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1 LHINGAINTRODUCTION 
Developing reliable estimates of the magnitude, timing, and price for alternative energy-
efficiency resources is a critical first step in a least-cost integrated resource planning process. 
Such studies also help guide demand-side planning and inform conservation program 
development efforts.  
 
This report summarizes the results of an assessment of technical and achievable electricity and 
natural gas conservation potentials in Puget Sound Energy’s (PSE’s) service area for the 2004-
2023 planning horizon. The assessment was performed for PSE as a collaborative effort between 
KEMA-XENERGY and Quantec, LLC. The principal goal of this study was three-fold: 

1. Develop reasonable and reliable estimates of “technical” and “achievable” electricity and 
gas conservation potentials for the residential, commercial and industrial customers 
served by PSE. 

2. Employ a simple, flexible, and transparent approach consistent with the methods used by 
the Northwest Power and Conservation Council, relying mainly on available data from 
secondary regional sources. 

3. Create discrete “bundles” of conservation potential comprised of groups of homogeneous 
conservation measures and provide supply curves for each bundle that would allow 
energy conservation options to be directly evaluated and compared with supply options in 
PSE’s integrated resource planning process. 

Estimates of long-term conservation potentials provided in this report are based on standard 
practices and methods in the utility industry, using the best available data. Studies such as this 
require compilation of large amounts of data from multiple sources on existing technologies and 
prevailing market conditions. They also rely heavily on assumptions concerning the future. 
Changes in energy-efficiency technologies, market conditions, and consumer behavior are likely 
to affect these results. It is, therefore, inevitable that the findings of this study will have to be 
revisited periodically to take into account the impacts of emerging technologies and the changing 
dynamics of the energy markets.   

1.1 ORGANIZATION OF THIS REPORT 

The methodological approach developed by the KEMA-XENERGY/Quantec team is described 
in Section 2. Section 3 describes and documents the data sources we relied upon from the Pacific 
Northwest and elsewhere. Conservation potential results are provided in Section 4, and 
conservation bundle aggregates and acquisition strategies are presented in  
Section 5. Detailed results and data inputs are provided in Appendices A through F. 
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2 METHODOLOGY 

2.1 OVERVIEW 

Our general approach, which is depicted in Figure 2-1, combined four primary activities:  

 
Figure 2-1 

Methodological Approach 
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Adders and Develop 

Price-Quantity 
Relationships
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Penetration and 
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1. Estimate conservation technical potential. These estimates are comprised of a 

combined bottom-up/top-down analysis of electric and gas energy savings in PSE’s 
service area. The bottom-up analysis, which was applied to the residential and 
commercial sectors, integrated measure-specific data (per-unit costs, absolute and 
relative savings, impacts by time period) with baseline building stock data (base-case 
fuel saturations, measure saturations, feasibility factors) and baseline energy-use data 
to produce estimates of levelized per-unit (kWh, therm) cost and total savings for 
each measure included in the analysis. This analysis was conducted using the DSM 
ASSYST model, described later in this section. 

The top-down analysis, which was applied to the industrial sector, disaggregates 
loads into industry types and end uses and applies data on overall percentage savings 
at the industry/end-use level, as well as costs and measure life, to produce levelized 
costs and total savings. 



SECTION 2   METHODOLOGY 

oa:puge0001:report:final:2 meth 2–2    

2. Create discrete conservation potential “bundles.” The conservation technical 
potential is divided into subgroups—which we refer to as bundles—that are 
homogeneous in terms of sectors, markets segments, and end-use load shape.1  

3. Add administrative cost adders and develop price-quantity relationships. This step 
involved the addition of an administrative cost/program delivery adder to each 
measure within the bundles, and sorting and grouping each measure into price-
quantity combinations. The resulting “supply curves” provide discrete blocks of 
conservation potential within each bundle. 

4. Estimate market penetration and achievable potential. The last step in this approach 
consisted of estimating market penetration factors from past, similar bundles or 
programs. These estimates were then applied to the price-quantity combinations to 
derive estimates of “achievable” potential for each resource bundle within PSE 
service area. 

As shown in Figure 2-2, the technical and achievable potential estimates in this study refer to 
subsets of the possible definitions of conservation potential used in conservation resource 
assessment in the utility industry. 

Figure 2-2 
Alternative Types of Energy-Efficiency Potential 
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• Instantaneous technical potential. The energy savings from a total, instantaneous 
conversion to the most energy-efficient technologies and measures. All equipment is 

                                                 
1  The industrial sector has one bundle each for electric and gas savings. 
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converted immediately in this hypothetical case regardless of the age of the 
equipment. 

• Phase-in technical potential. The energy savings from conversion to the most 
energy-efficient technologies and measures when equipment is replaced at the end of 
its useful life, when new equipment is installed.  

• Economic potential. As a subset of technical potential, economic potential represents 
the energy savings from conversion to the most energy-efficient technologies and 
measures only when such measures are deemed to be cost-effective from a total 
resource-cost (TRC) perspective. 

• Achievable potential. The energy savings potential from conservation programs 
taking into account resource cost effectiveness and practical constraints such as 
market barriers and program development and administrative costs.  

• Naturally occurring conservation. Naturally occurring conservation, that is, 
conservation that occurs as a result of prevailing market forces such as energy prices, 
is an additional aspect of conservation potential that is typically taken into account.  
In this study, naturally occurring conservation is implicitly taken into account, since 
conservation effects were already incorporated in the load forecasts used in 
establishing the base-case forecasts.   

It is important to recognize the differences in the two types of technical potential, instantaneous 
and phased-in. Instantaneous technical potential assumes immediate retrofit and replacement of 
equipment in existing buildings and full installation at the time of new construction. Phased-in 
technical potential assumes replacement only upon burnout of equipment in existing buildings 
and gradual implementation of retrofit actions. This distinction has important implications for 
planning and timing of how conservation resources are acquired over time, and is used in 
developing the alternative conservation acquisition cases described in Section 5.2. In the long 
run, such as the 20-year plan developed by PSE, the two estimates converge. Thus, the total 
cumulative 2023 technical potential estimates developed in this study can be viewed as either 
instantaneous or phased-in.  
 
Economic potential is typically viewed as a subset of technical potential, which includes only 
those measures that pass a certain cost threshold or economic criterion based on the utility’s 
avoided generation costs. However, the notion of economic potential relates to resource planning 
efforts where conservation resources are analyzed separately from supply side resources. PSE’s 
integrated resource planning (IRP) effort eliminates the need to apply such a screen. The price-
quantity combinations in the bundles provide the information needed to dynamically evaluate 
conservation resource economics within the IRP process.  
 
Instead, we estimate achievable potential directly from the technical potential estimates. 
Achievable potential is defined as that portion of the potential that is likely to be available over 
the planning horizon under prevailing market barriers and administrative constraints that hamper 
delivery or implementation of energy-efficiency measures.  
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In estimating the achievable potential, a 15% conservation program administration and delivery 
cost adder was applied to each measure/bundle combination, resulting in minor shifts of the 
price-quantity relationships (supply curves) within the technical potential bundles. This adder is 
consistent with past PSE program experience. Second, likely penetration rates, derived from 
industry literature, previous planning efforts conducted by KEMA-XENERGY and Quantec, and 
PSE’s previous programmatic experiences as recorded in the company’s tracking system, were 
used to derive estimates of achievable potential. These estimates take into account the company’s 
ability to ramp up programs and customers’ willingness to adopt measures assuming incentives 
fully cover all incremental conservation measure costs. Finally, since very high cost measures 
were unlikely to be selected by the IRP model, we excluded all measures with a per-unit cost of 
conserved energy in excess of 11 cents per kWh for electricity, and 1 dollar per therm for gas.   

2.2 MEASURES CONSIDERED 

Technical conservation potentials in the residential and commercial sectors were derived based 
on an analysis of 125 unique electric measures and 60 unique gas measures. The measures 
included in this study were drawn from a variety of sources in the Pacific Northwest and 
nationally.  
 
As a preliminary screening criterion, only measures that are commonly available and are based 
on well-understood technology were included in the analysis. Six residential segments (existing 
single-family, existing multi-family, existing manufactured homes, new single-family, new 
multi-family, new manufactured homes) and 20 commercial segments (10 building types within 
the existing and new structure segments) were considered.  
 
Since many conservation measures may be applied to multiple segments and building types, a 
total of 1,630 electric and 610 gas measure/structure combinations were included in the analysis. 
The industrial savings potentials were estimated by analyzing energy-efficiency potentials for all 
major end-uses in all 15 major industrial segments in PSE’s service area. 

2.3 RESIDENTIAL AND COMMERCIAL SECTOR BOTTOM-UP APPROACH 

DSM ASSYST, the model used for the residential and commercial analyses, is a proprietary 
Excel model developed by KEMA-XENERGY. It follows a standard bottom-up approach that is 
consistent with the methods used widely by energy utilities across the country, including the 
Northwest Power and Conservation Council.  
 
Application of the DSM ASSYST model begins with compiling a comprehensive list of 
conservation measures applicable to the residential and commercial sectors and their associated 
end-uses, calculating the savings potential for each measure, and aggregating measure-specific 
savings to derive total savings potential. For each measure, the approach integrates measure-
specific data (per-unit costs, savings, and measure life) with baseline building stock data (base-
case fuel saturations, measure applicability factors, current measure saturations) and baseline 
energy-use data to produce estimates of levelized costs per unit of energy saved.  
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The basic instantaneous technical potential equation for each conservation measure is as follows:  
Instantaneous technical potential =  

Units * base usage * adjustment factor * applicability factor *  
feasibility factor * non complete factor * savings factor 

Where, 
• Units are the number of units in the market (e.g., households, square footage). 

• Base usage is the pre-installation end-use usage per unit (e.g., use per household 
appliance, square foot).  

• Adjustment factor represents a proportionate adjustment for standard replacement 
equipment relative to average stock equipment in existing buildings. This factor ensures 
that the reduction in consumption associated from replacing stock equipment with 
minimum federal or local standards is not misrepresented as conservation potential.  

• Applicability factor is the fraction of the floor space or households that is applicable for 
conversion to the DSM technology for each market segment or building type. It generally 
corresponds to the saturation of the base case technology, which is equal to the share of 
households or floor space that have the end-use times the fuel share.  

• Not complete factor is the fraction of the applicable floor space or households that has 
not yet been converted to the particular energy-efficiency technology.  

• Feasibility factor is the fraction of the applicable floor space or households that is 
technically feasible for conversion to the energy efficiency technology from an 
engineering perspective. If multiple measures apply to the same base end-use (e.g., two 
types of heat pumps), the feasibility factor is used to allocate the potential to each 
measure such that the sum of the factors is less than or equal to 100%.  

• Savings factor is the percentage savings of the technology relative to the base usage and 
takes into account interactions among measures such as lighting and HVAC.   

The residential and commercial segments and end-uses analyzed for PSE are shown in Tables  
2-1 and 2-2, respectively. DSM ASSYST treats the existing building stock and new construction 
as separate markets within each segment. 
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Table 2-1 
Residential Dwelling Types and End Uses 
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Table 2-2 

Commercial Building Types and End Uses 
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2.4 INDUSTRIAL SECTOR TOP-DOWN APPROACH 

Due to the more complex nature of the industrial market, end uses, and equipment, on the one 
hand, and the lack of reliable information on measure-specific saturations on the other hand, 
conservation potential in the industrial sector was analyzed using an alternative, top-down 
approach. The approach involved two steps. First, total firm industrial loads were disaggregated 
into standard SIC classes and major end uses within each class based on PSE’s latest sales data. 
Table 2-3 shows the SICs and the electric and gas end uses considered in the analysis. Second, 
for each end use, we estimated potential savings and per-unit cost of the potential savings, 
relying on available data from a large number of industrial energy-efficiency programs in the 
Northwest and California and market information on PSE’s customers available from industrial 
accounts representatives. 
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Table 2-3 
Industrial Segments and End Uses 
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2.5 LOAD FORECAST CALIBRATION 

An accurate assessment of conservation potential requires that base conditions closely 
approximate the historical sales and the load forecast. In this study calibration was achieved by 
(1) calibrating end-use estimates to PSE’s sector-level weather-normalized, per-customer sales 
for the 2002 calendar year, and (2) by applying projections of customer counts through 2023. 
The industrial sector top-down estimates are automatically calibrated in the top-down approach.  

2.5.1 Customer Forecast Calibration 

The number of eligible residential and commercial customers for existing and new construction 
are based on the forecasted customer counts in PSE’s April 30, 2003 Least Cost Plan. To the 
extent that the long-term customer forecast changes due to new population and employment 
estimates or from energy price changes, the estimates of conservation potential will also change.  
  
The share of residential customers across the single-family, multi-family, and manufactured 
segments is derived by applying their respective shares from PSE’s 1998 Residential Appliance 
Saturation Survey to the residential sector customer forecast totals. These shares are assumed to 
remain constant over the forecast horizon. Similarly, applying the appropriate shares for each 
commercial segment to the commercial customer forecast derives the number of commercial 
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customers by building segment over the forecast horizon. The commercial building shares are 
derived from the 1994 and 2002 studies of the commercial building stock in PSE’s service area.2 

2.5.2 Energy Use Calibration 

The next step in the calibration is to ensure that base energy sales are consistent with PSE load 
forecasts. For the residential and commercial bottom-up analyses, this is accomplished in one or 
two steps: 

1. Residual energy is attributed to the miscellaneous end use. This value should be greater 
than or equal to zero, but should not exceed 10% of 2002 energy sales. For the 
residential electric sector, the miscellaneous allocation was less than one half of one 
percent, and for residential gas, the miscellaneous allocation was 9%. The commercial 
electric and gas results overstated sales because the number of customers exceeds 
buildings.3 The commercial sector therefore required step 2.  

2. When non-calibrated total usage is on the high side, the next step is to proportionately 
reduce the per-unit (i.e., customer or square foot) energy usage of each segment and 
end use until the total sector usage in the baseline equals actual 2002 consumption. 
Since all energy savings are defined in percentage terms, this process has no affect on 
savings estimates other to ensure that they are consistent with PSE’s commercial sector 
loads. 

2.6 BUNDLE AGGREGATION 

Individual conservation measures are not distinct enough to be useful within PSE’s IRP model. 
The aggregation of conservation measures has to be large enough that they can be directly 
compared to alternate, supply-side resource options. We refer to the aggregates as bundles. 
The bundles are relatively homogeneous in terms of end-use load shapes. All industrial measures 
are aggregated into a single bundle. Table 2-4 shows the bundle breakouts we used for the 
residential and commercial bottom-up analyses. 

Table 2-4 
Residential and Commercial Bundles 

( 
 � ) � ��

� � % �& 	 � � � * �	 ��� � ��
� � � 	 �� � � ��� � �

+ � , ��
� � � 	 �� � � ��� � �

" * � � � 1 ��� ���� 2�� � � � 1 ��� ���� 2�� � � �

% �� � ���� � 1 ��� ���� � 1 ��� ���� �

� � ����" �� ���� � 1 ��� ���� 2�� � � � 1 ��� ���� 2�� � � �

� ��� ��� � ' � � � ' � � �

� $ $ ��� �� �� �) �# ��� �% �� 	 � � 1 ��� ���� 2�� � � � 1 ��� ���� 2�� � � �

                                                 
2  Commercial End-Use Survey, Customer Services Department, Puget Sound Energy, December 1994; and 2002 

Commercial Building Stock Assessment, Northwest Energy Efficiency Alliance (forthcoming report).  
3  This is because, while some commercial accounts aggregate loads from two or more buildings, more often there 

are multiple accounts within a building.   
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After dividing the measures into bundles, the next step was to sort and group the residential and 
commercial measures into price-quantity combinations. Each bundle consists of multiple price-
quantity points, with the price component representing the levelized cost of the following: 

• Incremental measure cost (material & installation) 

• Program administration and implementation costs 

• Quantifiable non-energy O&M costs or savings. 

The resulting supply curve provides discrete blocks of conservation potential within the 
homogeneous bundles. These blocks represent price-quantity combinations within a bundle and 
can be thought of as discrete intervals along a bundle-specific supply curve. Tables 2-5 and 2-6 
show the various blocks and the associated break points for electric and gas residential and 
commercial measures.4 

Table 2-5 
Electric Price-Quantity Combinations 

� �� � ) ��
.# ��� �
4 �� ����� �� �� , ��� ����/�

( � 
 	 � � � �- � � � ��. � % ��
� � 	 ��� � � � 	 � � �% 	 �

� �� ��% ������ � ≤�5 �� ���� +� � � �

� �� ��% ������ � 5 67 ����8 69 �� ���� +� � � ��

� �� ��% ������ � 8 69 ����: �� ���� +� � � �

� �� ��% ������ � : ����; 69 �� ���� +� � � �

� �� ��% �����1 � ; 69 ����< < �� ���� +� � � �

� �� ��% ������ � = �< < �� ���� +� � � ��

 

Table 2-6 
Gas Price-Quantity Combinations 

� �� � ) ��
.# ��� �
4 �� ����� �� �� , ��� ����/�

( � 
 	 � � � �- � � � ��. � % ��
� � 	 ��� � � � 	 � � �% 	 �

� �� ��% ������ � ≤�5 7 �� ���� +�� ��� �

� �� ��% ������ � 5 7 ����8 9 �� ���� +�� ��� ��

� �� ��% ������ � 8 9 ����: 9 �� ���� +�� ��� �

� �� ��% ������ � : 9 �� ���� ����< �	 ���� �+�� ��� �

� �� ��% �����1 � = �< �	 ���� �+�� ��� ��

 

2.7 MARKET PENETRATION AND ACHIEVABLE POTENTIAL 

A variety of factors affect market penetration of energy-efficiency measures, including inherent 
market barriers resulting from the customers’ tendency to avoid the potential administrative and 
financial burdens, program marketing strategies, and delivery mechanisms. This is why even 

                                                 
4  All industrial electric and gas measures fall into the low cost category 
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some energy-efficiency programs with full incremental cost incentives can have such a wide 
range of penetration rates. The available information suggests that, although incentive levels do 
play a significant role in determining program success, other, non-financial factors may play an 
equal, if not more important, role.  
 
Estimates of market penetration in this study were based on the expectation of what full 
incremental cost rebates, consistent with a 15% administrative cost adder, are likely achieve on 
average. The penetration rates for electric and gas potential across end-use bundles are reported 
in Tables 2-7 and 2-8, respectively. All of the rates range from 30% to 60%, with the great 
majority set equal to 50% of technical potential.  

Table 2-7 
Penetration Rates for Electric Bundles 

$ � � �� � /0 �� �
 � � � ! # # ��
 � � � 	 � 1 0 ! � � - �� � ��� � � 2 
 �� � �1 � 
 ��

� �   � � � �
 �� � � � �

1 0 �� ���� � 9 7 > � 9 7 > � 9 7 > � 9 7 > �

? � �� ��� ���� ����� 9 7 > � 9 7 > � 9 7 > � 9 7 > �

3 � 	 �% � � ��
 ��� � � � �

1 0 �� ���� � : 7 > � : 7 > � 5 7 > � : 7 > �

? � �� ��� ���� ����� 9 7 > � 9 7 > � 9 7 > � 9 7 > �

�� % � 	 �� �
 �� � � � �

� ��� 9 7 > � 9 7 > � 9 7 > � 9 7 > �

 

Table 2-8 
Penetration Rates for Gas Bundles 

$ � � �� � /0 �� �
 � � � ! # # ��
 � � � 	 � 1 0 ! � � - �� � ��� � � 2 
 �� � �1 � 
 ��

� �   � � � �
 �� � � � �

1 0 �� ���� � 9 7 > � 9 7 > � 9 7 > � 9 7 > �

? � �� ��� ���� ����� 9 7 > � 9 7 > � 9 7 > � 9 7 > �

3 � 	 �% � � ��
 ��� � � � �

1 0 �� ���� � 
� : 7 > � : 7 > � : 7 > �

? � �� ��� ���� ����� 
� 9 7 > � 9 7 > � 9 7 > �

�� % � 	 �� �
 �� � � � �

� ��� 9 7 > � 9 7 > � 9 7 > � 9 7 > �

 

2.8 OTHER METHODOLOGICAL ISSUES 

Appropriate treatment of fuel conversion, particularly with regard to space- and water-heating 
applications in the residential and commercial sectors, represents an additional consideration in 
the development of dual-fuel conservation potentials. This study did not explicitly take into 
account conservation potentials based on fuel conversion. 
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3 DATA SOURCES 
Implementation of the methodology described above required compilation of a large database of 
measure-specific technical and market data from both primary and secondary sources. Given the 
accelerated schedule for completion of this study, we relied mainly on data available from 
secondary regional and national sources.  
 
The main data sources were Puget Sound Energy (PSE), Pacific Northwest utilities and energy 
organizations, California utilities and energy organizations, and studies for other states 
conducted by KEMA-XENERGY, Quantec, and others. As shown in the sections below, in some 
cases we relied on multiple data sources. For example, we used residential load shapes provided 
by the Northwest Power and Conservation Council (NWPCC)and Tacoma Public Utilities 
(TPU). 
 
The necessary data on current and forecast industrial loads by SIC categories were provided by 
PSE. The load data were then disaggregated by major end-uses using industrial energy use data 
from the Energy Information Administration (EIA) Office of Industrial Technologies. In deriving 
estimates of conservation measure costs (per-unit cost of conserved energy) and savings (relative 
savings by end-use), we also relied heavily on the experience and judgment of the engineering 
staff at KEMA-XENERGY and Quantec, PSE industrial energy-efficiency account 
representatives, and available information from recent evaluations of industrial-sector energy-
efficiency programs at regional utilities.  

3.1 PUGET SOUND ENERGY 

Primary data from PSE included customer and load forecasts, previous conservation actions, 
residential appliance saturation studies (RASS), commercial building stock assessment, estimates 
of end-use loads, and previous conservation potential studies. Details are provided in Table 3-1. 
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Table 3-1 
PSE Data Sources 
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3.2 PACIFIC NORTHWEST STUDIES 

Several Pacific Northwest organization provided data critical to this effort, including the 
NWPCC, the Regional Technical Forum (RTF), the Northwest Energy Efficiency Alliance, and 
TPU. The information included technical information on measure savings, costs and lives, hourly 
end-use load shapes, and commercial building and energy characteristics. Details are provided in 
Table 3-2. 

Table 3-2 
Pacific Northwest Data Sources 
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3.3 STATE OF CALIFORNIA 

Over the last few years the California has been very active in developing energy efficiency 
measure data. Studies have been jointly funded through the state’s public goods charge, and 
managed by Pacific Gas and Electric Company, Southern California Edison, San Diego Gas and 
Electric Company, and Southern California Gas Company.  
 
The utilities worked together through the California Measurement Advisory Council, which 
included representatives of the California Energy Commission and the California Public Utilities 
Commission. KEMA-XNERGY was the prime contractor on each of the studies referenced in 
Table 3-3. 

Table 3-3 
State of California Data Sources 
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3.4 OTHER DATA SOURCES 

Other data sources, as listed in Table 3-4, consisted primarily of available information from past 
energy-efficiency market studies, conservation potential studies and evaluations of energy-
efficiency programs performed by the consultants.  
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Table 3-4 
Other Data Sources 
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4 CONSERVATION POTENTIAL RESULTS 

4.1 TECHNICAL AND ACHIEVABLE CONSERVATION POTENTIAL SUMMARY 

Based on the results of this study, cumulative 20-year technical conservation potentials in PSE’s 
service area are estimated at 1,016 aMW megawatts of electricity and 45,708,939 decatherms of 
natural gas savings, of which 328.3 aMW (32%) and 10,788,029 decatherms (24%) are estimated 
to be achievable. Cumulative, long-run technical and achievable conservation potentials are 
shown in Tables 4-1 and 4-2, and Figures 4-1 and 4-2 for electricity and natural gas respectively.  
 
As shown in Table 4-1 and Figure 4-1, the residential sector accounts for the largest share of 
achievable electricity savings (176 aMW), followed by the commercial sector with an achievable 
savings potential of 143 aMW over 20 years. The industrial sector accounts for 9 aMW of 
electricity savings during the same period.  

Table 4-1 
Long-Run Electric Technical and Achievable Potential 
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1From PSE April 30, 2003 Least Cost Plan load forecast. 
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Figure 4-1 
Distribution of Electric Technical and Achievable Potential by Sector 
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The largest share of achievable natural gas potential is in the residential sector, which accounts 
for nearly 76% of total achievable natural gas savings. The commercial and industrial sectors 
respectively account for 22% and 2% of the achievable potential. 

Table 4-2 
Long-Run Natural Gas Technical and Achievable Potential 
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2From PSE April 30, 2003 Least Cost Plan load forecast. 
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Figure 4-2 
Distribution of Gas Technical and Achievable Potential by Sector 
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To add additional perspective on the scope and magnitude of the estimated achievable 
conservation potential on various sectors, the resulting impacts are presented on a per-customer 
basis relative to average consumption. As can be seen in Table 4-3, estimated conservation 
potentials are likely to have the largest impacts in the residential sector, reducing average 
electricity and gas use per residential customer by 11.4% and 10.1% respectively. The results 
also suggest that if all the achievable conservation potential is acquired, per-customer electricity 
and gas use in the commercial sector would be lowered by nearly 11% and 8%, respectively, in 
2023.  

Table 4-3 
Per Customer Energy Usage in 2023 
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3From PSE April 30, 2003 Least Cost Plan load forecast. 
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Measure-specific results and data inputs for each sector are provided in Appendices A through F.  

4.2 RESIDENTIAL ACHIEVABLE CONSERVATION POTENTIAL 

4.2.1 Residential Electric Potential 

The distribution of achievable electricity savings in the residential sector by end-use is shown in 
Figure 4-3. As can be seen, the upgrade and replacement of appliances with energy-efficient 
technologies provide the largest opportunity for acquisition of electric conservation resources. 
Savings in this end-use represent approximately 42% of all achievable electricity savings in the 
residential sector.  
 
The results also show that about 32% of achievable electric savings in the residential sector may 
be obtained through the application of energy-efficient lighting technologies, primarily compact 
fluorescent light bulbs and fixtures. The remaining savings can be achieved through the 
implementation of water-heating measures (16%) and HVAC measures (10%). More detailed 
breakouts of the measure categories within each of the bundles are presented in Figures 4-4 
through 4-7. 
 

Figure 4-3 
Distribution of Residential Sector Achievable Electric Conservation  

Potential by End-Use  
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Figure 4-4 
Distribution of Residential Electric HVAC  

Savings by Measure Category 
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Figure 4-5 
Distribution of Residential Electric Lighting  

Savings by Measure Category 

CFL, 6.0 hr/day
34.7%

CFL, 2.5 hr/day
63.9%

CFL Fixtures, 
2.5 hr/day

0.6%

CFL Fixtures, 
6.0 hr/day

0.8%

 



SECTION 4   CONSERVATION POTENTIAL RESULTS 

oa:puge0001:report:final:4 potential         4–6

Figure 4-6 
Distribution of Residential Electric Water Heating 
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Figure 4-7 
Distribution of Residential Electric Appliance  

Savings by Measure Category  
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4.2.2 Residential Gas Potential 

As shown in Figure 4-8, expected savings in space heating is the largest component of the 
achievable natural gas conservation potential in the residential sector and accounts for nearly 
67% of the gas savings potential. Upgrade of heating equipment with alternative, more energy-
efficient equipment is the main source for the potential savings. The results also show that 
installation of more efficient water heaters and application of measures that improve 
performance of existing units account for nearly 30% of the gas conservation potential in the 
residential sector. Figures 4-9 and 4-10 show the share of savings for various measure categories 
for space heating and water heating. 
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Figure 4-8 
Distribution of Residential Sector Achievable Natural Gas  

Conservation Potential by End-Use  
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Figure 4-9 
Distribution of Residential Gas Space Heat Savings by Measure Category 
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Figure 4-10 
Distribution of Residential Gas Water Heat  

Savings by Measure Category 
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4.3 COMMERCIAL ACHIEVABLE CONSERVATION POTENTIAL 

4.3.1 Commercial Electric Potential 

As shown in Figure 4-11, nearly 74% of potential electricity savings in the commercial sector are 
attributable to the application of energy-efficient lighting. Retrofit, upgrade, and better operation 
and maintenance of HVAC equipment are also shown to be effective conservation measures, 
which account for over 23% of the total electricity savings potential in this sector. Appliances 
(plug loads) and water heating measures together account for about 3% of total commercial-
sector electricity savings. Figure 4-12 and 4-13 show the savings by measure category for HVAC 
and appliances. 
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Figure 4-11 
Distribution of Achievable Commercial Sector Electric Conservation  

Potential by End-Use  
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Figure 4-12 
Distribution of Commercial Electric HVAC  

Savings by Measure Category 
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Figure 4-13 
Distribution of Commercial Electric Appliance  

Savings by Measure Category 
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4.3.2 Commercial Gas Potential 

As can be seen in Figure 4-14, space heating, water heating and cooking conservation measures 
provide the largest potentials for gas savings in the commercial sector. These measures 
respectively represent 40% (space heating), 34% (water heating), and 26% (cooking) of the total 
achievable gas conservation potential in the commercial sector. Upgrades to miscellaneous gas 
appliances account for a relatively small share of the total gas savings potential in this sector. 
Figures 4-15 and 4-16 show the distribution of savings by measure category for space heat and 
water heat, respectively. 
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Figure 4-14 
Distribution of Commercial Sector Achievable Natural Gas Conservation  
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Figure 4-15 
Distribution of Commercial Gas Space Heat  

Savings by Measure Category 
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Figure 4-16 
Distribution of Commercial Gas Water Heat  

Savings by Measure Category 
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4.4 INDUSTRIAL ACHIEVABLE CONSERVATION POTENTIAL 

Achievable electric and gas conservation potentials were estimated for all major end-uses and 
within 15 major industrial sectors in PSE’s service territory. Long-term achievable savings 
potentials in the industrial sector savings are estimated at 9.2 aMW of electricity and 222,330 
decatherms of gas.  
 
The distribution of achievable electricity potential by major industrial end-uses is show in 
Figure 4-17. Motor upgrades present by far the largest source for electricity savings in all 
industrial segments, accounting for over 55% of potential electricity savings. The remaining 45% 
of the savings potentials is distributed in similar proportions across compressed air, refrigeration, 
HVAC, and lighting applications.  
 
As can be seen in Figure 4-18, steam distribution system efficiency improvements account for 
the largest portion (46.2%) of gas conservation potential in the industrial sector. Process boiler 
upgrade, boiler controls, and heat recovery measures account for 23.4% of savings; and 15.4% of 
the gas savings is attributable to improvements in boiler operation and maintenance. 
 
More detailed estimates of industrial achievable potential by end-use and sector are provided in 
Tables 4-4 through 4-7. 
 



SECTION 4   CONSERVATION POTENTIAL RESULTS 

oa:puge0001:report:final:4 potential         4–13

Figure 4-17 
Distribution of Industrial Sector Achievable Electric Conservation  

Potential by End-Use  
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Figure 4-18 
Distribution of Industrial Sector Achievable Gas Conservation  

Potential by End-Use  
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Table 4-4 
Industrial Technical Electric Conservation Potential by End-Use 
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Table 4-5 
Industrial Electric Technical Conservation Potential by Sector 
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Table 4-6 
Industrial Technical Gas Conservation Potential by End-Use 
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Table 4-7 
Industrial Technical Gas Conservation Potential by Sector 
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5 CONSERVATION RESOURCE BUNDLES 

5.1 COST BUNDLES  

To facilitate the incorporation of the results of this study into PSE’s least-cost, integrated 
resource planning process, electricity and natural gas conservation potential estimates for each 
sector were disaggregated into distinct cost-based “bundles” of conservation resource. The 
grouping of measures into cost bundles begins with ranking of all measures by their respective 
cost per energy unit saved to create “measure supply curves” as shown in Figures 5-1 and 5-2, 
irrespective of sector or end-use. (The horizontal axis in each figure shows cumulative savings 
and the vertical axis shows the average cost per unit of energy saved.) The measures are then 
assigned to specific resource bundles based on sector and end use. 
 
Five cost-based bundles (levels A-E) were created for electricity by grouping conservation 
measures with similar cost and load-shape characteristics. For gas, there are four cost categories 
(A-D). Originally, there were six categories for electric and five categories for gas, but the 
highest cost categories (electric measures with costs greater than $0.11/kWh, natural gas 
measures with costs greater than $1/therm) were deemed unlikely to ever be selected as cost-
effective resources and were therefore dropped from the analysis prior to the estimation of 
achievable potential. Levelized-cost thresholds for these electric and gas cost groups are 
provided in Section 2, Tables 2-5 and 2-6.  

Figure 5-1 
Electric Achievable Potential Measure Supply Curve 
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Figure 5-2 
Gas Achievable Potential Measure Supply Curve 
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The composition of electric and natural gas resource portfolios and their associated costs ranges 
are shown in Tables 5-1 and 5-2. More detailed breakdown of the electricity and natural gas 
conservation resource bundles by market segment are presented in Tables 5-3 and 5-4.  
 
As shown in Table 5-1, nearly 56% of achievable electricity savings in the residential sector, 
33% of the achievable savings in the commercial sector, and all potential savings in the industrial 
sector fall in the low-cost category. With respect to natural gas, conservation potentials are more 
evenly distributed across the four cost categories, particularly in the residential sector (see 
Table 5-2). Again, a significant portion of potential conservation in the residential (32.6%) and 
commercial (52.4%) sectors and all potential savings in the industrial sector fall in the low-cost 
resource category.  
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Table 5-1 
Technical and Achievable Electric Potential by  

Sector and Cost Groups 
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Table 5-2 
Technical and Achievable Natural Gas Potential by  

Sector and Cost Groups 
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Table 5-3 
Achievable Electricity Conservation Potentials by  

Resource Bundle and Segment (Cumulative 2004-2023) 
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Table 5-4 
Achievable Gas Conservation Potentials by  

Resource Bundle and Segment (Cumulative 2004-2023) 

 

5.2 ELECTRIC CONSERVATION RESOURCE ACQUISITION CASES 
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opportunities, may be considered a finite resource, the amount of conservation available at any 
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• Case 1: Constant Rate of Acquisition Case. This case assumes that electric conservation 
resources would be acquired in equal annual proportions over the 20-year planning horizon, 
which for PSE equates to 16.4 aMW per year across all achievable potential cost categories. 

 
• Case 2: Accelerated Lighting Case. Under the accelerated lighting case, we assume that 

conservation resource acquisition for residential and commercial lighting retrofit measures 
would be accelerated through a two-year ramp-up, continue at 22.8 aMW per year during 
years three to ten, then gradually ramped down during years eleven and twelve to a level of 
10 aMW per year for years thirteen through twenty. All savings associated with applicable 
measures would be acquired with aggressive marketing during the first twelve years of the 
plan. It is important to note that only the retrofit portion of the existing customer potential 
may be subject to accelerated acquisition.  In Case 2, the residential administrative-cost adder 
is increased from 15% to 50%, and the commercial administrative-cost adder is increased 
from 15% to 30%. 

 

• Case 3: Accelerated All Retrofit Case. Under the accelerated all retrofit case, we assume that 
conservation resource acquisition for all residential and commercial electric retrofit measures 
– including lighting, HVAC, water heating, and appliances – would be accelerated via the 
same ramp-up / ramp-down strategy as Case 2, with the same administrative-cost adders.  In 
Case 3, the acquisition of conservation potential ramps up to 25.5 aMW per year for years 
three to 10, then down to 7.1 aMW per year for years thirteen to twenty. 

The results of these three cases are shown graphically in Figures 5-3 and 5-4. Figure 5-3 shows 
the cumulative savings each year over PSE’s 20-year horizon, and Figure 5-4 shows the 
incremental savings each year.  
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Figure 5-3 
Electric Conservation Resource Acquisition Cases, Cumulative aMW 
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Figure 5-4 
Electric Conservation Resource Acquisition Cases, Incremental aMW 
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