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As noted above, the model employs a bottom-up dynamic Bass Diffusion approach to simulate market 
adoption of efficient measures. The Bass Diffusion model is illustrated in Figure 2-3 and contains three 
parameters: 

 Marketing, education, and outreach (ME&O) moves customers from the unaware group to the 
aware group at a consistent rate annually. Unaware customers, as the name implies, have no 
knowledge of the energy efficient technology option. Aware customers are those that have 
knowledge of the product and understand its attributes. ME&O is often referred to as the 
“Advertising Effect” in Bass Diffusion modeling. 

 Word of mouth represents the influence of adopters (or other aware consumers) on the unaware 
population by informing them of efficient technologies and their attributes. This influence 
increases the rate at which customers move from the unaware to the aware group; the word-of-
mouth influence occurs in addition to the ongoing ME&O. When a product is new to the market 
with few installations, often ME&O is the main source driving unaware customers to the aware 
group. As more customers become aware and adopt, however, word of mouth can have a greater 
influence on awareness than ME&O, and leads to exponential growth. The exponential growth is 
ultimately damped by the saturation of the market, leading to an S-shaped adoption curve, which 
has frequently been observed for efficient technologies. 

 Willingness is the key factor affecting the move from an aware customer to an adopter. Once 
customers are aware of the measure, they consider adopting the technology based on the 
financial attractiveness of the measure. The PG Model applies two distinct approaches to 
calculate willingness depending on the sector and need. Additional discussion of willingness 
follows the figure below.   

 

Figure 2-3. The Bass Diffusion Framework: A Dynamic Approach to Calculating Measure 
Adoption21 

 

 
 
 
Approach to Calculating Willingness 
Customer willingness to adopt is a key determinant of long-run market share i.e. what percentage of 
individuals choose to purchase a technology provided those individuals are aware of the technology and 
its relative merits (e.g. the energy- and cost-saving features of the technology). The PG Model applies 
two approaches to calculating willingness depending on the sector: 

                                                      
21 Adapted from John Sterman. 2000. Business Dynamics: Systems Thinking and Modeling for a Complex World. McGraw-Hill.   
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 Levelized Measure Cost/Logit Approach:  For the residential and commercial sectors where 
information on baseline and efficient costs are available, and to more appropriately capture the 
impacts of EE financing on market adoption, a levelized measure cost (LMC)/logit approach is 
applied. The levelized measure cost is based on the present value of the cost of purchasing and 
operating the equipment throughout its EUL, discounted using a consumer implied discount rate 
(iDR)22. The equation used to calculate the LMC is shown below. 

 
Equation 1. Levelized Measure Cost Calculation 

ܥܯܮ ൌ ݐݏ݋ܥ	ݐ݊݋ݎ݂݌ܷ ൅ ܸܲሺ݈ܽݑ݊݊ܣ	݃݊݅ݐܽݎ݁݌ܱ	ݐݏ݋ܥ, ,ܴܦ݅	  ሻܮܷܧ	
 
To calculate long-run market share or willingness as a function of the levelized measure cost for 
both base and efficient technologies, Navigant employed a logit decision-maker approach.23 24 
This approach applies best practices in predicting consumer behavior and allows competition of 
multiple measures with different EULs for each end use. 
 

Equation 2. Logit Decision Model25 

ܹ ൌ
݁	ఉ	௅ெ஼ଵ

∑ ݁	ఉ	௅ெ஼௜௡
௜

 

 
The figure below illustrates how consumer willingness changes as a function of the ratio of the 
efficient to base LMC. In this illustration, a LMC ratio of 1 implies both the efficient and base 
technologies are at parity and thus the market is split with 50% choosing to adopt the efficient 
technology. For a LMC ratio of 0.5, which implies the efficient technology is cheaper than the 
base technology, the curve indicates that 73% would adopt the efficient technology.   

 

                                                      
22 See 2015 PG Study for details on the iDR 
23 McFadden, Daniel, Train, K. “Mixed MNL Models for Discrete Response.”  2000. Journal of Applied Econometrics, Vol. 15, No. 5, 

pp. 447-470. 
24 Train, Ken. "Discrete Choice Methods with Simulation." 2003.  Cambridge University Press. 

 
25 In this equation, W is the willingness, β is a sensitivity factor fit to willingness survey results, n is the number of competing 

technologies, and LMC is the levelized measure cost.  
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Figure 2-4. Illustration of Logit Willingness Curve 

 

 Payback-based Approach: For the AIMS sectors, where information on baseline technology 
costs are not available, and where there isn’t a need to explore the impacts of EE financing, 
Navigant used a payback-based approach to calculate willingness. Payback time reflects the 
length of time (years) required for an energy efficiency investment to recover the initial upfront 
cost in terms of energy savings. After calculating payback time, to estimate market share for the 
AIMS measures, Navigant relied on “payback acceptance” curves based on Navigant-led primary 
research in the US Midwest in 2012.26 Though California-specific data were not available to 
estimate these curves, Navigant considers that the nature of customer decision-making process 
is such that the data developed using North American customers represents the best industry-
wide data available at the time of this study.  

 

                                                      
26 26 A detailed discussion of the methodology and findings of this research are contained in “Demand Side Resource Potential 

Study,” prepared for Kansas City Power and Light, August 2013. 
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Figure 2-5. Payback Acceptance Curve for AIMS sectors 

 

2.1.1.5 Calculating Cumulative Market Potential 

The PG study reports both incremental and cumulative savings. In the recent past, IOU goals have been 
based on incremental savings only while the CEC used cumulative savings to inform the demand 
forecast. Cumulative savings represent the total energy efficiency program savings from measures 
installed since a “start year” and are still “active” in the current year. “Active” savings are calculated by 
accounting for: 

 Decay of savings as measures reach the end of their useful lives 

 Codes & standards that come into effect over time 
 
Unlike annual savings, cumulative savings include savings from reparticipants. Incremental savings only 
considers that from first-time adopters. Sustained savings from re-adoptions needs to be counted in 
cumulative savings for the purposes of demand forecast. The PG model assumes reparticipants re-adopt 
measures at the same rate as new participants. The calculation of cumulative savings is illustrated in 
Figure 2-6. 
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Figure 2-6. Cumulative Savings Illustration 

 
 
Navigant presented this information to stakeholders at a DAWG workshop in December 2016 and posed 
the following questions: 
 

1. When should the PG model start cumulating savings?  
2. There is no new research to inform treatment of decay/reparticipation in the PG model. What 

should we assume about decay? 
a. Starting with the 2013 PG model, reparticipation estimated based on market penetration 

rates (varies by measure) 
b. 2011 PG model assumed a blanket reparticipation rate of 50% based on CPUC D. 09-09-

047 
3. D. 09-09-047 required that the utilities make up 50% of the savings decay as measures expire.  

a. 2015 PG study annual market potential included only new participants 
b. Thoughts on how to how to reconcile this? 

 
Comments were provided by NRDC and PG&E. NRDC supported re-examining the 50% policy for re-
participation and requested further discussion be had regarding Navigant’s alternate method and to better 
understand implications of the re-participation rate implications on goals. PG&E commented that decay 
“occurs much less frequently” than the 50% assumption indicates.  
 
Given the comments, Navigant maintained its approach to calculating cumulative potential and set the 
“cumulation start year” to 2015 to be consistent with AAEE and SB350 needs.  

2.1.1.6 Avoiding Double Counted Savings  

The PG study is required to avoid double counted savings between codes and standards and below-code 
rebate programs. These are the below-code savings generated from rebated equipment that would be 
realized even in the absence of PA rebate programs. This savings would occur as equipment would 
naturally turn over and be replaced with code compliant equipment. These savings are already embedded 
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and accounted for in the California Energy Commission Demand Forecast, thus further decrementing the 
forecast with this savings would be double counting. The AB802 TA took a top-down approach to 
highlight the end uses and sectors at risk for double counted savings. However, the 2018 PG study takes 
the approach of attempting to remove double counted savings from the market potential (which informs 
IOU goals).  
 
The first step the PG study takes in avoiding double counting is to target old equipment when considering 
Stranded Potential (for non-lighting equipment this is done by isolating the population that is older than its 
EUL). This equipment is that which is not turning over on a regular basis. The remainder of equipment 
that is turning over on a regular basis has its below code savings already captured through C&S.  
 
The next step in avoiding double counted savings is to identify free ridership of below code savings. This 
is illustrated below in Figure 2-7. Below-code free ridership implies that customers were not necessarily 
influenced by the IOU rebate to come up to code but were influenced by other outside factors. This 
requires the PG study to apply a net-to-gross ratio to below code savings.  
 

Figure 2-7. Below Code NTG Illustration 

 
 
Determination of the below code NTG (NTGBC) is not a simple task as no data exists to inform this 
process. The Navigant team presented the concept of below code NTG to the Demand Analysis Working 
Group on November 4th, 2016. A framework of basing the below code NTG on the above code NTG 
(NTGAC) was presented. The following question was posed:  
 

What is the appropriate below code NTG to assume (assumption may vary by measure type)? 

a. NTGBC = 1  

b. NTGAC < NTGBC < 1 

c. NTGBC = NTGAC 

d. NTGBC < NTGAC  
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No specific feedback was provided by stakeholders.  
 
Navigant can see arguments for a wide range of NTGBC. 
 

NTGBC < NTGAC  

Navigant and Commission staff discussed this concept with the CPUC’s Ex-Ante consultants who 
provided feedback that below code NTG is likely less than above code NTG. The Ex-Ante 
consultants further advised that NTGBC is likely low for equipment with high capital cost where 
utility rebates are likely a small percentage of the full cost of the new equipment (such as HVAC 
equipment). In such situations, the argument is made, the utility rebate is a very small influence 
on the decision to come up to code such that the amount of savings attributed to the utility 
program (i.e. the NTG ratio) will be small. However, NTGBC may be closer to NTGAC for 
equipment that has low capital cost (such as lighting). In these situations, the argument is made, 
the utility rebate has a larger influence on customer decisions.  
 
NTGBC ≥ NTGAC  

We define Stranded Potential as “the opportunities for energy efficiency that are not currently 
captured by either PA rebate programs or codes and standards. Stranded Potential is below-
code savings that is not materializing in the market because there is no incentive for the 
customer to upgrade their existing equipment given current program rebate policy. Under 
AB802, PAs could start offering rebates for bringing existing equipment up to code thus 
motivating a whole new subset of customers to install energy efficiency and capturing the 
Stranded Potential.” Our definition of stranded potential implies below code savings programs 
target customers who wouldn’t have upgraded equipment in the first place. Thus, any influence 
the IOU has on the upgrade has limited free ridership.  Under this argument it’s also important to 
note that NTG is an average of the entire market and has been calculated as such in past 
evaluations. However, Stranded Potential is targeting a different population of customers who 
were not motivated to act on their own, thus imply a lower level of free ridership relative to the 
general population.  
 

Based on the lack of data and high uncertainty in this area, Commission staff advised Navigant to follow a 
conservative approach and assume NTGBC is less than NTGAC. This would imply a lower market potential 
and a more conservative basis for setting IOU goals.  We expect better data to become available after 
further research and evaluation of such programs.  
 
We estimate NTGBC to be some fraction of NTGAC where: 
 

NTGBC =  NTGAC x NTG Adjustment Factor 
 
Table 2-3 below indicates our assumptions for the NTG Adjustment factor. These are purely assumptions 
based on direction from the CPUC and commentary from the CPUC’s Ex Ante Consultants. Lighting has 
a larger factor than all other end uses due to its low capital cost. Data centers have a smaller factor than 
all other end uses because of the multiple influences driving data center upgrade decisions.  All others 
are assumed to be 0.5 for lack of better data.  
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Table 2-3. NTG Adjustment Factors 

End Use Category Res  Com 

Data Center  0.25 

HVAC 0.5 0.5 

Lighting  0.75 

WaterHeat 0.5 0.5 

2.1.2 Whole Building Packages  

Whole building packages are modeled the same way as rebated technologies with one exception. 
Technical and economic potential results are not presented as they are duplicative with the technical and 
economic potential of rebated technologies. 

2.1.3 Industrial and Agriculture Custom Measures and Emerging Technologies  

Custom measures and emerging technologies for the Industrial and Agricultural sectors used Equation 
2-3  to calculate incremental market potential.  
 

Equation 2-3. General Equation for Calculating Incremental Market Potential for Generic Custom 
and Emerging Technologies  

݈ܽ݅ݐ݊݁ݐ݋ܲ	ݐ݁݇ݎܽܯ	݈ܽݐ݊݁݉݁ݎܿ݊ܫ
ൌ 	݊݋݅ݐ݈ܽݑ݌݋ܲ ൈ 	ݎ݋ݐܿܽܨ	ݕݐ݈ܾ݈݅݅ܽܿ݅݌݌ܣ	 ൈ 	ݏ݃݊݅ݒܽܵ	ݕ݃ݎ݁݊ܧ	ݐܷ݅݊	 ൈ  ݁ݐܴܽ	݊݋݅ݐܽݎݐ݁݊݁ܲ	

 
Where,  

 Population is a global input that is represented as the total energy consumption by subsector 
within the Industrial and Agriculture sectors.   

 Applicability Factor represents eligibility and other program-specific variables.  

 Unit Energy Savings represented the percent savings expected from customers adopting 
technologies. 

 Penetration Rate represents annual new participation and varies over time and can vary by 
scenario for Emerging Technologies.   

 
Emerging technologies were screened for consideration based on an 8-level screening process 
considering the following factors: 

1. Relevance to the industrial and agricultural sectors  

2. Relevance by NAICS segment 

3. End use application 

4. Type of fuel savings 

5. Potential energy savings percentage 

6. Impact potential (including technical and market potential, risks, and non-energy benefits) 
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7. Segment energy consumption trends 

8. Segment market trajectory 
 
The Emerging Technologies that passed the screening criteria were used to derive ET UES values 
grouped by market segment (e.g. Petroleum, Food Processing, etc.) using the methodology defined in 
Appendix F. ET UES is represented as a percent savings relative to the total building energy 
consumption. It is meant to reflect the combination of available emerging technologies that pass the 
screening process for each sector and segment (rather than represent individual technologies). UES is 
estimated based on multiple factors listed below Equation 2-4. 
 

Equation 2-4. UES Equation for Emerging Technologies   

 
ܵܧܷ ൌ ܶ݁ 	ൈ ݆,݅ܧ	 	ൈ 	݆ܶܯ	 ൈ 	ܹ݆ܶ 

Where: 
e = subscript indicating the specific emerging technology 
i = subscript indicating the specific end-use and fuel type 
j = subscript indicating the market sub-sector and NAICS segment 

௘ܶ = technology energy savings percentage for emerging technology, e, by end-use application  
   ௜,௝  = percentage of total energy consumption by sub-sector j energy attributable to end-use, iܧ
ܯ ௝ܶ	  = market trajectory for sector j 
ܶ ௝ܹ  = segment energy consumption trend weight for sector j 

 
The technology energy savings percentage, Te, was determined for each emerging technology.  The 
sector end-use percentage, Ei,j, is derived from California market data.  The market trajectory for each 
sector, MTj, is a value between 0 and 1, indicating if the sector is likely to move offshore (0.33), close to 
tipping point of moving offshore (0.67), or likely to remain in the US (1).27  The segment energy 
consumption trend weight, TWj, is a value between 0 and 1, indicating the trend of energy consumption of 
each sector over time based on an analysis provided by the California Energy Commission (CEC) shows 
electricity consumption trend for various industries from 1990 through 2015. Section 3.5 discussed the 
data inputs for this equation.  
 
Industry Standard Practice’s (ISP) are not forecasted to impact the potential from custom measures and 
emerging technologies. ISPs are technology and segment specific while custom programs and emerging 
technologies as forecast in this study do not contain technology specific information to allow application of 
ISP.  

2.1.4 Behavior, Retrocommissioning, Operational Efficiency (BROs)  

For the purposes of this study, the Navigant team defines behavior-based initiatives as those providing 
information about energy use and conservation actions, rather than financial incentives, equipment, or 
services. The market potential modeled for these initiatives is incremental to savings from equipment 
change-outs.  

                                                      
27 Sirkin, H. et al. U.S. Manufacturing Nears the Tipping Point, The Boston Consulting Group, March 2012. 
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2.1.4.1 Energy and Demand Savings 

Equation 2-5 is the general equation for the BROs potential model. Each of the components are 
described below.  
 

Equation 2-5. General Equation for Calculating Incremental Market Potential for BROs 

݈ܽ݅ݐ݊݁ݐ݋ܲ	ݐ݁݇ݎܽܯ	݈ܽݐ݊݁݉݁ݎܿ݊ܫ
ൌ 	݊݋݅ݐ݈ܽݑ݌݋ܲ ൈ 	ݎ݋ݐܿܽܨ	ݕݐ݈ܾ݈݅݅ܽܿ݅݌݌ܣ	 ൈ 	ݏ݃݊݅ݒܽܵ	ݕ݃ݎ݁݊ܧ	ݐܷ݅݊	 ൈ  ݁ݐܴܽ	݊݋݅ݐܽݎݐ݁݊݁ܲ	

 
Where,  

 Population is a global input that can be represented in two ways - number of homes and square 
feet of floor space or in sector energy consumption.  

 Applicability Factor represents eligibility and other program-specific variables, including existing 
saturation that precludes customers from participating in future IOU interventions. 

 Unit Energy Savings represent the savings expected from participants and can also be 
represented in two ways – kWh and therms or in percent of consumption.  

 Penetration Rate represents participation and varies over time and by scenario (reference or 
aggressive). This reflects both the utility-driven rollout and the customer uptake of the program, 
depending on the nature of the program.  

 
The initial penetration rates are based on existing levels of participation (either for the California IOUs for 
existing programs or the program from which data was drawn applied to the California IOUs’ territories). 
The forecasts are the result of professional judgement based upon program operations and whether 
participation is utility driven (opt-out) or customer driven (opt-in).  
 
The potential for double counting among BROs programs was addressed in the characterization of 
programs in the same sector. Adjustments to penetration and applicability were made to avoid the double 
counting of savings.  
 
This effort does not examine demand-focused programs, but does include demand savings that are 
associated with programs focused on energy efficiency using the energy savings from Equation 2-5 in 
Equation 2-6.  
 

Equation 2-6. General Equation for Calculating BROs Demand Savings 

ሺܹ݇ሻ	݈ܽ݅ݐ݊݁ݐ݋ܲ	ݐ݁݇ݎܽܯ	݈ܽݐ݊݁݉݁ݎܿ݊ܫ ൌ ൈ	ሺܹ݄݇ሻ	݈ܽ݅ݐ݊݁ݐ݋ܲ	ݐ݁݇ݎܽܯ	݈ܽݐ݊݁݉݁ݎܿ݊ܫ  ݋݅ݐܴܽ	ݕ݃ݎ݁݊ܧ	݋ݐ	݇ܽ݁ܲ	

2.1.4.2 Costs 

Similarly to demand savings, utility program costs are calculated from the energy savings in Equation 2-5. 
The Cost Factor in Equation 2-7 is a unit energy cost expressed in either dollars per kWh or dollars per 
therm. For programs that save both electricity and gas, it was sometimes possible to divide the costs by 
fuel type, but in instances where this was not possible all costs were assigned to one fuel type to avoid 
double-counting costs.  
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Equation 2-7. General Equation for Calculating BROs Program Costs 

ݐݏ݋ܥ	݉ܽݎ݃݋ݎܲ ൌ 	݈ܽ݅ݐ݊݁ݐ݋ܲ	ݐ݁݇ݎܽܯ	݈ܽݐ݊݁݉݁ݎܿ݊ܫ ൈ  ݎ݋ݐܿܽܨ	ݐݏ݋ܥ	

2.1.5 Residential Low Income  

The potential for energy efficiency in the low-income sector is forecast based on the Energy Savings 
Assistance program (ESAP).  ESAP is offered by all four IOUs as a no cost direct installation of 
weatherization measures that also includes a wide range of energy efficiency equipment combined with 
energy efficiency education and referrals to other income qualified programs. The 2018 PG model 
forecast is an update to previous forecasts based on changes in the low-income market and regulatory 
environment that impact the ESAP offering.  One of the major changes to the 2018 PG model is to 
include ESAP program savings for ‘retreatment’ installations as allowed by Decision 16-11-022 (the 
Decision).28  The Decision allows the ESAP program to go-back and retreat households by installing new 
and updated measures in homes that have been served by past ESAP program activity.  All past PG 
model low income forecast have only included estimates of potential for ‘first time’ installations on 
households that have never participated in ESAP.  
 
Residential Low Income (LI) programs are modeled based on two key inputs: number of households (HH) 
forecasted to be treated and unit energy savings (UES) per treated household. The savings are 
calculated using Equation 2-8 
 

Equation 2-8. General Equation for Calculating LI Savings 

ݏ݃݊݅ݒܽܵ	݉ܽݎ݃݋ݎܲ	݁݉݋ܿ݊ܫ	ݓ݋ܮ ൌ  ݏ݃݊݅ݒܽܵ	ݕ݃ݎ݁݊ܧ	ݐܷ݅݊	ݔ	݀݁ݐܽ݁ݎܶ	ݏ݈݀݋݄݁ݏݑ݋ܪ
 
The forecast for Households treated is obtained from IOU plans. The team does not develop its own 
forecast. The savings potential reported for Low Income are not a true “Market Potential” but more of a 
“forecast of IOU planned activity”. The model allows for disaggregation of savings by building type (Single 
Family, Multifamily, Mobile Home) based on IOU data provided.  
 
The PG model reports LI savings separately from all other rebate programs. Though this may not be the 
case in the goal setting process.  

2.1.6 Codes and Standards (C&S)  

Codes and Standards (C&S) impacts on energy efficiency potential are modeled two ways: 

» C&S impacts the code baseline for IOU rebated measures; as C&S becomes more stringent in 
the future, above-code savings claimable by IOU programs decreases. This is discussed further 
in section 2.1.1.2. 

» IOUs can claim a portion of savings from C&S that come into effect through the IOU C&S 
advocacy programs. This section describes the calculation of IOU claimable savings from C&S.  

 
This study calculates the estimated savings of codes and standards in multiple formats, each for a 
different use:  

                                                      
28 November 10, 2016 
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» Net C&S Savings are the total energy savings estimated to be achieved from the updates to 
codes and standards since 2006. Net savings calculations account for naturally occurring market 
adoption (NOMAD) of code-compliant equipment and are used to inform demand forecasting, 
procurement planning, and tracking against greenhouse gas targets. This informs the CEC 
forecast. 

» Net IOU C&S Program Savings identifies the portion of the Net C&S Savings that can be 
attributed to the advocacy work of the IOU’s C&S program. This result is used to inform the IOU 
program goals. 

 
The modeling methodology of C&S savings was based on the Integrated Standards Savings Model 
(ISSM)29 developed by CADMUS and DNV GL used by the CPUC in C&S program evaluation. The 
Navigant team replicated the methodology of ISSM in the PG Model for use in this study. The process of 
calculating Net C&S Savings and Net IOU C&S Program Savings is illustrated in Figure 2-8. Key 
components of the calculation listed in Figure 2-8 include:  

 Unit Sales – Unit sales are the assumed baseline units sold each year for each measure. They 
represent the expected population of code-compliant or standard-compliant equipment adopted. 

 Unit Energy Savings – Unit energy savings are the energy savings (in kWh, kW, or therms) 
relative to the previous code or standard for the new compliant equipment. 

 Compliance Adjustment Factor (CAF) – (CAF) is the baseline assumption for the rate at which 
the population complies with codes or standards. 

 NOMAD – The naturally occurring market adoption is the fraction of the population that would 
naturally adopt the code-compliant or standard-compliant measure in the absence of any code or 
standard. 

 Attribution – IOU Attribution is the portion of gross C&S savings in California that can be claimed 
by IOU Code Support programs. 

 Allocation Factors – Allocation factors are the fraction of the statewide C&S savings that occur 
in each IOU territory. Additional allocation factors assumed by Navigant break down the savings 
into sectors and end uses.   

 
 

                                                      
29 Cadmus and DNV GL. Integrated Standards Savings Model (ISSM). 2017. 
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Figure 2-8. C&S Savings Calculation Methodology 

 
 
 
The 2018 study continued to use no layering when analyzing net IOU attributable C&S savings. In 
addition to the removal of layering as provided by ISSM data, the 2018 study analyzed all codes and 
standards included in the analysis and removed savings from standards that were superseded by other 
standards once the new standard took effect. This holistic approach to layering removal is a change in 
methodology relative to the 2015 study. A detailed table of C&S impacted by layering can be found in 
Appendix E. 

2.1.7 Financing  

Financing has the potential to break through a number of market barriers that have limited the widespread 
market adoption of cost-effective energy efficiency measures. The PG Model estimates the incremental 
effects of introducing energy efficiency financing on energy efficiency market potential and how shifting 
assumptions about financing affect the potential energy savings. 
 
Examples of market barriers that can slow energy efficiency adoption30 include:  

 Information Search Cost - Even when information of new technologies is publicly available, it is 
costly for consumers to learn about the innovation 

 Lack of Capital Access and Liquidity Constraint - Lack of up-front capital or credit for energy 
efficiency investments. 

 Un-internalized Externalities - Energy is heavily subsidized; consumers are not aware of the 
true cost of energy. 

 Split Incentives - Party making the efficiency investment decision is not the party benefitting 
from the decision. 

                                                      
30 Jaffe, Newell, and Stavins. Economics of Energy Efficiency. Encyclopedia of Energy Vol. 2: 79-89. 2004.  
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 Hassle Factor - This includes efforts invested in completing transactions such as the application 
process. 

 Behavioral Failures - Consumers are not perfectly rational, resulting in consumer behavior 
inconsistent with utility maximization or energy cost minimization. 

2.1.7.1 Financing Programs Background 

California financing programs address some of these market barriers, such as lack of capital access and 
liquidity. Per the CPUC’s PY2014 Finance Residential Market Baseline Study Report31, more than half of 
homeowners (54%) believe that the higher upfront costs present a barrier to energy efficiency projects 
and one third of respondents stated that financing could help reduce that barrier.  
 
Furthermore, there is research to suggest that financing programs encourage deeper energy savings per 
project since consumers can take on larger projects with higher associated savings, beyond what they 
could have otherwise afforded in the absence of financing.32  Amongst homeowners who made an energy 
upgrade and used financing, nearly three-quarters using financing indicated that the financing allowed 
them to do a larger project or purchase higher quality equipment than what they would have done on their 
own33. For the non-residential sector, 83% of on bill financing (OBF) loans were for projects exceeding 
10% energy savings.34 
 
Financing may also reduce the “hassle factor” barrier that may affect a consumer’s willingness to take on 
an energy efficiency project. In a California study of homeowners who chose to use financing, a clear 
majority (88%) felt that financing was the most convenient option for them35.  
For non-residential customers, qualified customers can access zero-percent OBF through a statewide 
program administered by the investor-owned utilities (IOUs). The OBF programs use alternative 
underwriting criteria that considers utility bill repayment history as a measure of creditworthiness36. 
Participating in OBF and repaying the financed cost through a utility bill may be easier to understand and 
more convenient than applying for and repaying a conventional financing option.  
 
Because a significant proportion of customers (46%) indicated a preference for zero percent financing 
over rebates (34%)37, PG&E is testing an OBF alternative pathway that will be paired with metered 
energy data instead of an incentive38. Because the incentive applications are where most problems occur 

                                                      
31 PY2014 Finance Residential Market Baseline Study Report. Opinion Dynamics Corporation and Dunsky Energy Consulting. 

March 2016 
32 Southwest Energy Efficiency Project. Energy Efficiency Finance Options and Roles for Utilities. October 2011.  
33 PY2014 Finance Residential Market Baseline Study Report. Opinion Dynamics Corporation and Dunsky Energy Consulting. 

March 2016 
34 Disposition approving Advice Letter 3697-G /4812-E, 3697-G-A/4812-E-A, PG&E’s On Bill Financing Alternative Pathway 

Program, as a High Opportunity Program. July 12, 2016.  
35 PY2014 Finance Residential Market Baseline Study Report. Opinion Dynamics Corporation and Dunsky Energy Consulting. 

March 2016 
36 Financing Energy Improvements on Utility Bills.  Technical Appendix Case Studies. State and Local Energy Efficiency Action 

Network (SEE Action).  May 2014. 
37 California 2010-2012 On-Bill Financing Process Evaluation and Market Assessment (CALMAC ID CPU0056.01), 
38 Commercial customers can receive up to a $100,000 loan for five years, and government can receive up to a $250,000 loan for 
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in the application process, the alternate pathway program may further reduce the complexity and hassle 
barrier that some customers may associate with participating in utility energy efficiency programs.39 

2.1.7.2 Impact of Financing on Consumer Economics  

Financing allows consumers to use private capital to fund energy efficiency projects; borrowers avoid the 
up-front cost and repay the project cost over time. We can evaluate the attractiveness of a financing 
option by looking at the annual cash flows for an efficient measure, compared to an efficient measure that 
is financed, and comparing the net present value of the options.  
 
The net present value (NPV) is calculated by assigning costs and benefits, discounting future costs and 
benefits (future value, or FV) by an appropriate discount rate (i), and subtracting the present value total 
costs from the present value total benefits.40 
 
To discount future payments, we apply the annual consumer discount rate (i) per Equation 2-9, where n is 
the number of years:  
 

Equation 2-9. Present Value Equation 

	݁ݑ݈ܸܽ	ݐ݊݁ݏ݁ݎܲ ൌ 	݁ݑ݈ܸܽ	݁ݎݑݐݑܨ ൈ ሺ1 ൅ ݅ሻି௡ 
 
We can evaluate the present value of an energy efficiency measure over the useful life of the equipment 
by comparing the net present value of the hypothetical costs of the equipment and energy. For example, 
Table 2-4 shows the present value cost of a base efficiency technology ($1000) purchased in year 0, 
followed by energy costs for that unit of $200 annually for ten years. The total cash outflows are 
discounted by the assumed consumer discount rate, which for this example is 7%. The net present cost 
of the base technology is $2,405.  
 
The next calculation shows the net present cost of the efficient technology, which in this case costs $1250 
to the consumer up-front after a 50% rebate on the incremental cost of the efficient technology whose 
original cost was $1500 (i.e., $1500 – [($1500-$1000) x 50%] = $1250). The annual energy cost of the 
efficient technology is $125 per year. The total cash outflows are discounted by the same consumer 
discount rate (7%), yielding a net present cost for the efficient technology is $2,128. This total cost is less 
than the base technology. 
 
Finally, the third calculation shows the net present cost of the efficient technology after financing. The 
efficient technology costs $1250 with the utility incentive. Assuming a consumer uses an energy efficiency 
loan at 4% for ten years, the equipment and financing costs are spread over ten years at $148 per year. 
The annual energy cost of the efficient technology financed is still $125 per year. The total cash outflows 
are discounted by the same consumer discount rate (7%), yielding a net present cost for the efficient 
technology with financing of $1,992. This total cost is less than the base model and less than the efficient 
technology without financing. 
 

                                                      
ten years. The alternative path will leverage existing infrastructure as well as the existing on bill financing program’s revolving loan 

fund. 
39 2010-2012 CA IOU On-bill Financing Process Evaluation and Market Assessment. May 2012.  
40 OMB Circular A-94. Available at: https://www.wbdg.org/FFC/FED/OMB/OMB-Circular-A94.pdf  
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Table 2-4. Example Present Value Comparisons for Base and Efficient Technologies and 
Financing  

Base Technology     

Year  0 1 2 3 4 5 6 7 8 9 10 

Base Equipment Cost  $1,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Energy Cost  $0 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 

Total Cash Out  $1,000 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 

Present Value $1,000 $187 $175 $163 $153 $143 $133 $125 $116 $109 $102 

Net Present Value Cost $2,405           
 
Efficient Technology     

Year  0 1 2 3 4 5 6 7 8 9 10 

Efficient Equipment Cost  $1,250 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Energy Cost  $0 $125 $125 $125 $125 $125 $125 $125 $125 $125 $125 

Total Cash Out  $1,250 $125 $125 $125 $125 $125 $125 $125 $125 $125 $125 

Present Value $1,250 $117 $109 $102 $95 $89 $83 $78 $73 $68 $64 

Net Present Value Cost $2,128           
 
Efficient Technology with Financing   

Year  0 1 2 3 4 5 6 7 8 9 10 

Equipment Cost Financed $148 $148 $148 $148 $148 $148 $148 $148 $148 $148 $0 

Energy Cost  $0 $125 $125 $125 $125 $125 $125 $125 $125 $125 $125 

Total Cash Out  $148 $273 $273 $273 $273 $273 $273 $273 $273 $273 $125 

Present Value $148 $255 $239 $223 $208 $195 $182 $170 $159 $149 $64 

Net Present Value  $1,992           

 
The modified cash flows feed into the calculation of consumer willingness (described earlier in 2.1.1.4) by 
representing the effective present value of financing to the customer as a fraction of the upfront cost. 
Increasing willingness results in higher adoption of EE measures and thus more savings. The model does 
not estimate technical or economic potential of financing, only market potential.   

2.2 Calibrating Rebated Technologies and Whole Building Approaches 

SB 350 directed the CPUC to adopt goals based on energy efficiency potential studies that are not 
restricted by previous levels of utility energy efficiency savings. However, this does not mean that a 
potential study model shouldn’t be calibrated.  
 
Like any model that forecasts the future, the PG model faces challenges with validating results, as there 
is no future basis against which one can compare simulated versus actual results. Calibration, however, 
provides both the developer and recipient of model results with a level of comfort that simulated results 
are reasonable. Calibration is intended to achieve three main purposes: 
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 Anchors the model in actual market conditions and ensures that the bottom-up approach to 
calculating potential can replicate previous market conditions; 

 Ensures a realistic starting point from which future projections are made; and 

 Accounts for varying levels of market barriers and influences across different types of 
technologies. The model applies general market and consumer parameters to forecast 
technology adoption. There are often reasons why markets for certain end uses or technologies 
behave differently than the norm- both higher and lower. Calibration offers a mechanism for using 
historic observations to account for these differences. 

 
The PG model is calibrated by reviewing portfolio data from 2013 through 2015 to assess how the market 
has reacted to program offerings in the past. For more details on the necessity of calibration, the data 
basis of calibration, effects of calibration, and interpreting calibration please see Appendix A.  

2.3 Scenarios 

In the recent past (2013 and 2015), the PG studies produced a single forecast of energy efficiency 
potential for the purposes of informing IOU goals. The forecast was calibrated to historic program activity. 
In these past studies, alternate scenarios were only considered in the Additional Achievable Energy 
Efficiency (AAEE) forecast used by the California Energy Commission. The AAEE scenarios were 
developed after the CPUC had established goals and were primarily driven by the needs of the CEC. The 
2018 PG study considers multiple scenarios to inform the goal setting process.  
 
SB 350 directed the CPUC to adopt goals based on energy efficiency potential studies that are not 
restricted by previous levels of utility energy efficiency savings. Commission staff proposed to meet this 
direction by exploring scenarios reflecting alternative future outcomes based on variables that can be 
controlled by policy decisions or program influence. This study considers scenarios primarily built around 
policies and program decisions that are under control of the CPUC and IOUs collectively, these are 
referred to as “internally influenced” variables. On the other hand, “externally influenced” variables were 
not considered in scenarios that inform the goals. External variables are those that CPUC and IOUs 
collectively have no control over.  A list of example internally and externally influenced variables can be 
found in Table 2-5 below.   
 

Table 2-5. Variables Affecting Energy Efficiency Potential 

Internally Influenced Externally Influenced 

 Cost-effectiveness (C-E) test 
 C-E measure screening threshold 
 Incentive levels 
 Marketing & Outreach 
 Behavior, Retro commissioning & Operational (BROs) 

customer enrollment over time  
 IOU financing programs 

 Building stock forecast 
 Retail energy price forecast 
 Measure-level input uncertainties (unit energy 

savings, unit costs, densities) 
 Non-IOU financing programs 

 

 

R.13-11-005  ALJ/JF2/VUK/lil



 
Energy Efficiency Potential and Goals Study for 2018 and 
Beyond 

 

 
  Page 30 
©2017 Navigant Consulting, Inc. 

Additional details on each of the internally influenced variables can be found in the study team’s 
presentation to the Demand Analysis Working Group (DAWG) on December 12, 2016.41 

2.3.1 Stakeholder Input 

Stakeholders and members of the DAWG were given the opportunity to provide informal feedback to the 
team on the development of scenarios including which variables to consider and the range of variables. 
Table 2-6 contains a summary of relevant stakeholder feedback received from the December DAWG 
meeting. 
 

Table 2-6. Stakeholder Feedback 

Stakeholder Comments Additional Context from Navigant 

Cost Effectiveness Test 

 PG&E: Screening measures based on different cost-effectiveness 
tests is acceptable “so long as the goals assigned to the IOUs are 
aligned with the policy that the IOUs will have to follow when 
operating their portfolios.”  

 NRDC: Supports assessing the potential using the PAC as well as 
the SCT 

 SDG&E: Supports creating scenarios around prospective changes 
in the C-E tests given that the CPUC is actively exploring such 
tests. 

 TURN: Suggests portfolio cost-effectiveness should be subject to a 
10-year lifecycle average measure mix.  

 SCE: Encourages investigating alternative C-E tests, and 
assessing the impacts of changes on EE programs ability to 
capture savings.  

 TURN’s comment is a broader policy issue 
that Navigant does not plan to address in 
these scenarios. 

 Factors impacting the SCT test (discount rate, 
cost of carbon) may be informed by the other 
CPUC proceedings as appropriate. Methods 
to determine some factors, like health and air 
quality impacts are yet to be defined. 

C-E Screening Threshold 

 PGE: Current thresholds of TRC in the model (0.85 for conventional 
technologies, 0.5 for emerging technologies) are appropriate.  

 SoCalGas: Prefers using a “1.0 TRC scenario as a benchmark” 
 SCE: Prefers using a TRC threshold of 0.85 with no exception for 

new technologies or approaches (i.e. including emerging 
technologies). SCE does encourage exploring “what if” scenarios 
around thresholds to guide possible policy changes. 

 The assumption of 0.85 has been used for 
several iterations of the study and is also 
reflective of the history of measures with TRC 
< 1 being included in programs 

Incentive Levels 

 PG&E: Suggests it’s reasonable to use tiered incentives with a cap 
at 50% as was previously used in the AB802 Technical Analysis.42 
Suggests it would be reasonable for a high scenario to use up to a 
75% cap and a low scenario to use as low as a 25% cap. 

 Scenarios will explore higher levels of rebates 
but not lower.  

Marketing & Outreach 

                                                      
41 Slides available at: http://demandanalysisworkinggroup.org/event/energy-savings-pup-cpuc-2018-beyond-ee-
potential-goals-study-model-calibration-and-forecasting-scenarios/?instance_id=445 
42 Navigant. AB802 Technical Analysis - Potential Savings Analysis. Prepared for the CPUC. March 2016.  
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Stakeholder Comments Additional Context from Navigant 

 Jeanne Clinton: Suggests having scenarios on different levels of 
penetration, to reflect different levels of “market effectiveness 
and/or payment facilities” to better inform program design and 
market strategy. 

 NRDC: Suggests an additional scenario that assesses the energy 
savings potential based on various delivery channels (e.g., 
upstream, midstream, downstream) 

 SCE: Advocating for explicitly identifying barriers to EE program 
adoption when developing Scenarios. 

 The model does not forecast the explicit 
impact of specific program design or delivery 
mechanisms or barriers to specific 
technologies but rather the overall effect of 
removal of barriers that drive more 
participants to programs. 

Behavior, Retro-commissioning & Operational (BROs) Enrollment 

 PG&E: Suggests assuming current levels of participation for the 
reference forecast is acceptable, as well as reasonable upper and 
lower ranges around current levels. 

 SCE: Suggests including scenarios around increased savings from 
behavior and operational efficiency programs. 

 SDG&E: “It would be useful to see scenarios built around holistic 
approaches/program designs that develop potential long-term 
energy road maps for customers, in addition to looking at just 
individual technologies or end uses.  An example would be 
Strategic Energy Management programs.” 

 Scenarios will explore reasonable upper 
bounds but no lower than current levels.  

 Navigant held a follow-up workshop on BROs 
that included discussion of scenarios. 
Additional discussion can be found in section 
3.8. 

IOU Financing Programs43 

 PG&E: IOU activities (to date) are not driving the energy efficiency 
financing industry though there is a role for IOUs to play in the 
future. PG&E further commented that most energy efficiency 
projects “will be financed – however PG&E doesn’t think it is 
appropriate to assume this financing will use [IOU] EE financing 
tools. Traditional financing tools are more likely to be the financing 
source (e.g., bonds … mortgages…). PG&E would expect to see 
greater participation in EE financing tools as goals increase. 
However, the financing schemes that are put in place are unlikely to 
change much under different goal scenarios. So PG&E believes 
that incentive level is the primary driver of EE financing 
investments.” 

 SoCalGas: Suggests any assumptions about financing programs 
“should be realistic because of the slow start and likely niche 
operations” of IOU financing programs. 

 SDG&E: Supports different scenarios considering different 
financing levels/schemes though also comments that IOU financing 
pilots are not deployed and cannot provide complete information.  
 

 Since the last PG study there have been no 
new completed impact evaluations of 
financing programs to better inform our 
analysis. 

 Note: the 2015 PG study excluded financing 
from the results being used to inform goals 

Additional Comments 

 PG&E: Suggests overall scenarios should focus on three variables: 
cost-effectiveness, awareness, and incentive level. 

 SDG&E: Suggests various scenarios and sensitivity analysis 
around avoided costs.   

 Avoided costs are an externally influenced 
variable and is out of scope of scenario 
analysis.  

                                                      
43 Financing impacts are modeled as reductions in consumer iDR and change in customer payment structure, 
building off work done in the 2015 Potential and Goals Study. 
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2.3.2 Final Scenarios 

The team worked with Commission staff to develop scenarios for consideration in the goal setting 
process. Each of the internally influenced variables in Table 2-7 is expected to have an impact on the 
forecast of energy efficiency potential. The combined impact of these variables represents a scenario.  
 
Commission staff took the following into consideration when directing Navigant on the final scenarios 

 Commission staff followed closely the developments in the IDER proceeding. This informed the 
alternative cost-effective tests to consider. 

 On February 2017, Commission staff released a Societal Cost Test (SCT) white paper with 
recommendations for parameters to support a SCT as well as modifications to currently used 
TRC and PAC. 

 On April 2017, Commission staff proposed a GHG adder curve as an interim value that could 
inform goal setting. The interim GHG adder proposal followed the methods proposed in the SCT 
staff white paper. The GHG adder curve was developed based on draft runs of the RESOLVE 
model in the Integrated Resources Proceeding (IRP).  

 In the comments to the staff proposed interim GHG adder, the joint IOUs proposed an alternative 
GHG adder curve based on the Allowance Price Containment Reserve (APCR)44. This curve is 
an extrapolation of preliminary values released by the ARB during the development of the 
California Air Resources Board AB 32 Scoping Plan Update. Although the proposed allowance 
prices are not final and are subject to change, Commission staff believes they are a reasonable 
alternative to the staff proposal and will give stakeholders the chance to see how market potential 
changes when using alternative GHG adder values.  

 
Commission staff’s intent was to keep the number of scenarios manageable but still provide a range of 
alternatives to bound market potential. Therefore, five scenarios in total were proposed and are listed in 
Table 2-7. 
 

Table 2-7. Final Scenarios for Energy Efficiency Potential – Summary 

Scenario Cost Effectiveness Screen Program Engagement  

1: TRC | Reference TRC test using 2016 Avoided Costs Reference 

2: mTRC (GHG Adder #1) | Reference 
TRC test using 2016 Avoided Costs + 

IOU proposed GHG Adder 
Reference 

3: mTRC (GHG Adder #2) | Reference 
TRC test using 2016 Avoided Costs + 

Commission staff proposed GHG 
Adder 

Reference 

4: PAC | Reference PAC test using 2016 Avoided Costs Reference 

5: PAC | Aggressive PAC test using 2016 Avoided Costs Aggressive 

  

                                                      
44 Joint Opening GHG Adder Comments, page 6 (http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M185/K576/185576217.PDF) 
The curve is an extrapolation of the prices on ARB Staff Report, “Initial Statement of Reasons,” Appendix C, August 2, 2016, Table 5. Available at: 
https://www.arb.ca.gov/regact/2016/capandtrade16/appc.pdf. 
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The TRC | Reference scenario represents “business as usual” and the continuation of current policies. 
Three of the alternate scenarios continue to assume similar program design but apply different cost 
effectiveness tests and avoided costs. The final scenario (PAC | Aggressive) is meant to show an upper 
bound of the combination of program engagement and cost-effectiveness screens. Table 2-8 below lists 
more detail for regarding Program Engagement.  
 

Table 2-8. Reference vs. Aggressive Programs 

Variable Reference Aggressive 

Incentive levels 

$/kWh 

$/Therm 

Capped at 50% of incremental 
Cost 

$/kWh 

$/Therm 

Capped at 75% of incremental 
Cost 

Marketing & Outreach (default calibrated value) Increased marketing strength  

BROs  

Continued offering of existing 
BROs interventions and 

planned new interventions 
based on policy directions  

Additional BROs interventions 
that had limited verified data 

though show promise for 
possible savings  

IOU financing programs 
No savings claimed from 

financing programs45 

IOU financing programs broadly 
available to Residential and 

Commercial customers 

 

                                                      
45 Consistent with the 2015 Potential and Goals Study. Financing was modeled in the 2015 study but it did not inform the goals or 

AAEE forecast.  
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3. DATA SOURCES 

The data sources relied upon in the 2018 PG study are vast and varied. Throughout the study, the 
Navigant team sought to rely upon CPUC-vetted products as much as possible. However, in several 
cases, the team needed to seek alternate data sources where CPUC resources did not provide the 
necessary information.  This chapter describes the data update process and sources for key topic areas.  

3.1 Global Inputs 

Global inputs are macro-level model inputs that are not specific to any measure, but rather apply to 
market segments or sectors. Navigant reviewed the data source for each of these inputs to ensure that 
the most recent data is utilized for the 2018 PG Model update. Table provides an overview of all the 
global inputs within the 2018 model and their data source. This section discusses each item in Table 3-1 
in further detail in the sub-sections that follow. 
 

Table 3-1. Overview of Global Inputs Updates and Sources 

Global Input 

(description) 
Data Source for Update 

Retail Rates 

($/kWh, $/therm) 
CEC - 2016 Integrated Energy Policy Report (IEPR) Update and Demand Forecast 

Forms. Adopted Feb. 2017. 

Excel Demand Forecast Forms available at: 
http://www.energy.ca.gov/2016_energypolicy/documents/ 

CPUC – California Energy Consumption Database (ECDMS).  Accessed: Apr. 2017 

Sales Forecasts 

(GWh, MW, and MM Therms) 

Building Stocks 

(households, floor space, 
consumption) 

Avoided Costs 

(Avoided energy and 
capacity costs) 

CPUC – Cost Effectiveness Tool.  Accessed: Mar. 2017 

Historic Program 
Accomplishments (Used for 
calibration) 

 
CPUC – Energy Efficiency Full Program Cycle (2013-2015) Data. Download at: 

http://eestats.cpuc.ca.gov/Views/EEDataShelf.aspx Non-Incentive Program 
Costs  

3.1.1 Retail Rates and Sales Forecasts 

The CEC’s Integrated Energy Policy Report (IEPR), which includes a forecast that is updated annually, is 
the source for retail rates and sales forecasts in the 2018 Study. The team used the 2016 IEPR for 
electric rates and forecasts and the 2015 IEPR for gas rates and forecasts. This was because only 
electric rates and forecasts were updated in the 2016 IEPR.   
 
Navigant revised the retail rates and sales forecast based on information from the recently released IEPR 
2016, published by the CEC in February 2017.   
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Sales forecasts in IEPR are shown by CEC’s eight planning areas, which differs slightly from the IOU 
service territory area. Some of the CEC planning areas include the territories of small POUs in California.  
Therefore, an adjustment is needed. Using data on service territory and planning area sales for 2015, 
Navigant calculated ratios to adjust the planning area consumption (found within IEPR) down to each 
IOU’s actual service territory consumption for both PG&E and SCE. These ratios, with the service territory 
consumption based on the 2015 QFER, are referred to as Service Territory to Planning Area adjustment 
ratios and are detailed in Table 3-2.  The CEC planning area for San Diego directly maps to SDG&E 
service territory so this is no need to calculate an adjustment ratio for SDG&E.   
 

Table 3-2.  2016 IEPR Electric Service Territory to Planning Area Adjustment Ratios 

 Residential Commercial Industrial Mining Agriculture Streetlights 

PG&E 97.0% 89.4% 88.4% 96.2% 97.0% 87.7% 

SCE 92.6% 90.2% 89.2% 94.1% 58.8% 90.3% 

Source: California Energy Commission, 2017. 

Most POUs in California do not offer any gas service (currently only the City of Palo Alto and Island 
Energy offer natural gas service).  It is estimated that California IOUs sell approximately 99% of the 
state’s natural gas.  However, there are some exceptions, notably SMUD in PG&E territory.  To obtain 
service territory consumption values, Navigant staff used 2013-2014 data from the CEC’s Energy 
Consumption Database (ECDMS), shown in Table 3-3.46 
 

Table 3-3.  2016 IEPR Gas Service Territory to Planning Area Adjustment Ratios 

 Residential Commercial Industrial Mining Agriculture Streetlights 

PG&E 100.0% 98.1% 99.3% 99.3% 99.5% NA 

SCG 100.0% 97.0% 100.0% 10.3% 97.9% NA 

Source: California Energy Commission, 2017. 

While most of the adjustment ratios are close to or at 100%, SCG mining is 10.3% based on service 
territory sales found in ECDMS.  Many of the largest oil and gas extraction companies in SCG’s planning 
area purchase gas directly from the pipeline companies.  The service territory to planning area 
adjustment calculation additionally must remove the gas sales that are attributed to those large oil and 
gas companies. 
 
These ratios were applied to both the sales forecast and the building stocks for electric and gas impacts.  

3.1.2 Building Stocks 

Building stocks are the total “population” metrics of a given sector, though represented by different 
metrics for most sectors. Residential building stocks are based on number of households in an IOU’s 
service territory. Commercial building stocks are represented by total floor space for each commercial 
building type. Industrial and agricultural building stocks are represented by energy consumption. Mining 
and streetlighting stocks are the number of pumps and streetlights respectively. The residential, 
commercial, industrial and agriculture building stock metrics are derived from the CEC’s IEPR.  

                                                      
46 California Energy Consumption Database.  Accessed April 2017: http://ecdms.energy.ca.gov/  
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The model requires building stocks by sector, scenario, and utility for the time frame 2013-2030. 
IEPR 2016 organizes building stock data into the 8 electric planning areas determined by the CEC.  To 
translate these IEPR results to the PG model and split them by utility, Navigant worked with CEC to map 
CEC planning areas to the IOU service territories in Table 3-4. 
 

Table 3-4.  Mapping CEC Planning Areas to IOU Service Territories 

CEC Electric and Gas Planning Areas to Utilities 

CEC Forecasting Climate 
Zones  

Electric Planning Area 
Number  

Electric Planning Area 
Utilities  

Natural Gas Planning 
Area Utilities  

Climate Zone 1 

1 - PG&E PG&E PG&E 

Climate Zone 2 

Climate Zone 3 

Climate Zone 4 

Climate Zone 5 

Climate Zone 6 

Climate Zone 7 

2- SCE SCE SCG 

Climate Zone 8 

Climate Zone 9 

Climate Zone 10 

Climate Zone 11 

Climate Zone 12 3 - SDG&E SDGE SDGE 

Climate Zone 13 

4 - NCNC 

SMUD 

PG&E 

Climate Zone 14 TID 

Climate Zone 15 
Other (Modesto, Redding, 

Roseville, Trinity, and Shasta 
Lake) 

Climate Zone 16 
5 - LADWP LADWP 

SCG 

Climate Zone 17 

Climate Zone 18 6 - Burbank/Glendale Burbank/Glendale 

Climate Zone 19 7 - IID IID  

Climate Zone 20 8 - Valley Electric Valley Electric 
Source: California Energy Commission, 2017. 

3.1.3 Historic Rebate Program Activity 

The historic rebate program achievements for each of the IOUs are important inputs for calibrating our 
forecast of rebate programs. 
 
The CPUC maintains the Energy Efficiency Statistics (EEStats) portal, an online resource that collects 
program achievement data, for public use.  A spreadsheet of 2013-2015 program achievement data is 
available for download on this website.  This data set includes ex ante and evaluated program savings, 
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expenditures, cost-effectiveness, and emissions for energy efficiency programs statewide.  For the 2017 
PG study, Navigant used this data set to compute portfolio net and gross savings for each sector and 
utility.   
 
Table 3-5 provides the 2013-2015 gross ex-post savings.  Some program savings were not modeled as a 
rebate program and those savings are excluded from this analysis. For example, residential home energy 
reports and retro-commissioning fall under the definition of the BROs subtask and were removed to 
prevent double-counting savings.  Savings labeled “Other” were also removed. 
 

Table 3-5. 2013-2015 IOU-reported Portfolio Gross Program Savings 

IOU 
Spending ($MM) Energy Savings (GWh) Gas Savings (MM Therms) 

RES COM RES COM RES COM 

PG&E 282.50 520.96 758.46 1,120.47 8.8 27.6 

SCE 299.59 503.66 892.17 1,291.51 NA NA 

SCG 77.08 36.16 NA NA 12.7 17.5 

SDG&E 70.69 110.08 175.57 295.18 -1.0 3.5 

Source: CPUC – Energy Efficiency Full Program Cycle (2013-2015) Data 

Additional discussion of the calibration process can be found in 5.Appendix A.  

3.1.4 Non-Incentive Program Costs 

Non-incentive program costs also come from the 2013-2015 Full Program Cycle Data on the CPUC’s 
EEStats portal.  For the PG Model, Navigant determined program costs per unit of kWh or therm, by 
sector.  This is facilitated by the EEStats data, where program costs for each program and measure line 
are already listed. In EEStats, program costs combine administrative costs, marketing costs, 
implementation (customer service) costs, overhead, and EM&V costs.  Note that interactive effects are 
excluded prior to calculating these costs. 
 
Table 3-6 provides an overview of the Non-Incentive Program Costs, based on gross reported savings.  
The displayed AIMS program cost is an average of the individual agriculture, industrial, mining, and 
streetlighting costs calculated. 
 

Table 3-6. Non-Incentive Program Costs Summary 

IOU 
Electric Savings ($/Gross kWh) Gas Savings ($/Gross therm) 

RES COM AIMS  RES COM AIMS 

PG&E $0.12 $0.15 $0.08 $3.55 $4.53 $2.38 

SCE $0.16 $0.18 $0.18 NA NA NA 

SCG NA NA NA $2.14 $1.15 $0.72 

SDG&E $0.12 $0.07 $0.06 $3.40 $1.92 $1.88 

Source: CPUC – Energy Efficiency Full Program Cycle (2013-2015) Data 

R.13-11-005  ALJ/JF2/VUK/lil



 
Energy Efficiency Potential and Goals Study for 2018 and 
Beyond 

 

 
  Page 38 
©2017 Navigant Consulting, Inc. 

3.1.5 Avoided Costs 

Avoided costs place an economic value on the amount of energy and greenhouse gas that is saved by 
implementing an energy saving measure. Avoided costs are a key input to the calculation of cost 
effectiveness. 
 
To determine avoided costs, Navigant used the Cost-effectiveness Tool (CET), a calculator 
commissioned by the CPUC. Post-processing of the CET calculator data resulted in a dataset that 
displays total avoided costs for 2016-2046 by IOU, sector, end use category, and sub-end use category. 
 
Electric avoided costs for the PG model are the sum of the avoided costs of generation, transmission and 
distribution (T&D), and carbon from the CET. Carbon in the CET is expressed in Tons/kWh so Navigant 
needed to multiply this data by the cost of carbon.  Gas avoided costs are the sum of the avoided costs of 
generation and T&D as reported by the CET. The CET embeds the cost of carbon in its valuation of gas 
“generation” avoided cost.   
 
Using the original data obtained in the CET calculator, Navigant created a baseline projection of avoided 
costs that is to be used for the calculation of the Total Resource Cost test.  However, in considering the 
modified TRC test the team needed to update the cost per ton of carbon. Two different GHG adders were 
used in this analysis.  
 
In April 2017, the CPUC issued a draft statement on an interim greenhouse gas adder for consideration in 
alternate cost effectiveness tests.  This adder is an incremental cost of carbon forecast that projects the 
cost from $0 per ton beginning in 2017 to $250 per ton in 2030.47  Navigant refers to this data set as GHG 
Adder #2 in its scenario analysis as is the larger of the two adders. In the comments to the staff proposed 
interim GHG adder, the joint IOUs proposed an alternative GHG adder curve based on the draft 
Allowance Price Containment Reserve (APCR)48. This curve is an extrapolation of preliminary values 
released by the ARB during the development of the California Air Resources Board AB 32 Scoping Plan 
Update. Navigant refers to this data set as GHG Adder #1 as it is the lower of the two adders.  Both 
adders are detailed in Table 3-7. 
 
  

                                                      
47 CPUC Rulemaking 14-10-003.  Downloadable from 

http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M182/K363/182363230.PDF  
48 Joint Opening GHG Adder Comments, page 6 (http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M185/K576/185576217.PDF) 

The curve is an extrapolation of the prices on ARB Staff Report, “Initial Statement of Reasons,” Appendix C, August 2, 2016, Table 5. Available 

at: https://www.arb.ca.gov/regact/2016/capandtrade16/appc.pdf. 
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Table 3-7.  Costs of Carbon, 2016-204649 

Year 
Baseline Carbon Cost 

(nominal $/ton) 
GHG Adder #1 

(real 2016 $/ton) 

Carbon Cost #1 
(Baseline + Adder #1) 

(nominal $/ton) 

GHG Adder #2 (real 
2016 $/ton) 

Carbon Cost #2 
(Baseline + Adder 
#2) (nominal $/ton) 

2016 $12 $47  $59  $0 $12 

2017 $13 $50  $63  $0 $13 

2018 $14 $55  $69  $19 $34 

2019 $15 $59  $74  $38 $56 

2020 $25 $55  $80  $58 $87 

2021 $27 $59  $86  $77 $112 

2022 $29 $60  $88  $96 $137 

2023 $31 $61  $91  $115 $163 

2024 $33 $61  $94  $135 $191 

2025 $36 $62  $97  $154 $220 

2026 $38 $62  $100  $173 $249 

2027 $41 $62  $104  $192 $280 

2028 $45 $63  $107  $212 $313 

2029 $48 $63  $111  $231 $347 

2030 $52 $63  $115  $250 $382 

2031 $55 $64  $119  $250 $391 

2032 $58 $63  $121  $250 $402 

2033 $62 $62  $123  $250 $412 

2034 $65 $61  $126  $250 $422 

2035 $68 $60  $128  $250 $433 

2036 $72 $59  $131  $250 $443 

2037 $75 $58  $134  $250 $454 

2038 $79 $58  $136  $250 $465 

2039 $82 $57  $139  $250 $476 

2040 $85 $56  $142  $250 $487 

2041 $89 $56  $145  $250 $499 

2042 $92 $55  $147  $250 $510 

2043 $96 $55  $150  $250 $522 

2044 $99 $55  $153  $250 $534 

2045 $102 $54  $157  $250 $546 

2046 $106 $54  $160  $250 $558 

 

                                                      
49 The forecast assumes a 2% inflation rate when converting real 2016 dollars into nominal cost.  
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3.2 Residential and Commercial Technology Characterization  

The technology characterization step in the potential study develops the essential inputs that are used in 
the PG model to calculate potential. This section provides an overview of the technology selection 
process for residential and commercial sectors, describes the fields along which technologies are 
characterized, lists the data sources and describes how these sources are used for characterization, and 
directs the reader to the complete database of characterized technologies.  
 
The 2018 study departs from the 2015 Study in terms of measure characterization. The 2015 study 
classified measures defined by a base technology upgrading to an efficient level technology (e.g. SEER 
13 to SEER 15 and SEER 13 to SEER 18 are two different measures).  The 2018 study uses a 
technology-based characterization, which characterizes the individual technologies (e.g. SEER 13, 15 
and 18 are three different technologies).  This new method allows the model to better track stock flow 
between technology levels (as discussed earlier in 2.1.1.2. 

3.2.1 Technology Selection Process 

The first step under technology characterization is to select and develop a list of representative 
technologies. The selection process is necessary to identify high impact technologies with significant 
savings opportunities across multiple end uses, referred to as “representative” technologies. As part of 
this, the Navigant team reviewed multiple databases and information sources and followed a systematic 
process for selection of the “representative” technologies, briefly described below, and represented in 
Figure 3-1 below. 
 
 

Figure 3-1. Res/Com Technology Selection Process 

 
 
As depicted in Figure 3-1, the technology selection process involved multiple steps to arrive at the list of 
selected technologies. It involved review and inclusion of technologies from the California IOUs recent 
program databases (2014 to Q1.2016) and approved utility workpapers, consideration of technologies 
that provide below-code savings opportunities not considered previously, review and consideration of 
emerging technologies, and inclusion of technologies from Navigant’s internal technology databases used 
for other utility studies. Navigant presented an initial list of compiled technologies for stakeholder review 
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and feedback (in August 2016), addressed stakeholder comments and developed a final list of selected 
technologies for characterization.  
 
Figure 3-2 below presents additional details associated with these steps.  
 

Figure 3-2. Res/Com Technology List Development Process 

 

  
 
 
The first step in the technology selection process included a review of multiple information/data sources, 
described earlier, to develop a comprehensive and universal list of technology groups for consideration in 
the study (referred to as the “Full” list in Figure 3-2). Note that a “technology group”, defined and referred 
to earlier in Section 2.1 of the report, includes multiple technologies with different efficiency levels that 
compete for stock replacement under an end use. “Technology group” is also commonly referred to as 
“competition group”. For e.g., residential ACs with different efficiency levels (ranging from SEER 10 to 
SEER 21) are considered a single technology group termed “Residential Air Conditioners” under 
residential HVAC. The “full” list was developed based on a review of different sources, which primarily 
include available databases in EEstats50, program savings data from California IOUs51, utility work 
papers, emerging technology databases, and Navigant’s internal technology database of energy efficient 
technologies outside of this study.  
 
The next step after developing the “full” list of technology groups was to parse it into two sets, a “selected” 
list and an “other reviewed” list, as depicted in Figure 3-2. The “selected” list at this stage included 
representative technology groups from the California IOUs’ program portfolios that provide bulk of the 
savings52, new below-code technologies not considered previously, refreshed list of emerging 

                                                      
50 EEstats database downloadable at http://eestats.cpuc.ca.gov/Views/EEDataPortal.aspx 
51 Navigant obtained database of IOU programs with savings and cost information from 2013 to Q1. 2016 from Itron. 
52 Navigant reviewed EEStats and IOU program data to determine the share in savings from each technology group by enduse for 

the residential and commercial sectors, and included all technology groups that constituted 98% of the total savings by enduse for 

these two sectors.    
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technologies, and relevant technologies included through Navigant’s benchmarking with other similar 
potential studies. Technology groups not included in the “selected” list were in the “other Reviewed” list.  
 
Navigant presented this list of “selected” and “other reviewed” technology groups for stakeholder review 
and feedback.53  From stakeholder comments, the team developed a “final” list of technology groups that 
addressed stakeholder comments. This final list served as the starting point for developing the full list of 
individual technologies under each technology group. As discussed earlier in section 2.1.1.2, the 
individual technologies in each technology group represent “average below code”, “code” and “efficient” 
technologies that compete for stock replacement. Table 3-8 below shows the number of technology 
groups and individual technologies characterized in the study, by end use for residential and commercial 
sectors. This includes technologies included under both fuel types, electric and gas.54  
 

                                                      
53 Navigant described the approach for technology selection and presented the list of “selected” and “other reviewed” technologies 

during a DAWG workshop held on August 29, 2016.  
54 Please refer to the MICS database for additional details. 
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Table 3-8.  Final List of Technology Groups (with Examples) and Individual Technologies 

Sector End Use 
Technology Group 

Examples55 
Number of 

Technology Groups  
Number of Individual 

Technologies56 

Residential 

Appliances/Plug Loads 
Refrigerators, Pool 

Pumps, Clothes Dryers. 
13 42 

Building Envelope 
Weatherization, Attic Duct 

Insulation, Windows. 
13 39 

HVAC 
Air Conditioners, Heat 
Pumps, Ceiling Fans.  

16 47 

Lighting 
Indoor Screw-in Lamps, 
Specialty Lamps, Linear 

Fixtures.  
13 50 

Water Heating 
Electric Water Heaters, 

Faucet Aerators, 
Showerhead. 

9 23 

Total  64 201 

Commercial 

Appliances/Plug Loads 
Power Strips, Servers, 

Vending Controls.  
14 43 

Building Envelope 
Ceiling/Roof Insulation, 

Wall Insulation, Windows. 
6 19 

Com. Refrigeration 
Display Case Motors, 

Strip Curtains, Anti Sweat 
Heat Controls. 

8 19 

Data Center 
Server Virtualization, High 

efficiency UPS, CRAC 
upgrades. 

5 10 

Food Service 
Electric Convention 

Ovens, DCV Exhaust 
Hood, Steamers. 

7 14 

HVAC 
Chillers, Split AC, Mini 

Split Heat Pumps. 
23 80 

Lighting 

High Bay Fixtures, 
Lighting Fixtures (Indoor 

and Outdoor), Indoor 
Reflector Lamps.  

12 47 

Water Heating 
Electric Storage Water 

Heaters, Faucet Aerators, 
Showerhead. 

3 12 

Total  78 244 

                                                      
55 The complete list of technology groups is presented in the MICS database.  
56 Note that the technology list does not include “Whole Building Packages” and BROs Interventions The approach used for 
selection and characterization of these measures are discussed in separate sections of this report. Please refer to the MICS 
database for a complete list of technologies included in the study.  
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3.2.2 Comparison with Measure Characterization in the 2015 Study 

The technology-based characterization allows greater flexibility in characterization, this combined with our 
holistic refresh of the technology list, expands the number of efficient technologies included in the 2018 
study relative to the 2015 study. This comparison is shown in Table 3-9.  Several notable changes can be 
observed form the table:  

 Increase in the number of HVAC technologies  

 Increase in the number of building envelop technologies  

 Increase in the number of Commercial Refrigeration technologies  

 Addition of a “Data Center” end use and technologies 

 Consolidation of “Service” and “Process Heat” end uses into HVAC 
 
Table 3-9.  Comparison of Efficient Residential and Commercial Technologies in 2015 and 2018 PG 

Study 

Sector End Use 
Number of Efficient 

Technologies in 2015 
Study  

Number of Efficient 
Technologies in 2018 

Study  

Residential 

Appliances/Plug Loads 18 22 

Building Envelope 3 14 

HVAC 12 26 

Lighting 29 25 

Water Heating 6 12 

Total 68 99 

Commercial 

Appliances/Plug Loads 4 22 

Building Envelope 3 7 

Com. Refrigeration 5 10 

Data Center N/A 5 

Food Service 7 7 

HVAC 25 44 

Lighting 27 26 

ProcHeat 1 N/A 

Service 4 N/A 

Water Heating 9 7 

Total 85 136 

 
 
The technology-based characterization allows for the inclusion of below-code technologies (and thus to-
code savings).  In the new technology list, Navigant defined the average below code efficiency level for 
technology groups where appropriate.  Such technologies are flagged as “Accelerated Replacement” and 
are summarized in Table 3-10 below.  
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Table 3-10. Residential and Commercial Accelerated Replacement Technology Groups  

Sector End Use 
Number of Technology Groups 
Characterized as Accelerated 

Replacement  

Residential  

Building Envelope 2 

HVAC 6 

Lighting 2 

Total 10 

Data Center 1 

HVAC 9 

Water Heating 3 

Total 13 

3.3 Technology Characterization 

Characterization of the selected technologies involves developing various inputs for each technology that 
are necessary for calculation of potential. Table 3-11 below summarizes the key items for characterization 
of technologies with brief descriptions.  
  

R.13-11-005  ALJ/JF2/VUK/lil



 
Energy Efficiency Potential and Goals Study for 2018 and 
Beyond 

 

 
  Page 46 
©2017 Navigant Consulting, Inc. 

Table 3-11. Key Fields for Measure Characterization with Brief Descriptions 

Items  Brief Description 

Technology Description 

Specifies the following for each technology: 

 Sector 
 End Use  
 Fuel Type  
 Climate Zone  
 Segment/Building Type 
 Replacement type  

Energy Use 

Specifies the following for each technology: 

 Energy use (electric and gas) 
 Coincident Peak Demand  
 Interactive Effects 

Technology Costs 

Specifies the following for each technology: 

 Equipment Cost 
 Repair Cost (for accelerated replacement technologies).  
 Installation Cost 

Market Information 

Specifies the following for each technology: 

 Applicability by Segment/Building Type 
 Density associated with the Technology Group 
 Saturation for Individual Technologies 

Other Items 
Includes the following: 

 Technology lifetime (EUL and RUL),  
 Net-to-Gross (NTG) ratio 

 
The following sub-sections describe in detail how the energy use, costs, market information and other 
relevant fields were developed and the associated hierarchical list of data sources for this information. 

3.3.1 Energy Use 

Energy use is a key input for technology characterization. The technology-based approach followed in 
this study implies that we need to specify the absolute energy use associated with “average below code”, 
“code” and “efficient” technologies.  
 
This study utilizes the findings from the CPUC AB802 Technical Analysis study to define below-code 
baseline (referred to as “average below code”) vs. defining code technology as the baseline, which is 
common practice for many potential studies (including prior CPUC potential studies).  The below-code 
baseline of a given measure is the average efficiency level of older units that are not up to code and have 
not been replaced.  These units have the option of being upgraded to the code/standard or to the efficient 
or above-code efficiency level. 
 
Unit energy use is specified in kWh for electric technologies, and in therms for gas-fueled technologies.  
Electric technologies also require the characterization of coincident peak demand.  For dual-fuel 
technologies that can achieve both electric and gas savings, such as insulation, both metrics are 
calculated. Additionally, some technologies will have interactive effects.  An example is energy efficient 
lighting, which produce less waste heat than incandescent bulbs and thus have additional HVAC 
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consumption associated with it.  The technology characterization template requires these interactive 
effects to be included. 
 
Table 3-12 below lists the data sources for energy use (in hierarchical order) with brief descriptions of the 
sources.  
 

Table 3-12.  Hierarchy of Data Sources for Energy Use Information 

Priority 
Energy Consumption 

Source Name 
Description Author Year 

1 
DEER (Database of Energy 

Efficient Resources) 

Navigant used information from 2017/2018 DEER updates 
for obtaining energy use and coincident peal demand for 

technologies, wherever available.  

Lighting energy use was calculated using the lighting 
calculator tool available at DEER.  

CPUC 2016 

2 
Non-DEER Ex Ante 

Database 

Navigant referred to the Non-DEER ex ante database, 
available from Commission staff, for characterizing 

technologies that were not included in DEER.  
CPUC 2016 

3 
IOU Workpapers [with 

CPUC Disposition] 

Navigant referred to the inventory of workpapers published 
by the California IOUs and referred to approved 

workpapers for technology characterization, wherever 
applicable.   

California IOUs Various 

4 CMUA TRM 
Navigant referred to the CMUA TRM for energy use 

information for applicable technologies.  
Cal TF 2015 

5 
CA IOU Emerging 

Technology Reports 

Navigant reviewed and researched project/technology 
reports from the ETCC—a collaborative forum with IOUs 
and leading member organizations for characterization of 

emerging technologies. 

Emerging 
Technology 
Coordinating 

Council (ETCC); 
IOUs 

Various 

6 IOU Program Data 

Navigant referred to the 2016 EEStats database57 and 2014-
Q12016 program savings58 database from CA IOUs, in case 

energy use information was not available from the above-
listed sources.   

CPUC, IOUs 
2014-
2016 

7 

Non-California source 
examples: 

o Regional 
Technical 
Forum (RTF) 
Database 

In cases where CA-specific sources were not available for 
energy use information, Navigant referred to the following 

sources:  

 Measure-level savings data from evaluated programs 
in the Pacific Northwest region, available through the 

RTF. 

 

 

Northwest Power 
and 

Conservation 
Council (NPCC) 

 

 

2015 

o Navigant 
Potential Study 
Database 

 Navigant’s archive of characterized measure savings 
from potential studies and projects with other utilities. 

Navigant 
2015-
2016 

                                                      
57 http://eestats.cpuc.ca.gov/Views/EEDataPortal.aspx 
58 Navigant obtained the database of IOU programs with savings and cost information from Itron under CPUC’s directive.  
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3.3.2 Technology Costs  

The measure characterization database requires specification of equipment costs, labor costs for 
installation and repair costs for “accelerated replacement” technologies. Information on technology costs 
were primarily sourced from the California Measure Cost Study, published by Itron in 2012. Some of the 
other cost data sources are the same as those listed earlier under energy use. Table 3-13 below 
summarizes the data sources used for technology costs.  
 

Table 3-13.  Hierarchy of Data Sources for Technology Cost Information  

Priority Cost Source Name Description Author Year 

1 CA Measure Cost Study 

This served as the primary 
surce of information for 

equipment and installation 
costs.  

Itron 2012 

2 DEER 

Navigant used information 
from 2017/2018 DEER 
updates for obtaining 

equipment and labor costs 
for technologies, wherever 

available. 

CPUC 2016 

3 
IOU Workpaper [with CPUC 

Disposition] 

Navigant obtained 
equipment and labor costs 

from approved CA IOU 
workpapers, in cases 

where the Navigant team 
referred to these 

workpapers for obtaining 
energy use information.   

Calfornia IOUs Various 

4 CMUA TRM 

Navigant obtained 
equipment and labor costs 
from the CMUA TRM, in 

cases where the Navigant 
team referred to the CMUA 
TRM for obtaining energy 

use information.   

Cal TF 2015 

5 
CA IOU Emerging Technology 

Reports 

Navigant obtained cost 
information on emerging 
technologies from ETCC 

technology reports, 
wherever available.  

Emerging Technology 
Coordinating Council 

(ETCC); IOUs 
Various 
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Priority Cost Source Name Description Author Year 

6 

Non-California source examples:  

o Energy Savings Forecast of 
Solid-State Lighting in General 
Illumination Applications59 

o Navigant Potential Study 
Database 

For lighting technologies, 
Navigant referred to a 

DOE report authored by 
Navigant for LED cost data 
(see discussion following 

table) 

In cases where no 
California-specific source 
was available for costs, 
Navigant referred to the 

company’s internal 
database of energy 

efficient technologies for 
available cost information. 

DOE 

 

 

Navigant 

 

 

 

2016 

 

 

2015-2016 

 

 

 
 
Navigant referred to forecast from the DOE to obtain LED costs.60 This was done to incorporate cost 
projections into the model while maintaining consistency across years. Navigant used efficacy (lm/W) and 
price per kilo-lumen ($/klm) projections to determine current and future costs for LEDs. Figure 3-3 and 
Figure 3-4 below graphs the projected efficacy and costs of different lamp types of LEDs, respectively, 
through 2030. 
 

Figure 3-3. Projected LED Technology Improvements, 2013-2030 

 

                                                      
59 Downloadable from http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf.  
60 Navigant. Energy Savings Forecast of Solid-State Lighting in General Illumination Applications. Prepared for the U.S. DOE. 2016. 

Downloadable from http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf 
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Figure 3-4. Projected LED Cost Reduction Profiles, 2013-2030 

 

3.3.3 Market Information: Density and Saturation Values 

Density and saturation are two essential calculations of technology characterization.  

 Density is a measure of the number of units per building. The potential model uses the density 
information to determine the number of applicable technology units on the appropriate scaling basis 
(per household for residential and per sq. ft. for commercial), to scale up the technology stock by 
segment/building type. Density is specified by technology group and by individual technologies.  
Density can be expressed as the following (for example): units/home, bulbs/home, fixtures/1000 
square feet, tons of cooling/1000 square feet, etc. 

 Saturation is the share of a specific technology within a technology group, so that the sum of the 
saturations across a technology group always sums to 100%. Saturation can also be calculated by 
dividing the individual technology density by the total technology group maximum density.  

 
As an example, Table 3-14 below shows the densities and saturations for residential refrigerators in 
single-family homes in PG&E’s service territory.   
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Table 3-14.  Example of Density and Saturation Calculation 

Technology Name 
Base Year 

Efficiency Level 
Unit basis 

Technology 
Density (units 

per household) 

Technology 
Saturation 

Average Below Code 
Refrigerator 

Average Below 
Code 

No. of 
Refrigerators 

0.155 13% 

Code Compliant Refrigerator Code 
No. of 

Refrigerators 
0.590 51% 

ENERGY STAR Refrigerator Efficient 
No. of 

Refrigerators 
0.405 35% 

Total   1.15 100% 

 
The table shows that an average single-family home in PG&E’s territory has 1.15 refrigerators per home, 
which is the density for refrigerators in single-family homes. The saturations for average below code, 
code compliant and ENERGY STAR refrigerators for single family homes is 13%, 51% and 35% 
respectively. The saturation change overs time with population growth and stock turnover as more 
“below-code” stock gets replaced with “at-code” and “higher efficiency” stock.   
 
Table 3-15 lists the resources used to calculate density and saturation for the residential and commercial 
sector in 2017, in order of priority. Navigant primarily used California-specific sources for density and 
saturation data, and referred to non-California sources only in cases California-specific sources did not 
have the required data.  
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Table 3-15.  Sources for Density and Saturation Characterization 

Priority Sources Description Author Year 

1 
California Lighting & Appl.  Saturation 
Survey (CLASS) 

Residential baseline study of 1,987 homes across 
California. 

DNV GL 2012 

2 Commercial Saturation Survey (CSS) 
Baseline study of 1,439 commercial buildings 

across California. 
Itron 2013 

3 
Residential Appliance Saturation Study 
(RASS)61 

Residential end-use saturations for 24,000 
households in California.   

DNV GL 
(formerly 
KEMA) 

2009 

4 

Non-California source examples: 

o Residential Building Stock 
Assessment (RBSA) 

o Comm. Building Stock 
Assessment (CBSA) 

 

RBSA and CBSA survey residential and 
commercial building stock across the Northwest 
states (Idaho, Montana, Oregon, Washington) 

 

 

Northwest 
Energy 

Efficiency 
Alliance 
(NEEA) 

 

 

2014 

o Res. Energy Consumption 
Survey (RECS) 

o Comm. Bldg. Energy Cons. 
Survey (CBECS) 

RECS and CBECS are surveys of residential and 
commercial building stock in the United States by 

region. Used West regional data only. 

U.S. Dept. of 
Energy 

2009 

o Energy Star Shipment 
Database 

Unit shipment data of Energy Star-certified 
products collected to evaluate market penetration 

and performance 
EPA 

2003-
2016 

 
In addition to the density and saturation values, measure characterization requires specification of the 
technical suitability or applicability factor (which has a value less than or equal to 1), that defines the 
share of customers with the physical or infrastructural pre-requisites to install a technology. The 
applicability factor assumptions are based on data sources, wherever available, and the Navigant team’s 
industry expertise and subject matter expertise in the area.  

3.3.4 MICS Database  

The MICS database consolidates the information from the measure characterization effort and in an Excel 
spreadsheet that serves as an input to the potential model. It presents the various dimensions along 
which measures are characterized as separate fields in the database. The database is publicly available 
and can be downloaded through the CPUC website.62 

3.4 Agriculture, Industrial, Mining, and Street-lighting (AIMS) Technology 
Characterization 

The 2018 PG study updated the Agriculture, Industrial, Mining, and Street Lighting (AIMS) sectors, with a 
heavy focus on the Agriculture and Industrial sector and limited focus on the Mining and Street lighting 

                                                      
61 Navigant referred to this source only in cases where CLASS and CSS did not have the required data. 
62 http://www.cpuc.ca.gov/General.aspx?id=6442452619 
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sectors. The Navigant team’s approach to each sector’s data sources varied. The primary effort for 
Agriculture and Industrial focused on historical program data to directly relate measures developed for the 
potential model to IOU program activities. The data approaches to Mining and Street Lighting remain 
largely consistent with the 2015 PG study, but Navigant reviewed and updated the existing data with new 
and current sources. The following sections provide additional details about the development of data for 
the four AIMS sectors. Additional detail on the industrial and agriculture subsectors and measures can be 
found in Appendix D. 

3.4.1 Agriculture and Industrial Sectors 

Navigant identified over 900 records63 in the 2013 to 2015 Energy Efficiency Statistics (EEStats) data 
associated with the Agriculture and Industrial sectors. The team refined this list of records, focusing on 
the high impact measures (i.e., those contributing significant amounts of energy savings), and excluded 
records with negligible savings contributions or those representing niche activities. Navigant then 
combined similar ProgramIDs into representative technology groupings based on the team’s familiarity 
with the industrial market. 
 
The Navigant team presented the list of initial representative technologies to stakeholders during the 
DAWG meeting in August 2016, seeking feedback on whether the list appropriately represented the two 
sectors, and whether to add or delete any of the identified technologies. Stakeholders generally agreed 
with the overall approach to leveraging EEStats data and recommended a few areas of improvement, 
including expanding the lighting end-use to cover specific technologies (e.g., LEDs and lighting controls). 
Figure 3-5 illustrates this technology list development process. 
 

Figure 3-5. Industrial and Agriculture Technology List Development Process 

 
 
The Navigant team then segmented the final technology list into three categories: 

 Discrete identified deemed measures, readily defined and forecasted using the diffusion model 
using deemed savings estimates 

 Discrete identified custom measures, readily defined and forecasted using the diffusion model 
using custom savings estimates 

                                                      
63 Navigant defined a record as a unique EEStats program identification or ProgramID field, e.g., PGE21021. 
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 Generic custom measures included in projects unique to various subsectors that cannot be 
readily defined at the measure level or forecasted using a diffusion model. Navigant describes the 
methodology used to characterize these generic custom measures in section 3.5. 

3.4.1.1 Agricultural and Industrial Identified Technologies 

For the 2018 study, Navigant characterized 19 technology groups for the Agriculture sector, and 26 for 
the Industrial sector, representing the identified deemed and identified custom measures for the diffusion 
model (summarized in Table 3-16). Most of these are sourced from the EEStats technologies with other 
sources informing the development of four technologies, two each for Industrial and Agriculture. This 
approach provided consistency with the methods used in the Residential and Commercial sectors, and 
allowed the modeling team to calibrate the PG model using prior program achievements detailed in 
EEStats and establish greater confidence in the results.  
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Table 3-16. Final List of Technology Groups and Individual Technologies 

Sector End Use 
Technology Group 

Examples64 
Number of 

Technology Groups  
Number of Individual 

Technologies65 

Agriculture 

Machine Drives 
Motors, Pumps, Air 

Compressor Equipment 
3 33 

Irrigation Drives 
Crop Irrigation, Water 

Pumping 
3 10 

Lighting 
Indoor LED Fixtures, 

Specialty Lamps, Linear 
Fixtures.  

5 92 

HVAC 
Air Conditioners, Heat 

Pumps, Ventilation 
1 16 

Process Heating 
Greenhouses, Post-
Harvest Processing, 

Drying 
3 48 

Process Refrigeration 
Milk Cooling, Wine 

Cooling 
3 61 

Other 
System Controls and 

Optimizations 
1 9 

Total  19 269 

Industrial 

Machine Drives 
Motors, Pumps, Air 

Compressor Equipment 
11 145 

Lighting 
Indoor LED Fixtures, 

Specialty Lamps, Linear 
Fixtures.  

3 206 

HVAC 
Air Conditioners, Heat 

Pumps, Ventilation, VAV 
Systems 

5 82 

Process Heating 
Boilers, Steam Traps, 

Insulation, Furnace/Ovens 
4 56 

Process Refrigeration 
Refrigerators, 

Refrigeration Controls 
1 20 

Other 
System Controls and 

Optimizations 
2 6 

Total  26 515 

 
The Industrial and Agriculture sectors of this 2018 study are informed by 515 individual technologies 
sourced from EEStats (as listed in Table 3-16). For comparison, the 2015 study was informed by 167 
supply curves defining a specific combination of subsector, end-use, measure type, and fuel.  As a result, 

                                                      
64 The complete list of technology groups is presented in the MICS database.  
65 Note that the technology list does not include “Emerging Technologies,” “Interventions (BROS),” or “Generic Custom” 
technologies. The approach used for selection and characterization of the non-diffusion measures are discussed in separate 
sections of this report. Please refer to the MICS database for a complete list of technologies included in the study.  
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the 2018 study has more granular disaggregation of savings opportunities.  

3.4.1.2 Technology Characterization 

The PG diffusion model required the characterization of a number of technology-level inputs including, 
unit energy savings, unit costs, and the saturation or density of efficient versions of each technology 
currently existing in the marketplace. The team mined a number of data sources to complete a 
comprehensive characterization of the agriculture and industrial technologies.  

 Agricultural data sources for measure characterization included EEStats, CPUC workpapers, 
and data provided by the investor-owned utilities. The team also relied on the Database for 
Energy Efficiency Resources (DEER) for information on energy savings estimates by technology. 

 Industrial data sources were similar to those mined for the agriculture sector, including EEStats 
and data provided by IOUs, the CPUC, and the CEC. For energy savings estimates, the team 
used the Industrial Assessment Center (IAC).66  

 
Navigant closely reviewed the data sources for agricultural technologies and aggregated common 
technology details for each input to the diffusion model, including energy savings, costs, effective useful 
life (EUL), and densities. The team then weighted the results of each source and rolled them up to 
estimate the technology-level inputs. For most of the measures, Navigant leveraged California-specific 
resources, but when not applicable or available to certain measure types, Navigant utilized other peer 
group jurisdictions and substituted in California specific variables where possible (e.g., for post-harvest 
process grain dryers, Navigant reviewed the Wisconsin TRM but substituted California specific data for 
operating hours, moisture content, and other general drying conditions).67  
 
For the industrial technologies, the team used a mix of data sources to characterize the inputs to the 
diffusion model.  
 
Energy Savings. The team used data from the national IAC database to supplement EEStats data, and 
inform the energy savings estimates for the industrial diffusion technologies. The IAC network is 
comprised of 24 universities which have completed over 16,000 industrial assessments at industrial 
facilities across the nation. Each assessment completed by the IAC includes detailed recommendations 
for improving energy consumption at a given site,68 the specific energy savings the site can expect by 
implementing such improvements, and the total energy each site currently uses. Navigant notes that the 
PG Model study efforts have relied on IAC data since 2011. 
 
Navigant mapped all the unique IAC recommendations to the list of identified deemed or identified custom 

                                                      
66 https://energy.gov/eere/amo/industrial-assessment-centers-iacs 
67 Other sources include the Pennsylvania TRM 

(http://www.puc.pa.gov/filing_resources/issues_laws_regulations/act_129_information/technical_reference_manual.aspx); the Illinois 

TRM (http://www.ilsag.info/technical-reference-manual.html); the Michigan Energy Measures Database 

(http://www.michigan.gov/mpsc/0,4639,7-159-52495_55129---,00.html); and the Wisconsin TRM 

(http://dsmexplorer.esource.com/documents/Wisconsin%20-%2010.22.2015%20-%202016%20TRM.pdf). See the Agriculture MICS 

for more detail on which measures these sources informed. 
68 The IAC recommendations cover upgrades to inefficient equipment, the addition of energy reducing technologies to existing 

equipment, and improvements to industrial processes through controls. 
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industrial technologies created from the EEStats database. The team then used NAICS coding to sum the 
energy savings estimates for each technology to the entire industrial sector level by building type, and 
divided it by the total energy consumption for all buildings of that type. This provided the percentage each 
technology saves by building type across the entire industrial sector.69 The team followed this process for 
both electric (kWh) and gas (therm) consuming industrial measures.  
 
The IAC database included robust, informative data for all but a few industrial technologies. The 
technologies not included in IAC, but identified in EEStats, were LED Lighting, Injection Molding, and 
Wastewater Aerators. 
  
Lighting End Use: Navigant leveraged commercial sector data for all industrial and agriculture lighting 
measures. To account for differences in lighting characteristics between commercial, industrial, and 
agriculture sectors, the team applied a 50 percent technical suitability factor to the industrial and 
agriculture savings results for lighting controls.70  
 
Injection Molding and Wastewater Aerators: Southern California Edison (SCE) provided work paper data 
regarding actual savings estimates from the installation of these two technologies, which the team used to 
estimate sector level savings percentages.  
 
Costs. Navigant primarily used the EEStats database to calculate the incremental cost per unit energy 
savings for technologies included in the industrial and agriculture analysis.71 The team multiplied the 
incremental cost per unit by the technology energy savings to estimate technology costs.  
 
EUL and NTG. Navigant used the EEStats database to calculate the EUL and net-to-gross (NTG) ratios 
for all technologies included in the industrial technology list.  
 
Saturations and Densities. Technology characterization requires data on the saturation of efficient 
technologies currently existing in the industrial marketplace. This provides a clearer picture of how much 
potential energy savings still exists by upgrading remaining baseline technologies within that marketplace. 
For industrial technologies analyzed using the IAC database, the team assumed that every 
recommendation made at an industrial facility meant that this facility still had the inefficient baseline 
technology installed. For example, if a facility received a recommendation to upgrade their lighting 
system, the team assumed that this facility still used inefficient or baseline lighting technologies. This 
assumption allowed the team to identify the percentage of sites with baseline equipment (i.e., those 

                                                      
69 The final percentages of savings by building type are a nationwide value. The IAC data does not contain enough assessment data 

points to calculate these values on a state or region level with any degree of statistical confidence. Further, Navigant’s vetting of IAC 

data during previous PG Study efforts determined that national-level IAC data is representative of California industrial sector 

activities. 
70 The 50% suitability factor identifies the amount of lighting that is available for controls. Based on professional judgement, 

Navigant assumes that half25% of industrial and agriculture lighting cannot be controlled due to various operational considerations.  
71 The costs in EEStats include labor to represent the full incremental cost of implementation. Lighting end use relied on a cost per 

kWh consumed rather than cost per kWh saved because the team relied on commercial data for the industrial lighting end use 

measures. 
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receiving a recommendation for a technology).72 The team then used this baseline percentage as one of 
the variables for calculating the total sector savings available for each measure defined in the Energy 
Savings section above. 
 
For measures not covered in the IAC database, the team used professional judgment, based on data 
sources such as commercial sector saturation data and feedback from stakeholders, to estimate a density 
of efficient versus inefficient technology. 

3.4.2 Mining Sector 

The PG Model and the updates for the 2018 effort rely on the mining sector inputs established in previous 
studies.73 Navigant defined the mining sector inputs using a bottom-up approach consistent with the other 
AIMS sectors. The team sourced data from several sources including region-specific information on oil 
and gas extraction activities from the California Department of Conservation.74 This data provided the 
number of active and idle wells; the amount of oil and water produced from wells; the amount of steam 
and hot water generated for mining operations; and the number new wells created.75 
 
The Navigant team also used consumption data from the CPUC and other secondary sources, including 
IOU program data, and industry-specific reports and studies. These sources inform estimates for energy 
savings, costs, EUL, and NTG. Navigant also updated select model inputs such as equipment stocks, 
sector consumption, and saturations of efficient equipment.  

3.4.3 Street Lighting Sector 

Like the mining sector, the PG Model and the updates for the 2018 Street Lighting effort rely on the inputs 
established in previous studies.76 The team also used a bottom-up approach to define sector inputs. 
Information provided directly by the IOUs served as the primary basis for street lighting inputs, specifically 
the inventories of customer-owned and IOU-owned street lights included in the LS-1 and LS-2 rate 
classes.77 The PG Model outputs reflect potential energy savings associated only with customer-owned 
lamps (LS-2 rate schedule). However, Navigant gathered data on IOU-own lamps (LS-1 rate schedule) to 
aid with data vetting and quality control.  
 
The IOU street lighting inventories inform several model inputs including equipment stocks, densities, and 
saturations of efficient equipment. Finally, Navigant also relied on secondary sources to update 
equipment costs. The team revised cost forecasts for LEDs with information from the DOE’s Solid State 
Lighting program.78 

                                                      
72 The IAC recommendations do not provide a density of efficient equipment in the marketplace because the inverse of the 

assumption regarding recommendations is not true (i.e., just because an industrial facility did not receive a recommendation, does 

not mean they already have the efficient version of the recommendation installed). 
73 http://www.cpuc.ca.gov/General.aspx?id=2013 
74 http://www.conservation.ca.gov/dog 
75 http://www.conservation.ca.gov/dog/pubs_stats/annual_reports/Pages/annual_reports.aspx 
76 http://www.cpuc.ca.gov/General.aspx?id=2013 
77 Example from SCE: https://www.sce.com/NR/sc3/tm2/pdf/ce37-12.pdf 
78 2014 report: https://energy.gov/sites/prod/files/2015/05/f22/energysavingsforecast14.pdf; 2016 report: 

https://energy.gov/sites/prod/files/2016/10/f33/energysavingsforecast16_0.pdf 
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3.5 Industrial and Agriculture Custom Technologies Data Sources 

This section describes the data sources used to characterize the custom and emerging technologies for 
the Industrial and Agriculture sectors. 

3.5.1 Generic Custom Measures 

Generic custom measures in the industrial and agriculture market sectors are projects that tend to be 
specific to an industry segment or production method. Generic custom measures are often listed by non-
descript names such as ‘Process-Other’ in publicly report IOU tracking data and they present several 
challenges within a potential forecast, including:  

 Having unique attributes that make them difficult to forecast within the diffusion based PG model 
 Being unlikely to saturate over time due to continual process changes in the industrial and 

agricultural sectors 
 Often consisting of emerging technologies with little to no engineering details, market parameters, 

or work papers 
 
Generic custom measures make-up a significant portion of the energy efficiency program portfolio. Based 
on an analysis portfolio level EEStats data for the 2013 and 2014 portfolio, generic custom accounted for 
36% of industrial savings and 58% of agricultural sector savings. 
 
The 2018 potential model treats generic custom measures as a specific measure class. Table 3-17 
provides the inputs for electricity and natural gas for these measures. Navigant estimated savings based 
on building type consumption (kWh or Therms/year), however since these technologies are forecast as a 
single class of measure, savings do not vary by market segment or IOU. Navigant does provide separate 
UES estimates for the industrial and agricultural market sectors. The team calculated the EUL for these 
measures at 15 years since they tend to be larger capital investments with long operating lives. Costs for 
electricity and natural gas savings are $0.33 /kWh and $2.25/therm. Navigant applied cost and EUL 
values consistently across market segments within the industrial and agricultural sectors and across 
utilities. 
 

Table 3-17. Generic Custom Measures - Key Assumptions 

Sector Type 
EUL 

years 
Savings Range Cost kW/kWh 

Savings Ratio kWh Therm kWh Therm 

AIMS 
Generic 
Custom 

15 0.16% (Ind) 
0.28% (Ag) 

0.17% (Ind) 
1.19% (Ag) 

$0.33  $2.25 0.000195 

Source: Navigant team analysis  

Applicability of generic customer measures in the industrial and agricultural sectors is 100% because 
these measures are considered ubiquitous to all activities in all market segments. Because the 
forecasting approach assumes generic custom measures will produce a static level of savings each year, 
penetration rates are meant to ultimately reflect current savings levels and do not vary over the forecast 
period. Penetration rates were held constant over the forecast horizon because industrial facilities 
continually upgrade equipment and processes and it is likely that generic custom measures will be 
installed at the same rate as past program activity. 
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Savings from generic custom measures are based on an analysis of portfolio level savings from data 
available through the California EEStats portal79 for programs operating from 2006 through 2015. Over 
this period, generic custom measures contributed 42% of industrial and 62% of agricultural sector net 
electricity savings, with similar percentage contributions for natural gas. Navigant based the savings 
values in the 2018 PG model on an analysis of generic custom measures savings in EEStats for the 2013 
and 2014 program years. Data for these program years provided the level of detail necessary to separate 
generic custom measures from savings attributable to deemed measures, or other custom measures that 
could be defined and modelled using a diffusion approach. 
 
Using historic savings values defined by the analysis of EEStats data and sector level consumption 
forecasts provided by CEC, the team determined that generic custom measures would save roughly 
0.16% and 0.17% of annual Industrial sector electricity and natural gas usage, respectively. Using a 
similar methodology, Navigant forecasted savings from generic custom measures in the Agricultural 
sector at 0.28% of annual electricity consumption, and 1.19% of annual gas usage. These percentages 
are used in both the reference or aggressive cases and remain constant throughout the forecast horizon. 
5.Appendix F provides addition details on the generic custom analysis and forecast methodology. 
 
Navigant based costs for electricity and natural gas savings on an analysis of industrial and agricultural 
programs operating in California and across the nation throughout 2016. They are estimated at 
$0.33/kWh and $2.25/therm, and they are applied consistently across sectors and utilities through the 
2018 study forecast horizon. 

3.5.2 Emerging AIMS Technologies 

New emerging technologies (ET) to reduce energy use and energy demand are continually being 
introduced in the California marketplace. For the 2018 study, Navigant initially identified approximately 
1,500 potential ETs. These ETs were run through a screening process to rate energy technical potential, 
energy market potential, market risk, technical risk, and utility ability to impact market adoption. This 
process ultimately yielded 169 emerging technology processes80 for final consideration within the model. 
For a summary of the ET literature reviewed, and details on screening process and how this was used to 
define sub-sector potential, see Appendix F.  
 
Table 3-18 summarizes the resulting savings and cost factors. Navigant applied segment-specific electric 
and gas savings, as well as costs, EUL, and the kW/kWh savings ratio consistently across all utilities.  
 

Table 3-18. Emerging Technologies - Key Assumptions 

Sector Type 
EUL 

years 

Savings Range (Percent of Building 
Energy Consumption) 

Cost kW/kWh Savings 
Ratio 

kWh Therm kWh Therm 

AIMS 
Emerging 

Technologies 
15 0.18% - 4.8% 0.44% - 9.5% $0.42  $2.83 0.000195 

 
Emerging technologies apply to different industrial and agricultural sectors in varying degrees. However, 
because Navigant conducted sector-specific technology applicability calculations during the screening 
process, the team assigned each sector a 100% eligibility factor for modeling purposes. This was 
                                                      
79 http://eestats.cpuc.ca.gov/Default.aspx 
80 The emerging “technologies” represent a process for reducing energy consumption and not necessarily a specific technology.  
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possible because the forecasted savings for that sector are derived only from those technologies that are 
relevant to the end uses within that respective industrial or agricultural sector.  
 
Electric savings range from 0.18% to 4.8%, with an average of 1.74%. Natural gas savings range from 
0.44% to 9.5%, with an average of 3.99%.  
 
The model uses a universal EUL of 15 years to accommodate the broad range of emerging technology 
adoption curves. Similarly, a universal 0.000195 ratio of kW to kWh was applied to all three electric 
utilities. This is same value used for SEM, and it based on an analysis of several third-party SEM 
programs operating in California during the 2014-2015 portfolio cycle. Actual ET-specific EULs and 
kW/kWh are presently unknown and can be refined during future ET market studies as additional 
information becomes available. 
 
Adoption of future ETs will vary by technology. Some ETs will gain widespread customer acceptance and 
capture broad market share based on price, energy savings, and other customer-driven factors, while 
other ETs will see a more limited adoption. Although Navigant assigned unique risk factors to each new 
technology during the screening process, it is impossible to definitively predetermine which technology 
will be successful. Therefore, the model considers all emerging technologies in aggregate and applies a 
consistent participation rate to all ETs. As such, penetration forecasts for both the industrial and 
agricultural sectors begin with a saturation level of 1% for the reference case and follow a compound 
annual growth rate of 2.95%, yielding a target saturation of 21.17% by 2030. The 2030 target saturation 
of the portfolio of AIMS relevant ETs of approximately 20% is an estimate that acknowledges the timeline 
over which new technologies move through the adoption cycle to reach 80% saturation (typically ranging 
from 10 to 30 years), and the relatively slow turnover of the diverse set of production equipment 
associated with many industrial processes. 
 
Navigant estimated costs for electricity and natural gas ET savings based on an analysis of industrial and 
agricultural programs operating throughout 2016. Costs for electricity and natural gas savings are 
estimated at $0.42/kWh and $2.83/therm, and are applied consistently for all utilities and across all 
industrial and agricultural sectors. Additional information on the methodology used to derives UES values 
and costs for ET measure can be found in Appendix F. 

3.6 Whole Building Initiatives 

Whole building initiatives aim to deliver savings to residential and commercial customers as a package of 
multiple efficiency measures that are all installed at the same time. The 2018 Study models whole 
building initiatives via the technology levels indicated in Table 3-19. As described in section 2.1.1.2, the 
technology levels within the technology group include existing baseline, code baseline, and the efficient 
result of a whole building initiative.  
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Table 3-19. Whole Building Technology Levels 

Technology Group Residential Technology Level Commercial Technology Level 

New Construction 

Title 24 2008 Code Title 24 2008 Code 

Title 24 2013 Code Title 24 2013 Code 

Title 24 2016 Code Title 24 2016 Code 

Title 24 2019 Code Title 24 2019 Code 

ZNE ZNE 

Retrofit 

Existing Building – No Retrofit Existing Building – No Retrofit 

Energy Upgrade CA - Basic Retrofit – 15% Savings 

Energy Upgrade CA - Advanced  

Source: Navigant team analysis, 2017. 

The Navigant team presented measures and methodology overviews at the Demand Analysis Working 
Group (DAWG) Meeting on November 4, 2016 and requested additional data sources of stakeholders. No 
additional data sources were provided to support this analysis. The following sections discuss the 
technology levels used in the 2018 Study. The final values for savings, cost, measure life, and other key 
model inputs can be found in the MICS spreadsheet. 

3.6.1 New Construction 

The 2018 Study refines results to represent each Title 24 code level as it becomes the baseline for ZNE 
construction as the efficient measure, with energy consumption in absolute terms and costs represented 
as incremental to 2008 Title 24 levels. Though analysis is ongoing, communications with the CEC 
indicate that 10 percent energy savings are expected for 2019 Title 24 over 2016 Title 24.   

3.6.1.1 Commercial 

Table 3-20 provides the sources for the characterization of commercial new construction whole building 
initiatives. These represent the best and usable data sets available to the team at the time of 
characterization. Of particular value was the data from the 2016 CBECC-Com software, which provided 
variability by climate zone.  
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Table 3-20. Commercial New Construction Whole Building Data Sources 

Data Category Data Items Data Sources 

Cost 

Incremental Cost of  
2013 Title 24 over 2008 

Title 24 

California Energy Commission, 2013 Standard Cost Impact Analysis: 
http://www.energy.ca.gov/title24/2013standards/rulemaking/documents/final_rulem

aking_documents/05_Impact_Analysis.pdf 

Incremental Cost of  
2016 Title 24 over 2013 

Title 24 

California Energy Commission, 2016 Notice of Proposed Action: 
http://www.energy.ca.gov/title24/2016standards/rulemaking/documents/NOPA_title

24_parts_01_06.pdf 

 
Incremental Cost of  

2019 Title 24 over 2016 
Title 24 

Navigant extrapolation based on 2016 T24 

 
Incremental Cost of ZNE 

over 
2013 Title 24 

Calculated using the following:  
New Building Institute, Getting to Zero 2012 Status Update: A First Look at the 

Costs and Features of Zero Energy Commercial Buildings: 
http://newbuildings.org/getting-zero-2012-status-update-first-look-costs-and-

features-zero-energy-commercial-buildings 
Comm. RE Specialists, Cost Per Square Foot For New Commercial Construction, 

2013. 
Reed Construction Data Inc., RS Means Square Foot Estimator, 2013: 

http://www.rsmeansonline.com 

Energy Consumption 
and Savings 

2016 Title 24 Energy 
Consumption 

California Energy Commission, CBECC-Com 2016 Std. Design Results, January, 
2017.  

Incremental Energy 
Savings of  

2013 Title 24 over 2008 
Title 24 

California Energy Commission, 2013 Impact Analysis: 
http://www.energy.ca.gov/2013publications/CEC-400-2013-008/CEC-400-2013-

008.pdf 

Incremental Energy 
Savings of  

2016 Title 24 over 2013 
Title 24 

California Energy Commission, 2016 Impact Analysis: 
http://www.energy.ca.gov/title24/2016standards/rulemaking/documents/15-

day_language/impact_analysis/2016_Impact_Analysis_2015-06-03.pdf 

Incremental Energy 
Savings of  

2019 Title 24 over 2016 
Title 24 

Communications with the California Energy Commission, January, 2017. 

Incremental Energy 
Savings of  
ZNE over  

2013 Title 24 

ARUP, The Technical Feasibility of Zero Net Energy Buildings in California, 
December, 2012.  

 

3.6.1.2 Residential 

Table 3-21 provides the sources for energy consumption and cost data. By using the percent savings 
values rather than absolute energy consumption reported by different sources, the 2018 Study accounts 
for inconsistencies in simulation assumptions across data sources. This results in lower electricity 
consumption and higher natural gas consumption in comparison to the 2015 Study.  
 

R.13-11-005  ALJ/JF2/VUK/lil



 
Energy Efficiency Potential and Goals Study for 2018 and 
Beyond 

 

 
  Page 64 
©2017 Navigant Consulting, Inc. 

Table 3-21. Residential New Construction Whole Building Data Sources 

Data Category Data Items Data Sources 

Cost 

Incremental Cost of  
2013 Title 24 over 2008 Title 24 

California Energy Commission, 2013 Standard Cost 
Impact Analysis: 

http://www.energy.ca.gov/title24/2013standards/rule
making/documents/final_rulemaking_documents/05

_Impact_Analysis.pdf 

Incremental Cost of  
2016 Title 24 over 2013 Title 24 

California Energy Commission, 2016 Notice of 
Proposed Action: 

http://www.energy.ca.gov/title24/2016standards/rule
making/documents/NOPA_title24_parts_01_06.pdf 

Incremental Cost of  
2019 Title 24 over 2016 Title 24 

Navigant extrapolation based on 2016 T24 

Incremental Cost of  
ZNE over  

2013 Title 24 

CEC Draft Title 24 Code Update Analysis provided 
to Navigant 

Energy Consumption and 
Savings 

 

Incremental Energy Savings of  
2013 Title 24 over 2008 Title 24 

California Energy Commission, 2013 Standard Cost 
Impact Analysis: 

http://www.energy.ca.gov/title24/2013standards/rule
making/documents/final_rulemaking_documents/05

_Impact_Analysis.pdf 

2013 Title 24 Energy Consumption 
California Energy Commission, CBECC-Res 2013 

Std. Design Results, 2015.  

2016 Title 24 Energy Consumption 
California Energy Commission, CBECC-Res 2016 

Std. Design Results, January, 2017.  

Incremental Energy Savings of  
2019 Title 24 over 2016 Title 24 

Communications with the California Energy 
Commission, January, 2017. 

Incremental Energy Savings of  
ZNE over  

2013 Title 24 

ARUP, The Technical Feasibility of Zero Net Energy 
Buildings in California, December, 2012.  

3.6.2  Retrofit 

Characterization of both commercial and residential whole building retrofits reflects the encouragement of 
to-code savings in existing buildings expressed in AB802. 

3.6.2.1 Commercial 

In the 2015 Study, bundles of electric and gas measures were assembled from the MICS to represent the 
weighted average installation of measures by a typical participant. This 2018 Study moves away from this 
bottom-up approach, and instead uses a top-down approach with a goal of saving 15 percent of 
consumption at the whole building level. This target was selected in response to feedback collected at the 
November DAWG Meeting that indicated that whole building retrofits needed to achieve 15% savings to 
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be able to differentiate savings from noise when using normalized metered energy consumption (NMEC) 
methods and reflect deeper energy savings from multi-measure approaches.81   
 
Navigant verified that this level of savings could be achieved by addressing cooling, ventilation, lighting, 
and refrigeration electric end-uses and heating, water heating, and food service gas end-uses.82 Figure 
3-6 uses the example of colleges in PG&E’s territory to demonstrate the calculations conducted for each 
building type to ensure feasibility of the 15% savings target. After defining the total savings target, these 
savings are distributed among the end uses listed above. The distribution was derived by starting with the 
percent savings exhibited by each end use in the 2013-2015 California energy efficiency portfolio. These 
had to be modified in an iterative process using the following parameters to ensure that reasonable 
savings were expected from each end use: Navigant kept savings at or below 50% for lighting and at or 
below 20% on all other end-uses with minimal exceptions.  
 

Figure 3-6. Whole Building Retrofit Savings Calculation and Viability Check  

 
 
Costs were applied to these energy savings using an average unit energy savings ($/kWh or $/therm) 
associated with each end use across the 2013-2015 California energy efficiency portfolio. The data 

                                                      
81 Decision Approving 2013-2014 Energy Efficiency Programs and Budgets, p. 77; AB802  
82 With the exception of gas savings at dual fuel utilities for the following building types: office, retail, school, and health 
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sources listed in Table 3-22 were used for this analysis. This approach yields increased demand savings 
and comparable energy savings to the 2015 Study analysis. 
 

Table 3-22. Commercial Retrofit Whole Building Data Sources 

Data Items Data Sources 

Energy Intensity by End-Use 
and  

Building Type 
California Energy Commission, California Commercial End-Use Survey, March, 2006.  

Floorspace California Energy Commission, 2016 Integrated Energy Policy Report. 

Costs California Public Utilities Commission, California Energy Efficiency Statistics, 2013-2015 Program Cycle. 

 

3.6.2.2 Residential 

Table 3-23 provides the sources of data used in characterizing the Energy Upgrade California program. 
Costs were applied to the energy savings using an average unit energy savings ($/kWh or $/therm) as 
derived from the program metrics reported by all Energy Upgrade California IOU programs. The 2018 
Study results indicate higher multifamily costs than the 2015 Study as well as higher energy savings.  
 

Table 3-23. Residential Retrofit Whole Building Data Updates 

Data Items Data Sources 

Single Family Savings 
DNV GL, Focused Impact Evaluation of the 2013-2014 Home Upgrade Program, CALMAC ID: 

CPU0118.01.  
http://www.calmac.org/publications/CPUC_HUP_Focused_Evaluation-FINAL_05-03-16atr.pdf 

Multifamily Savings Apex Analytics, Draft Results of 2015 Impact Evaluation.   

Costs California Public Utilities Commission, California Energy Efficiency Statistics, 2013-2015 Program Cycle. 

 

3.7  Codes and Standards 

C&S modeled in the PG study use data from multiple sources. For evaluated C&S the 2018 PG Model 
uses ISSM83 as its data source. For certain unevaluated C&S, the 2018 PG model uses data provided by 
PG&E84. For all other C&S, the 2018 PG Model uses data from the 2015 Potential and Goals Study85 or 
additional assumptions made by Navigant. 
 
Table 3-24 lists the number and type of codes and standards and their data source. A full list of the 
modeled C&S, their compliance rates, effective dates, and policy status (on the books, possible, or 
expected) are listed in Appendix E. 
 

                                                      
83 Cadmus and DNV GL. Integrated Standards Savings Model (ISSM). 2017. 
84 Julie Liberzon. PG&E. January 3, 2017. Personal email communication in response to CPUC data request. 
85 Navigant Consulting, Inc. Energy Efficiency Potential and Goals Study for 2015 and Beyond. September 2015. 
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Table 3-24. C&S Data Source Summary 
 

IOU C&S Group Number and Type of Codes and Standards Data Source 

2005 Title 20 22 appliance standards ISSM 

2006-2009 Title 20 13 appliance standards ISSM 

2011 Title 20 4 appliance standards ISSM 

2015-2016 Title 20 14 appliance standards PG&E 

Future Title 20 15 appliance standards 
PG&E, 2015 Model, Navigant 

Estimates 

Federal 50 appliance standards ISSM, PG&E, 2015 Model 

2005 Title 24 19 building codes ISSM 

2008 Title 24 22 building codes ISSM 

2013 Title 24 46 building codes ISSM 

2016 Title 24 12 building codes PG&E 

Future Title 24 5 building codes Navigant Estimates 

Sources: Cadmus and DNV GL. Integrated Standards Savings Model (ISSM). 2017.; Julie Liberzon. PG&E. January 3, 2017. 
Personal email communication in response to CPUC data request. 

The 2018 study made several adjustments to the data obtained: 

 An uncertainty factor of 80% was applied to all unevaluated C&S. 

 IOUs provided claims for “T20 LED Quality” standards. This is a voluntary standard and thus was 
removed from the forecast to err on the side of conservatism. 

 Per guidance from Cadmus, several 2013 Title 24 codes were removed from the analysis 
because their savings were already included in Whole Building codes86.  

 
For 2013 Title 24, ISSM provides the option to use either "bounded" or "unbounded" energy savings 
adjustment factors (ESAF), which are analogous to compliance factors for appliance standards87. 
"Unbounded" refers to the case where a building, project, or measure can consume less energy than the 
level established by the current Title 24 code, resulting in an ESAF greater than 100%. "Bounded" refers 
to limiting the ESAF values to a maximum of 100%. The 2018 PG study uses bounded values from ISSM. 
 
The 2018 study re-evaluated the percentage of C&S savings that occurs in new construction vs. building 
retrofits. The 2015 study assumed new construction percentages of 0-2% for appliance standards and 
100% for building codes. The 2018 study, on the other hand, used new construction percentages for 2005 
and 2008 Title 24 evaluated measures from the 2010-2012 impact evaluation report88. For 2013 Title 24, 
each evaluated code name specified whether it was for new construction. For Title 20 and federal 
standards, the 2018 study calculated new construction percentages based on the average new 

                                                      
86 Cadmus and DNV GL. California Statewide Codes and Standards Program Impact Evaluation Phase Two, Volume Two: 2013 

Title 24. August 2017. 
87 Cadmus and DNV GL. California Statewide Codes and Standards Program Impact Evaluation Phase Two, Volume Two: 2013 

Title 24. August 2017. 
88 Cadmus, Energy Services Division and DNV GL. Statewide Codes and Standards Program Appendices to Impact Evaluation 

Report for Program Years 2010-2012. August 2014. 
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construction rate for each standard’s sector and the retrofit lifetimes for each standard, as shown in 
Equation 3-1. 
 

Equation 3-1. C&S New Construction Percentage 

 

݁݃ܽݐ݊݁ܿݎ݁ܲ	݊݋݅ݐܿݑݎݐݏ݊݋ܥ	ݓ݁ܰ ൌ 	
݁ݐܴܽ	݄ݐݓ݋ݎܩ	݈ܽݑ݊݊ܣ	݊݋݅ݐ݈ܽݑ݌݋ܲ	ݎ݋ݐܿ݁ܵ

1
ൗܮܷܧ	݁ݎݑݏܽ݁ܯ

 

 
The 2018 study determined new energy savings estimates for future Title 24 codes in 2019. The 2018 
study has unit energy savings (UES) inputs for 2013 and 2016 Title 24 from ISSM and PG&E data 
sources. The 2018 study also had whole building energy use values for 2013, 2016, and 2019 Title 24 
(discussed in further detail in section 3.6.1). The team therefore used UES values and ratios of 
consumption values to estimate 2019 Title 24 UES for C&S analysis using Equation 3-2. 
 

Equation 3-2. 2019 Unit Energy Savings 

 

ܵܧܷ	2019 ൌ
ሺ1 െ ሻݏ݃݊݅ݒܽݏ2016% ൈ ሺ2019%ݏ݃݊݅ݒܽݏሻ

ሺ2016%ݏ݃݊݅ݒܽݏሻ
 ܵܧܷ	2016	ݔ

Where  

2019%savings = expected percent savings of a 2019 T24-compliant relative to a 2016 
T24-compliant building 

2016%savings = expected percent savings of a 2016 T24-compliant relative to a 2013 
T24-compliant building 

Table 3-25 shows the savings percentages used in Equation 3-2. 
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Table 3-25. 2016 and 2019 Savings Percentages 
 

Building Type Impact Type Year Savings Percentage 

Residential Multi Family Electric Energy (kWh/year) 2016 34.5% 

Residential Multi Family Electric Energy (kWh/year) 2019 10% 

Residential Multi Family Electric Demand (kW) 2016 27.3% 

Residential Multi Family Electric Demand (kW) 2019 10% 

Residential Multi Family Gas Energy (Therms/year) 2016 31.2% 

Residential Multi Family Gas Energy (Therms/year) 2019 10% 

Residential Single Family Electric Energy (kWh/year) 2016 14.1% 

Residential Single Family Electric Energy (kWh/year) 2019 31.8% 

Residential Single Family Electric Demand (kW) 2016 11.7% 

Residential Single Family Electric Demand (kW) 2019 32.9% 

Residential Single Family Gas Energy (Therms/year) 2016 12.4% 

Residential Single Family Gas Energy (Therms/year) 2019 32.5% 

Commercial Electric Energy (kWh/year) 2016 4.6% 

Commercial Electric Energy (kWh/year) 2019 10% 

Commercial Electric Demand (kW) 2016 4.4% 

Commercial Electric Demand (kW) 2019 10% 

Commercial Gas Energy (Therms/year) 2016 4.6% 

Commercial Gas Energy (Therms/year) 2019 10% 

Source: Navigant analysis. 

 
Title 24 codes beyond 2019 (for example, the 2022, 2025, and 2028 cycles) were not considered in the 
2018 study forecast due to the highly uncertain nature of their savings. While California has a goal of all 
new commercial construction to be ZNE by 2030, the regulatory path towards requiring this by 2030 is 
uncertain. The 2015 study included a preliminary estimate of the savings from 2022 T24 using a similar 
process to Equation 3-2 above. However, that estimate was ultimately excluded from the goal setting 
process. The updated assumptions used for 2019 T24 made in this study would necessarily change what 
remaining savings can be obtained from 2022 T24. However, CEC staff were unable to provide guidance 
on what savings may remain for 2022 T24.  
 
The 2015 study applied a reduction factor to the number of units for 2013 and later Title 24 to account for 
the recession. The 2018 study removed the reduction factors after confirming with Cadmus that the 2013 
Title 24 ISSM analysis89 already accounted for the recession. 

                                                      
89 Cadmus and DNV GL. Integrated Standards Savings Model (ISSM). 2017. 
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3.8 Behavior, Retrocommissioning, and Operational (BROs) Energy 
Efficiency  

To forecast customer behavioral energy savings, the Navigant team considered a wide range of 
behavioral intervention types for both residential and commercial customers. Because this is an uncertain 
area that has been getting a lot of interest from the industry and was called out in AB802 and SB350 as 
an emerging area for increased opportunities given NMEC, we cast the net wide in consideration of 
interventions and coordinate with stakeholder through the Demand Analysis Working Group. Figure 3-7 
illustrates the five-step selection process used to determine intervention types to include in the reference 
case scenario. 
 
Figure 3-7. Selection Process for Residential and Commercial BROs Energy Efficiency Programs 

 
 

Step 1: Identify Programs. The first step was to identify general program categories and then to 
conduct a literature review to identify specific programs. The team augmented our existing 
knowledge base drawn from the 2015 study and the AB802 TA with additional findings from 
numerous Navigant evaluations and research studies, as well as findings from the Consortium for 
Energy Efficiency Database, American Council for an Energy Efficient Economy, and various 
other secondary research sources. Once appropriate utility programs had been identified, we 
sought out formal evaluation findings wherever possible—particularly evaluations of programs run 
by the four California investor owned utilities—as well as other commissioned original research 
studies.  
 
Step 2: Screen Data. Potential programs were then organized by intervention type and screened 
to ensure sufficient data. This initial literature review captured all available data, including utility, 
program name, state, number of years, number of participants per year, participant type, 
participation rates, eligibility considerations, energy savings, persistence, and cost. Because 
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findings were obtained from many sources, data were inconsistently reported and thus “apples-to-
apples” comparisons were not always possible.  
 
Step 3: Characterize Interventions. Behavioral interventions were ultimately included in the 
model when a sufficiency of data was available for five primary modeling inputs:  

 kWh savings  

 therm savings  

 participation rates 

 persistence  

 cost 
 
While savings and participation rates were generally readily available from formal EM&V 
evaluations, cost data were more often scarce. So, in some cases we extrapolated or estimated 
based on a limited number of data points.  
 
Penetration rates were calculated based on relevant EM&V reported program participation rates 
for current California IOU program offerings and reported participation in programs in other 
states.  
 
We modeled an EUL of one year for residential programs. Commercial programs used a two or 
three year EUL, per CPUC Decision 16-08-019, unless evidence supported a longer duration.  
 
Specific modelling inputs for each intervention type are discuss in detail in Appendix C. 
 
Step 4. Cost Effectiveness Screen. The cost-effectiveness screen used the total resource cost 
(TRC) test – the most conservative of the cost-effectiveness tests used in the 2018 Study – and 
the latest CPUC-approved avoided costs for each utility. This screen was used to eliminate 
measures from the reference case. Even programs that were not cost-effective are included in 
the aggressive scenario as an indication of the data available on the potential of these programs.  
 
Step 5. Forecast Potential. The forecasts are the result of professional judgement based upon 
program operations and whether participation is utility driven (opt-out) or customer driven (opt-in). 
The forecasted penetration rates were adjusted to represent a reference and an aggressive 
scenario.  

 
The results of Step 1 were presented at the DAWG meeting held in San Francisco on November 4, 2016. 
Feedback from stakeholders on these interventions was requested during the meeting, but none was 
subsequently submitted. Several of the originally-considered behavior intervention types were eliminated 
after completing the five-step selection process due to insufficient data. Thus, the 2018 Study ultimately 
includes the programs shown in Figure 3-8 and Figure 3-9. A more detailed description of each of the 
final intervention types follows in Table 3-26. 
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Figure 3-8. Residential BROs 

 
*Note: Removed from the reference case scenario due to low cost effectiveness. 

 

Figure 3-9. Commercial BROs 

 
*Note: Removed from the reference case scenario due to high uncertainty.  
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Table 3-26. Behavioral Intervention Summary Table 

Sector 
Type of  

Behavioral 
Intervention 

Brief Description EUL (years) 

RES 
Home Energy Reports 

(HERs) 

Residential customers are periodically mailed HERs that provide 
feedback about their home’s energy use, including normative 

comparisons to similar neighbors, tips for improving energy efficiency, 
and occasionally messaging about rewards or incentives. 

1 

RES 
Web-Based Real Time 
Feedback (Web RTF) 

Real time information and feedback about household energy use 
provided via websites or mobile apps 

1 

RES 
In-Home Display Real 
Time Feedback (IHD 

RTF) 

Real time information and feedback about household energy use 
provided via energy monitoring and feedback devices installed in 

customer homes 
1 

RES 
Small Residential 

Competitions 

Small residential competitions are organized competitions with fewer 
than 10,000 participants per year in which participants compete in 

events, contests, or challenges to achieve a specific objective or the 
highest rank compared with other individuals or groups as they try to 

reach goals by reducing energy consumption. 

1 

RES 
Large Residential 

Competitions 

Large residential competitions are organized competitions with more 
than 10,000 participants per year in which participants compete in 

events, contests, or challenges to achieve a specific objective or the 
highest rank compared with other individuals or groups as they try to 

reach goals by reducing energy consumption. 

1 

COM 
Commercial 
Competitions 

Commercial competitions are organized competitions between cities, 
businesses, or tenants in multi-unit buildings in which participants 
compete in events, contests, or challenges to achieve a specific 

objective or the highest rank compared with other groups as they try 
to reach goals by reducing energy consumption. 

2 

COM 
Business Energy 
Reports (BERs) 

BERS are periodically mailed to small and medium size business to 
provide feedback about their business’s energy use, including 

normative comparisons to similar businesses, tips for improving 
energy efficiency, and occasionally messaging about rewards or 

incentives. 

2 

COM Building Benchmarking 

Building benchmarking scores a business customer’s facility or plant 
and compares it to other peer facilities based upon energy 

consumption. It also often includes goal setting and rewards in the 
form of recognition. 

2 

COM/IND/AG 
Strategic Energy 

Management (SEM) 

Strategic Energy Management is a long-term continuous 
improvement process that educates and trains business energy users 

to develop and execute long-term energy goal setting and strategic 
planning; and to integrate energy management into business 

practices throughout the organization, from the corporate board office 
to the boiler room and the work floor. It can include consulting 

services, customized training, benchmarking and measurement, 
feedback, data analysis, and performance review. 

5 
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Sector 
Type of  

Behavioral 
Intervention 

Brief Description EUL (years) 

COM 

Building Energy 
Information 

Management Systems 
(BEIMS) 

Building Energy Information Management Systems enable building 
operations staff to achieve significant energy savings by monitoring, 
analyzing, and controlling building system performance and energy 

use. BEIMS can include benchmarking and utility bill tracking 
software, energy information systems (EIS), building automation 

systems, fault detection and diagnostic tools, and automated system 
optimization software, as well as value added services and contracts. 

3 

COM 
Building Operator 

Certification 

Building Operator Certification trains and educates commercial 
building operators about how to save energy by encouraging them to 

adopt energy efficient behaviors and make building changes that 
reduce energy use. 

3 

COM Retrocommissioning 

Commissioning is a whole-building systems approach to improving an 
existing building’s performance by identifying and implementing 
operational improvements to save energy and increase comfort. 

Retrocommissioning refers to commissioning a building that has not 
previously been commissioned. This program also includes 
recommissioning, or commissioning a building that has been 

commissioned at least 5 years prior.  

3 

3.8.1 Stakeholder Input 

Stakeholders and members of the DAWG were given the opportunity to provide informal feedback to the 
team following a webinar presentation of draft results on April 20, 2017. Navigant also made revisions 
based on feedback received following the June 2017 draft release and August 2017 final release. Table 
3-27 contains a high-level summary of relevant stakeholder feedback received and Navigant responses.  
 

Table 3-27. Stakeholder Feedback 

Stakeholder Comments Additional Context from Navigant 

General 

 Reduce near-term potential to reflect uncertainty. 
 Provide a high-level assessment of data quality and 

recommendations for further research to improve 
estimates of potential. 

 Explicitly address potential double-counting of savings 
among interventions in the same sector.  

 Reflect the non-linear scaling of costs.  

 Table 3-28 provides a high-level assessment of data 
quality, and the general recommendation is to focus future 
research on initiatives with high potential savings, but a low 
level of data rigor. 

 The methodology employed in this study does not account 
for non-linear cost scaling as sufficient data was not 
available. 
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Stakeholder Comments Additional Context from Navigant 

Residential Programs 

 IOUs contributed additional data that helped tailor the 
analysis of each residential program.  

 Concern was raised that savings forecasted in this 
study may already have been claimed as part of the 
rollout of Smart Meters. 

 Concerns were expressed that the penetration of 
web-based real-time feedback was not representative 
of an opt-in program.  

 Concerns were raised by SCG regarding the ability to 
ramp up HERs programs from existing pilots  

 Double counting in the residential sector was determined 
not to affect the achievable savings because the programs 
target different behavior changes.  

 As the utilities have not decreased their claimed savings as 
a result of Smart Meters to-date, no such reduction was 
included in this modeling effort. 

 The penetration of web-based real-time feedback was 
adjusted to reflect more conservative estimates.  

 Forecast reflects a 3-year ramp period for SCG HERS 
programs starting in 2018 

Commercial Programs 

 IOUs contributed additional data that helped tailor the 
analysis of several commercial programs.  

 Commercial Competitions drew heavy criticism for its 
high forecasted potential and low data rigor.  

 It was suggested that unit energy savings for BEIMS 
increase over time to reflect improvements to data 
analytics and software algorithms (e.g., machine 
learning). 

 The potential for claimed savings from Building 
Benchmarking was questioned in light of related 
government requirements.  

 A CPUC decision allows for recommissioning after 5 
years.  

 Double counting concerns were addressed by adjusting the 
penetration of recommissioning after all other revisions 
were made. All other penetration is considered 
independent.  

 Business Energy Reports were removed from the reference 
scenario. 

 Penetration of BOC, BEIMS, and Retrocommissioning was 
delayed until 2018 for SoCalGas. 

 The savings associated with Commercial Competitions was 
lowered to reflect IOU analysis presented.  

 Energy savings of BEIMS was not increased over time due 
to a lack of data and to maintain a conservative forecast.  

 Building Benchmarking was removed from the reference 
scenario.  

 Recommissioning was added to the characterization of the 
Retrocommissioning program.  

3.8.2 Data Rigor 

Navigant conducted an extensive industry scan for data on BROs initiatives and found that many of these 
programs are relatively new and much learning about their effectiveness is ongoing. The published data 
spans a wide range in the rigor of analysis conducted on the data around energy savings resulting from 
these interventions. Table 3-28 provides a snapshot of the quality of data collected for this study. Across 
the board, demand savings data is often very limited and cost data is hard to obtain. Penetration 
forecasts are the most uncertain because of limited historic penetration rates upon which to base a 
forecast.   
 
We recommend the industry consider pilot studies along with measurement and verification to provide 
better data to future potential studies. Interventions that literature claims to show large promise though 
limited verified data exists include: strategic energy management, building benchmarking, competitions, 
web based feedback, and in-home real time feedback.  
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Table 3-28. Qualitative Assessment of Data Quality 

 
 

3.9 Low Income Programs  

Data for Low Income Programs was primarily obtained from the IOUs via a formal data request. The first 
round of data provided by the IOUs was summarized by Navigant in a public workshop through the 
Demand Analysis Working Group on April 28, 2017. The workshop noted several minor gaps in data 
received. Discussion during and after the workshop releveled that additional information was available 
from the IOUs to fill these gaps. The final data provided by the IOUs is reflected in this report and can be 
found in Appendix G. 

3.9.1 Households Treated 

The IOUs provided planned household participation for first time treatment and retreatment in their Low 
Income Programs. The primary eligibility criteria for ESAP first time participants are that they must live in 
a house, mobile home or apartment that is at least five years old and must meet income guidelines which 
are the same as those for the California Alternative Rates for Energy (CARE) program.  Decision 16-11-
022 also defines various criteria for retreatment eligibility. Based on these criteria, California’s four IOUs 
forecasted ESAP eligibility and participation at the household (HH) level including:  

 Installation forecasts by HH type for single family, multifamily, and manufactured homes 

 First time HH installation forecasts for program years 2017 through 2020 

 Retreatment HH installation forecasts for program years 2017 through 2030 
 

kWh therms kW

Home Energy Reports

Web-Based Real-T ime Feedback

In Home Display Real-T ime Feedback

Small Residential Competitions

Large Residential Competitions

Building Operator Certification

Business Energy Reports

BEIMS

Commercial Competitions

Strategic Energy Management

Building Benchmarking

Retrocommissioning

California program data and its derivatives, IOU feedback to Webinar on April 20, or detailed analysis

Aggregated reports and non-verified savings reported by utilities outside of California

Assumed equivalence to similar programs and other forms of professional judgement

Cost Applicability
Participation 

Rate

Penetration 

Forecast

Legend

Savings

Res

Com

Sector Program
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All IOUs provided HH type forecast for first and retreatment households, though only SCG and SDG&E 
provided guidance on HH retreatment forecasts from 2017 to 2030, as allowed by the Decision.  PG&E 
and SCE only provided retreatment HH forecasts for 2017 through 2020, and the 2018 PG model therefor 
forecasts retreatment HH for PG&E and SCE using the assumption that participation rate holds constant 
from 2020 through 2030 (similar to was SCG and SDG&E assume).  

3.9.2 Unit Energy Savings 

Consistent with Navigant’s past forecasts of low income sector potential, the forecast is based on a unit 
energy savings (UES) that is defined at the household level.  Throughout April and May of 2017 the 
CPUC Energy Division and Navigant Consulting Inc. engaged California’s four IOUs in several data 
requests to provide the UES estimates for KWh, KW, and Therms used in the 2018 PG model, including:  

 UES values for first time installations by HH type for single family, multifamily, and manufactured 
homes 

 UES value for retreatment installations by HH type for single family, multifamily, and 
manufactured homes 

 
All IOUs provided UES estimates by HH type for first time and treatment installations.  PG&E, SDG&E, 
and SCG also provided estimated useful life (EUL) values by HH type which ranged between 8 and 14 
years.  SCE declined to provide an EUL estimated and the 2018 PG model uses an average of EUL 
estimated provided by the other IOUs, ranging between 10.8 and 11.9 years, depending on the 
household type and treatment.  All IOUs concurred with the CPUC-ED and Navigant guidance that a net-
to-gross of 1.0 is appropriate for the low-income sector forecast.   

3.10 Energy Efficiency Financing 

The CPUC has recognized financing as an energy efficiency resource program.90 However, as of March 
2017 (when research for this study was finalized), no impact evaluations have been published to provide 
verified savings estimates. In the absence of impact studies, the input data to model financing was 
developed by Navigant leverage available market studies.  

3.10.1 Residential Inputs 

To develop the residential financing cash flow model inputs, Navigant considered the achievements to 
date of the existing Regional Finance Programs, and the key financing terms for the Residential Energy 
Efficiency Loan (REEL) Program lenders91.  

 

 

                                                      
90 CPUC Decision 12-05-2015, May 8, 2012 and Decision Approving 2013-14 Energy Efficiency Programs and Budgets, October 9, 

2012 
91 REEL Lenders Chart. Available at: http://www.thecheef.com/lender-chart  

R.13-11-005  ALJ/JF2/VUK/lil



 
Energy Efficiency Potential and Goals Study for 2018 and 
Beyond 

 

 
  Page 78 
©2017 Navigant Consulting, Inc. 

Table 3-29. 2013-2015 Achievements by Regional Financing Program 

Source: Regional Finance Program Attribution and Cost Effectiveness Study Evaluation Plan. 

Interest rate 

The interest rate is the percentage of the principal that a lender charges to a borrower for taking 
out a loan. Navigant considered the average discount rates of the Regional Financing Programs, 
and the range of interest rates available to borrowers of the Residential Energy Efficiency Loan 
(REEL) Program. Based on this information, Navigant assumed an interest rate of 6% for 
residential energy efficiency loans in the cash flow model. 

Loan term  

The loan term is the length of time of the loan agreement.  REEL Program loans offer terms up to 
15 years92. The average term of the Regional Finance Program loans ranges from 9.5 to 15 
years. Based on this information, Navigant assumed a loan term of 12 years in the cash flow 
model.  

Consumer discount rate 

The discount rate is the rate by which future cash flows are discounted to determine the present 
value of the payment stream. Using a consumer discount rate allows multiple payment streams to 
be compared in the same timeframe. A low discount rate indicates that the value of future cash 
flows is low compared to the value now. We use the real discount rate, instead of the nominal 
discount rate, to eliminate the effect of inflation.  

Estimating the discount rate for residential customers is not straightforward, and may vary by 
demographic factors such as credit score, income, race, and household size. The Office of 
Management and Budget (OMB) has prescribed a discount rate of seven percent for benefit-cost 
analysis, and the U.S. Department of Energy (DOE) uses 3 percent and 7 percent in the analyses 
for residential appliance standards.93 Other government organizes use discount rates in this 
range. For example, the Northwest Power and Conservation Council which used 3% in the 
Seventh Power and Conservation Plan, and a lighting study by the DOE calculated a consumer 
discount rate of 5.6%. 

However, the estimated discount rate for residential customers may be much higher than the 
range of 3-7% used in regulatory analysis. For example, one study looked at the observed 
discount rates for individuals and their preferences for energy efficiency and found that “a simple 

                                                      
92 Ibid.  
93 For example, see: http://www.gao.gov/assets/690/682586.pdf  

Program 
Start 
Date 

Utility 
Min. 
FICO 

Avg. 
Rate 

Avg. Term 
(yrs) 

Avg. Amount 
($) 

Loans to 
Date 

Golden State 
Financing Authority 

(GSFA) Energy 
Retrofit Program 

Sep-12 PG&E 640 6.50% 15 25,612 201 

emPower Central 
Coast 

Nov-11 SCE, SCG, 
PG&E 

590 5.85% 14.5 20,809 52 

SoCalREN Home 
Energy Loans 

Dec-13 SCE, SCG 660 5.87% 9.5 18,087 100 
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fact emerges that in making decisions which involve discounting over time, individuals behave in 
a manner which implies a much higher discount rate than can be explained in terms of the 
opportunity costs of funds available in credit markets”.94 Based on these considerations, Navigant 
used a consumer discount rate of seven percent for the financing model.  

Eligible population  

Navigant updated the residential population eligibility in the 2015 Potential and Goals Study using 
Experian Consumer Credit data, accessed in November 2014. The 2015 Study identified the 
residential population eligibility at 98%. Like the 2015 Potential Study, Navigant assumes that 
residential customers with FICO credit scores above 580 are eligible for financing, and that 98% 
of single family customers are eligible for financing. The credit requirement aligns with the REEL 
program, which requires a minimum FICO score of 580 with income verification, and a FICO 
score of 640 without income verification.  

Following the approach to eligibility assumptions for the multi-family sector in the 2013 and 2015 
Potential Studies, Navigant estimated multi-family sector eligibility to be 5% based on the 
proportion of the segment that is affordable housing.95  

 
In summary, the Navigant team used the following inputs for the residential cash flow model:  
 

Table 3-30. Key Inputs to Residential Financing Cash Flow Model 

Model Input Assumption  Source 

Interest Rate 6% 
Navigant analysis of 

California IOU financing 
programs data1 

Loan Term 12 years 
Navigant analysis of 

California IOU financing 
programs data1 

Discount Rate 7% OMB Circular No. A-94 

Eligible Population 
98% of single family customers 

5% of multifamily customers 
2015 California Potential and 

Goals Study 

Navigant analysis of the Regional Finance Program Attribution and Cost-effectiveness Study: Evaluation Plan 

3.10.2 Commercial Inputs 

Interest rate 

Non-residential customers can access zero-percent financing through the statewide OBF 
program. The projects are designed to be bill neutral, such that the monthly payment is less than 

                                                      
94 Hausman, Jerry. Individual Discount Rates and the Purchase and Utilization of Energy-Using Durables. The Bell Journal of 

Economics, Vol. 10, No. 1. Spring 1979.  
95 The affordable housing market segment is the current focus of the proposed EE financing programs. Due to legal and regulatory 

issues, OBR is not a viable option except master-metered properties. 
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the projected energy savings.96 Based on these guidelines, Navigant assumed an interest rate of 
0% in the cash flow model for OBF loans for the commercial and industrial sector. 

Loan term 

The OBF program offers zero-percent financing for loans up to five years for the small and large 
commercial sector, and up to ten years for the government sector. Given that our model doesn’t 
distinguish between the commercial and government sector, we apply a single assumption for the 
commercial sector.  

Consumer discount rate 

For non-residential customers, the discount rate is the weighted average cost of capital for 
companies (WACC) who use both debt and equity to fund their investments. 

 
In summary, the Navigant team used the following inputs for the commercial and industrial cash flow 
model:  
 

Table 3-31. Key Inputs to Commercial and Industrial (C&I) Financing Cash Flow Model 

Model Input Assumption  Source 

Interest Rate 0% 
California on-bill financing (OBF) program 

terms 

Loan Term 5 years 
California on-bill financing (OBF) program 

terms 

Discount Rate 5.8% 
2016 LBNL Commercial Discount Rate 

Estimation for Efficiency Standards  

                                                      
96 SEEaction OBF report, Appendix A 

https://www4.eere.energy.gov/seeaction/system/files/documents/publications/chapters/onbill_financing_appendix.pdf  
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4. 2018 STUDY RESULTS 

4.1 Incentive Program Savings 

The following subsections summarize statewide market potential results. These results are for all IOUs 
combined. The IOU breakdown for these savings can be found in the results viewer that accompanies this 
report (see section 4.3 for details). All results are presented as net savings; all statewide results are 
inclusive of interactive effects. Note that the purpose of this report is to present the findings of our potential 
study, and not to establish goals as that is under the purview of the CPUC. As such, the scenario 
comparisons presented in the following subsection are meant to illustrate a range of potential that can be 
achieved based on our study. 
 
Graphs in this section focus on electric and gas savings. Peak demand savings are not illustrated though 
are quantified by the model. Full results for all scenarios and all utilities are available in the results viewer 
(discussed further in section 4.3).  

4.1.1 Total Savings and Spending by Scenario 

Table 4-1 through Table 4-3 show the total incremental market potential from all savings sources by 
scenario. A few important notes about these results: 

 Equipment Rebate program savings, which include savings from discrete equipment, whole 
building and shell measures, are different for each scenario based on parameter discussed 
earlier in section 2.3.2. Additional discussion of the variation in rebate program savings by 
scenario can be found in 4.1.3 

 BROs savings vary only in terms of Reference vs. Aggressive. Thus, four of the five scenarios 
have the same forecast of BROs savings. Additional discussion of the variation in BROs savings 
by scenario can be found in 4.1.4. 

 Codes and Standards and Low Income Savings do not vary by scenario.  
 
Total savings are dominated by C&S. Because C&S savings do not vary by scenario, the overall 
variability in total savings may appear minimal. True variability in savings originates from Equipment 
Rebate Programs and BROs.  
 
Versions of the following tables for each IOU can be found in Appendix H. 
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Table 4-1. Statewide Net Incremental Electric Savings by Scenario 

Electric Energy (GWh/year) 

Year 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

TRC | Reference 

Equipment Rebates 622 671 644 712 727 744 778 798 814 820 828 830 830 

BROs 213 270 302 338 363 388 414 451 482 514 547 582 613 

Low Income 57 57 57 33 33 33 33 33 33 33 33 33 33 
Incentive Programs 

(Subtotal) 
893 999 1,003 1,082 1,123 1,165 1,225 1,282 1,329 1,367 1,408 1,445 1,476 

C&S* 1,212 1,257 1,266 1,304 1,269 1,406 1,347 1,299 1,218 1,173 1,067 966 864 

Total 2,104 2,256 2,269 2,386 2,392 2,572 2,572 2,581 2,547 2,540 2,475 2,411 2,340 

mTRC (GHG adder 1) | Reference 

Equipment Rebates 663 729 703 772 781 797 838 849 848 850 855 855 853 

BROs 213 270 302 338 363 388 414 451 482 514 547 582 613 

Low Income 57 57 57 33 33 33 33 33 33 33 33 33 33 
Incentive Programs 

(Subtotal) 
933 1,056 1,061 1,143 1,177 1,218 1,284 1,333 1,363 1,397 1,435 1,470 1,498 

C&S* 1,212 1,257 1,266 1,304 1,269 1,406 1,347 1,299 1,218 1,173 1,067 966 864 

Total 2,145 2,314 2,328 2,447 2,446 2,624 2,632 2,632 2,581 2,571 2,502 2,435 2,362 

mTRC (GHG adder 2) | Reference 

Equipment Rebates 676 728 735 833 853 878 894 916 929 930 935 937 931 

BROs 213 270 302 338 363 388 414 451 482 514 547 582 613 

Low Income 57 57 57 33 33 33 33 33 33 33 33 33 33 
Incentive Programs 

(Subtotal) 
946 1,055 1,094 1,203 1,249 1,298 1,341 1,400 1,444 1,477 1,515 1,552 1,577 

C&S* 1,212 1,257 1,266 1,304 1,269 1,406 1,347 1,299 1,218 1,173 1,067 966 864 

Total 2,157 2,312 2,360 2,507 2,518 2,705 2,688 2,699 2,662 2,651 2,582 2,517 2,441 

PAC | Reference 

Equipment Rebates 848 891 856 936 948 960 963 971 971 974 975 972 966 

BROs 213 270 302 338 363 388 414 451 482 514 547 582 613 

Low Income 57 57 57 33 33 33 33 33 33 33 33 33 33 
Incentive Programs 

(Subtotal) 
1,118 1,218 1,214 1,306 1,344 1,381 1,410 1,455 1,486 1,521 1,556 1,587 1,611 

C&S* 1,212 1,257 1,266 1,304 1,269 1,406 1,347 1,299 1,218 1,173 1,067 966 864 

Total 2,330 2,475 2,481 2,610 2,613 2,787 2,758 2,753 2,703 2,694 2,622 2,553 2,476 

PAC | Aggressive 

Equipment Rebates 896 944 910 998 1,008 1,019 1,021 1,023 1,027 1,029 1,030 1,028 1,027 

BROs 264 369 433 479 529 576 654 748 812 884 967 1,059 1,164 

Low Income 57 57 57 33 33 33 33 33 33 33 33 33 33 
Incentive Programs 

(Subtotal) 
1,217 1,370 1,400 1,510 1,570 1,628 1,707 1,804 1,872 1,946 2,030 2,120 2,224 

C&S* 1,212 1,257 1,266 1,304 1,269 1,406 1,347 1,299 1,218 1,173 1,067 966 864 

Total 2,429 2,627 2,666 2,814 2,839 3,034 3,055 3,102 3,090 3,119 3,097 3,086 3,088 

*includes interactive effects 
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Table 4-2. Statewide Net Incremental Demand Savings by Scenario 

Electric Demand (MW) 

Year 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

TRC | Reference 

Equipment Rebates 119 133 126 142 148 154 163 170 175 178 181 182 183 

BROs 39 49 55 61 65 70 74 81 87 92 98 104 109 

Low Income 10 10 10 6 6 6 6 6 6 6 6 6 6 
Incentive Programs 

(Subtotal) 
168 193 191 209 219 229 243 257 267 276 285 292 298 

C&S* 272 275 311 368 359 440 422 408 392 382 361 344 327 

Total 440 468 502 577 578 669 665 665 659 658 646 636 625 

mTRC (GHG adder 1) | Reference 

Equipment Rebates 132 150 143 160 164 169 177 182 182 184 187 188 188 

BROs 39 49 55 61 65 70 74 81 87 92 98 104 109 

Low Income 10 10 10 6 6 6 6 6 6 6 6 6 6 
Incentive Programs 

(Subtotal) 
181 209 208 227 235 244 257 269 274 282 291 298 303 

C&S* 272 275 311 368 359 440 422 408 392 382 361 344 327 

Total 453 485 519 595 594 684 679 677 666 665 652 642 631 

mTRC (GHG adder 2) | Reference 

Equipment Rebates 137 155 156 181 190 211 217 226 229 231 234 240 239 

BROs 39 49 55 61 65 70 74 81 87 92 98 104 109 

Low Income 10 10 10 6 6 6 6 6 6 6 6 6 6 
Incentive Programs 

(Subtotal) 
186 214 221 247 261 287 297 313 321 329 337 350 354 

C&S* 272 275 311 368 359 440 422 408 392 382 361 344 327 

Total 458 489 532 616 620 727 719 721 713 711 699 694 682 

PAC | Reference 

Equipment Rebates 220 239 232 258 260 271 269 270 266 266 267 268 267 

BROs 39 49 55 61 65 70 74 81 87 92 98 104 109 

Low Income 10 10 10 6 6 6 6 6 6 6 6 6 6 
Incentive Programs 

(Subtotal) 
269 299 297 324 331 347 349 357 359 364 371 378 382 

C&S* 272 275 311 368 359 440 422 408 392 382 361 344 327 

Total 541 574 608 693 690 786 771 765 751 746 732 722 709 

PAC | Aggressive 

Equipment Rebates 233 255 249 278 279 290 287 285 282 282 283 284 284 

BROs 47 64 74 82 91 99 110 126 136 148 161 176 193 

Low Income 10 10 10 6 6 6 6 6 6 6 6 6 6 
Incentive Programs 

(Subtotal) 
290 329 333 365 376 395 403 416 424 436 450 466 482 

C&S* 272 275 311 368 359 440 422 408 392 382 361 344 327 

Total 562 604 644 734 735 834 825 824 816 818 812 810 810 

*includes interactive effects 
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Table 4-3. Statewide Net Incremental Gas Savings by Scenario 

Gas Energy (MMTherm/year) 

Year 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

TRC | Reference 

Equipment Rebates 20 20 18 21 23 23 23 24 26 26 26 26 27 

BROs 7 11 14 15 16 17 18 19 19 20 21 22 23 

Low Income 6 6 6 5 5 5 5 5 5 5 5 5 5 
Incentive Programs 

(Subtotal) 
33 37 38 42 44 45 46 48 50 51 52 53 55 

C&S* 39 39 47 54 54 54 54 53 40 36 35 34 35 

Total 72 76 85 95 98 99 99 101 90 87 87 88 90 

mTRC (GHG adder 1) | Reference 

Equipment Rebates 25 27 24 28 30 34 33 32 31 29 29 28 29 

BROs 7 11 14 15 16 17 18 19 19 20 21 22 23 

Low Income 6 6 6 5 5 5 5 5 5 5 5 5 5 
Incentive Programs 

(Subtotal) 
38 44 45 48 51 56 56 56 55 55 55 56 58 

C&S* 39 39 47 54 54 54 54 53 40 36 35 34 35 

Total 78 83 92 102 105 110 110 109 95 91 90 90 92 

mTRC (GHG adder 2) | Reference 

Equipment Rebates 29 35 36 40 40 45 43 42 41 39 37 36 36 

BROs 7 11 14 15 16 17 18 19 19 20 21 22 23 

Low Income 6 6 6 5 5 5 5 5 5 5 5 5 5 
Incentive Programs 

(Subtotal) 
42 52 57 60 61 67 66 66 65 64 64 64 64 

C&S* 39 39 47 54 54 54 54 53 40 36 35 34 35 

Total 82 91 104 114 115 121 120 119 105 101 99 98 99 

PAC | Reference 

Equipment Rebates 29 31 30 33 36 39 38 37 35 34 34 33 35 

BROs 7 11 14 15 16 17 18 19 19 20 21 22 23 

Low Income 6 6 6 5 5 5 5 5 5 5 5 5 5 
Incentive Programs 

(Subtotal) 
42 48 51 53 57 61 60 61 60 60 60 61 63 

C&S* 39 39 47 54 54 54 54 53 40 36 35 34 35 

Total 81 87 98 107 111 114 114 114 100 96 95 95 98 

PAC | Aggressive 

Equipment Rebates 30 33 32 35 38 41 40 39 38 37 37 38 41 

BROs 8 13 17 19 20 22 24 27 29 31 34 37 40 

Low Income 6 6 6 5 5 5 5 5 5 5 5 5 5 
Incentive Programs 

(Subtotal) 
44 51 56 58 64 68 69 71 71 73 76 80 87 

C&S* 39 39 47 54 54 54 54 53 40 36 35 34 35 

Total 84 90 103 112 117 122 122 124 111 110 111 114 121 

*includes interactive effects 
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Figure 4-1 and Figure 4-2 compares the savings from all incentives programs, which include savings 
from Equipment Rebate programs, BROs interventions and Low Income programs, as a percent of IOU 
sales. Savings as a percent of sales is a common metric provided in other potentials studies and industry 
standard practice is to exclude savings from C&S from such calculations.  Energy sales are sourced from 
the CEC’s IEPR Mid-Case.  
 
For electric, market potential savings as a percentage of forecasted electric energy usage grows from 
0.48% to 0.75% between 2018 and 2030 under Scenario 1 (TRC Reference).  Under the most optimistic 
case, market potential grows from 0.66% in 2018 to 1.13% by 2030 under Scenario 5 (PAC Aggressive). 
   
For gas incentive program savings, Scenario 5 (PAC Aggressive) and Scenario 3 (mTRC w/ GHG adder 
2) are roughly on par until 2023. This is because the GHG adder, which is high in Scenario 3, is applied 
uniformly to all gas measures. On the other hand, the impact of the adder on electric measures is 
loadshape-dependent, which means the benefits of the GHG adder vary by time of day and season. 
Beyond 2023, Scenario 5 starts to yield the highest gas potential as BROs participation starts to ramp up 
in the Aggressive scenario. 
 

Figure 4-1. Incremental Electric Market Potential as a Percent of Sales  

 
Note: Excludes C&S  
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Figure 4-2. Incremental Gas Market Potential as a Percent of Sales 

 
Note: Excludes C&S  

 

Figure 4-3 shows projected statewide spending for rebate programs and BROs by scenario. Spending 
includes both incentive and non-incentive program costs, which were approximated from historic program 
activity spending data from the IOUs. Since overall potential is driven by electric savings, the trend generally 
follows that of electric potential whereby Scenario 5 (PAC Aggressive) produces the most expensive 
portfolio for equipment savings, and Scenario 1 (TRC Reference), the least. By 2030, Scenario 4 (PAC 
Reference) is expected to cost about 36% more than Scenario 1 (TRC Reference). Aggressive program 
engagement further increases spending as illustrated by Scenario 5 (PAC Aggressive), which costs about 
38% more than Scenario 4 (PAC Reference). Low income program costs were not estimated by this study.  
 

Figure 4-3. Statewide Spending by Scenario for IOU Incentive Programs 

 
Note: Excludes Low Income 
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4.1.2 Total Savings and Spending by Sector 

Figure 4-4 through Figure 4-12 show the breakdown of electric (GWh) and gas (MMTherms) savings 
respectively by sector for incentive programs, which include savings from Equipment Rebate programs, 
BROs interventions and Low Income programs. All graphs exclude savings from re-participants and only 
Scenario 5 (PAC Aggressive) includes the effects of aggressive program engagement. 
 
For electric savings, the commercial and residential sector dominate the savings across all scenarios, 
with the commercial sector showing slightly higher potential over the study horizon. The incremental 
savings potential grows over time for the residential, commercial and agricultural sectors. This growth is 
largely attributable to sectoral growth but also reflects greater levels of market uptake for BROs in the 
later years.  Conversely, the incremental savings potential declines for the industrial, mining and 
streetlighting sectors.  For industrial and mining, this savings decline is highly correlated with flat or 
negative customer growth rates during the time horizon.  For streetlighting, the market potential for high 
efficiency measures becomes more saturated over time. 
 
For gas savings, the largest savings potential comes from the residential sector, with smaller savings for 
industrial and commercial, and minimal savings for the agricultural and mining sectors. 

  
Figure 4-4. Statewide Incremental Net Electric Market Potential by Sector for Incentive Programs 

in Scenario 1 (TRC Reference)  
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Figure 4-5. Statewide Incremental Net Electric Market Potential by Sector for Incentive Programs 
in Scenario 2 (mTRC w/ GHG adder 1) 

 
 

Figure 4-6. Statewide Incremental Electric Market Potential by Sector for Incentive Programs in 
Scenario 3 (mTRC w/ GHG adder 2) 
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Figure 4-7. Statewide Incremental Electric Market Potential by Sector for Incentive Programs in 
Scenario 4 (PAC Reference) 

 
 
 

Figure 4-8. Statewide Incremental Electric Market Potential by Sector for Incentive Programs in 
Scenario 5 (PAC Aggressive) 
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Figure 4-9. Statewide Incremental Gas Market Potential by Sector for Incentive Programs in 
Scenario 1 (TRC Reference) 

 
 

Figure 4-10. Statewide Incremental Gas Market Potential by Sector for Incentive Programs in 
Scenario 2 (mTRC w/ GHG adder 1) 
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Figure 4-11. Statewide Incremental Gas Market Potential by Sector for Incentive Programs in 
Scenario 3 (mTRC w/ GHG adder 2) 

 
Figure 4-12. Statewide Incremental Gas Market Potential by Sector for Incentive Programs in 

Scenario 4 (PAC Reference) 
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Figure 4-13. Statewide Incremental Gas Market Potential by Sector for Incentive Programs in 
Scenario 5 (PAC Aggressive) 

 
 
A peak demand savings version of the above figures can be found in the results viewer under the “Total 
Incr Potential by Sector” tab.  
 
Figure 4-14 through Figure 4-18 show the breakdown of statewide spending by sector for incentive 
programs, which include savings from Equipment Rebate programs and BROs interventions. We do not 
report spending for low income programs. One again, a key takeaway from these graphs is that the share 
of each sector’s savings generally remains the same across scenarios, with the residential and commercial 
sectors generally dominating spending.  
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Figure 4-14. Statewide Spending by Sector for Incentive Programs in Scenario 1 (TRC Reference) 

 
Note: Excludes Low Income 

 
Figure 4-15. Statewide Spending by Sector for Incentive Programs in Scenario 2 (mTRC w/ GHG 

Adder 1) 

 
Note: Excludes Low Income 
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