas 0 “Jie pau uod 3 ue Jje
yy pay p ou pf 1| J13Ys 1oys AjaAne| Y Y283 IsIxa s39npoud pue spoy; 1|e3s Jo A3l P! NP | L “Jie pauonip Y pue i W Sunesy| seo jeimen Suijeas pue Jjeday 19nQ - VAH YOOND
100pIN0 3y UsaMIaq AdjeyIua Ul 9dUBIBYIP BY3 pue aFexes| Jo Junowe ay) 03 |euoizsodold SSO| 393.1p € Ul 3NS3 SI00PINO B3 O WaISAS 3Y3 WO SYE3| Iy "}JOMIONP 3y}
Jo a@8e pue ‘diysuewnom uonie|eisul ‘Ajlquiasse Joj spoylaw ayy ‘pasn Asauiydew Suiedligey ul S93UaJaLIp 941 JO asnedaq A|geIapisuod salleA s1onp pajeasun ul ageyea
*$10NP JOLIBIXS 10} S|elIdIeW ||9ys pJey jooldiaiem pue ‘uoneinsul pidid pan|3 1o ‘paydel ‘deim 1onp ‘pieoq
19np anp paie|nsui-a4d ‘np 3|qixa]4 upn|aUl ‘B|qe|I_AR BB UOIIBINSUI 19NP PUE S19NP JO S3dA) [BJaA3S '19Nnp Ajddns-Jie ay1 ySnoay) 1eay Jo Jajsuel] ay) sl I Sunesy| seo |esmeN €00ND
UONEINSU| "UOEBINSUI YIIM BB 3DBJINS 313U 3Y) SULISA0I Aq Panalyde aq ued s}|nsal 1sag *sasso| Sulj002 1o Suijeay 33npas 0} paje|nsul ag ued s3np :oz:n_:m_n any
‘auaJlAisAjod pi8l pue ‘ssej81aqly (UMO|Q) ||I§-9S00] @S0|N|[33 (UMOJQ) ||I4-9500| :BpPN|IUl S|elIa1ew
Bunejnsuy [eaidAL sanyiqissod Suiejnsul saulsp uoiONJISUOd Sulp|ing jo adAy ay1 “Buip|ing e jo ujes 1o ssoj 3eay ay3 Suionpas Aq A31aus aAI3SUOD UBD UOfeINSUl [BWIBYY I\ Sunesy| seo |eimen Aune) e - uonejnsu| ZO0WD
‘SNYL "SIPOU JBJSUEL]} DAIBIPES PUE ‘DAIIDAUOD ‘DAIINPUOD Ag ASIaUa 183y JO MO} 9Y3 114Ul 03 Pash e 1By} S|eLId1eu JO SUOIBUIGIOD 1O [B1I31eW S| UOE|NSU [eWIBYL
‘auaJlAisAjod pi8l pue ‘sse|81aqly (UMO|Q) ||I§-9S00] @S0|N||93 (UMOJ|Q) ||I4-9500| :BpN|IUl S|elIa1ew
Bunejnsul [eaidA] s ssod Sunje|nsul saulyap Uo1IINIISUOD T nq jo adAy sy “Buip|ing e jo ures Jo sso| 1eay ay3 SuranpaJ Aq AS13ua aAI35U0D UBD UOHIE|NSUI [BWIRY]) (12 Sunesy| seo |eimen TOOWD

‘SNYL "SSP0 JBJSUEBL} BAIIPES PUE ‘DAIIDAUOD ‘DAIINPUOD Ag AS1aUa 183Y JO MOJ} 943 11Ul 0} PAsh B4 1By} S|eLId1eU JO SUOHEBUIGLIOD IO [B1I31RW S| UOIIE|NSU [eWIBYL

uondidsaq

:01 Ajddy s3uines |eaidA)

3Inseay

3p0) 2nsealy

(3uswdinb3-uop) 1517 ainseay |eJawwo) :Auedwo) seo jeinjen apedse)




Appendix D
Demand Side Management

Page 145

2018 WA IRP

*s8uiayo sa8eue| A81au3 4o INIdH S,vdg Se yans sweiSoud

ysnouy1 a|qejiene s3uines s|pow aJnseaw siy] "a|qejunodde pjay pue pasedus ae sashojdws jue|d |je pue quawadeuew o1 pajiodal pue pajesauas ale syiodas Jeingau
‘395 aJe s|eod ‘spaepuels Suidiojus pue SuidojaAap Yum payse) s weal Jo [enplaipul ue isweidoud [043u0d Aljenb 1o Ajajes 03 Jsuuew Jejiwis e ul wesSoud ASiaua syl syeady
@2110e4d € yons syuswajdwi 1eyy Ayjoey v “weaSoad ABiaua Sujuielsns e ojul sjuswanoldwi [euofiesado pue ‘syuswanoiduwi Juswdinba ‘sisAjeue waisAs Jo saandeld 159q
sa1e489jul Juswadeuew AS1aus J1893e.41S pUR UOIIE: dO ‘s8uliayjo sa8eueln AS1au3 10 NIJH S,Vdg se yans sweidoad ySnouyl ajqejieae sSUIABS S|9POW aNseaw siyL

v

seo |einjeN

juawaseue|p ASiau3 218a1e0S

LEOWD

*swa3sAs Suip|ing Jofew Jayio pue ‘MHQA ‘Bunnysi| ‘DVAH sassaippe Sulul Ww020433Y 53502 Suijesado adnpals
pue asuewJopiad Suipjing anosdwi 031 ‘syuawisnipe sjo043u0d uipn|oul ‘saunseaw 1509 OU JO 1S02-MO| SaljlIuapI ss920.d Suluolssiwwo20.433. ay3 ‘s3ulp|ing Sunsixe u|

(12

seo |einjen

DJVAH - Suluoissiwwodo119y

9E0ND

*ssa204d udisap ay1 Sulinp suidaq Suluoissiwwo) ‘aduewdopiad Aduadiya-ysiy apinoad
pue Jua1ul uSisap ay1 193w 01 paj|eIsul pue ‘paiyoads ‘paudisap Ajuadoud ale swalsAs Bulp|ing 1eY1 S3INSUS SUIUOISSIWIWOD ‘SUOIIBAOUSI JOfEW PUB UOIIINIISUOD MBU JOS

14

seo |ednieN

JVAH - Buuoissiwwo)

SEOND

*Aouaidiye waisAs weals 03 syuswanoldwi paziwoisn)

Buneay

seo |einjeN

sjuawanosdwi Aauaidiyy3 waisAs wesls

YEOND

BunesH J21e\

*g2ueUdlUleW panosdwi pue uoiesado Juaiyye 01 Suipes| ‘Sul

ng a413ua ue 3noysnouy) Juswdinba saziwindo pue s101UOW YIIYM WISAS [043U0D Pazi|esiua)

Bunesay

seo |ednieN

wa1sAs uonewolny Sulpjing

EEOND

*aimjesadwia) palisap ay1 dasy 03 Ja1em joy yum [ood ay3 Sulysiua|dal ul paey Se 3I0M 0} Pa3U J0U ||IM J3]I0g 3Y3 PUe paziwiulw 3q

0s|e ||Im s3s50| aAielodens ‘os Bulop uj *Ays 1ySiu ay1 01 S35S0| SAIIRIPRI 3INPaJ ||IM J ‘PJIY] pUY “JIe SUIPUNOLINS JSP|0J 3Y] WOJ) J91BM 3Y1 91B|NSUl |[IM 1l ‘PUOISS 9IB4INS
J1318M 343 SUIpja1ys Aq puim ay3 03 anp $3SS0| SAIFIIAUOD 33 3INP3J [[IM 3 3514 “P|0J334Y3 S| S1A02 [ood Suljjesul jo Jujod 3y 3joJ Jadue| e sAejd puim aiaym sjood
100op1no Jo anuy AjuenonJed si siy) “uonesodens y3nouy si sso| A1aua Jo 224n0s ulew ay] ‘(11 404 dn axew 03 ua1em paleay |euonippe salinbal uayl yoiym) uonesodens
0} 9Np 150] J21EM [ENIOE JO JUNOWE DY} PUB JUSILOIIAUS 3Y3 O3 J23eM B} W0y SSO| 3eay ay3 uionpal Aq paonpau aq [|Im Ja]ioq [ood ay3 uo peoj Suizeay ay3 ‘sianod

|ood Suijjeisul Ag "SI00pINO 1O SI00pUI JBYID PAIEIO| JuBWdinba pauly-sed yum paleay aie 1eyl s|0od asn [eI2JUILIOI UO SIDA0I JO UOIE||EISUI BY] O} SI9J9J 3INSEIW SIYL

133e3H |00d

snoaue||22sIA

se9 |einjeN

S19A0D 1YSIN - J9183H |004

CEOND

“3eds 9] Wolj pa1dalal S| JIe paUuoNIpUO) $S3| SE SPEO] SUITeaY 92NPal [|IM SIYL "SPaau [BN3Je 0] MO JILUi| 0} SPOOY ISNEUXS USY21D| BUI[|01U0D

[\

Sunesy

seo |ednieN

VNIA/ADQ - POOH Uayauy

TEOND

*S|aA3| 100|} pUe BUl[193 Usamiaq
ainjesadwa) azijenba 01 a2eds UBAIS e UIYIIM Jie 918|NUID PUE XIW A[9A1193442 2J0W UBD (Ja1aWelp ul 3j-0Z 03 '4-g) 98.e| aJe suey Bul|1ad (STAH) paads-mo| awn|oA ysiH

[\4

Buneay

seo |ednieN

(STAH) sue4 uonesynensaq

0E0ND

‘wa1sAs Bul1eay-4a1em |BUOIIUSAUOD B Aq

Papinoad S| 31 ‘papaau S| 1eaY |BUORIPPE §| U} J21E3Y J93BM |BUOIUSAUOD € 40 Yue} Jeayald a3eiedas e ul paJo)s s| Ja1em pajeay ay] (*4aiem 3|qejod ay3 syeay uayj jeyy
Ja8ueydxa 1eay e apnpul dooj pinjj-iajsuedli-jeay aleledas e yym swalisAs) “3l WOy 1eay SI9jsuel) pue 1agiosqe ay) 0} paydeiie sagny ySnoayl smojy Ja1em ajqelod |enyoe
3Y3 JO pInj} J3jsuell-1eay e Jayy3 Hjuel 23e103s [en3de Ue JO 103I3]|0D JB|OS B UIYIIM 9BHINS J3GJOSqe 1e|0S B 3Sn swaisAs 353y [esauad ul ‘Alen sadAy waisAs ysnoyyy
*10129||02 e Sulj|eisul Joj spuno.d papeysun Aqieau Jo Jood Suidej-yinos-ieau aleudosdde ue aney eyl s3ulp|ing |e1USPISAL Ul Pash ag ued swalsAs Suneay Jalem Jejos

J1313H JareM

Suneay Ja1ep

seo |einjen

Wa1sAS Je|OS - Ja1eaH Jalem

6C0ND

“Wwa1sAs MHQD 243 YSNOIY} MOJ} J1BM Se pasuas s| puewap (MHQD) Ja1eay 1a1em
104 21159WOp [eJ3Udd € (q) pue (4 saa489p Q0T "8'3) ainjesadwal paquasaid e mojaq paddoup sey Jsiem uinial dooj uone[naudaJ ays (e) yioq ssajun dwnd uone|naual
31 91BAIE J0U [|IM J3]|03U0D BY3 Agasaym ‘sindul puewap pue anjeladwal eiA (0430 Suluiquiod Aq Aduaidiyjaul 9npas 03 %93s sdwnd UoNEe|NDAIA. [043U0D pUBWSQ

19131 Ja1BM

Sunesy Ja1e/\

seo |einjeN

$043U0D [BA1UD) - JB1EDH JIBM

8COND




Appendix D
Demand Side Management

Page 146

2018 WA IRP

‘595N sed [einjeu snoaue|[adsiw Joj A103a1e [|eyied | SNO3UE||3ISIN 13 SNO3UE|[33SIA snoaue||20siIN| Sseo |einien 80031

*103035 [BLISNPUI JaPeO.G Y3 Ul suorealjdde ssado.d anbiun Auew ay3 4oy ,|[e y23ed,, e st A1o3a1ed siy| pJepueis 13 5592044 19Y10 ssad04d| seo |esnieyn £0031

paijdde s1 8u1j00d aJaym ssad0.d [erIsnpu] pJepueis 13 8uij00) ssa20.1d $s9004d[ seo |esnieN 90031

paiidde si Sunneay a1aym s13]10q $59204d URYY J3Y30 $59204d [BLIISNPU| pJepueis 13 Buneay ssado.d ssad04d| seo |esnieyn 50031

Wea)s J0 Ja1em 10y 3pIAo.d 03 Pasn aJe $J310q 2Jaym ssa204d [erisnpu| pJepueis 13 13]10g 5532044 $s9004d[ seo |esnieN 0031

*19183Y 31UN Sed [eIN}eu SUISUSPUOI-UOU © 3q 0} PAWINSSE S| UORIPUOI Bulaseq 3y} ‘Ajdde uelpey pateul €3 J2389H UUN 8uneaq| seo [eimeN €003l

03 UOpeZLIBIIEIRYD SIU3 10} J3PI0 U JuBLLINDS Ses [einjeu Bunsix Buide|da) 3G ISNW JUN 3y “SUOREDID3TS J2. 1ad paurep pue ‘pajuan aq 1snw 8uisuapuo) a 12183 1UN SunesH| seo |einjeN €003

12383Y 3Y3 PUB %06 < AIUBIDIYT [BWLIBYL B UM HEIN 00€ 03 dn Ja3eay J1un Suisuapuod e ag 03 pawunsse st Jualudinba Juaidya ays ‘Ajdde 03 UOHEZIIB1D.IRYD SIY3 10} JAPIO U pJepueis 13 J9189H NUN Suneay| seo |einmieN €0031

ooues dwng 1e3H 924N0S JIy ON 01 13AUOD 3 Suneay| seo |eimen 20031

50 35N pue 3sUBPUO? SBSSER ANy B3 JO BWOS ‘sassed anjy Buidensa By} WO 13 3ISeM IAOWAI 03 PaSN a.e sIaBUBLIXD 123y ajdiF|nw asneoag ‘sassed any swc ,.3” %86 IV €3 3uneaH|  seo |eimeN coodl

335eM 343 40 UORIOd JUBIIUSIS B SAOWSI 1By} SI2TUBYIX3 183Y B|dRINW PUE JSGUIBYI UORSNGWIOD P3Jeas € JO UOREZIIN U1 43N0y} sBUIAeS Sed aAdIYDE $13]10q AJUBIDIYD %58 IN4V a SunesH| seo |esnieN 2003

YSiH "19]10q Ja1eM 10y JO Wea)s paJy-sed ‘Aualanya ysiy e yum 1ajioq Sunsixa dauul ue Jo ag isnw Paj|e1sul 3y} ainseaw siyy 1oy Ayijenb o | (p4epueis) %08 3NV 13 Bunesay seo |ednieN 20031

“K313U5 21193]0 [EUONIPPE SAES UES SI0J0UI UEj N3 UMM paddinba saoeuing %56 IN4V 2 SoeuIng 3unesH| seo jeamen T003!

“PauleJp 3q ISNW PUB BSUBPUOD S3SSES ANJ4 Ay} JO IS0W ‘sassed anjj Suidedsa Y3 WoJy Jeay 2ISem A0 0} Pasn a.e sJa8ueyIXa Jeay ajdinw asnedag 'sasses anjj ayy %06 3NV 23 sveuny Suneay| seo jeimen 10031
WoJy 383y 335eM BU} JO UONIOd JUdYIUSIS © IAOWDJ 1oy} SI95UBYIXD 1eaY 3|dINW PUE ‘SIaUING JUBIDIYD I0W “IIGUIEYI UOISNGUIOI paje|nsul Jadns ‘pa|eas e 4o uonezlin +

243 YBNOY3 SBIReS AB1YOE SBIRUINY SEB AUBIDLYD YBIH "398UINy SeB ADUBIOLD PIEPUEIS € JO Nal| Ul 3eUINy Se8 AUBIaI3 YBIY © 4O UOIE|eIsUl 3U3 SIBA0D SINSEaW S| (paepueIS) %08 INAV 13 aoeuIny Suneay| seo |eimeN 10031

uondudsaq ainseay 1IN HO  1I3}EN UO 12qe uawdinby ASojouyda) asn puj [ELF] 9p0o) aInsean
(3 linb3) 1517 ®. Al [euasnpu] :Auedwo) seo |eanjeN apedse)




Appendix D
Demand Side Management

Page 147

2018 WA IRP

‘SNYL "SIPOUI J3JSUBLY DAIBIPEI PUB ‘DAIIIAUOD ‘DAIIINPUOD Aq ABISUS 183Y JO MOJ} Y3 1IGIYUI 03 PIsN 3.e Jey} S|e1IJBW JO SUOHBUIGIOD JO [BLIDJBW S| UOHEINSU] [ewliay ]

*swaisAs Suip|ing Jofew Jaylo pue ‘MHQA ‘Bunysi| “O¥AH sassaJppe SuluoISsIWW020.19Y '$1502 Suiesado aonpas $59204d
seg |eanienN Buluoissiwwodoay LTZONI
pue aduewuoyiad Buip|ing anoidwi 03 ‘spuswisnipe $|0J3u0d Sulpn|aul ‘S3UNSeaW 3502 OU JO 3502-MO| S3lIUBP! $s8204d BuluoISSIWIWO004334 3Y3 ‘sBulp|ing Sunsixa u| Suneay
*ss9204d ugisap ay1 Suunp suidaq Suluoissiwwo) ‘aduewsopad Auaidiye-ysiy apiroid $5920.d
p 7 b seo [enieN Bujuoissiwwioy 920N
pue Jua)Ul USISap 8yl 199W 01 Pa||eISul pue ‘palydads ‘paudisep Aladoud aue swaisAs Sul g 38y} S24NSUS SUIUOISSILIWOD ‘SUOIIBAOUR JO[EW PUB UOIINJISUOD MBU 104 Suneay
‘335 a.e s|eod ‘spaepueis 8uloJojua pue SuldojaAap Yiim paysel S| Weay Jo |enplAalpul ue :sweiSo.d |043u0d Aljenb Jo Alases 03 Jauuew tejiwis e up weidoud ABisua sy sieasy SNO3ue|[3SIA
2o1oe.d e yons syuawa|dwi jeyy Ayjioey v “weidoad A3iaus Bujuleisns e ojul sjuswanoldwi [euoiiesado pue ‘syuswanosdui uawdinba ‘sisAjeue waisAs jo seonoeld 3saq $53204d seo |einjeN juawaBeuey A81au3 21938038 SZOWI
sajeJ89jul Juswaseuew ASJaus 218918415 pUE UONE: 1dO 'sSuliayjo Ja8eue|n ABIau3 Jo INIJH S,vdE Se yons sweiSoud ySnoiyl a|qe|ieae sSuIAeS S|apow ainseaw Suneay
“Aous © Wa1sAs weals 01 sjuawanosdwl paziwoisn) SBuneay seo |einieN sjuawanodw| Aduaidlyyg WIISAS weals YZONI
Buneay Jazem
*92ueUdIUIRW panoidwi pue uoiesado Jualdlye 03 St nqg 243U ue Inoy3no.y) Juswdinba s3zjwdo pue SI0HUOW YIIYM WIISAS [013U0I PaZ||RIIUS; Tuneon Seo |einjeN wiaisAs uonewolny Suipjing EZONI
*$855900.d |e1asnpul 1oy s309foad A1aA0da4 1esY paziwoisn) $5920.d Seo |eanjeN A13n023Yy 1B3H SS3204d ZTONI
*saul| pInjy ss2204d Wouj sso| 1eay JuaAaid 01 uone|nsu| Buneay ssadoid $53204d seo |einjeN SpIn|4 $53201d PaleaH dle|nsu| - $S320.d TZOWI
*S3UI| J91BM JOY WO.J S50] 383y U4 O: =2112gienm001d msand
1| 491BM J0Y WoUy | 183Y U } Ul Janog Mr__«me Seo |ednieN Saulq 421\ J0H @)e|nsu| - J3|log 0ZOWI
109 SS920.4d $53204d
‘S9U| Weals woJj sso| ey Juana4d 01 u Tsi0g 5 eoH Seo |einieN juep memf_w_o:OU\ww:_A_ wea)ls aje|nsuj - u3|10g 6TONI
“S[oA9| 100§ pue SUl|190 Usamiaq A
ainjesadwa) azijenba 03 a2eds UBAIS B UIYIIM Jie 318[NJID pue XiW A[9A1103)43 3I0W UBD (JISWEIP Ul "}§-07 03 "}4-g) a8.e| a.e suey Suljiad (STAH) paads-mo| awnjoA ySiH v uResH SeS [eimeN (S1AH) sued uoneayessaq L10WI
"1e350WIaY} o|qewiWel50.d pJepuess e s| 9Inseal SIyy 10§ aUl[95eq oY 'sa0UaJ9J2.d 195N UO Paseq s8ullIas Isnipe Aj[ednewone
Jeyy swyiosje Sujules|, anjoul os|e s;ppow AuelA “dde suoyd [0J3U0D 330WJ B SB YINS S3UNIe3 SANIRISIUI YIIM JBISOWIaY) d|qewwelSo.d e sIapisuod ainseaw si v HesH SED eimEN Palqeud HIM - eisouLiayL sTonI
“1B1SOW.IaY] [BNUBW € S| dul[9seq 3y Sallljiqeded aA1I9eIa1Ul 910WaJ OU YlIM 1e1S0WIaY] a|qewweSoid piepuels e sIapisuod a4nseaw siyl 12 SBuneay seo |einieN 3|qewweisold - 1eISoWIaY ] 9TONI
*Speo|
8uneay aoeds 2dnpaJ pue 1eay Jaysuel) AjA1309|3s 0} MOJ} JIe PUNOGINO PUB punoqul U2aMm1aq JaSUBYIXD JeaY JIe-03-JIE ‘MO|J-193UNOI B S3SN UOIE|1IJUDA AJ9A0I3I 1B v Bunean Se9 [eImeN 101e113UaA A131033Y 3e3H - Bunea soeds STOWI
Sunesay| seo jeimeN 195U 9qN| 9deUINS SeS YTOWI
‘suoijealjdde Suijeay aoeds Joj pasn asoy3 Se paulyap e SI3|10q IYAH ‘SI19ZILIOUOID 3IRIS YIIM SJ3]10q DVAH $59204d
. N seo |einieN 43z|wou023 2e3s - J3jlog ETONI
40 31J0J124 B3} $3Q1IISIP DINSBI SIY| "191BM P33} J3|10q 1eayald 03 pasn S| 1eay PaIaA0IaY "sassed an|) J3|10q J0Y WOy 1eay JaA0IDI 03 PauSisap aJe SI9ZIWOU0ID }IelS
B ueyj sayied “fouednado uo paseq paj||0Jjuod >n_w._wr_« 3. S)JBJ UOIIE|1IUBA "3)ejul 0] spasau Ewum\rm 3Y3 Jle apisino jJo Junowe ayjy uw_‘__.ﬁm ued s|joJjuod Bul puey Jie jeyy
g . Seo |einieN USA P3||043u0) puews( - JVAH CTONI
05 S|9A3| 7O Jo3UOW SJ0SuaS "adeds e ul Aouednado Jo [9A3] 3Y) 21eIIPUI 03 S|9A3| (ZOD) SPIXOIP UOG.ED S3SN 3INSBA SIY] ‘UOIIR|IIUSA P3]|0JIUOD) PUBWIAQ SB UMOU)| 0S|y 2oeuln4
Wiy g 55920.d 5592014 |
uadAxo pue sjoJ3uod Suiuonisod |3jjeed jo uoneuiquwiod awos ySnoyy paysijdwodde aq Aew siy| ‘uonsnquiod aziwndo oy siadwep ses [einjeu pue e J3|1oq JO [013U0D) 139|109 Sunesy SeD eimeN uohezindo joau0) Jauing - Jajiog se TioNI
©0| 3} }93W 03 JJ0/uo 3]oAd ISnW J3[10q 3y} ‘@)ed BuLlly MO| 3y} MO|aq SPeo| 03 pa3dalgns aJe Si3)| ual ‘918 S MO| 3y} 0} 1ed Sul 81y ay3 jo oneys g 5592044 $59204d
BEg] ;. Ho/uo 3y Jlogies (&0 [SHERECICHE g 110g Uaym St UL ER seo eanien uMopuINL YBIH - 43108 e OTOWI
3y) S umopu.N] "T:9 UeY) SS3| UMopu.n) e Suiney siauing yym Suneay aoeds Suipinold sjoJjuod ssajadeyul] yum paddinba s13]10q [e1IUSPISAI-UOU J0) SI SUNSeaW SIy ] J9|109 Bunesy
“WE3)S 3ISEM ||IM pue [eas 0} [1e} [|IM ded3 3y3 pue AjJadoid 3s0|2 0} |18} ||IM SA|BA 3Y3 A|[ENIUSAS DoUBUSIUIRW
2 Sunesy Seo |einjeN 2oueuajuley ded| weals 600
OU Y "UOISOJD 3DBJINS S3SNED PUB BAISOI0 S| 133 "MOI} Ja1em aunssaud-ysiy 30y 03 pa3dalgns si eale 1eas pue aA[eA 3y} ‘suoiipuod Suijesado [ew.ou Japun
J91em Ajddns ay) usamiaq aduaJayp ainjesadwa) ay1 Suisealdul Ag panes st ABiau3 “AS1aus aAes 01 aunjesadwa) Jle JOOPINO 3] JO UOIDUNY e Se peo| Suleay 0} aAIe|a) g S5920.1d $5920.d
seo [enieN 1959y 133EM 10H - J3]108 800
aumesadwal Ajddns Ja1em Jajioq ayi Alea 01 sis|loq Sunneay Sulp|ing [elIUSPISaI-UOU 0] S|0J3u0d Sulppe Aq Aduaidiyye uonsnqwod Suinoidwi 01 Sa1ejau 24Nseaw Syl J3|l09 Suneay
“%0T Se yonw se Aq juswdinba Sujwioyiad Ajiood jo Adu: 49 8y} 95B3J0U| UBD DUBUSIUIRIN SaseaJou] asn ASJaua 3iym souewopiad Ul auldap Apeais e 03 spes|
aoeuIny nesy|  seo jesnjen 9oUeUBIUIE - dIBUINS SED LOOWI
@oueudjUleW AJessadau Sun1da|SaN "921AJ3s Jo S1eaA s11 InoySnoayl Ajjuaidie pue AjaA11da))e uoiduny 01 8Jeuln) sed |ednjeu e sajgeus adueusjulew pue Sulues|d Jejnsay
%01 Se yonuwi se Aq juawdinba Suiwioyiad Ajiood jo Adu: 149 91 3SB3JOUI UBD BDUBUIIUIR 'SISEAIIUI aSn ABIaua 3|Iym aduewopad ul uljaap Apeals e 03 spea| 0g $59204d $59204d
seo [esneN 9dUBUBIUIEN - 13108 900II
@dueuajulew Alessadau Suiaa(8aN "a21A13s Jo sieah 511 InoySnoay) Ajpuaiolya pue AjaAl3da)4e uoiduNy 03 J3Iog seS [ednjeu e s3jqeua adueudlulew pue Suiues|d Je|nday 13|09
“MOPUIM 33 JO sa1Jad0Jd BUIFe|NSUI 8y} 95210l 1aU3ing 03 (UOB.e Aj[ensn) paj|ij-ses a.e
ey sasse|3 aued-a|qnop OS|e aJe dI3YL "J9JSUBI] 1BDY DAIIIDAUOI PUE BAIIINPUOI $3INPaJ 1ey) sse|S aued-a|gnop si ajdwexa Jayiouy ‘Suidedsss wouy ASi1aua anem-Suo|
sjuanaud pue sse|8 ysSnoayy AS1aus Jejos anem-14oys Jo agessed smo||e 1eyl 92e4uns sse|s ay1 uo Sui1eod IPIXO J1|[_IBW JO W1 UIYL B SI YdIym ‘Suileod 3-mo| B 9ABY SMOPUIM 2 seo |einjeN Aduaiiy3 ysiy - smopuip SOOI
awos ‘s|dwexa Jo4 ‘3deyins Suize|3 3yl ySnoays Jaysuell 1eay Jo Junowe sy} 8onpai ey sanuadoud Buionpal aney smopuim Aduaidlye-ySiH “swil swes ay) e sjuedndoo
Y3 Joj 14ojwod Suiseasdul ajiym ||iq AS1aua s,8ulp|ing e 9anpaJ 01 pausdisap aJe ‘weSoid YV1S ADYINI 3yl Japun pajage| 3soy) Se Yans ‘smopuim Asuaidie-ysiH
“suones||dde JUe[ess JO so1IsHa3eIeyd BUISe U3 PalyRUSP!
SBY 42189531 PIUSWINIOP OU PuE ‘B41| J]9Ys 10Ys A[DAIIR[D. B Sey OB “3sIX $39npoud pue spoyiaw Suijeas J0 AJ91LIEA 9pIM € ‘S1ONP [e9S 0] “JIe PAUOHIPUOD Sy} pue Jie
2 Suneay seo |einieN Buijeas pue Jieday 1onQ - JYAH YOOI
100pPIN0 3y} USIMID Ad|eL3UB Ul 9IUBIBHIP Y} pue a8e3ea)| JO JuNowWe 3y} 0} [euoiliodosd sSO| 393.IP € Ul 3NS3J SI00PIN0 Y3 03 WAISAS DY} WIOLH SYES| 1Y HIOMIIND By}
Jo a8e pue ‘diysuewiom uone|jeisul ‘Ajquasse Joj Spoyaw ayi ‘pasn AJauiyoew Sunedslige) Ul S9dULJL4IP 8Y) JO asnedaq A|qelapisuod SalJeA $1aNp pajeasun ul ageyea
“$10Np J0LIAIX3 J0) S[elI31eW ||3ys pJey jooidialem pue ‘uonensul pisis pan|s 1o ‘paxde; ‘dedm 1onp ‘pieoq
39np ‘9anp pajejnsul-aid 4anp 3|qixa|} Sulpn|oul ‘9|qe|IEAR 2B UONE|NSUI 1ONP pUE S1oNp Jo sadA} [eiaAas '1anp Ajddns-lie ayl ySnouyl 1eay Jo Jajsuely ay) s)qIyul [elialew \2 Buneay seo |einieN 8unong - uonensu| €001
UOIB|NSU| "UOIIRINSUI Y3IM B3R 3DBLINS 213U 3y} SULI9A0D A PaAaIyde 3g Ued S}nsaJ 1sag 'sasso| Suljood Jo Suiieay 9anpad 03 Pale|nsul aq Ued S1ONP UOINGLISIP Iy
“3UaJA3SA[0d pIBI pUE 'Sse[giaqly (UMO|q) [[1§-9500] ‘850[N[[23 (UMO]]]) [[1j-9500] :apnjoul s|erarew
Bunejnsul [eaidAL “sanyjiqissod Sune|nsul saulyap uoiaNIsuod 3uip|ing jo adAy ay) ‘Sulp|ing e jo uied Jo sso| 1eay ay3 Suionpas Aq AS1aus 8AISSUOD UBD UONEINSUl [BWIBY) 2 Suneay seo |einieN Aune) |leA - uone|nsu| ZOOWI
‘SNYL "SIPOW IBsueL} DAIRRIPES PUE ‘DAIFIFAUOI ‘DAIRINPUOD Aq AB1aUB 183y JO Mol 3y} Ul 03 Pasn a.e Jey} S|elI9)eW 4O SUOIIEUIGLIOD JO [BLISIEW S| UOHE|NSUY [eulIaYy L
“aualhysAjod pi3l pue ‘sse|diaqly (UMO|q) ||1§-2500] 3SOIN||3D (UMO|Q) [|1}-8S00| :BPNJdul S|elialew
Sunejnsul jeaidA] “sanyjiqissod Suije|nsul saulyap uoidNIsuod Sulp|ing jo adAy ayy "Suip|ing e jo uied Jo sso| 1eay ay3 Suianpai Aq AS1aua aAIaSUOD URD UONEINSUl [EWIBY) \2 Buneay seo |einjeN 3ul|190/400Y - uone|nsu| TOOWNI

:01 Ajddy sSuineg jeaidA)

ainseay

3po) ainseajN

(3uawdinb3-uop) 1517 a4nsea jelasnpuj :Auedwo) seo |einieN apease)




	Appendix D Cover
	Draft DSM Appendix
	Final Carbon Scenarios DSM Cumulative Forecast by End Use
	RES

	Draft DSM Appendix
	Residential DSM Forecast Highlights
	Potential Savings

	Commercial DSM Forecast Highlights
	Potential Savings

	Draft DSM Appendix
	Draft DSM Appendix
	Appendix Title Page
	Combined Appendix DSM
	Ramp Rates
	Utility

	Residential Equip
	Potential Inputs

	Residential NonEquip
	PNW Model Inputs

	Commercial Equip
	Potential Inputs

	Commercial NonEquip
	Potential Inputs

	Industrial Equip
	Potential Inputs

	Industrial NonEquip
	Potential Inputs



	Industrial DSM Forecast Highlights
	Potential Savings




	Full CPA for IRP 2018 Appendix
	Cascade Gas 2017 CPA - Final Report Volume 1
	2017 Cascade Natural Gas Conservation Potential Assessment
	Executive Summary
	Contents
	Executive Summary i
	Goals of the Conservation Potential Assessment 1
	Summary of Report Contents 2
	Abbreviations and Acronyms 4
	Overview of Analysis Approach 5
	Data Development 16
	Overall Energy Use Summary 25
	Residential Sector 26
	Commercial Sector 29
	Industrial Sector 32
	Summary of Overall Baseline Projection 36
	Residential Sector Baseline Projection 37
	Commercial Sector Baseline Projection 38
	Industrial Sector Baseline Projection 39
	Summary of Overall Energy Efficiency Potential 40
	Summary of Overall UCT Achievable Economic Potential 42
	Residential Sector Potential 44
	Commercial Sector Potential 47
	Industrial Sector Potential 50
	Residential Comparison with 2017 Programs 53
	Commercial and Industrial Comparison with 2017 Programs 55
	Application of Electricity Ramp Rates to Natural Gas Measures 56
	Future Updates to the CPA 60
	Updating Ramp Rates in Later Years 61
	Incorporating the Total Resource Cost Test 62
	Options for Savings Outside Standard Utility Rebate Offerings 63
	Figure 1-1 Cascade’s Washington Service Territory (courtesy Cascade) 2
	Figure 2-1 LoadMAP Analysis Framework 7
	Figure 2-2 Approach for ECM Assessment 12
	Figure 3-1 Sector-Level Natural Gas Use in Base Year 2016 (annual therms, percent) 25
	Figure 3-2 Residential Natural Gas Use by Segment, 2016 27
	Figure 3-3 Residential Natural Gas Use by End Use, 2016 27
	Figure 3-4 Residential Energy Intensity by End Use and Segment, 2016 (Annual Therms/HH) 28
	Figure 3-5 Commercial Natural Gas Use by Segment, 2016 30
	Figure 3-6 Commercial Sector Natural Gas Use by End Use, 2016 30
	Figure 3-7 Commercial Energy Usage Intensity by End Use and Segment, 2016 (Annual Therms/Sq. Ft) 31
	Figure 3-8  Industrial Natural Gas Use by Segment, 2016 32
	Figure 3-9  Industrial Natural Gas Use by End Use, 2016, All Industries 33
	Figure 3-10 Industrial Energy Usage Intensity by End Use and Segment, 2016 (Annual Therms/Employee) 34
	Figure 4-1 Baseline Projection Summary by Sector (thousand therms) 36
	Figure 4-2 Residential Baseline Projection by End Use (thousand therms) 37
	Figure 4-3 Commercial Baseline Projection by End Use (thousand therms) 38
	Figure 4-4 Industrial Baseline Projection by End Use (thousand therms) 39
	Figure 5-1 Summary of Energy Efficiency Potential as % of Baseline Projection (thousand therms) 42
	Figure 5-2 Baseline Projection and Energy Efficiency Forecasts (thousand therms) 42
	Figure 5-3 Cumulative UCT Achievable Economic Potential by Sector (% of Total) 43
	Figure 6-1 Residential Energy Conservation by Case (thousand therms) 44
	Figure 6-2 Residential UCT Achievable Economic Potential – Cumulative Savings by End Use (thousand therms, % of total) 45
	Figure 6-3 Commercial Energy Conservation by Case (thousand therms) 47
	Figure 6-4 Commercial UCT Achievable Economic Potential – Cumulative Savings by End Use (thousand therms, % of total) 48
	Figure 6-5 Industrial Energy Conservation Potential (thousand therms) 50
	Figure 6-6 Industrial UCT Achievable Economic Potential – Cumulative Savings by End Use (thousand therms, % of total) 51
	Figure 7-1 Example Power Council Ramp Rates 56
	Figure 7-2 Example of Ramp Rate Reassignment 57
	Figure 7-3 Example of Ramp Rate Acceleration/Deceleration 58
	Figure 7-4 Example of Ramp Rate Dampening 58

	List of Tables
	Table ES-1 Conservation Potential by Case, Selected Years (thousand therms) i
	Table 1-1 Explanation of Abbreviations and Acronyms 4
	Table 2-1 Overview of Cascade Analysis Segmentation Scheme 9
	Table 2-2 Example Equipment Measures for Direct Fuel Furnace – Single-Family Home, Climate Zone 1 13
	Table 2-3 Example Non-Equipment Measures – Existing Single Family Home, Climate Zone 14
	Table 2-4 Number of Measures Evaluated 14
	Table 2-5 Data Applied for the Market Profiles 20
	Table 2-6 Data Applied for the Baseline Projection in LoadMAP 21
	Table 2-7 Residential Natural Gas Equipment Federal Standards 22
	Table 2-8 Commercial and Industrial Natural Gas Equipment Standards 22
	Table 2-9 Data Inputs for the Measure Characteristics in LoadMAP 23
	Table 3-1 Cascade Sector Control Totals, 2016 25
	Table 3-2 Residential Sector Control Totals, 2016 26
	Table 3-3 Average Market Profile for the Residential Sector, 2016 28
	Table 3-4 Commercial Sector Control Totals, 2016 29
	Table 3-5 Average Market Profile for the Commercial Sector, 2016 31
	Table 3-6 Industrial Sector Control Totals, 2016 32
	Table 3-7 Average Natural Gas Market Profile for the Industrial Sector, 2016 34
	Table 4-1 Baseline Projection Summary by Sector, Selected Years (thousand therms) 36
	Table 4-2 Residential Baseline Projection by End Use (thousand therms) 37
	Table 4-3 Commercial Baseline Projection by End Use (thousand therms) 38
	Table 4-4 Industrial Baseline Projection by End Use (thousand therms) 39
	Table 5-1 Summary of Energy Efficiency Potential (thousand therms) 41
	Table 5-2 Cumulative UCT Achievable Economic Potential by Sector, Selected Years (thousand therms) 43
	Table 6-1 Residential Energy Conservation Potential Summary (thousand therms) 44
	Table 6-2 Residential Top Measures in 2018 and 2019, UCT Achievable Economic Potential (thousand therms) 46
	Table 6-3 Commercial Energy Conservation Potential Summary 47
	Table 6-4 Commercial Top Measures in 2018 and 2019, UCT Achievable Economic Potential (thousand therms) 49
	Table 6-5 Industrial Energy Conservation Potential Summary (thousand therms) 50
	Table 6-6 Industrial Top Measures in 2018 and 2019, UCT Achievable Economic Potential (thousand therms) 52
	Table 7-1 Comparison of Cascade’s 2017 Residential Accomplishments with 2018 UCT Achievable Economic Potential (thousand therms) 53
	Table 7-2 Comparison of Cascade’s 2017 Commercial and Industrial Accomplishments with 2018 UCT Achievable Economic Potential (thousand therms) 55

	1
	Introduction
	Goals of the Conservation Potential Assessment
	Summary of Report Contents
	Abbreviations and Acronyms

	2
	Analysis Approach and Data Development
	Overview of Analysis Approach
	Comparison with Northwest Power & Conservation Council Methodology
	Definitions of Potential
	Market Characterization
	Segmentation for Modeling Purposes
	Market Profiles

	Baseline Projection
	Energy Efficiency Measure Development
	Representative Measure Data Inputs

	Calculation of Energy Conservation Potential
	Stacking of Measures and Interactive Effects
	Estimating Customer Adoption
	Screening Measures for Cost-Effectiveness


	Data Development
	Data Sources
	Cascade Data
	Northwest Regional Data
	AEG Data
	Other Secondary Data and Reports

	Application of Data to the Analysis
	Data Application for Market Characterization
	Data Application for Market Profiles
	Data Application for Baseline Projection
	Energy Conservation Measure Data Application
	Data Application for Cost-effectiveness Screening
	Estimates of Customer Adoption



	3
	Market Characterization and Market Profiles
	Overall Energy Use Summary
	Residential Sector
	Commercial Sector
	Industrial Sector

	4
	Baseline Projection
	Summary of Overall Baseline Projection
	Commercial Sector Baseline Projection
	Industrial Sector Baseline Projection

	5
	Overall Energy Efficiency Potential
	Summary of Overall Energy Efficiency Potential
	Summary of Overall UCT Achievable Economic Potential

	6
	Sector-Level Energy Efficiency Potential
	Residential Sector Potential
	Commercial Sector Potential
	Industrial Sector Potential

	7
	Comparison with Current Programs and Ramp Rate Adjustments
	Residential Comparison with 2017 Programs
	Commercial and Industrial Comparison with 2017 Programs
	Application of Electricity Ramp Rates to Natural Gas Measures
	Reassign an individual measure’s ramp rate
	Accelerate or Decelerate an Existing Ramp Rate
	Dampen Early-Year Measure Ramping Effects
	Design a New Ramp Rate


	8
	FUture Recommendations
	Future Updates to the CPA
	Updates to market research stock assessments (NEEA’s RBSA, CBSA, and IFSA)
	New measures or substantial changes to high-profile measures
	Updates in federal standards or building codes
	Future refinements based on natural gas primary data

	Updating Ramp Rates in Later Years
	Incorporating the Total Resource Cost Test
	Options for Savings Outside Standard Utility Rebate Offerings
	Identify additional measure bundles
	“Cross-sell” additional measures
	Partner with nearby electric utilities
	Continue participating in pilot/emerging technology studies with NEEA
	Assist in market transformation initiatives



	Cascade Gas 2017 CPA - Final Report Volume 2
	2017 Cascade Natural Gas Conservation Potential Assessment
	Executive Summary
	Contents
	Executive Summary i
	Goals of the Conservation Potential Assessment 5
	Summary of Report Contents 6
	Abbreviations and Acronyms 8

	A Alignment with the Council’s Seventh Plan Methodology A-1
	B Data Dictionary B-1
	Modeling Tool B-1
	Market Profile B-2
	Segmentation Definitions B-4
	Baseline Projection B-6
	Potential Estimation B-7

	C Resource Value Test Potential C-1
	Background C-1
	Summary of RVT Impacts and AEG’s Recommendations C-1
	Methodology for Quantifying Benefits C-3
	Preliminary Results of RVT Analysis C-4

	D Market Profiles D-1
	Residential Market Profiles D-1
	Commercial Market Profiles D-4
	Industrial Market Profiles D-9

	E Customer Adoption Factors E-1
	Figure 1-1 Cascade’s Washington Service Territory (courtesy Cascade) 6
	Figure C-1 Annual Share of Preliminary RVT Estimates by Sector C-5

	List of Tables
	Table ES-1 Conservation Potential by Case, Selected Years (thousand therms) i
	Table 1-1 Explanation of Abbreviations and Acronyms 8
	Table B-1 Description of End Uses by Market Sector B-5
	Table C-1 Non-Utility RVT Impacts Considered for the 2017 Cascade CPA C-2
	Table C-2 Preliminary Potential Estimates using the RVT (thousand therms) C-4
	Table C-3 Preliminary RVT Potential Estimates by Sector (thousand therms) C-5
	Table D-1 Average Market Profile for the Single-Family Segment in Climate Zone 1, 2016 D-1
	Table D-2 Average Market Profile for the Multi-Family Segment in Climate Zone 1, 2016 D-1
	Table D-3 Average Market Profile for the Single-Family Segment in Climate Zone 2, 2016 D-2
	Table D-4 Average Market Profile for the Multi-Family Segment in Climate Zone 2, 2016 D-2
	Table D-5 Average Market Profile for the Single-Family Segment in Climate Zone 3, 2016 D-3
	Table D-6 Average Market Profile for the Multi-Family Segment in Climate Zone 3, 2016 D-3
	Table D-7 Average Market Profile for the Office Segment, 2016 D-4
	Table D-8 Average Market Profile for the Retail Segment, 2016 D-4
	Table D-9 Average Market Profile for the Restaurant Segment, 2016 D-5
	Table D-10 Average Market Profile for the Grocery Segment, 2016 D-5
	Table D-11 Average Market Profile for the Education Segment, 2016 D-6
	Table D-12 Average Market Profile for the Healthcare Segment, 2016 D-6
	Table D-13 Average Market Profile for the Lodging Segment, 2016 D-7
	Table D-14 Average Market Profile for the Warehouse Segment, 2016 D-7
	Table D-15 Average Market Profile for the Miscellaneous Segment, 2016 D-8
	Table D-16 Average Market Profile for the Food Products Segment, 2016 D-9
	Table D-17 Average Market Profile for the Agriculture Segment, 2016 D-9
	Table D-18 Average Market Profile for the Primary Metals Segment, 2016 D-9
	Table D-19 Average Market Profile for the Stone, Clay, and Glass Segment, 2016 D-10
	Table D-20 Average Market Profile for the Petroleum Segment, 2016 D-10
	Table D-21 Average Market Profile for the Paper and Printing Segment, 2016 D-10
	Table D-22 Average Market Profile for the Instruments Segment, 2016 D-1
	Table D-23 Average Market Profile for the Wood and Lumber Segment, 2016 D-1
	Table D-24 Average Market Profile for the Other Industrial Segment, 2016 D-1
	Table E-1 Ramp Rates Used in CPA Analysis E-0

	1
	Introduction
	Goals of the Conservation Potential Assessment
	Summary of Report Contents
	Abbreviations and Acronyms
	A


	Alignment with the Council’s Seventh Plan Methodology
	Estimate technical, achievable technical, and achievable economic potential
	Utilize regional market baseline data
	Consider all measures within the Seventh Plan and RTF work products when applicable to gas, utilize or adapt Council and RTF assumptions wherever possible
	Adapt the Seventh Plan’s ramp rates for use in natural gas efficiency programs
	Incorporate all quantified and monetized non-energy impacts when developing a fully balanced TRC
	B


	Data Dictionary
	Modeling Tool
	LoadMAP End-Use Forecasting Tool
	LoadMAP Potential
	LoadMAP Results

	Model Input Spreadsheets
	Market Profile
	Equipment Input Generator
	Non-Equipment Input Generator


	Market Profile
	Segmentation
	Market Sector
	Market Segment
	Vintage
	End Use
	Technology

	Profile Parameters
	Control Total
	Market Size
	Saturation
	UEC or EUI
	Energy Intensity

	Base-Year Energy Equation

	Segmentation Definitions
	Residential Segmentation
	Single Family
	Multifamily

	Commercial Segmentation
	Office
	Retail
	Restaurant
	Grocery
	Education
	Health
	Lodging
	Warehouse
	Miscellaneous

	Industrial Segmentation
	End-Use Definitions

	Baseline Projection
	Projection Modeling Components
	Market Size Projection
	Saturation Growth/Decay
	UEC or EUI Changes

	Projection Parameters
	Purchase Shares
	Vintage Distribution
	Utilization Index

	Baseline Projection Equation

	Potential Estimation
	Achievable Technical Potential
	ECM Parameters
	Lifetime
	Measure Cost
	Non-Energy Impacts
	O&M Impacts
	Unit Energy Savings
	Base Saturation
	Technical Applicability
	Ramp Rates
	C




	Resource Value Test Potential
	Background
	Summary of RVT Impacts and AEG’s Recommendations
	Methodology for Quantifying Benefits
	Jurisdiction-Specific Studies
	Studies from Other Jurisdictions
	Apply Similar Proxies
	Quantitative and Qualitative Information and Alternative Thresholds

	Preliminary Results of RVT Analysis
	D


	Market Profiles
	Residential Market Profiles
	Commercial Market Profiles
	Industrial Market Profiles
	E


	Customer Adoption Factors

	Cascade Gas 2018 CPA - Final Report Appendix F - Measure List
	RES - Equipment
	RES - Non-Equipment
	COM-Equipment
	COM-Non-Equipment
	IND-Equipment
	IND-Non-Equipment





