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PREFACE 
The California Energy Commission’s Energy Research and Development Division supports 

energy research and development programs to spur innovation in energy efficiency, renewable 

energy and advanced clean generation, energy-related environmental protection, energy 

transmission and distribution and transportation.  

In 2012, the Electric Program Investment Charge (EPIC) was established by the California Public 

Utilities Commission to fund public investments in research to create and advance new energy 

solutions, foster regional innovation and bring ideas from the lab to the marketplace. The 

California Energy Commission and the state’s three largest investor-owned utilities—Pacific Gas 

and Electric Company, San Diego Gas & Electric Company and Southern California Edison 

Company—were selected to administer the EPIC funds and advance novel technologies, tools, 

and strategies that provide benefits to their electric ratepayers. 

The Energy Commission is committed to ensuring public participation in its research and 

development programs that promote greater reliability, lower costs, and increase safety for the 

California electric ratepayer and include: 

• Providing societal benefits. 
• Reducing greenhouse gas emission in the electricity sector at the lowest possible cost. 
• Supporting California’s loading order to meet energy needs first with energy efficiency 

and demand response, next with renewable energy (distributed generation and utility 
scale), and finally with clean, conventional electricity supply. 

• Supporting low-emission vehicles and transportation. 
• Providing economic development. 
• Using ratepayer funds efficiently. 

Measuring Innovation Progress to Guide Future Investments: Evaluation of EPIC Benefits 

Methodology is the final report for the Measuring Innovation Progress to Guide Future 

Investments: Evaluation of EPIC Benefits Methodology project (300-17-004) conducted by 

Industrial Economics, Inc. The information from this project contributes to the Energy Research 

and Development Division’s EPIC Program. 

For more information about the Energy Research and Development Division, please visit the 

Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy 

Commission at 916-327-1551. 
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ABSTRACT 
The Electric Program Investment Charge (EPIC) funds the California Energy Commission (herein, 
the Commission or the Energy Commission) investments in clean energy and energy efficiency 
technologies designed to benefit the ratepayers of three California investor-owned utilities. The 
Commission embarked on this project with Industrial Economics, Incorporated (IEc) to improve 
and expand on its ability to estimate the benefits of EPIC grants. IEc created 25 benefit methods 
or tools to capture a wide variety of benefits stemming from EPIC investments including 
benefits associated with: knowledge gains, technology readiness, market readiness, customer 
on-bill savings, environmental, health, grid reliability, resiliency, electricity sector, water utility, 
industry, agribusiness, and benefits unique to disadvantaged communities. The most likely 
application of these methods will be to forecast future benefits of current and completed EPIC 
grants. Although these methods can readily be used for retrospective assessment, prospective 
analysis is a more likely application for many years to come given the time lag inherent 
between R&D and TD&D investments and the realization of long-term benefits. IEc also revised 
the grantee data collection approach and developed general guidance for measuring impact of 
EPIC programs in the future. This report also includes results from application of several tools. 
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EXECUTIVE SUMMARY  
The Electric Program Investment Charge (EPIC) funds the California Energy Commission (herein, 

the Commission or the Energy Commission) investments in clean energy and energy efficiency 

technologies designed to benefit the ratepayers of three California investor-owned utilities. 

Through the EPIC program, the Commission supports applied research and development (R&D), 

technology demonstration and deployment (TD&D), market facilitation, and knowledge product 

development through grants to the private sector and academic/non-profit consortia in 

California. By spurring the advancement of energy technologies, EPIC seeks to provide a variety 

of long-term benefits to ratepayers; key ratepayer benefits identified for the program by the 

California Public Utilities Commission (CPUC) include lower costs, greater reliability of service, 

and increased safety. EPIC is also an important tool for pursing long-term state legislative and 

policy goals, chief among them achieving zero carbon electricity generation by 2045. The 

Commission embarked on this project with Industrial Economics, Incorporated (IEc) to improve 

and expand on its ability to estimate the benefits of EPIC grants.  

IEc’s approach began with developing a benefits taxonomy, logic model, and core benefits. As 
part of this process, IEc conducted an extensive review and mapping of EPIC grants and 
investment plans to benefits (both core and non-core). This work ensured that the methods and 
tools we developed are directly relevant to the types of projects EPIC supports and the 
overarching program goals. IEc proposed draft benefit approaches and methods as part of 
interim project deliverables. Commission management and staff and Technical Advisory 
Committee (TAC) members provided feedback on these approaches and methods. The 
Commission ultimately invested in development of several methods and tools across a wide 
range of benefit categories, prioritizing investment in methods and tools that: (1) address 
EPIC’s core benefits; (2) have multiple and specific use cases; and (3) could be programmed as 
fairly automated tools that do not require customization for every use. Overall, IEc created 25 
benefit methods or tools to capture benefits stemming from EPIC investments including 
benefits associated with: knowledge gains, technology readiness, market readiness, customer 
on-bill savings, environmental, health, grid reliability, resiliency, electricity sector, water utility, 
industry, agribusiness, and benefits unique to disadvantaged communities. Most of the 
methods we developed take the form of spreadsheet tools in Microsoft Excel, along with written 
guidance accompanying them. To minimize the training burden on users at the Commission, 
the IEc Team’s suite of benefits tools contain all the required reference data to support 
estimation and are programmed with user-friendly interfaces. 

To project key long-term benefits of current EPIC grants, including load reduction, increased 

installed capacity and generation of renewables, and avoided GHG emissions, IEc employed 

market adoption analyses within the Building Energy Efficiency (EE), Renewable Grid Integration 

(RGI), and Vehicle Grid Integration (VGI) research areas. The Building EE and RGI market 

adoption analyses used an expert elicitation approach to forecast market adoption of discrete 

renewable energy technologies and specific building EE technologies and construction 

approaches funded by EPIC. The approach to measuring market adoption impacts related to 

vehicle grid integration (VGI) technologies preserved a general “top down” structure. EPIC 
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grants related to the VGI research area focus primarily on smart charging and EV grid support;1 

the adoption and use of these VGI technologies is, by definition, highly correlated with the 

adoption and use of EVs. The method relies on data from utility IRPs (Integrated Resource 

Plans), literature and datasets forecasting EV and related technology adoption, and data 

collected directly from grantees to identify and compare “with EPIC” and “without EPIC” 

scenarios for both smart charging and EV grid support technologies.  

In collaboration with the Commission, IEc also designed a new grantee benefits data collection 

approach for EPIC that facilitates performance measurement and analysis of benefits and is 

complementary to EPIC’s other benefits data collection efforts (i.e., grantee and subcontractor 

surveys). Key principles of IEc’s data collection approach for EPIC are as follows: 

1. Consolidated data collection. 

2. Data, not analyses, collected from grantees. 

3. Data collected in a systematic, user-friendly manner. 

4. Flexibility with a standard questionnaire. 

5. Integrated quality assurance/quality control (QA/QC) and data fidelity processes. 

Using some of the tools or methods we developed for the Commission, IEc conducted multiple 

analyses; a brief summary of the results is included below; Appendix B contains the complete 

results.  

• Citations Application. IEc last ran the Citation Application in January of 2020 and the 

results are available as internal Excel workbooks; a total of 126 EPIC-related publications 

were cited in other documents.  

• Network analysis of the growth of EPIC grantee connections. Government labs, non-

profit organizations, and state universities play key roles as prime contractors in the 

EPIC network. Over time, organizations in the network shifted roles: 18 subcontractors 

later became primes, and 12 primes later served as subcontractors. 

• Effects of EPIC Support on Investments and Growth of California Cleantech 

Companies. EPIC-backed companies represent 45% of all California cleantech companies 

tracked and have raised $2.3B between 2016-2019, including $496M funds received 

through the EPIC program. Capital raised by EPIC-backed companies represents 9% of all 

investments made in California cleantech companies.  

• EPIC Regional Economic Impact Analysis. Considering EPIC funding, matching funds, 

and follow-on funds, the EPIC investments generated approximately $1.8 to 1.9 million 

in output, $1.1 million in value-added, and 9 jobs per $1 million invested. For funding in 

DAC/LI communities, the total economic impact (direct, indirect, and induced) of EPIC 

DAC/LI Investments generated $380 million to $390 million in output; $120 million to 

 
1 Smart charging is defined here as the intelligent charging of electric vehicles (EVs), where charging can be shifted 
based on grid loads and in accordance to the vehicle owner’s needs, and EV grid support is defined here as the use of 
EVs as battery storage for the grid. 
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$160 million in labor income; 2,200 to 2,300 jobs; and $220 million in value-added 

across the State of California. 

• Building EE Market Adoption Analysis. This analysis forecasts that EPIC’s on-bill 

savings to ratepayers of $18.6 billion; savings to utilities of approximately $7.8 billion; 

and total welfare savings of between $89.3 and $197.4 billion, driven by avoided health 

impacts. 

• Value of Increased Equity in DACS and Low-Income (LI) Communities from Building 

Energy Efficiency Technology Market Adoption. The DAC/LI analysis shows that 

EPIC’s investment in specific Building EE technologies has the potential to greatly 

benefit DACs and LI communities by producing future on-bill savings of $78.8 million 

for DACs and $122 million for LI communities, which when weighted for equity, have a 

value of $139 million and $240 million respectively. The analysis also estimates avoided 

health impacts valued between $21.6 and $48 billion for DACs and $33 and $73.4 billion 

for LI communities, from load reduction and fuel switching forecast from the 19 

Building EE technologies included in the market adoption analysis. 

• RGI Market Adoption Analysis. The RGI analysis forecasts that EPIC’s investment of 

$127 million in the RGI research area will be more than paid for by benefits of these 14 

technologies included in the analysis, including avoided costs to utilities of 

approximately $16 billion, and total social welfare benefits of between $9.8 and $63 

billion, driven by avoided health impacts. 

• VGI Technology Market Scenario Analysis. The VGI analysis forecasts that funded 

technologies’ estimated gross benefits from light duty vehicles between 2020-2045 

exceed $474 million in on-bill savings to ratepayers, over $1 billion in system-level 

utility savings, 20.7 million MWh in cumulative load shifting, and total social welfare 

benefits between $1.8 and $5.1 million.  

Additionally, in recent years, the state of California has taken multiple steps to demonstrate its 

commitment to addressing the unique challenges faced by low-income and disadvantaged 

communities within the context of its broader sustainability efforts. To support the 

Commission’s work, IEc developed the Integration of Energy Equity and Disadvantaged 

Community Impacts into EPIC Solicitations Guidance; this document is external to the final 

report. IEc also took an integrative approach to developing the benefit methodologies 

accounting for DACs and Low-Income communities. 

Finally, working in conjunction with the Commission Benefits Team, IEc developed an internal 

document, the California Energy Commission Electric Program Investment Charge Impact 

Framework. The purpose of the impact framework is to describe the process for ensuring and 

documenting that Electric Program Investment Charge (EPIC) investments support the impacts 

and benefit goals identified for the program. Successful impact measurement is a multi-year 

effort that includes both prospective and retrospective analysis, guided by an understanding of 

the strategic objectives of the program and the context within which it operates. The Impact 

Framework provides recommendations for the frequency in which the Commission should 

implement particular analyses.  
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CHAPTER 1:  
Introduction and Project Purpose 

EPIC Overview 
The Electric Program Investment Charge (EPIC) funds the California Energy Commission (herein, 

the Commission or the Energy Commission) investments in clean energy and energy efficiency 

technologies designed to benefit the ratepayers of three California investor-owned utilities. 

Through the EPIC program, the Commission supports applied research and development (R&D), 

technology demonstration and deployment (TD&D), market facilitation, and knowledge product 

development through grants to the private sector and academic/non-profit consortia in 

California. By spurring the advancement of energy technologies, EPIC seeks to provide a variety 

of long-term benefits to ratepayers; key ratepayer benefits identified for the program by the 

California Public Utilities Commission (CPUC) include lower costs, greater reliability of service, 

and increased safety. EPIC is also an important tool for pursing long-term state legislative and 

policy goals, chief among them achieving zero carbon electricity generation by 2045. EPIC is 

broadly designed to facilitate:  

• Achievement of deep cuts in building energy use across sectors, and scale up of zero net 

energy (ZNE) construction;  

• A renewables-first approach to developing new generating capacity;  

• Integration of distributed energy resources (i.e., microgrids, solar PV) and energy storage 

technologies into the electric grid;  

• Vehicle-grid integration (VGI) needed to scale up electrified transportation;  

• Creation of clean energy jobs in the state; and 

• Channeling of resources and technology advances to disadvantaged communities that 

are most burdened from pollution from conventional energy generation and use. 

EPIC’s activities are largely organized by type of investment (e.g., applied R&D, TD&D, market 

facilitation) and to some degree by research area (e.g., energy efficiency in buildings, renewable 

generation and grid integration, demand response).  

Project Purpose 
The Commission embarked on this project with Industrial Economics, Incorporated (IEc) to 
improve and expand on its ability to estimate the benefits of EPIC grants. Specifically, this 
project is designed to: 

• Identify and explore the full scope of potential benefits of EPIC investments, including 

the program’s technology-based investments (applied R&D, TD&D, and market 

facilitation), as well as investments in related software, forecasting tools, and empirical 

research. 
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• Adapt and develop user-friendly methods and tools to facilitate internal estimation of 

prospective benefits from both previously made and current grants, as well as methods 

for conducting retrospective analysis of benefits.  

• Improve and streamline grantee data collection to better facilitate benefits estimation, 

and reduce burden of data collection, reporting, and analysis for both grantees and 

Commission staff. 

• Facilitate communication of EPIC benefits to a diverse set of stakeholders, including 

regulators, legislators, and ratepayers. 

• Help the Commission use EPIC benefits data collection and analyses to continuously 

improve the program over time, including improving effectiveness with respect to 

meeting strategic objectives. 

Benefits Taxonomy 
IEc developed a benefits taxonomy for EPIC in collaboration with Commission benefits analysis 

staff. The taxonomy provides a comprehensive understanding of the potential benefits of the 

EPIC program. As shown in Figure 1, the taxonomy includes many categories of benefits that 

precede the deployment benefits of energy savings or renewable energy generation, including 

knowledge development and dissemination, technology readiness, increased investment, and 

market readiness benefits. The taxonomy includes a diversity of benefits related to reductions 

in energy use or increased reliance on renewables, such as environmental and public health 

benefits, and grid reliability and resiliency benefits. The taxonomy includes many benefits that 

accrue to the owners and operators of the electricity grid, as well as to utility customers.  
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Figure 1:  EPIC Benefits Taxonomy 
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Portfolio-Level Logic Model 
The Commission developed a portfolio-level logic model for the outcomes of EPIC, as shown 

below. The logic model builds on the benefits taxonomy by providing detail about EPIC 

activities and outputs that are not provided in the taxonomy. 

Building a logic model is a process that policymakers and program staff undertake to develop a 

shared understanding and visual overview of how a specific program is supposed to work. The 

traditional elements of the logic model are program resources; activities; outputs; customers 

reached; short-, intermediate-, and longer-term outcomes; and relevant external contextual 

influences on the program.2 Creating a logic model is a useful exercise for several reasons: the 

process articulates intended program benefits and prepares a program for future benefits 

analysis and/or program evaluation.  

The portfolio logic model reads from top to bottom. Early outcomes lead to desired strategic 

objectives, which lead to decarbonization and ratepayer benefits.  

• At the top of the graphic are EPIC projects’ early outcomes organized by research activity 

types: scientific/technical analysis/tools, R&D, TD&D, and market facilitation. The 

graphic depicts the relationship between these activity types: projects flow from R&D to 

TD&D to market facilitation. Knowledge and tool development activities may support any 

one of those activities. On the right-hand side, the graphic acknowledges that other 

partners, related programs, and policies may affect any of these four activity types. 

Finally, the EPIC research areas are also presented. 

• The short and intermediate outcomes are reflective of the new EPIC-supported 

technologies, policies, and practices in the market and reflect the topics addressed in 

EPIC projects. These types of outcomes include more cost-competitive renewable energy 

generation, grid integrated solutions, improvements in energy storage, customer 

confidence in DER, technology solutions for ZNE buildings, improved processes in 

industry and agriculture, infrastructure support for EVs, leveraged partnerships, 

experienced green technology businesses, government support for infrastructure, and 

equity. 

• Emerging from the short and intermediate outcomes, benefits include reduced energy 

use and increased DER capacity/generation. Related, the decarbonization and ratepayer 

benefits are organized into seven categories: environmental and public health, grid 

reliability and resiliency, electricity system benefits, customer on-bill savings, water 

utility and agribusinesses benefits, benefits to disadvantaged communities, and other 

economic benefits. Examples of each of these benefits are presented as sub-bullets in the 

boxes. For example, customer on-bill savings may include energy and/or water bill 

savings. 

This high-level generic outcome logic model helps organize thinking about research area 

benefits estimation and reporting. 

 
2 McLaughlin, John A. and Gretchen B Jordan. 2010. "Using Logic Models." Handbook of Practical Program Evaluation, 
3rd Edition, Edited by Wholey, J., Hatry, H., and Newcomer, K. Jossey Bass, 55-80.  
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Figure 2:  EPIC Portfolio-Level Logic Model 

Core Benefits  
The Commission has selected a relatively small number of benefits from the taxonomy as 

EPIC’s core set of benefits. The core set of benefits measure progress toward EPIC’s main 

objectives. The following criteria were used to select core benefits. 

• Benefit reflects CPUC requirements for the EPIC portfolio to improve reliability and 

safety and reduce costs to ratepayers.3  

• Benefit reflects EPIC’s contribution to statewide GHG policy goals of reduced energy use 

and increased renewables generation. 

• Benefit reflects EPIC’s mandate to serve disadvantaged communities.  

• Benefit is critically important for capturing EPIC’s short- and medium-term precursors 

to the program’s longer-term safety, cost savings, environmental, and health endpoints.  

 
3 CPUC, Decision 12-05-037, May 24, 2012, Phase 2 Decision Establishing Purposes and Governance for Electric Program 
Investment Charge and Establishing Funding Collections for 2013-2020. 
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Based in these criteria; IEc and the Commission identified core benefits displayed in Table 1 

below. 

Table 1: Core Benefits 

  Criteria   

Core Benefit 

Captures Key 

Short- and 

Medium-term 

Outcome of 

Grants 

Improve 

Reliability, 

Safety; Reduce 

Ratepayer Cost 

Reflect State 

GHG Policy 

Goals 

Particular 

Relevance to 

Disadvantaged 

Communities 

Commercial 
Launch/Initial 
Market Change 

 

Indirect/Potential 
Relationship 

Indirect/Potential 
Relationship 

 

Increased 
Investment in 
Technology 

  

TRL Advancement   

Widely Cited 
Resources/Tools 

  

Reduced Air 
Pollution and 
Health Impacts 

    

GHG 
Reduction/Avoided 
Social Costs of 
Carbon 

    

On-Bill Energy 
Savings 

    

Peak Load 
Reduction 

    

Increased Public 
Safety 

    

Increased 
Reliability 

    

 

The establishment of core benefits does not mean that other benefits cannot or should not be 

measured. For non-core benefits of interest to the Commission, we suggest conducting analyses 

as needed. For example, we understand that CAMs and benefit analysis staff sometimes need to 

develop analyses to respond to ad hoc requests associated with grants in specific research 

areas, such as microgrids.  
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Report Roadmap 
The remainder of this report is organized as follows: 

• Chapter 2 covers the overall project approach to EPIC benefits assessment. 

• Chapter 3 provides a description of the benefit assessment methods and tools. 

• Chapter 4 discusses technology market adoption forecasting analyses, and how they 

were used in concert with tools to forecast certain benefits.  

• Chapter 5 presents IEc’s approach and guidance for collecting data from grantees needed 

to populate benefits tools. 

• Chapter 6 covers the results of the analyses IEc implemented to-date. 

• Chapter 7 presents guidance and considerations for using the tools to analyze benefits 

specific to disadvantaged and low-income communities. 

• Chapter 8 presents the future of EPIC impact measurement.  

Appendix A covers the method and tool documentation in detail and Appendix B contains the 

detailed benefit results conducted to-date. 
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CHAPTER 2: 
Project Approach 

IEc’s approach began with developing the benefits taxonomy, logic model, and core benefits 

presented in Chapter 1. As part of this process, IEc conducted an extensive review and mapping 

of EPIC grants and investment plans to benefits (both core and non-core). This work ensured 

that the methods and tools we developed are directly relevant to types of projects EPIC 

supports and the overarching program goals. IEc proposed draft benefit approaches and 

methods as part of interim project deliverables. Commission management and staff and 

Technical Advisory Committee (TAC) members provided feedback on these approaches and 

methods. Based on the feedback, available funding, and Commission-specified priorities, IEc 

developed the benefit methodologies presented in this report. 

To develop these benefit methods, the IEc Team conducted a comprehensive review of existing 

methods and considered their methodological soundness, data requirements, history of use, 

and adaptability and suitability to EPIC. Some of the methods we reviewed, recommended, and 

developed are documented in several widely cited references for energy R&D evaluation, 

including DOE guidance.  

The most likely application of these methods will be to forecast future benefits of current and 

completed EPIC grants. Although these methods can readily be used for retrospective 

assessment, prospective analysis is a more likely application for many years to come given the 

time lag inherent between R&D and TD&D investments and the realization of long-term 

benefits. The remainder of this section identifies appropriate users of the benefit tools and 

methods and finishes with IEc’s approach to addressing measurement challenges. 

Who is Performing These Analyses? 
For relatively straightforward methods such as on-bill savings, the IEc Team developed “plug 

and play” MS Excel calculators, which only require collection and entry of input data to estimate 

benefits. For other methods, such as electricity reliability, the IEc Team adapted an existing tool 

in a way that requires minimal work beyond collecting input data. The IEc Team anticipates that 

all Commission staff, including CAMs, would be able to use these types of tools to estimate 

benefits.  

For methods to be implemented with automated tools, the IEc Team specified where to find the 

input data; typically, data sources include regular grantee data collections or existing publicly 

available data sources. For third-party data sets that are largely static, the IEc Team embedded 

data into the tools that we developed or adapted. For data that changes often, such as energy 

prices, the IEc Team structured the tools to streamline the importation of updated data sets as 

much as possible. However, Commission staff will need to periodically update data sets.  

Given the complexity of the subject matter and the nuances of some benefit methods relevant 

to EPIC, it was not possible in all cases to develop or adapt plug-and-play tools. Some methods 

were too complex for this type of approach, and/or required a high level of customization for 
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each analysis. For example, regional economic analyses, analyses of GHG reductions, and Social 

Cost of Carbon (SCC) were all complex analyses. Program-level assessment of the GHG and SCC 

analysis required the application of market adoption scenarios as well (see Chapter 4 for 

detailed discussion).  

For benefits that require complex and/or case-customized methods, the IEc Team developed a 

combined set of written instructions and companion MS Excel analytical shells. In some cases 

the IEc Team conducted analyses to demonstrate the methods and to work out potential 

complications through testing (e.g., Effects of EPIC Support on Investments and Growth of 

California Cleantech Companies). The Commission can use the demonstration analysis as a 

starting point or template for future application of the method by internal staff. It should be 

noted that some of the more complex methods require a solid understanding of economic 

analysis to properly implement, and therefore may be best suited for use by EPIC Benefits staff. 

It is important to underscore that analytical methods that the IEc Team developed for EPIC are 

not intended for grantee use. While it is possible that grantees may be technically competent 

enough to use some of the tools that we develop, doing so may require that they report the 

same data multiple times (i.e., during regular grantee data reporting and on an ad hoc basis to 

support an analysis). Increasing the burden on grantees is not ideal; it pulls individuals away 

from their core work (in which the Commission is investing), and grantees may not have the 

incentive to set aside time required to provide the Commission with high quality, accurate data 

and analysis. As such, we recommend that the Commission minimize grantee data requests, 

and collect as much data as possible programmatically (via kick-off and final questionnaires), as 

discussed in Chapter 5. When additional data are needed, we recommend using an online 

survey tool such as Survey Monkey or a phone survey, if feasible. Recent EPIC microgrid and 

natural gas surveys provide good templates for collecting specific data points from grantees in 

a straightforward manner.  

Approach to Addressing Measurement Challenges 
The EPIC program posed several measurement challenges that this Impact Framework and 

associated benefit analyses aim to address.  

• Evolving Definitions of Key Policy Themes. Key EPIC-related concepts such as 

electrification, climate resiliency, disadvantaged communities, and others that are 

politically important and popular are amorphous. Our methods include clear, and where 

needed, detailed definitions of these and other terms, drawing from applicable California 

policy. 

• Technology-adjacent investments. A large proportion of EPIC grants do not directly 

fund the advancement of a specific technology or technologies. Effects of empirical 

studies and other non-technology EPIC investments, as well as market facilitation and 

fostering a healthy entrepreneurial ecosystem, are difficult to isolate, quantify, and 

monetize. As such, the Commission has developed methods to address a wide range of 

knowledge progression, technological progression, and market development milestones.  

• Timing problems. The realization of energy savings and generation of renewable energy 

that can be traced to EPIC’s investments lag grant periods by many years. Forecasting 
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future benefits is necessary and has inherent uncertainties. CPUC’s benefit framing for 

EPIC does not consider the benefits that precede realization of energy and emission 

reductions, greater reliability, or lower costs, such as knowledge development and 

dissemination, changes in technology readiness, changes in market readiness, and 

innovation ecosystem capacity development. The Commission has created tools to 

measure a series of knowledge benefits and technology readiness benefits that can 

precede deployment. Moreover, we have identified the following as core benefits: 

Intellectual Property Development, Development of Widely Cited Resources/Tools, 

Advances in TRLs, Increased Investment in Technology, and Commercial Launch/Initial 

Market Change. 

• Predicting the future state. Forecasting the benefits of energy technology requires 

predicting the future of a sector in massive transition. The market trajectory of new 

energy technologies is inherently uncertain; both the potential for a technology to 

replace others and the potential rate of penetration is unclear. The future state of the 

world is also highly uncertain; other energy technologies will have been developed 

during the time of the EPIC grant, and policy changes over time as well. All these issues 

further complicate the process of estimating benefits. This complexity can in part be 

addressed using expert elicitation panels, such as for Building EE and RGI forecasted 

benefits analyses, in order to predict market adoption, or to conduct scenario-based 

analyses of the future state. The VGI market adoption analysis completed for 

reauthorization is a good example of a scenario-based approach.  

• Interactive effects and double counting. The scale and timing of key benefits may not 

be evident at the research area level, and/or may overlap or conflict across grants. For 

example, the future of VGI funded grants and mobile storage may affect markets for 

stationary storage, and vice-versa. Therefore, the Commission will aim to include all 

relevant grants in any given benefits analysis, regardless of type of grant or research 

area. When that is not possible, the Commission will consider the potential for double 

counting benefits before adding benefit estimates. For example, the Commission did not 

aggregate health benefits estimated during the 2021 Building EE and RGI benefits work 

conducted for reauthorization, because of potential for interactivity and double counting 

across the scenarios underlying the two different analytical processes.  

• Non-additive benefits. The EPIC benefits taxonomy spans both social welfare benefits 

and financial benefits that accrue to specific stakeholders. These are not additive. The 

social welfare benefits are a measure of economic value whereas the system-level 

avoided energy-related costs describe financial costs. For example, energy saving 

estimates from building energy efficiency projects cannot be summed with social welfare 

benefit estimates such as health impacts.  

• Attribution complexity. Many factors influence market adoption and penetration of new 

energy technologies; these include policies and investments made at the federal level, by 

other states, and by the private sector, as well as global market changes. EPIC 

investments may be one of many factors in the trajectory of funded technologies. Given 

these drivers and their interactions with one another and with the effects of EPIC, it is 

not realistic to numerically isolate outcomes of EPIC grants to EPIC. Instead, the grantee 
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data collection approach collects information that establishes how EPIC contributes to a 

funded technology’s advancement, commercialization, and deployment, and asks 

grantees about the trajectory of their technologies without EPIC funding.
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CHAPTER 3: 
Benefit Assessment Methods and Tools 

The IEc Team offered a comprehensive review of methods and potential tools for the 

Commission to consider for measuring benefits of EPIC. Subsequently, the Commission chose 

to invest in development of methods and tools presented in Table 2 below. The Commission 

prioritized investment in methods and tools that: (1) address EPIC’s core benefits; (2) have 

multiple and specific use cases; and (3) could be programmed as fairly automated tools that do 

not require customization for every use.  

Table 2:  Methods and Tools Developed 

Method/Tool Name Description 

KNOWLEDGE BENEFITS, TECHNOLOGY READINESS, AND MARKET READINESS 

CEC Citations Application 

Estimates knowledge benefits from EPIC and the Natural Gas 
Program by searching SCOPUS for acknowledgements to 
funded research projects and providing citation counts and 
related information 

Social Network Analysis of 
the Growth of EPIC Grantee 
Connections  

Provides network analysis of grantees funded by EPIC between 
2014-2020 to document connections between primes and 
subcontractors, funding amounts, and growth of the network 
over time 

Network Innovation 
Analyzer (EIN Social 
Network Analysis Tool) 

Characterizes the Empower Innovation Network (EIN), 
including EIN members and their interactions via messaging, 
existing network strengths, and opportunities to further 
strengthen the network 

Technology, Manufacturing, 
and Commercialization 
Readiness Level Calculator 

Enables technology readiness level (TRL), commercial readiness 
level (CRL), and manufacturing readiness level (MRL) self-
assessment by EPIC applicants or grantees 

Effects of EPIC Support on 
Investments and Growth of 
California Cleantech 
Companies  

Analyzes California cleantech investment activity and the 
extent to which companies supported by EPIC have raised 
follow-on funding 

Technological Learning 
Calculator 

Estimates potential cost reductions resulting from EPIC 
projects, based on experience curve effects 

Site Selection and 
Permitting Soft Cost 
Savings Calculator 

Estimates savings to developers of distributed energy 
resources from reduced fees and labor costs associated with 
site selection and permitting (i.e., PII – Permitting, Inspection, 
and Interconnection) as well as from reduced idle time waiting 
for approvals 

CUSTOMER ON-BILL SAVINGS BENEFITS 

On-Bill Energy Savings 
Calculator 

Estimates on-bill savings from EPIC projects that reduce 
ratepayers’ electricity and/or fuel use, change the timing of 
electricity use, and/or increase on-site electricity generation 
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Method/Tool Name Description 

On-Bill Energy Savings - 
Storage 

Estimates on-bill savings from EPIC projects that rely, in part, 
on energy storage to reduce the amount of energy purchased 
from IOUs and/or change the timing of energy purchases 

Water Systems Savings 
Calculator 

Estimates on-bill savings from EPIC projects that lead to end 
user water savings and/or reduce embedded energy use in the 
water life cycle 

ENVIRONMENTAL AND HEALTH BENEFITS 

Emissions Calculator 

Estimates changes in emissions due to EPIC projects that 
increase renewable electricity generation in California, reduce 
or shift demand for electricity, and reduce consumption of gas 
and oil through electrification  

Social Cost of Carbon 
Calculator 

Estimates the social welfare benefits of EPIC projects that 
reduce or mitigate greenhouse gas (GHG) emissions 

Air Quality Health Benefits 
Calculator 

Estimates the human health benefits resulting from projects or 
portfolios that reduce emissions of primary fine particulate 
matter (PM2.5), nitrogen oxides (NOx), and sulfur dioxide (SO2) 
emissions 

Wildfire Risk Reduction 
Screening Analysis 

Provides a stepwise process to identify and calculate the 
number of at-risk acres treated for fuels as a co-benefit of 
forest-based biomass projects 

RELIABILITY AND RESILIENCY BENEFITS 

Grid Reliability Benefits 
Tool 

Estimates the benefits of EPIC grants that lead to 
improvements in grid reliability, in conjunction with the U.S. 
Department of Energy's Interruption Cost Estimate (ICE) 
Calculator, an electric reliability planning tool 

Reduced Oil Imports 
Calculator 

Estimates the quantity and avoided costs of reduced oil 
imports into California, using publicly available oil import-
export data 

Reduced Natural Gas 
Imports Calculator 

Estimates the quantity and avoided costs of reduced natural 
gas imports into California, using publicly available oil import-
export data 

Public Safety Benefits 
Calculator 

Estimates the benefits of EPIC grants that reduce public safety 
risks by improving the level of critical public services that can 
be maintained during a power outage 

BENEFITS THAT ACCRUE TO THE ELECTRICITY SECTOR 

System-Level Savings 
Calculator 

Estimates the avoided costs to utilities, including avoided 
energy procurement, avoided capital costs for new generation 
capacity, and avoided compliance costs, due to EPIC projects 
that lead to load reduction 

Demand Response Impact 
Tool 

Estimates the value to utilities of increasing penetration of 
automated demand response, or improved responsiveness or 
operational efficiency of demand response 

Renewable Energy Hedging 
Capability Calculator 

Estimates if there is a financial hedge against energy prices by 
making a renewables investment, but comparing the levelized 
cost difference between a renewable energy resource and the 
dispatch cost of a marginal unit of natural gas combined cycle 
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Method/Tool Name Description 

Levelized Cost of Electricity 
Calculator 

Estimates the change in levelized cost following projects 
designed to reduce the cost of renewable energy generation 
and/or energy storage installations 

Levelized Cost of Storage 
Calculator 

Estimates the levelized cost of battery storage technologies 
associated with EPIC projects; providing economic feasibility of 
a storage project. 

WATER UTILITY, INDUSTRY, AGRIBUSINESS BENEFITS 

Groundwater Benefits 
Calculator 

Estimates the benefits of grants that result in cost savings 
from reduced water use, increased pump efficiency, and/or 
load shifting for standalone groundwater pumping operations 

BENEFITS AND METRICS UNIQUE TO DISADVANTAGED COMMUNITIES 

Value of Increased Equity in 
DACS and Low-Income 
Communities 

Estimates the economic utility of increasing energy equity in 
disadvantaged communities (DACs) and low-income 
communities in California 

Method Format 
Most of the methods we developed take the form of spreadsheet tools in Microsoft Excel, along 

with written guidance accompanying them; current documentation for all tools is contained in 

Appendix A of this report. If readers are interested in one of the tools, they may contact Braden 

Henderson at the Commission at (Braden.Henderson@energy.ca.gov) or Angela Vitulli at IEc at 

(avitulli@indecon.com). To minimize the training burden on users at the Commission, the IEc 

Team’s suite of benefits tools contain all the required reference data to support estimation and 

are programmed with user-friendly interfaces. 

The spreadsheet tools generally use a similar format. Each tool contains at least the following 

tabbed sections, which are color-coded for easy navigation: 

• README – Provides a quick reference intended to supplement the documentation with a 

description of each of the other tabs in the workbook. 

• Input  – Users input all required data in Input tab(s), as well as any optional data for the 

project or portfolio being analyzed. Some tools have only one input tab, while more 

complicated methods require multiple input tabs.  

a. The tools contain extensive default data to minimize user burden and facilitate a 

quick analysis, but with the flexibility to override defaults and input project-specific 

data when available.  

• Results – Displays the results of the analysis in a printable layout including relevant 

project details. Some tools have multiple results tabs.   
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CHAPTER 4: 
Market Adoption Analyses 

To project key long-term benefits of current EPIC grants, including load reduction, increased 

installed capacity and generation of renewables, and avoided GHG emissions, IEc utilized 

market adoption analyses within the Building EE and RGI research areas. In addition, we 

employed a market adoption analysis to forecast the benefits of smart charging and EV grid 

support associated with the VGI research area.  

Building EE and RGI Market Adoption Approach 
The Building EE and RGI market adoption analyses used an expert elicitation approach to 

forecast market adoption of discrete renewable energy technologies and specific building EE 

technologies and construction approaches funded by EPIC. Expert elicitation is a systematic 

process of formalizing and quantifying expert judgments about uncertain quantities. In the 

case of EPIC, the uncertain quantity of interest is future market adoption of technologies 

supported by EPIC grants. Expert elicitation is often used to address public policy questions 

when 1) conducting the research and data collection indicated is infeasible or cost-prohibitive, 

and/or 2) applicable analytical approaches such as modeling are likely to produce a wide range 

of uncertainty.    

Expert elicitation processes involve the following general steps: 

1. Develop a background information 
summary to explain the problem at hand 
to prospective experts. 

2. Develop expert recruitment objectives. 
Objectives typically include ensuring 
adequate expert coverage of all the types 
of expertise required; gathering a diverse 
range of viewpoints; and defining and 
avoiding potential conflicts of interest.  

3. Recruit experts based on qualifications 
criteria; qualifications criteria typically 
define specific expertise and experience. 
Experts also must agree to the time 
commitment required for the honorarium 
offered. 

4. Develop more detailed background 

materials to be provided to experts. See 

the callout box for more information. 
5. Develop formal elicitation protocol by 

breaking down broad questions at hand 
into a logical series of smaller questions for experts to consider. Develop a script based 
on this logic; the script may include graphical displays as well.  

Expert Elicitation on EPIC-Related 

Market Adoption:  Background 

Materials 

For EPIC’s market adoption scenarios, 
relevant background materials included:  
• Market area overview 
• EPIC research area logic model  
• Summary information on technical 

potential of funded technologies 
provided by grantees or third parties 
(e.g. M&V report) 

• Summary information of key grant 
activities and milestones for each 
grant 

• Summary of technology progression, 
if any (e.g., changes in TRL/CRLs over 
time using the TRL/CRL calculator) 

• Summary of other sources of funding 
for the technologies 
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6. Pilot test the background materials and elicitation protocol, and revise as needed to 
hone the materials.  

7. Administer the expert elicitation. For the Delphi method used here, we conduct an 
iterative series of individual interviews with experts. We aggregate individual results and 
prepare graphics and text tailored to each expert, explaining how their responses 
compare to their peers (while maintaining the confidentiality of individual panelists). 
The second round of questioning prompts experts to revisit the same questions as the 
first interview, with the added benefit of input from their peers. The process typically 
narrows the range of results and reduces uncertainty.  

8. Develop a written communication of expert findings. 

We used a panel of 12 experts to forecast market share of EE technologies and approaches, and 

a different panel of 11 experts to forecast market share of RGI technologies. IEc and the 

Commission collaborated in selecting experts to serve on both panels. All experts had to meet 

exacting criteria that included understanding and familiarity with most of the technologies 

included, as well as relevant cost drivers and market barriers and the general history of public 

policy interventions to advance technologies in these areas. All experts had a minimum of 10 

years of experience; many had upwards of 25 years of experience. Most experts had California-

specific experience. Experts were recruited from both the public and private sectors; all experts 

had to pass conflict of interest screens.  

These technologies in the Delphi Panels are presented in Tables 3 and 4 below.  

Table 3:  Grants Included in the Building EE Delphi Panel 

Delphi Category Agreement Grant Title Technology Description 

Attic Insulation EPC-14-012 
Comparing Attic Approaches 
for Zero Net Energy Homes 

Glass fiber insulation in 
attic space 

Commercial Plug 
foods - Food 
Service 
Equipment 

EPC-15-027 
Electric Plug Load Savings 
Potential of Commercial 
Foodservice Equipment 

Commercial foodservice 
appliance designs and 
energy controls (includes 
induction and setbacks) 

Integrated 
Daylighting and 
shading system 

EPC-16-032 

Leading in Los Angeles: 
Demonstrating Scalable 
Emerging Energy Efficient 
Technologies for Integrated 
Façade, Lighting and Plug 
Loads 

Integrated daylighting 
and automated shading 
system 

Cool walls EPC-14-010 
Solar-Reflective "Cool" Walls: 
Benefits, Technologies, and 
Implementation 

Solar reflective cool walls 

HVAC EPC-14-009 
Optimizing Radiant Systems 
for Energy Efficiency and 
Comfort 

Hydronic radiant cooling 
and heating system 

HVAC EPC-14-021 

Development and Testing of 
the Next Generation Residential 
Space Conditioning System for 
California 

HVAC systems designed 
for CA-specific climates 
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Delphi Category Agreement Grant Title Technology Description 

HVAC EPC-15-019 
Low cost Helical Coil Ground 
Heat Exchanger 

Low-cost helical coil 
ground heat exchanger 

HVAC EPC-18-006 
Radiative Sky Cooling-Enabled 
Efficiency Improvements on 
Commercial Cooling Systems 

Radiative sky cooling 
efficiency booster 

HVAC EPC-18-019 
Low-GWP, high-efficiency heat 
pump and air conditioner 

Low-GWP, high-efficiency 
heat pump and air 
conditioner (window unit 
replacement-Treau) 

HVAC EPC-18-025 
Scale-up of Magnetocaloric 
Materials for High Efficiency 
Magnetic Refrigeration 

Magnetocaloric materials 
(to replace traditional 
coolant) 

HVAC - 
anemometer 

EPC-14-013 
Very Low-cost MEMS-based 
Ultrasonic Anemometer for Use 
Indoors and in HVAC Ducts 

MEMS-based ultrasonic 
anemometer (to replace 
traditional wire-based 
systems) 

HVAC - controls EPC-15-037 
Smart Ventilation for Advanced 
California Homes 

Smart ventilation 
controls 

HVAC - controls EPC-16-013 

Integrating Smart Ceiling Fans 
and Communicating 
Thermostats to Provide Energy-
Efficient Comfort 

Smart ceiling fan and 
smart thermostat 
integration 

Lighting EPC-18-003 
Ultra-thin Flexible LED Lighting 
Panels 

Ultra-thin flexible LED 
lighting panels 

Lighting - 
Controls 

EPC-14-017 
Developing Flexible, Networked 
Lighting Control Systems That 
Reliably Save Energy 

Flexible, networked 
lighting control systems 

Plug 
loads/electronics 

EPC-15-021 
Mobile Efficiency for Plug Load 
Devices 

Energy efficient plug load 
designs 

Plug 
loads/electronics 

EPC-15-024 Zero Net Energy Plug Loads 
Energy efficient, DC plug 
load designs 

Windows EPC-14-066 
High-Performance Integrated 
Window and Facade Solutions 
for California Buildings 

Triple-pane, insulating 
glass with low-
conductance aluminum 
frame 

Windows EPC-18-004 

Accelerating 
Commercialization of 
Advanced Energy Efficient 
Windows 

Advanced energy 
efficient and energy 
generating windows 
(Clearview) 
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Table 4:  Grants Included in the RGI Delphi Panel 

Delphi 

Category Agreement Grant Title Technology Description 

PV – Solar 
Tracking 

EPC-14-025 

Mass-Manufactured, Air-Driven 
Trackers for Low-Cost, High-
Performance Photovoltaic 
Systems 

Air-based solar tracking 
system 

PV – Solar 
Tracking 

EPC-17-015 
Installation and Soft Cost 
Reduction for Horizontal Single 
Axis Trackers 

Mechanical solar tracking 
system for sloped and 
rolling terrain 

PV – PV Cells EPC-14-040 
Self-Tracking Concentrator 
Photovoltaics for Distributed 
Generation 

Self-tracking concentrator 
PV 

PV – PV Cells EPC-16-035 

High-Performance Copper-
Plating on Silicon Photovoltaic 
Cells, Using Low-Cost Printed 
Circuit Board Technology  

Silicon PV with copper 
electrodes 

CSP EPC-14-003  
Low-Cost Thermal Energy 
Storage for Dispatchable CSP 

Sulfur thermal energy 
storage  

CSP EPC-14-047  

Dairy Waste-to-Bioenergy via the 
Integration of Concentrating 
Solar Power and a High 
Temperature Conversion 
Process 

Solar collectors on plastic 
supports  

CSP EPC-16-016  
Commercializing a Disruptively 
Low-Cost Solar Collector 

Solar collectors on plastic 
supports  

Bioenergy – 
MSW and Food 
Waste 

EPC-14-045  
Advanced Recycling of 
Municipal Solid Waste 

Gasification of refuse-
derived biomass  

Bioenergy – 
MSW and Food 
Waste 

EPC-14-046 

Lowering Food-Waste Co-
digestion Costs Through an 
Innovative Combination of a Pre-
Sorting Technique and a 
Strategy for Cake Solids 
Reduction 

Food waste co-digestion 
with sludge from 
wastewater treatment 
plants 

Bioenergy – 
Dairy Waste 

EPC-14-022 

Construction and Operation of 
the ABEC #3 Covered Lagoon 
Digester and Electrical 
Generation System 

Anaerobic digestion of 
dairy manure 

Bioenergy – 
Dairy Waste 

EPC-14-029 

Construction and Operation of 
the ABEC #2 Covered Lagoon 
Digester and Electrical 
Generation System 

Anaerobic digestion of 
dairy manure 

Bioenergy – 
Dairy Waste 

EPC-14-084 

Construction and Operation of 
the ABEC #4 Covered Lagoon 
Digester and Electrical 
Generation System 

Anaerobic digestion of 
dairy manure 

Bioenergy – 
Forest Waste 

EPC-14-024  
Modular Biomass Power Systems 
to Facilitate Forest Fuel 
Reduction Treatment  

Gasification of forest 
residue using a rotary 
gasifier  
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Delphi 

Category Agreement Grant Title Technology Description 

Bioenergy – 
Forest Waste 

EPC-14-051 

Cleaner Air, Cleaner Energy: 
Converting Forest Fire 
Management Waste to On 
Demand Renewable Energy 

Gasification of forest 
residue using a portable 
gasifier 

Geothermal EPC-14-002  
Investigating Flexible Generation 
Capabilities at The Geysers 

Load-following operation 
of geothermal power 
plants 

Geothermal EPC-16-020  
Selective Recovery of Lithium 
from Geothermal Brines   

Lithium recovery from 
geothermal brine 

Wind EPC-16-019 
REnewALL: 21st Century 
Solutions for 20th Century Wind 
Projects 

Remote communications 
and control for older 
wind turbines 

 

For building EE, IEc used technology-specific market uptake estimates developed through the 

Delphi Panel, combined with applicable construction forecast data, to estimate the load 

reduction and fuel switching over time in California associated with this subset of EPIC grants. 

Specifically, using near-term forecasts provided by the Commission and external sources, we 

developed California construction forecasts for six types of building stock targeted by EPIC EE: 

new residential, existing residential, new multi-family, existing multi-family, new commercial, 

and existing commercial. We applied changes in electricity and natural gas load reduction 

associated with a unit of each technology/approach to the expert forecast of market share over 

time for each of the six applicable construction types, considering climate zone applicability as 

needed. This resulted in a forecast of annual benefits for each technology/approach through 

2045. After finalizing the results of the Delphi Panel, IEc applied our on-bill energy savings 

calculator, system-level savings calculator, high-level first cost analysis, emissions calculator, 

health effects calculator, and social cost of carbon (SCC) calculator to produce a forecast of 

monetized benefits associated with these studied technologies and approaches.  

To facilitate the Commission’s calculation of forecasted savings for emerging technologies in 

the future, IEc also developed the Emerging Technology Building Energy Savings Calculator. 

This Excel Workbook allows users to estimate forecasted savings for a single technology, and to 

add those savings to the savings from the existing set of 19 technologies previously calculated. 

Using the step-by-step instructions outlined in the calculator, users provide general inputs and 

savings and adoption inputs. The tool uses these data to generate a Project Savings Report one-

pager that describes the technology, applicable sector, savings area, and building type. The 

report also provides results on energy savings for all years and allows users to select and view 

the savings for a single year; finally, the report provides a graphic of the cumulative energy 

savings across all years. 

To estimate renewable energy production over time in California associated with the subset of 

EPIC RGI grants, IEc used technology-specific market uptake estimates developed through the 

panel, combined with the panel’s capacity factor estimates for each category of renewables. 

Specifically, using the panelists’ estimates for installed capacity (MW) and capacity factor, we 

estimated electricity production (MWh) in California through 2045. For estimates, we 
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considered two scenarios: one in which we calculated energy production based on the average 

market uptake estimate and a second scenario relying on the minimum market uptake for each 

EPIC-supported technology. Estimates were provided in five-year intervals beginning in 2020 

(2020, 2025, 2030, etc.). After finalizing the results of the Delphi Panels, IEc applied our 

system-level savings calculator, emissions calculator, health effects calculator, and social cost 

of carbon (SCC) calculator to produce a forecast of monetized benefits associated with these 

studied technologies and approaches.  

For RGI we also conducted a break-even analysis by comparing the Commission’s investment in 

renewable energy technologies to a net benefit estimate and found that the technologies 

included in the Delphi Panel more than pay for the total EPIC investment in the entire RGI area. 

Notably, the system-level avoided costs represent gross values, which are not net of program, 

technology, installation and system integration costs due to the limited information available 

on such costs for the technologies included in the Renewable Energy Delphi Panel and the 

difficulty in projecting these costs over the analyzed timeframe. 

Vehicle Grid Integration (VGI) Technology Market Adoption 
The approach to measuring market adoption impacts related to vehicle grid integration (VGI) 

technologies was distinct from the expert elicitation methodology outlined for EE and RGI. The 

VGI approach preserved a general “top down” structure, adjusted to reflect the technology, 

policy, and literature developments that have emerged since mid-2019. 

EPIC grants related to the VGI research area focused primarily on two technologies, smart 

charging and EV grid support.4 Because the adoption and use of these VGI technologies is, by 

definition, highly correlated with the adoption and use of EVs, the methodology of scaling 

impacts and adoption rates to existing forecast scenarios for both technologies remains reliable 

and transparent.  

The method relied on data from utility IRPs, literature and datasets forecasting EV and related 

technology adoption, and data collected directly from grantees to identify and compare “with 

EPIC” and “without EPIC” scenarios for both smart charging and EV grid support technologies. 

The key endpoints of interest were: 

• Smart Charging: on-bill savings, reduced peak load demand, and the GHG reductions 

related to reduced peak load;  

• EV Grid Support: increased storage capacity. 

A critical initial step in identifying these values was a series of in-depth interviews with 

grantees to identify a number of unit values, including “installation level” (per-EV or per-fleet) 

estimates of on bill savings and increased storage capacity, as well as any market adoption 

forecasts that grantees have developed, and their sense of the impact of EPIC funding on those 

forecasts. The scope of these interviews was expanded to examine a number of recent 

developments in the VGI context, including: 

 
4 Smart charging is defined here as the intelligent charging of electric vehicles (EVs), where charging can be shifted 
based on grid loads and in accordance to the vehicle owner’s needs) and EV grid support is defined here as the use of 
EVs as battery storage for the grid. 
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• Advances in interoperability standards and potential impacts on the market. A 

critical step in enabling broad adoption of both smart charging and EV grid support is 

establishing a standard protocol for enabling communication between vehicle and grid. 

To the extent that the Commission and EPIC projects advance or enable the adoption of 

a standard sooner than would otherwise have occurred, market adoption of VGI 

technologies and associated benefits might be increased. IEc collected information 

from grantees on various aspects of interoperability standards, including the impact of 

recent proposals to use the International Organization for Standardization (ISO) 15118 

standard for “Road Vehicles – Vehicle to grid communication interface,” and more 

generally the impact of the Commission and EPIC grants in progress toward a standard. 

These insights, coupled with any available literature on broader standardization trends, 

at a minimum, qualitatively informed the projection of market adoption.  

• Links between EPIC projects, total cost of ownership of EVs, and EV adoption rates. 

While available data and existing studies do not reveal a specific relationship between 

the availability of smart charging and EV purchases, this may change if VGI can lead to 

clear reductions in the total cost of ownership for vehicles. IEc investigated whether 

anticipated cost savings associated with the VGI technologies funded by EPIC might be 

large enough to have an impact on EV purchases. Information collected from grantees 

was considered in the context of the broader literature on this topic, including any 

available outcomes of research currently underway by the Electric Power Research 

Institute and the Brattle Group to determine the extent to which VGI technologies 

contribute to more rapid EV adoption. 

• Emerging market effects. IEc solicited qualitative input from grantees on recent 

technology or market shifts that should be factored into forecasts. Examples include 

any dramatic changes in the costs of competing technologies (e.g., stationary storage) 

or anticipated cost changes in EVs. IEc also assessed any emerging literature on the 

long-term impacts of the COVID-19 pandemic on the EV market to provide qualitative 

insights into future adjustments that may be necessary.  

IEc used data collected from grantees and other published sources to populate scenarios and 

forecast market adoption of key technologies. The monetary value of these impacts was driven 

primarily by anticipated shifts in peak load and relied on the On-Bill Energy Savings Calculator, 

System-Level Savings Calculator, Emissions Calculator, and Social Cost of Carbon Calculator. 

Uncertainties associated with this method remain related to uncertainties in the forecast of 

both EV adoption and anticipated driving behavior, and to the extent the scenarios selected for 

the baseline differ from other baseline conditions assumed by EPIC.  
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CHAPTER 5: 
Grantee Benefits Data Collection Approach 

In collaboration with the Commission, IEc designed a new grantee benefits data collection 

approach for EPIC that facilitates performance measurement and analysis of benefits and is 

complementary to EPIC’s other benefits data collection efforts (i.e., grantee and subcontractor 

surveys). Key principles of IEc’s data collection approach for EPIC are as follows: 

1. Consolidated data collection – The Commission collects data from grantees at two time 

periods: kick-off – when the project agreement starts – and final – when the project is 

ending. This approach removes data collection at the mid-term project time period. The 

Commission has also indicated they will conduct surveys for some benefit categories. 

IEc worked with the Commission to ensure coordination across these other data 

collection efforts. 

2. Data, not analyses, collected from grantees – The previous grantee benefits data 

approach asked applicants and grantees to conduct their own economic assessment of 

benefits in addition to other simpler analyses. Most applicants and grantees were unable 

to provide usable economic data or analyses using this approach; their assumptions and 

methods varied widely, were not well-documented, and were often erroneous. The new 

approach asks grantees only for data that are reasonable for them to have or develop. 

The Commission then uses the data for calculating benefits estimates, utilizing a set of 

benefits tools developed by IEc. 

3. Data collected in a systematic, user-friendly manner – IEc developed the grantee 

benefits data questionnaire in an MS Excel workbook to collect data in a systematic 

manner. This approach eases data input from grantees, and ultimately allows data to be 

merged across projects in a grantee benefits database.  

4. Flexibility with a standard questionnaire – IEc balances the need for data 

standardization with the need for adaptability across different grant research areas and 

grant types through the use of a flexible grantee reporting questionnaire. The MS Excel 

master questionnaire can be customized as needed. 

5. Integrated quality assurance/quality control (QA/QC) and data fidelity processes – 

The grantee benefits data collection process builds in QA/QC throughout the data 

collection and data storage phases.  

Table 5 below presents a summary of the grantee data collection approach components. 
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Table 5:  Grantee Data Collection Approach 

Benefits Data 

Component Summary 

Data collection time 
periods  

• Kick-off. 
• Final. 
• Kick-off and post-grant surveys, for some benefit categories. 

Benefits assessment 
approach with 
streamlined data 
requests 

• Grantees are only asked to provide data that are focused on 
their project and reasonable for them report. 

• The Commission (using IEc developed tools) conducts benefits 
calculations with known data assumptions. 

• Streamlined data requests. 

Data collection format 
and user design 

• MS Excel workbook. 
• Extensive use of pre-filled selections (e.g., drop down options). 
• Data are easily extracted and consolidated into a central 

repository (this facilitates summarizing benefits across 
projects). 

Adaptable grantee data 
collection questionnaire 

• Standard set of topic areas for all grantees. 
• Optional topic areas for grantees based on grant type. 

Quality control and data 
fidelity 

• Automated processes reduce opportunities for data entry 
errors. 

• Fewer repetitive data requests avoid potential for conflicting 
information. 

• Process for maintaining data fidelity with multiple sources and 
users. 

 

The remainder of this chapter: 

1. Discusses how the grantee data collection questionnaire collects a streamlined set of 

data for use with IEc benefit estimation tools. 

2. Explains the data collection format and user design approach; 

3. Provides a description of the standard data requests and master grantee benefits data 

collection questionnaire; and 

4. Discusses the QA/QC approach in more detail. 

Benefits Assessment Approach with Streamlined Data 
Collection 
IEc developed the benefits questionnaire to align with the data needed to use IEc benefit 

estimation tools. The data collected through the questionnaire supports use of the following IEc 

benefits tools or methods, organized by benefit category: 

Knowledge Benefits, Technology Readiness, and Market Readiness 
• Citation analysis, counts of patents and publications, and related knowledge 

development indicators. 
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• Effects of EPIC support on investments and growth of California cleantech companies. 

• Social network analysis. 

• Permitting time/cost data collection and analysis. 

Customer On-Bill Savings Benefits 
• On-bill energy savings calculator. 

• Water system savings calculator. 

Environmental and Health Benefits 
• Social cost of carbon calculator. 

• Air quality benefits calculator. 

• Emissions calculator. 

• Wildfire risk reduction screening analysis. 

Grid Reliability and Resiliency Benefits 
• Adapted U.S. DOE power interruption cost estimate calculator. 

• Reduced natural gas imports. 

• Reduced oil imports. 

• Adapted FEMA method on public safety benefits of avoiding outages. 

Benefits that Accrue to the Electricity Sector 
• System-level savings calculator. 

• Levelized cost of electricity calculator. 

Water Utility, Industry, Agribusiness Benefits 
• Avoided groundwater savings calculator. 

Benefits and Metrics Unique to DACS: Value of Community Capacity Building 
• Disadvantaged Communities (DACs)-specific benefits. 

Other data collected in the questionnaire includes general background data for characterizing 

the projects, project-specific performance metrics, and jobs data. Performance metrics and jobs 

data do not support any IEc tools but are important for understanding project performance and 

for supporting EPIC’s key performance indicators (KPIs). 

Some of the tools listed above utilize default data inputs to determine benefit estimates but 

allow for optional manual data inputs when these data are available; these include the adapted 

U.S. DOE interruption cost estimate calculator, avoided groundwater savings calculator, on-bill 

energy savings calculator, and water system savings calculator. Manual data inputs may 

increase the accuracy of the benefit data estimates from these tools, but IEc does not believe 

many grantees would readily have the data available to utilize manual entry; in some cases the 

Commission may have easier access to these data (e.g., utility rates). As such, the grantee 
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benefits data questionnaire assumes use of default data and does not include the optional 

manual data inputs as data requests. Both default data and optional manual data will provide 

valid data estimates from these tools. If the Commission is interested in the results from a 

single project, IEc encourages the CAMs to work closely with the grantee to collect the relevant 

manual data inputs. The “Other Data Fields” tab in the Grantee Data Fields Data Dictionary 

provides the list of optional data fields associated with tools listed above.
5
 

Data Collection Format and User Design 
IEc developed the grantee benefits questionnaire in an MS Excel workbook. This approach 

minimizes burden to applicants/grantees; is user-friendly; and facilitates data consolidation 

across projects.  

Design Elements 
IEc utilized several design features aimed at reducing irrelevant and duplicative data requests 

and minimizing visual data burden. These include: 

• Single workbook for multiple data collection periods. IEc designed the MS Excel 

workbook to collect data from both the kick-off and final reporting periods. Grantees 

will be able to review their kick-off inputs and update value estimates as needed, 

without having to re-create or find the values they previously provided. This reduces 

duplicate data requests across data collection time periods and improves data quality. 

• Conditional logic display. To minimize the data burden on respondents, the benefits 

questionnaire utilizes screening questions and conditional logic to filter the type of 

data and metrics applicants and grantees are asked to report. 

• Navigation reminders and links. The questionnaire utilizes yellow highlighting to 

indicate required data fields; as grantees complete the data request the highlighting 

disappears. Input data will also trigger navigation reminders for grantees to scroll to 

different parts of the questionnaire, as needed. Finally, “Next Page” links at the top and 

bottom of the page allow grantees to easily move to the next data request. 

• Pop-up informational boxes. Each data input cell has a pop-up a note providing clear 

definitions and instructions on how to complete the data request. Including the detailed 

data request in the pop-up note reduces visual burden in the data input process, but 

also obviates the need for grantees to refer to a separate tab or document for help in 

filling out the questionnaire. 

• Pre-set drop-down selections. To the maximum extent possible, the questionnaire 

includes pre-set drop-down selections for responding to data requests and restricts 

data inputs to relevant data types (e.g., number fields). This minimizes data input 

burden on grantees and reduces the likelihood of errors.  

In addition to the items above, the user-friendly questionnaires have improved design 

aesthetics to enhance readability (e.g., proper use of white space). Figures 3 and 4 present static 

images of the Background information tab; Figure 3 shows a blank version and Figure 4 shows a 
 

5 The Grantee Data Fields Data Dictionary is described in the “Adaptable Grantee Benefit Data Collection Questionnaire” 
section below. In the Data Dictionary, the column titled “Reason Excluded” indicates if a data field is “optional data.”  
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completed version. As discussed above and shown in the example, required data fields are 

highlighted in yellow; once a user enters a response the yellow highlighting disappears. Drop 

down selections are available for multiple fields, including type of project, technology type, and 

customer end-use sector. Data field descriptions pop up when users select the cell to input 

information. Finally, cell heights are automatically adjusted for open text fields so users can 

easily view the information they provided.  

Figure 3:  MS Excel Questionnaire: Background Information – Prior to Data Input  
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ScreenFigure 4:  MS Excel Questionnaire: Background Information – Completed  

 

Data Consolidation 
The use of the questionnaires is designed to facilitate data consolidation and improve the 

Commission’s ability to conduct comparative analysis of core benefits. The data collected 

through the questionnaires are linked to back-end tables in the MS Excel questionnaire 

workbook, these can import directly into the grantee benefits data collection database through 

a user-friendly Access form interface. The database is a relational database with grant number 

as the primary key; every data record will be stored by grant number. Collection period, 

preferred value, import file name, and date record added are four other data fields that will be 

associated with every data record in every table throughout the database. These fields provide 

database users important information for ensuring data fidelity and for determining the best 

data for benefits analysis. Data from both the kick-off and final data collection periods will be 

stored in the same database, as separate records. This ensures an accurate record of reported 
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values is maintained. However, once both kick-off and final data are imported into the 

database, there will be multiple records for the same grant. The QA/QC and Data Fidelity 

Efforts section below provides additional information on decision rules for utilizing the most-

up-to-date values for benefits analysis. Figures 5 and 6 provide examples of the empty and 

completed back-end table for background information. 

Figure 5:  MS Excel Questionnaire: Background Information – Data Table  

 

Figure 6:  MS Excel Questionnaire: Background Information – Data Table – Complete 

 

Adaptable Grantee Benefit Data Collection Questionnaire 
As discussed above, the data collection approach relies on a master grantee benefits data 

collection questionnaire, which serves as the basis for all topic-specific grantee data collection 

questionnaires. The questionnaire organizes data requests by topic area on different tabs in the 

MS Excel workbook. The tabular approach presents similar data requests together; this provides 

more context for the data request to the user and allows the Commission to easily include or 

remove topic-specific data requests when developing a questionnaire for a new grant research 

area.  

Table 6:  Mapping of Master Questionnaire Tabs to Tool or Method 

Questionnaire Tab Type Tools or Methods Data Collection Supports 

Background Standard • Multiple tools and methods and for general 
background tracking information 

Project Team Standard • Social network analysis 

Performance Metrics Standard • Project-specific performance metrics 

Knowledge Standard 
• Citation analysis, counts of patents and 

publications, and related knowledge 
development indicators 

Business Growth Standard 
• Effects of EPIC support on investments and 

growth of California cleantech companies 

Jobs Standard • KPIs 

Technological Learning Standard • Technological learning tool 

Energy 
Research 
Area • On-Bill energy savings calculator 



 

32 

Questionnaire Tab Type Tools or Methods Data Collection Supports 

• System-level savings calculator 
• Social cost of carbon 
• Emissions calculator 
• Air quality benefits calculator 

LCOE 
Research 
Area • Levelized cost of electricity calculator 

Permitting Soft Costs 
Research 
Area 

• Permitting time/cost data collection and 
analysis 

Reliability 
Research 
Area 

• Adapted U.S. DOE power interruption cost 
estimate calculator  

• Reduced natural gas imports 
• Reduced oil imports 

Public Safety 
Research 
Area 

• Adapted FEMA method on benefits of avoiding 
outages 

Groundwater 
Research 
Area • Avoided groundwater savings calculator 

Water 
Research 
Area • Water system savings calculator 

Wildfire 
Research 
Area • Wildfire risk reduction screening analysis   

DAC and Low-Income 
Information 

Project-
dependent 

• Disadvantaged Communities (DACs)-specific 
benefits 

Review Standard • For QA/QC purposes 

QA/QC and Data Fidelity Efforts 
IEc designed the grantee benefits data collection to improve the data quality of grantee 

provided data through creation of a standard (and adaptable) questionnaire, a consolidated 

grantee benefits database, and other processes that increase data fidelity. 

Since the questionnaire design maximizes the use of pre-set drop-down selections, grantees (1) 

may better understand the data request based on the list of drop-down selections and (2) are 

prevented from inserting typos since there is no manual entry. The review tab of the grantee 

benefits data collection questionnaire also encourages grantees to conduct their own QA/QC on 

the reported data. Data errors were previously introduced into the process by asking awardees 

to conduct their own calculations; since the questionnaires eliminate the analyses awardees are 

required to report, the likelihood of data calculation errors is minimized. 

Data consolidation in the grantee database also allows the Commission to more easily review 

the quality of data across projects. Once in a central database, the Commission may run 

standard data quality checks across the database (e.g., check for blank data entries in required 

fields; standard units across a data field; data outliers, etc.). Data quality checks may include 

automated checks and/or human review of the database. This type of review can easily identify 

missing data or other data anomalies that may require updates.  
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CHAPTER 6: 
Results of Implemented Analyses 

IEc conducted multiple analyses using tools or methods that we developed for the Commission. 

In most cases IEc implemented the tools as part of the 2021 EPIC re-authorization process, but 

a few analyses were completed prior to the 2021 re-authorization process based on ad-hoc 

requests. Table 7 below summarizes the analysis, tools used, and associated benefit categories. 

Table 7:  Analyses Conducted To-Date 

Analyses Tools and Methods Used Benefits Analyzed 

Citations Application • CEC Citation Application • Intellectual Property 
Development 

• Development of Widely 
Cited Resources/Tools 

• Market Development- 
Increased Availability of 
Information on Technology 

Network Analysis of the 
Growth of EPIC Grantee 
Connections 

• Network Analysis of the 
Growth of EPIC Grantee 
Connections 

• Knowledge Sharing 
• Professional Network 

Development 
• Increased Connections 

between Technology 
Developers and Market 
Actors 

Effects of EPIC Support on 
Investments and Growth of 
California Cleantech 
Companies 

• Effects of EPIC Support on 
Investments and Growth of 
California Cleantech 
Companies 

• Market Maturity - Growth 
of Businesses that Produce 
the Technology 

EPIC Program Regional 
Economic Impact Analysis 

• EPIC Program Regional 
Economic Impact Analysis 

• Regional Economic 
Impacts- output, value-add, 
and employment 

Building Energy Efficiency 
Technologies and Market 
Adoption Analysis 

• Building EE Delphi Panel 
Energy Savings 
• On-Bill Energy Savings 
Calculator 
• System-Level Savings 
Calculator 
• Emissions Calculator 
• Air Quality Health Benefits 
Calculator 
• Social Cost of Carbon 
Calculator 

• Customer Energy On-Bill 
Savings Benefits 

• Peak Load Reduction/ 
Avoided New Capacity 

• Electricity Sector Air 
Pollutant and GHG 
Emissions 

• Health Benefits of Air 
Pollutant Emissions 
Reductions 

• Social Welfare Values of 
GHG Emissions Reductions 

Value of Increased Equity in 
Disadvantaged Communities 
(DACS) and Low-Income (LI) 

• Value of Increased Equity 
in DACS and LI Communities 

• Benefits and Metrics 
Unique to Disadvantaged 
Communities 
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Analyses Tools and Methods Used Benefits Analyzed 

Communities from Building 
Energy Efficiency 
Technology Market 
Adoption 

RGI Technologies Market 
Adoption Analysis 

• System-Level Savings 
Calculator 
• Emissions Calculator 
• Air Quality Health Benefits 
Calculator 
• Social Cost of Carbon 
Calculator 

• Peak Load Reduction/ 
Avoided New Capacity 

• Electricity Sector Air 
Pollutant and GHG 
Emissions 

• Health Benefits of Air 
Pollutant Emissions 
Reductions 

• Social Welfare Values of 
GHG Emissions Reductions 

VGI Technology Market 
Scenario Analysis 

• VGI Scenario Forecasting 
• On-Bill Energy Savings 
Calculator 
• System-Level Savings 
Calculator 
• Emissions Calculator 
• Air Quality Health Benefits 
Calculator 
• Social Cost of Carbon 
Calculator 

• Customer Energy On-Bill 
Savings Benefits 

• Peak Load Reduction/ 
Avoided New Capacity 

• Electricity Sector Air 
Pollutant and GHG 
Emissions 

• Health Benefits of Air 
Pollutant Emissions 
Reductions 

• Social Welfare Values of 
GHG Emissions Reductions 

 

A brief summary of the results of each tool is included below; Appendix B contains final 

products produced from IEc’s implementation of the analyses. 

• Citations Application. IEc last ran the Citation Application in January of 2020 and the 

results are available as Excel workbooks. One output contains a list of EPIC-funded 

articles and the number of documents that cited it; a total of 126 EPIC-related 

publications were cited in other documents. The second output contains the individual 

list of documents that cited each EPIC-funded article. 

• Network analysis of the growth of EPIC grantee connections. IEc conducted this 

network analysis in May of 2020. Connections between EPIC grantee primes and 

subcontractors, and the overall network grew between 2014-2020. Total funding and 

number of new connections peaked in 2016 with 155 new connections in the network, 

and with $223.2 million flowing through the network. Government labs, non-profit 

organizations, and state universities play key roles as prime contractors in the EPIC 

network. Over time, organizations in the network shifted roles: 12 subcontractors later 

became primes, and 18 primes later served as subcontractors. 

• Effects of EPIC Support on Investments and Growth of California Cleantech 

Companies. IEc finalized the investment analysis in June of 2020. EPIC-backed 
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companies represent 45% of all California cleantech companies tracked and have raised 

$2.3B between 2016-2019, including $496M funds received through the EPIC program. 

Capital raised by EPIC-backed companies represents 9% of all investments made in 

California cleantech companies. EPIC helps cleantech companies across the state access 

financial capital with a focus on underinvested areas. Most companies that EPIC has 

supported (61%) are located outside of the North/Coastal region, and EPIC has 

supported a large proportion of the cleantech companies in these areas. Notably, 71% of 

all cleantech companies in the Northern & Central Inland region, and 54% of all 

cleantech companies in the San Diego/Southern Inland region, have received support 

from EPIC. 

• EPIC Regional Economic Impact Analysis. IEc conducted the analysis in July of 2020. 

Overall, the IMPLAN and RIMS II multipliers produced very similar results. Both versions 

of the analysis indicate that EPIC investments, matching funds, and follow-on funds 

from 2014 through 2024 are associated with approximately $7 billion in economic 

output, $4 billion in value-added, and 35,000 jobs over the full timeframe. The regional 

economic impact results can also be expressed in terms of activity generated per million 

dollars invested. Considering EPIC funding, matching funds, and follow-on funds, the 

EPIC investments generated approximately $1.8 to 1.9 million in output, $1.1 million in 

value-added, and 9 jobs per $1 million invested. For funding in DAC/LI communities, 

the total economic impact (direct, indirect, and induced) of EPIC DAC/LI Investments 

generated $380 million to $390 million in output; $120 million to $160 million in labor 

income; 2,200 to 2,300 jobs; and $220 million in value-added across the State of 

California. 

• Building EE Market Adoption Analysis. IEc’s work on the Building EE market adoption 

analysis began in September of 2019 with Delphi panel recruitment and finished in 

August of 2020. This analysis forecasts that EPIC’s investment of $169 million in the 

Building EE research area will be more than paid for by benefits of the 19 building 

energy efficiency technologies included in the market adoption analysis, including on-

bill savings to ratepayers of $18.6 billion; savings to utilities of approximately $7.8 

billion; and total welfare savings of between $89.3 and $197.4 billion, driven by avoided 

health impacts. 

• Value of Increased Equity in DACS and Low-Income (LI) Communities from Building 

Energy Efficiency Technology Market Adoption. IEc completed the DAC/LI work in 

August of 2020. The DAC/LI analysis shows that EPIC’s investment in specific Building 

EE technologies has the potential to greatly benefit DACs and LI communities by 

producing future on-bill savings of $78.8 million for DACs and $122 million for LI 

communities, which when weighted for equity, have a value of $139 million and $240 

million respectively. The analysis also estimates avoided health impacts valued between 

$21.6 and $48 billion for DACs and $33 and $73.4 billion for LI communities, from load 

reduction and fuel switching forecast from the 19 Building EE technologies included in 

the market adoption analysis. Additional information is available in Chapter 7. 

• RGI Market Adoption Analysis. IEc conducted the RGI work in August of 2020. The RGI 

analysis forecasts that EPIC’s investment of $127 million in the RGI research area will be 
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more than paid for by benefits of these 14 technologies included in the analysis, 

including avoided costs to utilities of approximately $16 billion, and total social welfare 

benefits of between $9.8 and $63 billion, driven by avoided health impacts. 

• VGI Technology Market Scenario Analysis. IEc completed the VGI work in September 

of 2020. The VGI analysis forecasts that funded technologies’ estimated gross benefits 

from light duty vehicles between 2020-2045 exceed $474 million in on-bill savings to 

ratepayers, over $1 billion in system-level utility savings, 20.7 million MWh in 

cumulative load shifting, and total social welfare benefits between $1.8 and $5.1 million. 

These gross benefits are significantly larger than EPIC’s investment of $25.9 million in 

the VGI research area, which has facilitated the testing of various technology pathways 

and continues to support firms moving toward technology deployment. 
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CHAPTER 7: 
Assessing Benefits to Disadvantaged and Low-
Income Communities 

In recent years, the state of California has taken multiple steps to demonstrate its commitment 

to addressing the unique challenges faced by low-income and disadvantaged communities 

within the context of its broader sustainability efforts.  

California’s Clean Energy and Pollution Reduction Act (SB 350) provides a foundation for 

advancing “energy equity.” The Commission’s 2016 Low-Income Barriers Study states: 

SB 350 also take steps to ensure that California’s clean energy transformation 

includes a strong focus on equity to ensure benefits are realized by all 

Californians, especially those in the most vulnerable communities. Investment 

within the low-income sector not only helps the neediest achieve the energy bill 

savings that other Californians enjoy, but such investments also result in 

substantially larger multipliers for economic development. And developing local 

workforce participation in clean energy programs is integral to enabling the full 

range of benefits for low-income customers.    

California Energy Commission Low-Income Barriers Study Final Report 

December 2016 

 

In allocating resources under the Electric Program Investment Charge (EPIC) portfolio, the 

California Energy Commission is required to spend at least 25 percent of EPIC Technology 

Deployment and Demonstration (TD&D) funds on projects located in and providing benefits to 

disadvantaged communities (DACs), and another 10 percent on projects located in and 

providing benefits to low-income (LI) communities.6  

 
6 Assembly Bill No. 523: Electric Program Investment Charge: Allocation. October 7, 2017. Available at: 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB523 DACs are identified using 
CalEnviroScreen, which calculates community scores at the census tract level based on a series of indicators on 
pollution exposures, environmental effects, sensitive populations, and socioeconomic factors. Low-income communities 
are defined in AB 1550 based on median household income levels. 

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB523
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The benefits of EPIC funding to DACs and LI 

communities can include both direct, project-level 

impacts such as on-bill savings and air quality-related 

impacts on human health, along with the contribution 

of these projects to broader shifts in community 

capacity and access to resources that can, over the long 

term, contribute to energy equity improvements.  

Although only TD&D projects are required to 

demonstrate benefits to DACs and LI communities 

under SB 350, all EPIC grants have the potential to 

affect energy equity. To ensure that EPIC grants are 

designed and implemented in ways that align with the 

broad aim of increasing access to clean energy and its 

benefits for all Californians, this guidance outlines a 

process for integrating energy equity considerations into every phase of the grant solicitation 

project lifecycle.  

To support the Commissions work, IEc developed the Integration of Energy Equity and 

Disadvantaged Community Impacts into EPIC Solicitations Guidance; this document is external 

to the final report. IEc also took an integrative approach to developing the benefit 

methodologies accounting for DACs and Low-Income communities. The results from the 

methodology for estimation of benefits to residents of DACs and Low-Income Communities is 

available in Appendix B. 

“How do we make sure all 

Californians have access to 

essential energy services, 

particularly clean and affordable 

ones, including energy efficiency 

and renewables.... We’re trying to 

really broaden the participation,  

and it’s going to require a rethink.” 

September 13, 2016 workshop on 

the SB 350 Low-income Barriers 

Study, Chair Robert Weisenmiller 
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CHAPTER 8: 
Future of EPIC Impact Measurement 

Working in conjunction with the Commission Benefits Team, IEc developed an internal 

document, the California Energy Commission Electric Program Investment Charge Impact 

Framework. The purpose of the impact framework is to describe the process for ensuring and 

documenting that Electric Program Investment Charge (EPIC) investments support the impacts 

and benefit goals identified for the program. Specifically, the document is intended to provide 

guidance to California Energy Commission staff and management to make sure: 

• Commission staff establish and communicate a core set of benefits for measurement. 

• Solicitations are strategically focused with clear goals and objectives. 

• Project portfolios resulting from a solicitation have unifying themes and targeted 

messages on expected project results. 

• Commission staff apply a standard scoring criterion for reviewing applications. 

• Standard criteria are used to determine whether a funded project is successful or not. 

• Data collection associated with benefits assessment, including during and after 

agreements, is conducted in a more efficient manner. 

• The intended impacts of the EPIC are effectively captured, assessed, and 

communicated. 

For applicable solicitations Commission staff should use the Impact Framework in conjunction 

with the companion document: Integration of Energy Equity and Disadvantaged Community 

Impacts into EPIC Solicitations. The Impact Framework provides high-level instructions for: 

1. Selecting and reviewing benefits to measure. 

2. Scoping solicitations. 

3. Scoring applications. 

4. Managing agreements. 

5. Surveys of former grantees. 

6. Planning for impact measurement: types and schedule. 

The Commission’s impact measurement approach is guided by best practices in assessing 

impact of research, technology development, demonstration, and market facilitation programs. 

Successful impact measurement is a multi-year effort that includes both prospective and 

retrospective analysis, guided by an understanding of the strategic objectives of the program 

and the context within which it operates. The Impact Framework provides recommendations for 

the frequency in which the Commission should implement particular analyses. The remainder 

of this section presents a crosswalk of the methods and tools, applicable grant types, and 

applicable research areas for utilizing each method or tool.  
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Crosswalk of Method/Tools, Grant Types, and Research 
Areas  

Method/Tool 

Name 
Description 

Applicable 

Grant 

Types 

Applicable 

Research 

Areas 

KNOWLEDGE BENEFITS, TECHNOLOGY READINESS, AND MARKET READINESS 

Citations 
Application 

Estimates knowledge benefits from EPIC 
and the Natural Gas Program by 
searching SCOPUS for publications 
developed from funded research projects 
and providing citation counts and 
related information 

All- 
particularly 
relevant to 
scientific 
and 
techno-
economic 
research 

All 

Social Network 
Analysis of the 
Growth of EPIC 
Grantee 
Connections  

Provides step-by-step instructions to 
conduct network analysis of grantees 
funded by EPIC to document connections 
between primes and subcontractors, 
funding amounts, and growth of the 
network over time 

All 
 

All 

Network 
Innovation 
Analyzer (EIN 
Social Network 
Analysis Tool) 

Characterizes the Empower Innovation 
Network (EIN), including EIN members 
and their interactions via messaging, 
existing network strengths, and 
opportunities to further strengthen the 
network 

Market 
Facilitation 

All 

Technology, 
Manufacturing, 
and 
Commercialization 
Readiness Level 
Calculator 

Enables technology readiness level (TRL), 
commercial readiness level (CRL), and 
manufacturing readiness level (MRL) self-
assessment by EPIC applicants or 
grantees 

ARD, 
TD&D 

All 

Effects of EPIC 
Support on 
Investments and 
Growth of 
California 
Cleantech 
Companies  

Analyzes California cleantech investment 
activity and the extent to which 
companies supported by EPIC have 
raised follow-on funding 

TD&D, 
Market 
Facilitation 

All 
 

Technological 
Learning 
Calculator 

Estimates potential cost reductions 
resulting from EPIC projects, based on 
experience curve effects 

ARD, 
TD&D 

All 
 

Site Selection and 
Permitting Soft 
Cost Savings 
Calculator 

Estimates savings to developers of 
distributed energy resources from 
reduced fees and labor costs associated 
with site selection and permitting (i.e., PII 
– Permitting, Inspection, and 
Interconnection) as well as from reduced 
idle time waiting for approvals  

ARD, 
TD&D 

RGI, Microgrid 
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Method/Tool 

Name 
Description 

Applicable 

Grant 

Types 

Applicable 

Research 

Areas 

CUSTOMER ON-BILL SAVINGS BENEFITS 

On-Bill Energy 
Savings Calculator 

Estimates on-bill savings from EPIC 
projects that reduce ratepayers’ 
electricity and/or fuel use, change the 
timing of electricity use, and/or increase 
on-site electricity generation 

ARD, 
TD&D 

RGI, Building 
EE 

On-Bill Energy 
Savings - Storage 

Estimates on-bill savings from EPIC 
projects that rely, in part, on energy 
storage to reduce the amount of energy 
purchased from IOUs and/or change the 
timing of energy purchases 

TD&D RGI, Microgrid 

Water Systems 
Savings Calculator 

Estimates on-bill savings from EPIC 
projects that lead to end user water 
savings and/or reduce embedded energy 
use in the water life cycle 

TD&D IAW 

ENVIRONMENTAL AND HEALTH BENEFITS 

Emissions 
Calculator 

Estimates changes in emissions due to 
EPIC projects that increase renewable 
electricity generation in California, 
reduce or shift demand for electricity, 
and reduce consumption of gas and oil 
through electrification  

ARD, 
TD&D 

All 

Social Cost of 
Carbon Calculator 

Estimates the social welfare benefits of 
EPIC projects that reduce or mitigate 
greenhouse gas (GHG) emissions 

ARD, 
TD&D 

All 

Air Quality Health 
Benefits Calculator 

Estimates the human health benefits 
resulting from projects or portfolios that 
reduce emissions of primary fine 
particulate matter (PM2.5), nitrogen oxides 
(NOx), and sulfur dioxide (SO2) emissions 

ARD, 
TD&D 

All 

Wildfire Risk 
Reduction 
Screening Analysis 

Provides a stepwise process to identify 
and calculate the number of at-risk acres 
treated for fuels as a co-benefit of forest-
based biomass projects 

ARD, 
TD&D, 
Market 
Facilitation 

Environmental 

RELIABILITY AND RESILIENCY BENEFITS 

Grid Reliability 
Benefits Tool 

Estimates the benefits of EPIC grants 
that lead to improvements in grid 
reliability, in conjunction with the U.S. 
Department of Energy's Interruption 
Cost Estimate (ICE) Calculator, an electric 
reliability planning tool 

TD&D Microgrid 

Reduced Oil 
Imports Calculator 

Estimates the quantity and avoided costs 
of reduced oil imports into California, 
using publicly available oil import-export 
data 

TD&D 
Microgrid, 
RGI, VGI 
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Method/Tool 

Name 
Description 

Applicable 

Grant 

Types 

Applicable 

Research 

Areas 

Reduced Natural 
Gas Imports 
Calculator 

Estimates the quantity and avoided costs 
of reduced natural gas imports into 
California, using publicly available oil 
import-export data 

TD&D 
Microgrid, 
RGI, VGI 

Public Safety 
Benefits Calculator 

Estimates the benefits of EPIC grants 
that reduce public safety risks by 
improving the level of critical public 
services that can be maintained during a 
power outage 

TD&D Microgrid, RGI 

BENEFITS THAT ACCRUE TO THE ELECTRICITY SECTOR 

System-Level 
Savings Calculator 

Estimates the avoided costs to utilities, 
including avoided energy procurement, 
avoided capital costs for new generation 
capacity to meet peak demand, and 
avoided compliance costs, due to EPIC 
projects that lead to load reduction 

ARD, 
TD&D, 
Market 
Facilitation 

RGI, Building 
EE 

Demand Response 
Impact Tool 

Estimates the value to utilities of 
increasing penetration of automated 
demand response, or improved 
responsiveness or operational efficiency 
of demand response 

ARD, 
TD&D 

DR/Storage 

Renewable Energy 
Hedging 
Capability 
Calculator 

Estimates if there is a financial hedge 
against energy prices by making a 
renewables investment, but comparing 
the levelized cost difference between a 
renewable energy resource and the 
dispatch cost of a marginal unit of 
natural gas combined cycle 

ARD, 
TD&D 

RGI 

Levelized Cost of 
Electricity 
Calculator 

Estimates the change in levelized cost 
following projects designed to reduce 
the cost of renewable energy generation 
installations 

ARD, 
TD&D 

RGI 

Levelized Cost of 
Storage Calculator 

Estimates the change in levelized cost 
following projects designed to reduce 
the cost of energy storage installations 

ARD, 
TD&D 

DR/Storage 

WATER UTILITY, INDUSTRY, AGRIBUSINESS BENEFITS 

Groundwater 
Benefits Calculator 

Estimates the benefits of grants that 
result in cost savings from reduced 
water use, increased pump efficiency, 
and/or load shifting for standalone 
groundwater pumping operations 

ARD, 
TD&D 

IAW 

BENEFITS AND METRICS UNIQUE TO DISADVANTAGED COMMUNITIES 

Value of Increased 
Equity in DACS 
and Low-Income 
Communities 

Estimates the economic utility of 
increasing energy equity in 
disadvantaged communities (DACs) and 
low-income communities in California 

ARD, 
TD&D 

All 
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Method/Tool 

Name 
Description 

Applicable 

Grant 

Types 

Applicable 

Research 

Areas 

REGIONAL ECONOMIC BENEFITS 

EPIC Regional 
Economic Impact 
Analysis 

Estimates the regional economic impact 
of EPIC investments 

ARD, 
TD&D, 
Market 
Facilitation 

All 
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GLOSSARY 
Term/Acronym  Definition 

Building EE Building Energy Efficiency 

CEC California Energy Commission (Commission or Energy Commission) 

CF Capacity Factor 

CPUC California Public Utilities Commission  

CRL  Commercial Readiness Level 

DAC Disadvantaged Community 

DER Distributed Energy Resource 

DOE Department of Energy 

DR Demand Response 

EIN Empower Innovation Network 

EPIC Electric Program Investment Charge  

EV Electric Vehicle 

GHG Greenhouse Gas (Emissions) 

IOU Investor-Owned Utility 

ISO  International Organization for Standardization 

LCOE Levelized Cost of Energy 

LI Low-Income 

MRL  Manufacturing Readiness Level  

PV Photovoltaic 

QA/QC Quality Assurance/Quality Control 

R&D / ARD Research and Development / Applied Research and Development 

RGI Renewable Grid Integration 

TD&D Technology Demonstration and Deployment 

TRL Technology Readiness Level 

VGI Vehicle Grid Integration 

ZNE Zero Net Energy 
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APPENDIX A: 
Method and Tool Documentation 

Knowledge Benefits, Technology Readiness, and Market 
Readiness 

CEC Citations Application  
The CEC Citations application is a self-contained application containing a web server and 

database. The only external requirement is that Java 8 is installed. 

The application is configured via a .properties file (citation-server.properties) which must 

reside in the same directory as the application. 

The default directory structure looks like: 

your_application_directory 

cec-citations-server.jar 

citation-server.properties 

logs (directory) 

directories (directory) 

database (directory) 

config (directory) 

web (directory) 

output (directory)  

Contents of the citation-server.properties are as below: 

config.directory=../directories/config 

database.directory=../directories/database 

output.files.directory=../directories/output 

static.files.directory=../directories/web/public 

template.files.directory=../directories/web/templates 

server.port=4567 

elsevier.api.key=YOUR_KEY_HERE 

elsevier.inst.token=YOUR_INST_TOKEN_HERE 

The server.port= is the port the web server will respond to requests on. The default is typically 

80 but may need to be something like 8080 if behind a firewall, or another server. 
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The two tokens will need to be ones assigned to you by SCOPUS. Both are necessary. SCOPUS 

needed to assign the INST_TOKEN to use a specific API. If SCOPUS feels that you do not need 

the INST_TOKEN, then we will need to make some slight changes to the application. 

Using the ../ in the director configurations will look for the directories at the same level as the 

cec-citations-server.jar file is run from. You can move them and provide a full path if you want. 

A zip file will be provided which contains this structure and can be unzipped where you want it 

to be. 

By default, the application is run using the command: java -jar cec-citations-server.jar 

The citations database will be refreshed every night at midnight automatically in the 

application via a scheduled job. 

User Creation 

Users are created using the same application but run with parameters. 

It is run with the command: 

java -jar cec-citations-server.jar -createUser name:password:type    

an example with the parameters: 

java -jar cec-citations-server.jar -createUser admin1: password1:admin    

In the example above, the first parameter is the user name (admin1), the second parameter is 

the password (password1) and the third is the type of user (admin or user) 

The only difference in the user types admin vs. user, is that admin users can delete documents. 

The user created will be appended to the users.txt in the config directory location. An example 

of a user in users.txt is: 

admin1:admin:e91bda549055a05913d31cf125e3023d:007911e5efebfc1e5fc15409ef4a8

930 

users.txt is a simple text file and the user can be removed by deleting a line. 

The user's password is one way encrypted and stored, so there is no ability to unencrypt it 

(make sure you note it when you create the user). If you need to reset a user's password, just 

delete the line for that user, save the file, and run the application with the -createUser option as 

described above. 

 

 

  



 

49 

Social Network Analysis of the Growth of EPIC Grantee Connections 

IEc conducted a network analysis of the grantees funded by EPIC between 2014-2020 to 

examine connections between prime and sub-contractors and growth of the network and 

funding amounts over time. The results of this analysis are presented in the Growth of grantee 

connections and CEC funding received between 2014-2020, PowerPoint presentation. This memo 

describes the process IEc undertook to conduct the network analysis and presents the step-by-

step process needed to re-create the analysis in the future. 

Process Implemented 

The Commission provided IEc with Excel workbooks containing the data to use in the analysis 

(Social Network Analysis Data 4.2.xlsx and Social Network Analysis Data 4.3.xlsx).
7

 These 

workbooks contained data covering EPIC grants between the years 2014 and 2020 and included 

three different worksheets: company profiles, connections, and funding. Data fields for 

company profiles included: 

• Company name. 

• Company address.
8
 

• Zip code. 

• Business type. 

• Total budget. 

• Follow-on private investment. 

The connections worksheet contained information on the prime to subcontractor relationship, 

including the EPIC agreement number, agreement date, and prime company and subcontractor 

organization names. The funding tab again listed the agreement number and date, the 

organization receiving the funding, the funding associated with the single agreement, and the 

role the organization had on that agreement number (subcontractor or prime). 

IEc completed a QA/QC data review process. These checks help ensure IEc’s analysis and 

representation of the data are accurate and cover the following items: 

• Single observation for each unique combination of prime contractor, sub-contractor, 

and agreement number. 

• Complete information in data fields (i.e., no missing data). 

• Consistent spelling of organization names throughout the data. 

To prepare the data for import into Gephi, the network program IEc used for this analysis, IEc 

modified the original file to include two separate worksheets, a “Nodes” and “Edges” 

worksheets.
9
 IEc also developed additional data columns in the Node worksheet to determine 

 
7 Version 4.3 of the spreadsheet was an updated version of the data after initial QA/QC identified some data 
inconsistencies. IEc ultimately used this version of the spreadsheet to conduct the analysis. 
8 Based on early conversations with the Commission, IEc examined the potential for geolocating the organizations based 
on the address listed in the data sheet. To geolocate these addresses in either Gephi, or ArcGIS, IEc converted the 
address to latitude and longitude coordinates through an online tool. After further discussions with the Commission, 
IEc did not choose to visually depict the geolocated organizations as part of the network analysis and instead opted to 
use a visual depiction of the network based on the closeness of network ties to one another. The list of data fields for 
the nodes worksheet reflects this geographic data, but it is not needed to depict the visualization non-geographically. 
9 Gephi is an open source software designed for visualizing very large, complex networks that is used for conducting 
social network analysis. In addition to presenting many visual options to depict nodes and edges based on user-
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the cumulative amount of funding that had gone to each organization for each year using the 

statistical software package, R. The Nodes worksheet contains the following: 

• ID: A numeric, unique identifier created for each node, and numbered 1-365 for each 

organization in alphabetical order. 

• Label: The organization name of all prime contractors. 

• Interval: A field generated in Gephi to allow viewing the network over time using 

Gephi’s timeline feature. 

• FullAdd: The organization’s full address. 

• Street: The organization’s street name and number. 

• City: The organization’s city. 

• State: The organization’s state. 

• Zip Code: The organization’s zip code. 

• AddType: The address type; either a complete address or a P.O. Box. 

• Latitude: The organization’s latitude. 

• Longitude: The organization’s longitude. 

• BusinessType: The type of business; For profit, not for profit, university, government, 

or utility. 

• CECFund: The total amount of funding received from the Commission. 

• FollowOn: A binary variable representing whether or not an organization received 

follow on investments. 

• InvestNum: The size of the follow-on investment (if applicable). 

• StartDate: The first year of funding. 

• EndDate: 12/31/2021, generated by IEc to allow an end to the timeline interval in Gephi. 

• Fund2014: The cumulative amount of funding received by an organization as of 2014. 

• Fund2015: The cumulative amount of funding received by an organization as of 2015. 

• Fund2016: The cumulative amount of funding received by an organization as of 2016. 

• Fund2017: The cumulative amount of funding received by an organization as of 2017. 

• Fund2018: The cumulative amount of funding received by an organization as of 2018. 

• Fund2019: The cumulative amount of funding received by an organization as of 2019. 

• Fund2020: The cumulative amount of funding received by an organization as of 2020. 

The Edges worksheet contains the following data fields: 

• Source: The ID number from the node spreadsheet of the prime contractor. 

• Target: The ID number from the node spreadsheet of the subcontractor. 

• Type: The type direction of funding from the prime to subcontractor (i.e. directed). 

• ID: A numeric ID number generated for each connection. 

• Label: Generated but left blank in the edges dataset. 

• Interval: Generated but left blank in the edges dataset. 

• Weight: The edge weight generated based on the number of connections. This field is 

not populated until imported into Gephi. 

• SourceName: The name of the prime contractor. 

• TargetName: The name of the subcontractor. 

 
imported data, Gephi can calculate a range of statistics used in social network analysis including degree centrality and 
closeness. It is available here. 

https://gephi.org/users/download/
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• Agreement: The EPIC agreement number of the given grant. 

• Year: The year of the EPIC agreement. 

• Fund: The total amount of funding in the agreement. 

• StartDate: The date of the EPIC agreement, generated in Gephi for use in the timeline. 

For both the Nodes and Edges worksheets, IEc converted all funding amounts to numeric data 

fields to import into Gephi. 

Once in Gephi, IEc used the program to “collapse” the edges (i.e. connections) so that the total 

number of connections between the same prime and subcontractor (preserving directionality) 

were stored in a single record. IEc used this to depict the weight (thickness) of the edge lines.
10

 

IEc assigned colors to each node based on the organization type and node size based on 

funding amount. For each year that an organization first received funding, the size of that 

funding was coded as a field (e.g. funding in 2015),  which allowed organizations to “appear” on 

the visualization in the year that they first received funding, with the node size corresponding 

to the funding amount.  

Using the Gephi timeline feature, IEc analyzed the visualization over time. The timeline features 

allows users to visually observe the number of new connections in each year, key players in the 

network (in terms of both number of new connections and funding), and change in an 

organization’s network role (e.g., from subcontractor to prime). In order to use this feature, IEc 

populated the interval data field in Gephi. To populate this interval field users must select the 

properly formatted (i.e. in a recognizable date format, DD/MM/YY, in this case) start and end 

dates in the nodes dataset through the data laboratory interface. Since there is no actual “end 

date” to the existence of an organization in the Commission network, IEc added a “dummy” end 

date (12/31/2021) to all records. This ensures all nodes are present throughout the duration of 

the timeline visualization. Once the start and end date fields were created and formatted, IEc 

created the interval data field by selecting the “Merge Columns” option in Gephi, selecting the 

start and end date fields, and selecting “create time interval” as the merge strategy offered by 

Gephi. The populated interval field allows users to enable the timeline feature. 

The section below contains additional data on the step by step instructions for re-creating the 

SNA visual. 

Grantee Network Analysis Process – Step by Step Instructions 

1. Review data for completeness and accuracy, and to ensure that there is a single 

observation for each unique occurrence of prime to subcontractor, and agreement 

number. 

2. Modify data to create nodes and edges worksheets and prepare data for import into 

Gephi. 

a. The node worksheet includes information about each organization (e.g. name, 

address, business type, total funding received) along with a newly created ID 

number as a unique identifier (see complete list above). 

 
10 IEc also investigated changing edge weights over time, however, the structure of the data (one data record per 
agreement) did not allow for this to be completed in Gephi.  
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i. Add multiple data fields to node worksheet for cumulative funding per 

year (e.g., Fund2014, Fund2015, etc.). Populate data based on funding 

amounts to every organization at the start of each year. IEc used the 

statistical program R to calculate and populate this data field. 

b. The edges worksheet contains information about the connections made (e.g. 

prime and subcontractor organization names, EPIC grant agreement, size of 

funding) and source (i.e. prime contractor) and target (i.e. subcontractor) fields 

using the unique ID numbers to match the connections made with the nodes 

worksheet (see complete list above).   

3. Import file into Gephi software to generate visualization of nodes (organizations) and 

edges (connections).  

a. First import the standalone Edges worksheet as a .csv file into Gephi, then find 

the autogenerated nodes in Gephi, select “Import Spreadsheet,” upload the 

Nodes worksheet as a .csv file and select “Append to Existing Worksheet.” 

4. Select and apply the data visualization of choosing, IEc used the Force Atlas Layout. 

5. Assign color to Gephi nodes by organization type using the appearance section of the 

Gephi Overview page. 

6. Assign edge weight (size) to edges based on total number of connections using the 

appearance section of the Gephi Overview page. 

7. Add temporal component to update network in Gephi image over time, to show growth 

of connections and network over time. This involves creating a field called ‘interval’ in 

Gephi, which can be done automatically in the software by selecting the start date and 

end date fields, and merging the two into a dynamic time interval column by selecting 

these options in the Gephi Data Laboratory, before clicking ‘Enable Timeline’ in the 

Gephi Overview page.  

8. Assign node size based on the total amount of funding that an organization had 

received to date for any given year. To ensure that weights do not scale to the size of 

the funding for each given year, you must create a “dummy node.” Assign the maximum 

amount of cumulative funding received by any organization in 2020 to the dummy node 

for all funding variables. Move the node to the edge of the visualization so it can be 

easily cut from the visualization in later steps. Select cumulative funding variables 

(Fund2014, etc.) as the node weight, and repeat this process for every year across the 

timeline.  

9. Rearrange nodes by hand, as needed, to display them with minimal overlap by clicking 

and dragging them to a new location in the Gephi Overview.  

10. Sum number of new agreements (as prime or sub) for each organization in each given 

year (IEc used the statistical program R). This was added to final slides to show the 

organizations with the most new connections each year and to select which 

organizations to call out with text labels in the final visualization.  

11. Take screenshots in Gephi software of network at the beginning of each year (2014-

2020). Crop the images to the same size to ensure the GIF functions properly. 

12. Label organizations receiving most funding and/or making most new agreements each 

year in PowerPoint. Labels can be seen in Gephi by hovering the mouse over a given 

node.  
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13. Create GIF from screenshots using GIF generator: https://gifmaker.me/. 

Network Innovation Analyzer (EIN Social Network Analysis Tool) 
Characterizes the Empower Innovation Network (EIN), including EIN members and their 

interactions via messaging, existing network strengths, and opportunities to further strengthen 

the network. Documentation will be included in the revision to this report. 

Technology, Manufacturing, & Commercialization Readiness Level Calculator 

Introduction 

Purpose of Calculator 

This calculator was developed by Industrial Economics, Inc. (IEc) under contract to the 

California Energy Commission (CEC). This tool is a spreadsheet designed to enable technology 

readiness level (TRL), commercial readiness level (CRL), and manufacturing readiness level 

(MRL) self-assessment by EPIC applicants or grantees.  

TRL is a scale (1-9) that describes the maturity of a technology system or sub-system, where 

TRL 1-2 is considered Technology Research, TRL 3-5 is Technology Development, and TRL 6-9 is 

Technology Demonstration and Deployment. This scale was originally developed by NASA and 

the US Department of Defense and was later adapted by the US Department of Energy for use in 

Technology Readiness Assessments. 

In addition to TRL, this calculator also provides measurement along two related but separate 

scales: CRL and MRL. CRL is a 9-level scale that complements TRL; whereas TRL describes 

technological advances, CRL accounts for progress toward a commercial product based on that 

technology. MRL is a 10-level scale that further complements TRL and CRL by accounting for 

the ability of the product to be manufactured at scale.11     

Limitations 

Self-reported TRL/CRL is subject to concerns over accuracy and fairness. The use of this 

calculator addresses some, but not all of these concerns. In a prior process evaluation for 

NYSERDA,12 IEc found that program staff members were concerned that applicants may 

overstate their project’s readiness. We recommend staff review of the results and follow-up 

with respondents as needed to address this concern. 

In the same evaluation, IEc found that applicants were concerned that their responses would 

not provide accurate results for their project, particularly for unconventional projects where 

certain questions may not be applicable. Although this calculator was designed to 

accommodate a wide range of EPIC grants, the questions are likely to be more relevant to some 

projects than others. The calculator contains an open text field where respondents can provide 

supplemental/clarifying information to address this concern. 

Calculation Methodology 

 
11 More information on MRL is available in the MRL Deskbook, which is prepared by the Manufacturing Technology 
Program in the Department of Defense in collaboration with an industry working group: http://www.dodmrl.com/. 
12 “NYSERDA Advanced Buildings Technology Development Program: Process Evaluation Final Report,” 2017. Available 
at: https://www.nyserda.ny.gov/-/media/Files/Publications/PPSER/Program-
Evaluation/2017ContractorReports/Advanced-Buildings-Technology-Development-Process-Evaluation.pdf.  

https://gifmaker.me/
http://www.dodmrl.com/
https://www.nyserda.ny.gov/-/media/Files/Publications/PPSER/Program-Evaluation/2017ContractorReports/Advanced-Buildings-Technology-Development-Process-Evaluation.pdf
https://www.nyserda.ny.gov/-/media/Files/Publications/PPSER/Program-Evaluation/2017ContractorReports/Advanced-Buildings-Technology-Development-Process-Evaluation.pdf
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The tool contains ten questions; for each question, the user is given several options and must 

select the option that is the best match for the current status of their product or innovation. 

The tool then calculates the TRL/MRL/CRL based on these responses. The results 

(TRL/MRL/CRL and associated definitions) are displayed on a separate tab, along with the 

responses for each question and a spider plot illustrating the relative advancement of the 

product along each of the ten dimensions. 

As described in the Task 2 report, our methodology for determining TRL and CRL is based on a 

tool developed by NYSERDA for applicants to their R&D programs.13 Our tool builds on 

NYSERDA’s method while making several changes. First, we provide succinct definitions of each 

CRL based on guidance from the ARPA-E program within DOE, to assist users who are not 

familiar with the CRL scale. Second, we adapted material from the EPIC-funded program 

Cyclotron Road to develop a Finance question. Third, we worked with the Commission to 

develop two additional questions to address MRL. 

The correspondence between the ten questions and the three scales is as follows:  

• Two questions related to TRL: Technology, Product Development 

• Two questions related to MRL: Manufacturing Research, Manufacturing Scale-up 

• Six questions related to CRL: Product Definition/Design, Competitive Landscape, Team, 

Go-To-Market, Supply Chain, Finance 

The three scales are independent, with one exception: as established by the MRL Deskbook, the 

criteria for each MRL requires reaching a particular TRL. In other words, manufacturing 

readiness cannot advance if the technology readiness has not developed past a certain level.  

Data Sources 

Responses to the calculator questions are provided by the applicant or grantee. No additional 

data are required.  

Instructions for Updating 

This tool can be used repeatedly by the same user(s) to provide data on technology and 

business advancement during and after an EPIC grant. It does not require updating, and in fact, 

leaving the tool unchanged will provide consistency as data are collected over time. 

 
  

 
13 See, for example, Program Opportunity Notice 3519, “NextGen HVAC Innovation Challenges.” The TRL/CRL calculator 
attachment can be downloaded from this URL: 
https://portal.nyserda.ny.gov/CORE_Solicitation_Document_Page?documentId=a0lt0000000Lfjo.  

https://portal.nyserda.ny.gov/CORE_Solicitation_Document_Page?documentId=a0lt0000000Lfjo
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Effects of EPIC Support on Investments and Growth of California Cleantech 
Companies 
The method requires gathering investment information from several data sources, including 

Pitchbook, using standard definitions, and then aggregating and analyzing the data for a set 

time period for the metrics below. An additional/optional part of this method is to survey 

cleantech companies and investors to understand how capital was raised, what influenced 

investment decisions, and how EPIC’s influence helped companies attract and leverage external 

investment.  

Measuring investments and investors is also a common outcome measure for entrepreneurial 

programs, with data generally available. In trying to build and contribute to a vibrant, self-

sustaining, and healthy entrepreneurial ecosystem for cleantech companies in California, 

outcome measures can go beyond tracking the performance of the specific EPIC grant 

recipients. This method provides measures covering the broader set of cleantech companies 

and investors active in California and key investment events (such as a company raising a 

round of capital, or investors exiting a company to generate returns).  

IEc created a tool in Excel that serves as a template for organizing and analyzing the data, pre-

defining data fields and graphs, and providing supplementary guidance on data sources, 

definitions, and other aspects of the analysis. 

Adaptation Approach 

IEc will develop a new tool and accompanying written guidance. 

Metrics 

1. Investors from whom all existing CA cleantech companies have raised capital. 

2. Investment dollars and rounds made into all CA cleantech companies from public and 

private sources of capital  

3. Number and type of investment “exit” events (the sale or exchange of a significant amount 

of company ownership, triggering returns)  

4. The extent to which EPIC-backed companies have leveraged EPIC investment to gain more 

financial capital from non-EPIC sources (e.g., number of investment rounds and amount of 

funds raised as follow-on to EPIC funds received ratio of external funds raised to overall 

project budget; see table below and full writeup for additional metrics) 

Data Requirements 

The method requires investor and investment data for CA cleantech companies, including EPIC-

backed and non- EPIC-backed companies. Investment rounds and amounts for companies in the 

Regional Energy Innovation Clusters (REICs) are already tracked to some extent in the REIC 

Benefits Tool, but this is a very small subset of the investments into CA cleantech companies 

more broadly.  

The Commission now has a subscription to Pitchbook, which tracks investors and investments, 

and will be a key data source for this method, as shown in the table below. While Pitchbook 
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data is comprehensive, additional classification will be required to align to standard cleantech 

definitions; and additional research to find and compare data may be needed to address gaps, 

such as grant data. Early-stage investment data on California cleantech companies is also 

compared to general trends in early-stage investments in California (all sectors).   

In addition, the Commission could administer an online survey of past and present EPIC grant 

recipients (including REIC clients) and investors in EPIC-backed companies. The survey would 

collect information about how companies that received EPIC funding raised capital from other 

sources, what investors they attracted, and the extent to which EPIC’s investment had a 

“signaling effect” for those investors. 

Indicator Metric Provider Notes 

a. Investors from 
whom existing 
CA cleantech 
companies have 
raised money 

 
 

Number of investors 
in cleantech 
companies 

Commission 
accesses source 
identified by the 
IEc Team 

Collate from data sources. 
US DOE (free), ARPA-E 
(free), Pitchbook (existing 
CEC subscription) 
Crunchbase (free) 
VentureOne (subscription) 
CBI (subscription) 
Cleantech I3 (subscription) 

Type of investors in 
cleantech companies 
(Angel, VC, Private 
Equity, Banks, 
Foundations, 
Government) 

Changes over time 
(yearly) in investor 
numbers and types 

1. Investments 
made into CA 
cleantech 
companies, from 
public and 
private sources 
of capital 

Number of investment 
rounds of financial 
capital raised 

Commission 
accesses source 
identified by the 
IEc Team 

Same sources as per 
investors (above) 
 
PWC MoneyTree/NVCA 
data (free) 

Amount of investment 
dollars of financial 
capital raised 

Proportion of early 
stage (grant, pre-seed, 
seed, series A) to later 
stage (Series B, debt 
etc.) investment 
rounds for CA 
cleantech companies, 
and EPIC-backed 
companies, compared 
to all California 
companies in the 
same period. 

• Number and 
type of 
investment “exit” 
events 

Number of California 
cleantech company 
exits Commission 

accesses source 
identified by the 
IEc Team 

Same sources as per 
investors (above) 

Type of California 
cleantech company 
exits 
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Indicator Metric Provider Notes 

• The extent to 
which EPIC-
backed 
companies have 
leveraged the 
Energy 
Commission 
investment to 
gain more 
financial capital 

EPIC grantees (EPIC 
technology program 
and BRIDGE grants) 

Commission 
accesses source 
identified by the 
IEc Team 
 
IEc develops 
survey 

Collate data on EPIC-
backed CA cleantech 
companies (BRIDGE 
CalSEED, REICs, technology 
program grant)  
 
Survey of EPIC-backed CA 
cleantech companies 

Companies with 
grants from CalSEED 

Client companies in 
REICs  

Format of Method 

IEc proposes to create a tool in Excel that can serve as a template for organizing and analyzing 

the data, pre-defining data fields and graphs, etc. 

Description of Method  

1. Develop a template in Excel to organize and analyze data. 

2. Choose a baseline year. For measures of the broader population of California cleantech 

companies and investments, we recommend starting at 2012 (prior to the start of EPIC) 

and/or 2006-07 (to minimize the effects of the 2009-10 downturn). For measures of the 

narrower subset of EPIC-backed companies, we recommend establishing a per-company 

baseline, taken from the month and year in which a company first received EPIC funds.  

3. Gather and review data gathered by the Commission: (a) companies that received grant 

funding directly from EPIC (technology program grants, BRIDGE funding, etc.); (b) REIC data 

on client financing rounds and capital raised, and list of client companies; (c) CalSEED grant 

recipients; and (d) company contact information, to conduct a survey. 

4. Gather data on investments, investors, and exits by researching and downloading data on 

cleantech investments and investors from the data sources identified above. 

5. Apply standard definitions and terms (type of cleantech, stage of company, stage of round, 

etc.) to the data ensuring alignment in definitions. 

6. Compare the information to overall investing trends in the state with data from National VC 

Association (free) and/or PWC Money Tree (free) to show investment trends in the context 

of broader investing activities. 

7. Analyze the data to produce trend analysis per the metrics above, preferably annually. 

8. Administer online surveys of past and present EPIC grant recipients and investors. 

Level of Effort for IEc Team to Prepare for the Commission (low/med/high) 

Low if the Commission compiles/analyzes all investment data in-house and does not pursue a 

survey. Medium to high if the Commission requests the IEc Team to compile investment data 

and conduct significant portions of the analysis; and/or requests the IEc Team to develop 

and/or administer a survey. 
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Level of Effort for the Commission to Implement (low/med/high) 

Medium. Most of the effort involves aligning categories of cleantech and stage of investment 

between EPIC categories and external data sources; querying Pitchbook to find EPIC-backed 

companies and other cleantech data; and filling in gaps by using other investment databases.  

Limitations of Method 

The method requires aligning definitions and combining multiple data sources to track 

investments and investors. No single tool/data source will provide this information off the 

shelf. In addition, data on investments, investors, and exits is frequently underreported, so data 

will necessarily be indicative and not comprehensive. 

Alternatives to Method 

None. 

Instructions to Replicate the Analysis of Increased Investors and Investments in Clean 

Technology; Increased Private or Public Investment in Technology  

 

Purpose of this Document 

This document provides the instructions to replicate the method and analysis that Industrial 
Economics (IEc) developed for the California Energy Commission (the Commission) to assess 
investment activity in the cleantech sector in California. IEc recommends that the Commission 
conduct this analysis annually. These instructions provide the steps to update the analysis first 
conducted for 2016-2019. While the first analysis required substantial effort, the level of effort 
required to update the analysis in future years will be substantially reduced if the instructions 
below are followed and the accompanying Investment Analysis Workbook is used.  

These instructions are organized as follows. Section 1 provides the steps for collecting 
information on EPIC-backed companies. Section 2 provides the steps for collecting information 
on cleantech investors and exits as well as broader information on cleantech investments in 
California. Section 3 provides detailed instructions for organizing and analyzing the data. 

1. Collecting Data on EPIC-Backed Companies 

The analysis of investment activities requires the collection of information on EPIC-backed 
companies – i.e., companies that have received funding directly from EPIC, and/or participated 
in an EPIC-funded Regional Energy Innovation Cluster (REIC) and/or the CalSEED program. 
Three data sources provide the relevant data: (1) the Commission’s Project Information 
Management System (PIMS); (2) PitchBook; and (3) information reported by the REICs and 
CalSEED. In addition, desktop internet searches help fill gaps in these data sources.  

We provide further details about each data source below. 

1. PIMS 

a. PIMS is the Commission’s internal data tracking and management system that 
stores information such as grant ID, status, approval date, etc.14 PIMS can be 

 
14 Please verify that PIMS has not been replaced by another system. If PIMS is no longer in use, collect data based on the 
new system. 
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accessed by any Contract Agreement Manager (CAM). Once logged-in, download 
information on all EPIC contractors and projects in Excel format.  

b. Manually select companies that are developing a technology (exclude those that 
provide services only) by reviewing the company description field.  

c. Download the data. 

d. Add a column and note the EPIC program for each company.  

2. CalSEED and REICs  

a. Obtain the most current Excel spreadsheet with information on impact metrics 
for CalSEED-funded companies and the running list of companies supported by 
the REICs, from the supervisor of the Tech-to-Market unit.15  

b. Add a column and note the EPIC program (CalSEED or one of the four REICs) for 
each company.  

3. PitchBook 

a. Some EPIC-backed companies might be listed in PitchBook16 which provides 
additional data. After signing into Pitchbook download the chrome extension to 
your web browser. Ensure that you are signed into PitchBook through the 
Chrome extension, then search for the company’s name in Google. Then find and 
go to their website. If the website is associated with a PitchBook company 

profile, the PitchBook plugin will light up with a checkmark.  Click on “Add to 
List” dropdown and add it to the appropriate list.17 If this is the first company of 
a unique group, select “+ Create a New List”. Once all companies are added, 
access the created list on the online PitchBook platform by clicking on My 
PitchBook> Saved List and selecting your list. Download the table in Excel Format 
via the “Download to Excel” button at the top of the page.  

2. Collecting Data on Cleantech Companies, Investments/Investors, and Exits  

 
15 This spreadsheet is based on information received via the Navigant Benefits tool and the annual CalSEED report 
(source for the running list needs to be confirmed) 
16 PitchBook is an online platform collecting data on public and private equity markets, including venture capital, 
private equity and mergers and acquisitions.  
17 A good starting point might also be the internal data file that collects information on EPIC-backed companies which 
can be accessed via: SharePoint: EDMFO – BENEFITS/Benefits Database/Databases/Pitchbook_CEC_Template_V2.0. 
However, please note that the data file might no longer be up-to-date. 
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Data from PitchBook  
To gather information on investors, exits, and investments made in the cleantech sector in 
California, the Commission can use its subscription to PitchBook. To be analyzed, the data 
needs to be downloaded in Excel format and combined with the 
data from other data sources (e.g., information on EPIC-backed 
companies, and public grants). The steps below explain how to 
retrieve the relevant data fields from PitchBook. 

1. Open PitchBook and log in. If you do not have a 
subscription yourself, please ask one of the five people 
at the Commission that have a PitchBook subscription.18 
Click on the Advanced Search Button on the sidebar.  

2. Under the location field click on the “+” next to “United 
States” and select “California” under “West Coast.” 
Check the small box underneath the Location drop-
down menu “Search HQ only” (see Exhibit 1). 

3. In the “Industries, Verticals & Keywords” field, select 
“Energy” in the list on the left and the “CleanTech” 
vertical in the list to the right. In the upper right corner 
check “OR” as “Search Logic.” 

4. In the deal date field, click on “Custom Dates” and type 
in from “09-01-2019” to the present date (or other 
desired cutoff date).19 

5. Ignore all the other fields. 

6. Click on the blue “search” button in the upper right corner. 

 
18 Braden Henderson (Manager of PitchBook Subscription); Maggie Deng; Josh Croft, Pam Doughman 

19 PitchBook appears to be updated on a rolling basis, but there is a time lag between when an investment occurs and 
when it is recorded in PitchBook. Therefore, it is recommended to pull PitchBook data during the second quarter of the 
current year for an analysis that covers up to the end of the previous year. As Q4 of 2019 was likely underreported 
during the 2019 analysis that IEc conducted, the Commission should update the Q4 2019 figures the next time the 
Commission conducts this analysis. 

mailto:Braden.Henderson@energy.ca.gov
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Figure A-1:  Searching Data in PitchBook 
 

Download the datasets “Companies,” “Deals,” and “Investors” in Excel format, by clicking on the 
respective section in the upper tab, selecting all columns (see Figure A-2). 

Figure A-2:  Download Data on Companies, Deals, and Investors from PitchBook 

 

To download data on mergers and acquisitions, choose the “investor” tab as shown in Figure A-
3.  

In the column to the left, click on “Strategic Acquirers”. Select “Energy” and “Cleantech” in the 
“Industries, Verticals & Keywords” section below “Strategic Acquirer Info.” You can ignore all 
the other data entry fields. 
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Figure A-3:  Download Data on Companies, Deals, and Investors from PitchBook 

 

Data on Public Funding / Government Grants  
Gathering data on public funding and government grants requires navigating to several Federal 
websites and downloading grant information specific to the State of California. See below for 
steps to download and vet the data. For the purposes of the cleantech investment tool, we 
identified the following sources as being relevant and accessible: 

• Advanced Research Projects Agency–Energy (ARPA-E) 
1. Navigate to the ARPA-E Projects page. 
2. Filter by State (California); Status (Active); Sort By (Organization); Order (Asc). 
3. There is no bulk download option on this website, so copy each project, 

company, project term, description, and award amount into the Federal Funding 
Data Collection worksheet of the Investment Analysis Workbook under the 
corresponding columns of the ARPA-E section (columns A:G). Any projects 
funded prior to the year 2016 are not relevant and do not need to be 
downloaded. We assume each grant made by ARPA-E qualifies as cleantech. In 
reading through them, however, if any do not appear to be cleantech, exclude 
them and paste them into the Excluded Deals worksheet. 

• Small Business Innovation Research (SBIR) 
1. Navigate to the Award Information page for SBIR and STTR. 
2. Filter by Agency (Department of Energy, National Science Foundation); Year 

(2016-latest year); State (California). 
4. Download the results and review each line item to ensure it relates to cleantech, 

which is only a small portion of them. If the DOE Funding Program included in 

https://arpa-e.energy.gov/?q=project-listing&field_program_tid=All&field_project_state_value=CA&field_project_status_value=1&term_Node_tid_depth=All&sort_by=field_organization_value&sort_order=ASC
https://www.sbir.gov/sbirsearch/award/all
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the data lists “Energy Efficiency and Renewable Energy,” include the project as 
cleantech. If it is not the EERE program, the user should use best professional 
judgment as to whether to include it at this stage. It is beneficial to be more 
inclusive here as opposed to less because subsequent steps in this document will 
remove companies if they ultimately prove to not be cleantech. If the project is 
cleantech, copy the data into the Federal Funding Data Collection worksheet of 
the workbook under the corresponding column headers of the SBIR/STTR 
section (columns I:R). If it is not, paste them into the Excluded Deals worksheet. 

• DOE’s Loan Programs Office (LPO) 
1. Navigate to the Portfolio Projects page. 
2. Note the Issuance Date and Location of each loan. Copy into the Federal Funding 

Data Collection worksheet of the workbook under the LPO section (columns T:Y) 
any loans made in the state of California 2016 or later. As of March 2020, no 
loans meet these criteria, but this may change in the future. Each of the loans on 
the webpage should already be related to a clean technology with no additional 
filtering needed. 

The Department of Energy provides funding opportunities through other programs, most 
notably its Office of Energy Efficiency & Renewable Energy (EERE). However, EERE does not 
make this grant information publicly available, so only if the EERE project happens to also be 
included in SBIR/STTR is the EERE grant information accessible. As discussed in our findings 
memorandum, this constitutes a limitation of the analysis. If EERE makes this information 
publicly available in the future, the available data should be incorporated into the analysis. 

Data on State-wide Investments  
Data on statewide investments can be downloaded from the National Venture Capital 
Association (NVCA) website. Follow the steps below to download the data.  

1. Go to the PitchBook-NVCA Venture Monitor webpage. 
2. Click on the blue “Download” button next to “Download the XLS Data Pack” to download 

the most recent Excel report. 
3. A little box pops up, prompting you to save or open the Excel file. Save the file. 
4. In the Excel file, “Deals x State” worksheet, copy the row of data for California from the 

table, “US VC deals ($M) by state” and the table, “US VC deals (#) by state”. 
5. Paste this data into the State-wide Investments worksheet. 

 

 

3. Organizing and Analyzing Data 

Organization of the Workbook 
 

https://www.energy.gov/lpo/portfolio/portfolio-projects
https://nvca.org/research/PitchBook-nvca-venture-monitor/
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As a first step, the user should verify that “manual” calculation is selected in the 
“Calculation Options” in the “Formulas” bar of the Investment Analysis Workbook.20 Also, 
ensure that no other Excel workbooks are open with automatic calculations turned on. 

 

To compile and analyze the data, IEc created the Investment Analysis Workbook. The workbook 
is organized in six main worksheets: Investors, Acquirers, Deals, Companies, Investors 
Matching, and State-wide Investments. The data downloaded based on the steps above is 
combined and analyzed in these separate worksheets. In addition, there are several worksheets 
that record excluded companies, deals, and investors, and background information relevant for 
the analysis.  

The following color coding is applied to the columns in all worksheets: 

• Column headings in blue are pulled directly from 
PitchBook and the data in each of those columns 
does not need to be changed manually unless you 
are updating any entries.  

• Column headings in dark red contain formulas 
that will automatically pull in information from 
other areas of the workbook and will update with 
any changes. No manual changes are required.  

• Column headings in green should be updated by 
the user to ensure the formulas pull in the most 
up-to-date information.  

• Column headings in orange are provided in 
PitchBook, but data in these fields is often 
incomplete and might need to be supplemented 
with desktop research.  

Investors Worksheet 
1. Open the spreadsheet on investors as downloaded from PitchBook, including the 

column headers. 
2. Remove the columns not needed for analysis based on the Excluded Columns worksheet. 
3. Copy the data into the Investors worksheet. Make sure that the columns align.  
4. In columns B and C, note the date of the data pull and “PitchBook”, respectively, as the 

source of these data. 
5. Sort the spreadsheet by the column with the heading “Investor ID” (Column D). Select all 

cells in this column, click on conditional formatting and select “Duplicate Values” from 
the “Highlight Cells Rules” menu. Wherever the name of the investor is duplicated, it will 
be highlighted. 

6. For each investor that is duplicated exactly, remove one of the entries and insert it into 
the Excluded Investors worksheet.  

 
20 This will prevent Excel from redoing any calculations when an input/formula is changed or additional data is added. 
This is recommended because the workbook occasionally freezes when automatic calculations are enabled, due to the 
large file size and the complexity of the formulas. Only when the user presses F9 are calculations carried out.  

Year Founded Website

Primary CleanTech Segment Primary CleanTech Sub-
segment
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o For any investors that are duplicated, keep the most recent one as indicated by 
the date in column B. If the date of the pull is the same, but the numbers of 
Investments (Column AA) or Exits (Column AB) differ, take the larger of the two. 

7. Go to columns with red headers (Column AF-AW, titled “Number of Investments 2016” 
through “Number of Investments 2030” [included so the analysis may be updated in 
future years], “Number of Investments in Cleantech Companies since 2016,” “Invested in 
Only Non-Cleantech,” and “Investments in EPIC-Backed Companies”). Click on the 
bottom right corner of the first cell and drag the formula down to the last entry. These 
columns will auto-populate from the Investors Matching worksheet (see instructions 
below) and provide the total number of investments by year that is associated with each 
investor. 

8. Press F9 to run the changes to the calculations. 
 

Acquirers Worksheet 
1. Open the spreadsheet on acquirers as downloaded from PitchBook, including the 

column headers.  
2. Remove the columns not needed for analysis, based on the Excluded Columns 

worksheet. 
3. Copy the data in the worksheet labeled Acquirers. Make sure that the columns align.  
4. In columns B and C, note the date of the data pull and “PitchBook”, respectively, as the 

source of these data. 
5. Sort the spreadsheet by the column with the heading “Investor ID” (Column D). Select all 

cells in this column, click on conditional formatting and select “Duplicate Values” from 
the “Highlight Cells Rules” menu. Wherever the name of the investor is duplicated, it will 
be highlighted. 

6. For each investor that is duplicated exactly, remove one of the entries and insert it into 
the Excluded Acquirers worksheet.  

o For any acquirers that are duplicated, keep the most recent one as indicated by 
the date in column B. If the date of the pull is the same, but the numbers of 
Investments (Column AA) or Exits (Column AB) differ, take the larger of the two. 

7. Go to columns with red headers (Column AF-AW, titled “Number of Investments 2016” 
through “Number of Investments 2030” [included so the analysis may be updated in 
future years], “Number of Investments in Cleantech Companies since 2016,” and 
“Investments in EPIC-Backed Companies”). Click on the bottom right corner of the first 
cell and drag the formula down to the last entry. These columns will auto-populate from 
the Investors Matching worksheet (see instructions below) and provide the total number 
of investments by year that is associated with each investor.  

8. Press F9 to run the changes to the calculations. 

Deals Worksheet 
1. Open the spreadsheet on deals as downloaded from PitchBook, including the column 

headers.  
2. Remove the columns not needed for analysis, based on the Excluded Columns 

worksheet. 
3. Copy the data in the worksheet labeled Deals. Make sure that the columns align. 
4. In columns B and C, note the date of the data pull and “PitchBook”, respectively, as the 

source of these data. 
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5. Add all Federal Grant and loan information from the Federal Funding Data Collection 
worksheet and make sure that the columns align.  

6. Add in the Commission EPIC prime grantee and subcontractor information using the 
columns: Company Name (Column E), Deal Date (Column Z), CEC and Federal Funding: 
Deal Size (Column AC), and note whether the deal was made to the prime grantee or 
subcontractor in Deal Size Status (Column AF). (Column AF has an orange header 
because it already contains information from PitchBook but should be supplemented as 
described above.) For prime grantees, fill in the “New Investors” column BE as 
“California Energy Commission” and “Deal Type” column AM as “Grant”. (Column AM 
also has an orange header because PitchBook provides this information for the majority 
of the deals; it should be supplemented for new deals that are added in from CEC and 
federal funding information.) Note the date of the data pull and note the source of the 
new lines as “CEC” (Columns B and C). 

o Note that subcontractor information is included in the Deals worksheet, but the 
EPIC grant amount is excluded from the analysis unless the analysis specifically 
references subcontractor funding amount. The reason is that the prime grantee 
amount also includes any awards made to subcontractors, and in order to avoid 
double counting any funds, subcontractor awards are excluded. As mentioned 
above, the Deal Size Status is denoted in column AF. The analysis formulas 
automatically exclude the appropriate values (e.g., do not include subcontractor 
grant amount in total funding tallies), so no user input is required beyond filling 
in column AF. 

7. Sort the worksheet by Company Name (Column E). Select all cells in this column, click 
on conditional formatting, and select “Duplicate Values” from the “Highlight Cells 
Rules” menu. Wherever the name of the company is duplicated it will be highlighted. If 
one of the duplicates comes from the PitchBook data, it likely has a Company ID; where 
applicable, copy the Company ID (column F) into all the rows in which the company 
name appears from other sources. Additionally, company names may vary slightly while 
still referring to the same company (e.g., TRC Engineers versus TRC Engineers, Inc.). 
Ensure that the company name is consistent and matches precisely across all 
appropriate row entries.  

8. Most of the rows where a company name is repeated will indicate that there are separate 
deals and therefore should remain in the dataset, but there are some instances where a 
deal is provided in multiple data sources. For any duplicated companies, if the “Deal 
Size” (column AD) is the same AND the “Source” (column C) is both PitchBook and CEC, 
check if the “New Investors” column BE for the PitchBook row is CEC. If it is, then 
change the source of the PitchBook row to read “PitchBook/CEC,” and remove the CEC 
row and copy it in the Excluded Deals worksheet. In our analysis, this applied to seven 
companies: Andromeda Power, Biodico, Caban Systems, Lucent Optics, Natron Energy, 
Nuvve Corporation, and Primus Power. If the investor is not listed as CEC, then assume 
that the two rows refer to different deals and include both of them. 

9. Go to columns with red headers, click on the bottom right corner of the first cell of that 
column underneath the header, and drag the formula down to the last entry. This 
applies to the following columns: 

o Column G: Pulls information on the cleantech segment from the Companies 
worksheet based on company name. Wherever errors appear in this column, it 
means that the formula is not finding an exact match in the Companies 
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worksheet. In these cases, search the Companies worksheet for the company 
name, and ensure that they match exactly between the two worksheets (e.g., 
ADM Associates vs. ADM Associates, Inc.). 

o Column H: Pulls information on the cleantech subsegment from the Companies 
worksheet based on company name. Similar to above, wherever errors appear in 
this column, it means that the formula is not finding an exact match in the 
Companies worksheet. In these cases, search the Companies worksheet for the 
company name, and ensure that they match exactly between the two worksheets 
(e.g., ADM Associates vs. ADM Associates, Inc.). 

o Column I: Indicates whether the company has participated in an EPIC program. 
o Column AA: Extracts the year of the deal from the complete date in column Z. 
o Column AD: The PitchBook data reports dollar values in $M. This column 

transforms the PitchBook figures to ensure they are in the same format as the 
other CEC and federal grant information. 

o Column AE: This column adjusts values for inflation using the Consumer Price 
Index. 

o Column AI: The PitchBook data reports dollar values in $M. This column 
transforms the PitchBook figures to ensure they are in the same format as the 
other CEC and federal grant information. 

o Column CA: Indicates whether the deal qualifies as an exit event. Exit events 
included in PitchBook include the following deal types: 

 Leveraged Recapitalization 
 Buyout/LBO 
 IPO 
 Merger/Acquisition 
 Reverse Merger 
 Corporate Asset Purchase 
 Investor Buyout by Management 
 Public Investment 2nd Offering 

o Column CB: Indicates whether a deal was ultimately “Failed/Cancelled” or 
“Postponed,” in which case it is automatically excluded from the analysis (i.e., no 
entries need to be moved to the Excluded Deals worksheet for this purpose). 

o Column CC: Pulls information on the location of the company from the 
Companies worksheet based on company name. Wherever errors appear in this 
column, it means that the formula is not finding an exact match in the 
Companies worksheet. In these cases, search the Companies worksheet for the 
company name, and ensure that they match exactly between the two worksheets 
(e.g., ADM Associates vs. ADM Associates, Inc.). If the error message prevails, 
revisit the column after you have updated the Companies worksheet by following 
the steps below. 

10. Press F9 to run the changes to the calculations. 
 

Companies Worksheet 
1. Open the spreadsheet on companies as downloaded from PitchBook, including the column 

headers. 
2. Remove the columns not needed for analysis, based on the Excluded Columns worksheet. 
3. Copy the data in the worksheet labeled Companies. Make sure that the columns align.  
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4. In columns B and C, note the date of the data pull and “PitchBook”, respectively, as the 
source of these data. 

5. Add in the data on EPIC-backed companies gathered from the various datasets as described 
in the first section of this document, and the federal grant information from the Federal 
Funding Data Collection worksheet using the following columns: 

o Column E: Company Name 
o Column I: Description (if available)  
o Column W: CEC Data: Follow on Funding 
o Column AE: Website 
o Column AI: Year Founded 

6. Make sure that the columns align and note the source and the date of the data pull of the 
new lines in columns B and C. 

7. Cross-reference the companies with the Commission dataset to determine which program(s) 
the companies have participated in. If they received funding from the Commission, note the 
corresponding program in the “CEC-backed?” column Z, separating more than one program 
with a semi-colon.  

8. Excluding companies: Exclude entries (remove the entries and insert them into the Excluded 
Companies worksheet) if at least one of the following applies:  

o The company is a duplicate (already exists in the file). Sort the worksheet by 
Company name (Column E). Select all cells in this column, click on conditional 
formatting, and select “Duplicate Values” from the “Highlight Cells Rules” menu. 
Keep the most recent company entry that contains more information (generally, the 
entry from Pitchbook has more data). Combine the entries if each contains unique 
information.  

o The company does not meet the definition of cleantech, including, within the energy 
category, any technologies associated with fossil fuels and nuclear. Before excluding, 
however, check whether it is CEC-backed (column Z): if a company is CEC-backed, 
always include it.  

o The company is no longer active AND has only exit events (and no investment deals).  
i. Companies that are no longer active have one of the below ownership 

statuses AND one of the below exit events: 
 “Ownership Status” (Column AD): Acquired/Merged, 

Acquired/Merged (Operating Subsidiary), and Out of Business   
 Exit events according to “Deal Type” (Deals worksheet, column AM): 

Bankruptcy, Buyout/LBO, Corporate Asset Purchase, Investor Buyout 
by Management, IPO, Merger/Acquisition, Out of Business, Reverse 
Merger, Public Investment 2nd Offering  

ii. To find out whether companies have only had exit events, i.e. have not had 
another deal before the exit event, search for the company name in the Deals 
worksheet. Determine whether it was associated with a deal that is not an 
exit event (Deals worksheet, column AM). If the company name is associated 
with a non-exit event, then the company should remain in the workbook.  

o The company/project focuses on consulting services with little to no RD&D aspects 
(e.g., analysis characterizing energy savings potential, renewable generation 
potential, performance of a technology, or the factors affecting energy consumption 
behavior). 
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9. For all excluded companies, exclude the corresponding deals from the Deals worksheet and 
copy them in the Excluded Deals worksheet. 

10. Once all companies are excluded, do a final check in the Deals worksheet – there should be 
no highlighted Error message in columns G, H, I, or CB. If there are, look up the associated 
company in the Companies worksheet to confirm whether the company was in fact 
excluded.  

11. In the Companies tab, go to columns with green headers. For any cell that it is missing an 
entry, perform the following steps: 

o Columns O-S: Indicate the cleantech segments that the companies operate in using 
the description.   

i. For each company in the data from the Commission, look the company up 
online to verify that the description (column I) matches the company.21  

ii. Use the IEc taxonomy of cleantech segment definitions22 found in the 
Cleantech Taxonomy worksheet to assign Cleantech Segments and 
Subsegments. For each company/organization, use column I (“Description”) 
to select a primary cleantech segment (out of nine segments) and 
subsegment corresponding to the IEc taxonomy. If the company focuses on 
or encompasses more than one primary segment, assign a secondary 
cleantech segment and subsegment.  

 If the company description is unclear or not available, look up the 
company online, fill in the project description if applicable, and 
categorize based on its technology focus. This information tends to 
be on the “About Us” page.  

 If the company is still unable to be classified (e.g., some utilities, 
universities, and nonprofits may specialize in multiple segments with 
no clear technology focus), look up the EPIC grant it received in the 
spreadsheet from the Commission of compiled EPIC grant data from 
the Commission’s Project Information Management System23 and 
categorize based on the project that grant is funding. If there is no 
grant data available, there may be grant information available online - 
look up the company name with key words such as “California Energy 
Commission grant.” 

 If the company received multiple grants spanning a range of 
technologies or areas (e.g. universities), classify based on the top one 
or two highest funded projects. Look up the amount of funding each 
company received in the Deals worksheet, column AD - “Deal Size 
($).”   

 
21 We noticed that some of the data we received from the Commission had a mismatch between the company/ funding 
information and the description which did not match the EPIC grant number; for that reason we conducted online 
searches and went back to the EPIC 2018-2020 Triennial Investment Plan to verify all entries from the Commission. 
Therefore, we recommend that the Commission look up each company in the Commission’s database, unless the source 
of the mismatch can be resolved in a more systematic way.  

22 This taxonomy is based on Cleantech Group and government sources including the Energy Information 
Administration (EIA), Berkeley Lab, and Department of Energy (DOE). 

23 As there was a mismatch in the data we received from the Commission (see footnote 8), we consulted the EPIC 2018-
2020 Triennial Investment Plan to ensure that the data was correct. However, since we suspect that the mismatch is a 
result of consolidating the data in Excel and does not stem from an error in the Commission’s database, we believe it 
will not be necessary for the Commission to consult any sources other than the Commission’s Project Information 
Management System. 
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o Column W: The dataset received from the Commission includes follow-on funding 
amounts for some companies, which should be included in this column. 
o Column Z: Indicates whether the company is/was CEC-backed. Should already be 

filled out in step 7. 
o Column BD: Categorize the CA region for each company. 

i. Use the company website to find the city of its headquarters, then look up 
the county/sub-region of that city. Note the city in column AW.  

ii. If the headquarters is not in CA, look up the CA office or branch.  
iii. For companies where not able to find a region or they do not have a CA 

office, look up their corresponding REIC in “CEC-backed?” column Z, if 
applicable. If this column does not specify the REIC (i.e. the company is not 
in any REIC), then search online for CA projects or investments the 
company was involved in, and the corresponding region.   

iv. Categorize the county into one of four regions, according to the REIC 
categorization of sub-regions (North/Coastal, Northern & Central Inland, 
Greater Los Angeles Region, Greater San Diego Area & Southern Inland). 
This categorization can be found in the State-wide Investments worksheet 
in the excel file, in the “CA Regions” table. 

12. In the Companies tab, go to columns with red headers, click on the bottom right corner of 
the first cell of that column underneath the header, and drag the formula down to the last 
entry. This applies to the following columns: 

o Column X: This column sums the deal amounts in the Deals worksheet by 
company, if the deal date is later than the earliest EPIC award we have recorded. 
It only does this if it is an EPIC-backed company (it returns "N/A" if not), and 
only if that amount is greater than the amount provided by the Commission, 
which has been included in column X if available. If the amount is not greater, it 
includes the amount provided by the Commission (assumes a larger dollar 
amount indicates more complete information). 

o Column Y: This column sums all capital (and incorporates the follow-on funding 
from the Commission to not be double counted, if applicable) raised by the 
company since 2016. 

o Column AA: Lists the dollar amount of EPIC investments in this company. 
o Column AB: Calculates the ratio between EPIC funds and external follow-on 

funding. 
o Columns AJ-AQ: Calculates the employment growth for each company.24 

13. In the Companies tab, go to the columns with orange headers and fill in the remaining data 
gaps using LinkedIn, company websites, and Crunchbase. If you cannot find the respective 
data, enter “N/A.” 

o Column AE: Lists the company’s website. To confirm a company website (e.g. in 
cases where there are companies with similar names), look up the company name 
with key words such as “California cleantech” or “California Energy Commission.” 
Sometimes this produces articles that confirm the correct company.  

o Column AF: Indicates the number of employees. 
i. Start with LinkedIn: filter employees by region and only count the ones 

tagged from California. Please note that LinkedIn likely underestimates the 

 
24 Employment data is not part of this analysis. However, the Commission had asked IEc to collect this information for 
potential future analyses of business growth.  
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number of employees as it only counts those with LinkedIn profiles who 
matched the geographic area. 

ii. If not available on LinkedIn, try searching a member of the company to find 
the company page. Alternatively, check Crunchbase or the company website. 
Company websites may have a Team section, but if they only feature the 
leadership team, do not use this count.  

iii. Leave as “n/a” for large companies that only provide a global count or where 
not able to find any information. 

iv. Column AG: Indicate whether the source of the employee data was Pitchbook 
or some external source (Not Pitchbook). 

o Column AI: Lists the year the company was founded. Search LinkedIn or the 
company’s website for this information.25 If not available, look up the LinkedIn 
profile of the company founder; their profile often includes the date when the 
founder started working at their company, which can be used as a proxy for when 
the company was founded.  

o Column AW: Lists the location of the company’s headquarters. Should already be 
filled out in Step 11.  

o Only if CEC plans on conducting a follow-up survey: - Columns AS-AV and BE-BF: 
Shows the contact phone number and email for the primary contact and 
headquarters. Search on the company’s website for this information.  

14. Press F9 to run the changes to the calculations. 
 

 

Investors Matching Worksheet 
The data on deals from PitchBook is formatted such that each new and follow-on investor is 
concatenated into the two corresponding cells for each row. The Investors worksheet includes 
each investor name and the total number of investments it has made over its existence but does 
not include the companies invested in or the year. Since several analyses require this 
information; take the following steps to match the investors with companies and years. 

1. In columns B and C of the Investors Matching worksheet, copy and paste the “Investor 
IDs” and “Investor Names” from the Investors worksheet (Columns D and E) and 
Acquirers worksheet (Columns D and E). Columns E-S determine the number of times 
the corresponding year was found in column C. Note that this allows for deal years to be 
recognized through 2030 for future updates. If any investor made investments in only 
companies that have been classified as not cleantech, column T notes this. 

2. After adding in the new investors from the Investors and Acquirers worksheets, scroll to 
the last column in use to the right of the worksheet. Highlight row 10 through the last 
row, and in the bottom right of the bottom cell, click and hold the black cross that 
appears. Drag the formulas to the right until you have highlighted the same number of 
columns as new investors added, e.g., if 10 new investors were added, drag the formulas 
into 10 new columns.  

3. Columns AK through the end of the spreadsheet will update automatically with the new 
information. These formulas look for the Investor Name from the Investors worksheet 

 
25 Ideally for universities, this would be the year founded for the spinoff company that received the grant, but if unable 
to find this information, use the founded date for the university listed.  
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within the new and follow-on investors from the Deals worksheet. If it finds a match, it 
pulls in the year of the corresponding deal. If it finds a match but the company has been 
categorized as “Not Cleantech,” it notes this as well. This information is then 
automatically fed into column D. This automated process may take several minutes. 

4. In both the Investors worksheet and the Acquirers worksheet, exclude any investor or 
acquirer that:  

o Has invested in ONLY non-cleantech companies, i.e., any investor that has “yes” 
in column AV of the Investors or Acquirers worksheet.  

o Has made no investments in cleantech companies since 2016, i.e., any investor 
with “0” in column AU of the Investors or Acquirers worksheet. 

In these instances, there was no match in the investor columns in the Deals worksheet. 
It is assumed that, based on the criteria through which the data was downloaded from 
PitchBook, the investor may have been classified as cleantech, but the company they 
invested in was not; this may be the reason the deal was not appearing in the data on 
deals from PitchBook. Remove those entries and insert them into the Excluded Investors 
or Excluded Acquirers worksheet. 

5. Press F9 to run the changes to the calculations. 

State-wide Investments 
In this worksheet, data on investments in companies of all types (cleantech and non-cleantech) 
in California is recorded. In addition, it shows the division of California into subregions. 

 

To update the population data:  

1. Download the data from the California Employment Development Department (EDD) 
webpage: 

a. Go to the EDD webpage for population data.  
b. Select Area type: County  
c. Select Areas: Select all 600 counties  
d. Click on the “Continue” button. 
e. Select Years: Select the most recent year.  
f. Select Time Periods: Annual 
g. Click on the “Continue” button. 
h. Select population sources: California Dept of Finance 
i. Select Data Series: Population 
j. Click on the “View Data” button. 
k. Click on the “Download” button in the upper right corner to download the data 

as a text file (txt).  
2. Open a new excel workbook and import the txt file into excel: 

a. Click the cell where you want to put the data from the text file. On the Data tab, 
in the Get & Transform Data group, click “From Text/CSV.” (This may differ 
slightly depending on excel version.) 

b. Select the txt file and import.  

3. Update the data in the State-wide Investments tab in the analysis workbook:  
a. From the imported data, copy the numbers under the “Population” heading and 

paste in column D of the State-wide Investments tab, starting on row 23. (The list 
of counties should already be alphabetized.) 

b. Press F9 to run the changes to the calculations. 

https://www.labormarketinfo.edd.ca.gov/cgi/dataAnalysis/AreaSelection.asp?tableName=Populatn&orderBy=area
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Results Worksheet 
The results worksheet provides a series of tables and charts separated by the sections 
Investors, Deals, Exits, and Companies. The information in this worksheet is automatically 
updated as the information in the workbook changes (after the user presses F9). Each chart is 
labeled to describe what data is presented and is positioned next to the table on which it is 
based. As the information automatically updates, the only aspect of this worksheet that must 
be updated manually is the presentation of the charts and tables that look at data over time. 
For example, as more companies are added to the Companies worksheet in the future, it may be 
necessary to reposition the labels in the charts to accommodate the higher bars. 

To update any of the tables that look at data over time, follow the steps below: 

1. Highlight the entire row of the latest year in a table. Right click and select “Insert.” Do 
this for as many additional years that you are adding (e.g., if the table currently provides 
data through 2019 and you 
would like to add 2020, add 
one row). Adding the rows to 
the middle of the table 
instead of the end ensures 
that the charts update 
appropriately.  

2. Order the rows in the year 
column to read in ascending 
order through the latest year (e.g., 2016-2020). 

3. Highlight the cells with the data to be updated for the newly added years and drag from 
the bottom right corner of the rightmost highlighted cell to the bottom of the table. This 
drags the formulas throughout the whole table, updating the data and charts.  

 

If the years are listed as column headers instead of rows, the same general concept still applies, 
with some small differences.  

 

4. Highlight all the table rows of 
the column with the latest 
year, right click, and click 
“cut.”  
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5. Select the cell to directly the right of the column header of the latest year, right click, 
and select “paste.”  

6. Relabel the column headers 
so the years are in 
ascending order. 

7. Highlight the cells with the 
data to be updated for the 
newly added years and drag 
from the bottom right 
corner of the bottommost 
highlighted cell to the end 
of the table. This drags the formulas throughout the whole table, updating the data and 
charts. 

Federal Funding Data Collection 
As there is no bulk download option on the federal funding websites mentioned above, this 
worksheet serves as a shell into which data on federal funding can be saved. 

Excluded Columns Tab 
This worksheet provides an overview of the data points from the PitchBook data that are 
relevant for this analysis. Any cells highlighted in red are not part of the analysis and can 
therefore be removed from the respective PitchBook Excel spreadsheets before adding to the 
respective Investors, Acquirers, Deals, Companies worksheets of this workbook. 

Excluded Investors, Acquirers Companies, Deals Worksheets 
Use these respective worksheets to record any investors, companies, or deals that have been 
removed. Provide a short description of the reason for exclusion in column B. 

Cleantech Taxonomy 
IEc developed a cleantech taxonomy used to categorize the companies into nine different 
cleantech segments separated out in several subsegments. This worksheet provides an overview 
of the definitions of each cleantech segment and subsegment. 

CPI Worksheet 

The CPI worksheet contains data for the annual Consumer Price Index for all urban consumers 

(CPI-U) which is used to adjust for inflation by adjusting dollar values to the year of the most 

recent investment (2019, for IEc’s analysis). The annual CPI-U index is the seasonally adjusted, 

monthly CPI-U averaged over each year in the data series. The table in this worksheet contains a 

data series of the average annual CPI-U values starting in 2016 and forecasted through 2049 

with the following color coding:   

• Cells shaded in green:  Values are historical averages from the U.S. Bureau of Labor 
Statistics.    

• Cells shaded in yellow: Values are forecasted based on a projection from Moody’s of 
future inflation through 2049.  
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For a more accurate adjustment for inflation, the forecasted values should be updated on a 

regular basis by performing the following steps: 

o Go to www.bls.gov/cpi/  
o Click on “CPI Data” and select “Databases” in the dark blue tab at the top of the 

page. 
o In the “All Urban Consumers (Current Series)” row, select the green “one-screen 

data search” button with the magnifying glass icon. 
o Select “U.S. city average” in the Select an Area section, select “All items” in the 

select one or more Items section, and uncheck “Not seasonally Adjusted” in the 
Select Seasonal Adjustment section. 

o Click on the grey “Add to selection” button on the left at the bottom. 
o Click on the grey “Get Data” button on the right at the bottom. 
o A new window pops up. In the “Change Output Options” at the top of the page, 

select the date range that you would like to download and check the box 
“Include annual averages.” 

o Click on the blue “Go” button next to those options. 
o Click on the excel icon, just above the table to download the data. 
o Update the CPI worksheet with the new figures, by replacing the forecasted value 

shaded in yellow with the updated data. 
o Change the color of the updated cells from yellow to green, for each year that 

you downloaded the updated data.  
o Press F9 to run the changes to the calculations. 

https://www.bls.gov/cpi/%09
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Technological Learning Calculator 

Introduction 

Purpose of Tool 

This tool was developed by Industrial Economics, Inc. (IEc) under contract to the California 

Energy Commission (CEC) in 2019. It allows a user to gauge the scale of potential cost 

reductions resulting from EPIC projects, based on experience curve (also known as “learning 

curve”) effects. The experience curve effect occurs when the cost of a task falls as a function of 

how many times the task has been performed. Specifically, empirical research over several 

decades has shown that cost falls at a constant rate with each doubling of experience. Also 

known as “learning-by-doing,” this phenomenon has been observed across multiple contexts 

and industries. It was first observed in the aircraft manufacturing industry in the 1930s and 

was generalized in the 1960s and 1970s. The learning rate consistently ranges from between 10 

and 25 percent across industries. 

EPIC projects that either directly or indirectly induce deployment of immature technologies 

could have a significant impact on the cost of those technologies, by increasing the production 

of those technologies more than would occur without the grant. The tool allows users to input 

an assumption about the learning rate and obtain a value for potential savings per unit 

resulting from EPIC-induced deployment. 

The result is presented as the per-unit savings for a single unit of a technology as a result of 

the deployment specifically related to the EPIC project. This value can be used in separate 

analyses to examine the extent to which EPIC projects may change the relative affordability of 

different technologies, or to generate a rough estimate of the magnitude of potential savings 

associated with broader technology adoption, though in both contexts the analysis would 

represent hypothetical scenarios and not documented benefits.   

Limitations 

Learning rates vary widely between different technologies, and even between different time 

periods for the same technology.  Rather than providing a cumulative estimate of total savings, 

this tool provides a ballpark value for what savings could be achieved for a single unit as a 

result of an EPIC project.  

Calculation Methodology 

This tool considers total cost of a technology as the sum of two components: production cost 

and installation costs. For each component, the tool calculates the per unit cost in the t years 

after the project begins (𝐶𝐶𝑡𝑡).26 Production costs, for example, are calculated as follows:  

 

𝐶𝐶0 is the pre-project production cost; this represents the cost of technology at the start of the 

project. Some projects may include innovations to reduce the cost of production even before 

 
26 The tool currently has options for t=5, 10, 15, or 20 after the start of the project.  
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the project begins (e.g., by substituting materials). This is different from an experience effect, 

because it changes the “starting cost” at the beginning of the project. The tool allows users to 

manually input this type of direct cost reduction separately. The tool uses this input to 

calculate the value of 𝐶𝐶0. 𝑁𝑁0 is the pre-project production volume.  

The two terms for ∆𝑁𝑁𝑡𝑡 represent the cumulative production volume (i.e., number of units of 

technology produced) in the t years following the beginning of the project. The production 

increase ∆𝑁𝑁𝑡𝑡EPIC is directly attributed to the project itself because it was either paid for by EPIC 

funds or was produced as a “spillover” implementation resulting because someone learned 

about the technology from the EPIC project and implemented it separately. The user also 

identifies the production that would take place regardless of the EPIC project. This is counted 

as part of a counterfactual scenario, based on the number of units that would have been 

produced by year t, in the absence of the project. 

b is the learning exponent, calculated from the learning rate (LR): 𝑏𝑏 = −ln (1 − 𝐿𝐿𝐿𝐿)/ln (2). The 

tool provides a default learning rate of 20%, as well as a manual entry option. 

The per-unit production cost savings specifically resulting from the project is the focus of this 

tool. This is calculated as the difference between 𝐶𝐶𝑡𝑡 and a counterfactual cost, which would 

prevail if the additional deployment by EPIC had never occurred: 

 

 

Total potential savings per unit resulting from experience gained via the EPIC project is the sum 

of the per-unit savings for production and installation. These calculations assume the same 

number of units produced and installed.  

The savings estimate provided by this tool does not represent the total change in per-unit cost 

over five years. Specifically, it does not include direct cost reductions from major innovations 

during the EPIC project, and it does not include savings from counterfactual deployment that 

would have occurred in the absence of the EPIC project. Furthermore, the tool assumes no 

major innovations outside of the EPIC program. The actual change in per unit cost is expected 

to be greater than the change specifically attributed to deployment as a result of EPIC funding.  

Data Sources 

All data inputs are either obtained from the applicant/grantee or chosen as assumptions by the 

user. 

Instructions for Updating 

This tool does not require updating, though over time it is more likely that more specific 

learning rate estimates will be available to users and the 20 percent default may be less 

frequently used. 
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Site Selection and Permitting Soft Costs Savings Calculator 

Introduction 

Purpose of Calculator 

The project-level savings calculator was developed by McHale Consulting and Industrial 
Economics, Inc. (IEc) under contract to the California Energy Commission (CEC) in 2020. It 
monetizes savings to developers of distributed energy resources, such as PV installations, from 
reduced fees and labor costs associated with site selection and permitting (i.e., PII – Permitting, 
Inspection, and Interconnection).  It can also estimate savings from reduced idle time waiting 
for approvals, utilizing the data described below.27,28,29  Developers can incur costs due to idle 
time spent identifying and selecting sites, as well as waiting for permit and interconnection 
approvals, which delays the receipt of revenues from projects.30  
The calculator monetizes the benefits of reducing each of these costs. 
 

Limitations 

The perception or anticipation of long wait times may also deter developers from pursuing 

some renewable energy projects, an opportunity cost that is not captured in this method. 

Calculation Methodology 

The total savings related to site selection and permitting is the sum of the change in site 

selection costs, direct permitting costs, interconnection application costs, and idle time cost as 

a result of the project. 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 
      ∆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝐶𝐶𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 
  + ∆𝐷𝐷𝑆𝑆𝐷𝐷𝑆𝑆𝑆𝑆𝑇𝑇 𝑃𝑃𝑆𝑆𝐷𝐷𝑃𝑃𝑆𝑆𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆 𝐶𝐶𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 
  + ∆𝐼𝐼𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝐶𝐶𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 
  + ∆𝐼𝐼𝐼𝐼𝑇𝑇𝑆𝑆 𝑇𝑇𝑆𝑆𝑃𝑃𝑆𝑆 𝐶𝐶𝑇𝑇𝑆𝑆𝑇𝑇 

The change in site selection cost is a function of the hours per project spent evaluating sites as 

well as nonlabor costs associated with obtaining data or services required for identifying and 

selecting project sites. For example, a developer might obtain GIS software and data, and then 

use staff labor time to access these resources to identify potential sites for a distributed energy 

project. Developers may also develop custom software in-house that identifies and screens 

potential sites.  EPIC projects that develop software or data sources to facilitate site selection 

and screening, such as the climate science tools Cal-Adapt, StorageVET, Biositing Webtool, and 

CBES, could reduce these costs for developers. 

 

 
27 Barry Friedman et al., “Benchmarking Non-Hardware Balance-of-System (Soft) Costs for US Photovoltaic Systems, Using 
a Bottom-up Approach and Installer Survey” (National Renewable Energy Lab. (NREL), Golden, CO (United States), 
2013), 10. 

28 “Soft Costs 101: The Key to Achieving Cheaper Solar Energy | Department of Energy,” 101, accessed March 27, 2019, 
https://www.energy.gov/eere/articles/soft-costs-101-key-achieving-cheaper-solar-energy. 

29 “California Solar Initiative Market Transformation Study (Task 2) Final Report – Appendices” (Navigant Consulting, 
February 28, 2014). 

30 “California Solar Initiative Market Transformation Study (Task 2) Final Report,” 101. 
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The change in direct permitting costs is a function of the hours per project (i) saved by 

applicants completing forms (∆hoursi) and fees saved per application (feei).  

The change in interconnection application costs are also a function of the hours per application 

saved by applicants completing forms and fees saved per application. 

 

 

Grantees or applicants claiming the benefit of reduced site selection and direct permitting costs 

should provide the following data to the Commission: 

Grantee-Provided Data - Direct Permitting Costs 

Variable Notes 

∆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 ℎ𝑇𝑇𝑜𝑜𝐷𝐷𝑆𝑆𝑖𝑖 
Change in hours spent identifying and screening 
potential sites 

∆𝑇𝑇𝑆𝑆𝑆𝑆𝑜𝑜𝑇𝑇𝑇𝑇 𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇 𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆 Change in fees associated with data required for 
site selection 

∆𝑇𝑇𝑆𝑆𝑆𝑆𝑜𝑜𝑇𝑇𝑇𝑇 𝑆𝑆𝑇𝑇𝑓𝑓𝑇𝑇𝑠𝑠𝑇𝑇𝐷𝐷𝑆𝑆 𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆 Change in licensing fees associated with 
software required for site selection 

∆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑜𝑜𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆 𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆 Change in fees associated consulting services 
required for site selection 

average annual count of projects 
Count of project over which to allocate annual 
licensing and data fees 

∆𝐴𝐴𝑆𝑆𝐷𝐷𝑃𝑃𝑆𝑆𝑇𝑇 ℎ𝑇𝑇𝑜𝑜𝐷𝐷𝑆𝑆𝑖𝑖 
Change in hours spent completing permitting 
forms 

∆𝐴𝐴𝑆𝑆𝐷𝐷𝑃𝑃𝑆𝑆𝑇𝑇 𝑓𝑓𝑆𝑆𝑆𝑆𝑖𝑖 Fee saved per permit 

∆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 ℎ𝑇𝑇𝑜𝑜𝐷𝐷𝑆𝑆𝑖𝑖 
Change in hours spent completing 
interconnection applications 

∆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑓𝑓𝑆𝑆𝑆𝑆𝑖𝑖 Fee saved per interconnection application 

 

Idle time spent by developers waiting for site selection, permit and interconnection approvals, 

and inspections result in additional costs by delaying the receipt of revenues from projects.31 

The cost savings from expediting the permitting process depend upon the present value of the 

expected revenue from a project (𝐷𝐷𝑖𝑖,𝑡𝑡), the nominal discount rate (𝛿𝛿), and the idle time saved in 

 
31 “California Solar Initiative Market Transformation Study (Task 2) Final Report,” 101. 
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days (∆𝐼𝐼). These values would be needed for the lifetime of the analyzed projects (T) and for 

the total count of projects (N). Other first costs associated with the project (such as material 

and installation labor) are not included in this formula. This reflects the simplifying 

assumption that idle time does not impact the timing of these costs. 

Total idle time is the sum of time spent waiting for permit approvals, interconnection 

approvals, and inspections performed by local building authorities and utilities. When each step 

must occur in sequence, the change in total idle time is the sum of the change in wait time for 

each step: 

𝛥𝛥𝐼𝐼 = 
  𝛥𝛥𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑇𝑇𝑆𝑆𝑃𝑃𝑆𝑆 + 𝛥𝛥𝐴𝐴𝑆𝑆𝐷𝐷𝑃𝑃𝑆𝑆𝑇𝑇 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇 + 𝛥𝛥𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇 + 𝛥𝛥𝑏𝑏𝑜𝑜𝑆𝑆𝑇𝑇𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇

+  𝛥𝛥𝑜𝑜𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝛥𝛥 𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇 

Some utilities allow permitting and interconnection application processes to proceed in parallel; 

in this case, only the longer of the two processes impacts the total idle time. 32 The change in 

total idle time then depends on the difference in whichever process was longer before the 

process improvement and whichever process is longer after the improvement: 

  

Δ𝐼𝐼 = 
       𝛥𝛥𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑇𝑇𝑆𝑆𝑃𝑃𝑆𝑆 
   + 𝑃𝑃𝑇𝑇𝑚𝑚(𝐴𝐴𝑆𝑆𝐷𝐷𝑃𝑃𝑆𝑆𝑇𝑇 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇 𝑏𝑏𝑆𝑆𝑓𝑓𝑇𝑇𝐷𝐷𝑆𝑆, 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇 𝑏𝑏𝑆𝑆𝑓𝑓𝑇𝑇𝐷𝐷𝑆𝑆) 
   − 𝑃𝑃𝑇𝑇𝑚𝑚(𝐴𝐴𝑆𝑆𝐷𝐷𝑃𝑃𝑆𝑆𝑇𝑇 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇 𝑇𝑇𝑓𝑓𝑇𝑇𝑆𝑆𝐷𝐷, 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇 𝑇𝑇𝑓𝑓𝑇𝑇𝑆𝑆𝐷𝐷)  
   + Δ𝑏𝑏𝑜𝑜𝑆𝑆𝑇𝑇𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆  +  Δ𝑜𝑜𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝛥𝛥 𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 

 

Grantees claiming reduced idle time costs would also need to provide the data shown in the 

exhibit below.  

Grantee-Provided Data - Idle Time Cost 

Variable Notes 

Site selection time, 
before / after 

Wait time for site selection in days, before & after 
improvement 

𝐴𝐴𝑆𝑆𝐷𝐷𝑃𝑃𝑆𝑆𝑇𝑇 𝑠𝑠𝑇𝑇𝑆𝑆𝑇𝑇, 𝑏𝑏𝑆𝑆𝑓𝑓𝑇𝑇𝐷𝐷𝑆𝑆
/𝑇𝑇𝑓𝑓𝑇𝑇𝑆𝑆𝐷𝐷 

Wait time for permit approval in days, before & after 
improvement 

𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇 wait, 
before/after 

Wait time for interconnection application approval in 
days 

Parallel process (Y/N), 
before / after 

Did the utility allow interconnection requests prior to 
building permit finalization? Did this change after the 
EPIC project?  

 
32 “California Solar Permitting Guidebook,” 16. 
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∆𝑏𝑏𝑜𝑜𝑆𝑆𝑇𝑇𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 
Wait time saved for building inspection in days (from 
request to final OK) 

∆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐷𝐷𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆 Wait time saved for interconnection inspection in days 
(from request to final OK) 

𝑃𝑃𝑉𝑉𝛿𝛿 
Present value of revenue generated for each permitted 
project i for each year t of the project (using default real 
discount rate of 7% and inflation rate of 2.5%) 

While grantees should be able to readily estimate changes in wait times, developing estimates 

for the present value of permitted project revenues could be burdensome. For example, a 

municipality developing a streamlined online permitting process to reduce idle time may want 

to claim reduced soft costs as a benefit, but they are unlikely to possess data on the future 

revenues of the projects receiving permits. To partially address this limitation, the calculator 

provides an alternative to directly inputting the present value of future project revenues. It can 

estimate the present value of revenues for residential and commercial PV systems based on the 

inputs shown below. This alternative can only be used for solar PV installations. 

Optional Data - Idle Time Cost for PV Installations 

Variable Notes 

Capacity Capacity of PV installation in kW 

Install Type Residential or Commercial 

Avoided 
Energy Cost 

Calculator can provide default values or accept user input 

 

Although this method focuses on quantifying costs to developers, permitting processes do 

impose costs on local jurisdictions as well. We assume that fees reflect the true labor costs of 

regulators. 

Data Sources 
Fu, Ran, Robert M. Margolis, and David J. Feldman. “US Solar Photovoltaic System Cost 

Benchmark: Q1 2018.” National Renewable Energy Lab. (NREL), Golden, CO (United States), 
2018. (https://www.osti.gov/biblio/1483475) 

 
Data File U.S. Solar Photovoltaic System Cost Benchmark Q1 2018 Report.xlsx 
 https://data.nrel.gov/submissions/103 
 
1990–2018 Average Price by State by Provider (EIA-861) 

(https://www.eia.gov/electricity/sales_revenue_price/) 
 
System Advisor Model cash flow models for residential and commercial systems: 

https://sam.nrel.gov/ 
 
Moody’s GDP Implicit Deflator Series 

Instructions for Updating 

The “SAM Modifiers” sheet contains installed costs per kW as well as fixed O&M for residential 

and commercial PV systems from the 2018 Q1 NREL US Solar Photovoltaic System Cost 

Benchmark report cited above; these should be updated annually from subsequent benchmarks 

https://www.eia.gov/electricity/sales_revenue_price/
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released on the NREL web site.33 In addition to the text of the report, data files containing 

report figures in spreadsheet form can also be obtained from the NREL web site. 

The “SAM Modifiers” sheet also contains the annual output in kWh for a reference PV system in 

Row 9.  The performance of the reference system will improve in future years as new 

technology develops and is commercialized. Updated annual output data for a baseline 

Residential or Commercial system should be obtained every 5 years by creating a residential or 

commercial PV model in the latest version of the System Advisor Model (SAM, 

https://sam.nrel.gov/)) and exporting the cash flow analysis to an Excel. Current versions of 

SAM provide annual energy output on Row 96 of the “Inputs and Outputs” tab in the resulting 

file. 

EIA data on average electricity price should be updated every five years; updated data can be 

obtained from the EIA website (https://www.eia.gov/electricity/sales_revenue_price/) and 

pasted over existing data in the EIA Rate Data tab of the calculator. 

 

 

  

 
33 www.nrel.gov 

https://sam.nrel.gov/)
https://www.eia.gov/electricity/sales_revenue_price/
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Customer On-Bill Savings Benefits 

On-Bill Energy Savings Calculator 

Introduction 

Purpose of Calculator 

The On-Bill Energy Savings Calculator was developed by Industrial Economics, Inc. (IEc) under 

contract to the California Energy Commission (the Commission). Version 1.0 was completed in 

2019, with minor revisions in 2020. This tool is designed to calculate on-bill savings from EPIC 

projects that reduce ratepayers’ electricity and/or fuel use, change the timing of electricity use, 

and/or increase on-site electricity generation. The calculator comprises three modules, each of 

which is designed to calculate on-bill energy savings achieved by a different pathway for utility 

ratepayers in California (see Table A-1).  

Table A-1:  Pathways to On-Bill Savings 

Calculator Module Pathway to Savings Examples 

Fuel Reduction 
Reduction of fuel 
usage 

Improved insulation, more efficient 
windows and doors, and other building 
efficiency measures 
Higher efficiency gas furnace or hot water 
heater 
Beneficial electrification - replacement of 
gas furnace with high efficiency electric 
heat pump 

Net Metering 
Exports of electricity 
generated on-site to 
grid 

Solar PV 
Biogas 

Electricity 
Reduction/Load 
Shifting 

Reduction of 
electricity usage, or 
reduction of demand 
charges 

Higher efficiency electricity-consuming 
equipment such as HVAC systems 
Load shifting 

 

Users should select the module(s) to use based on the pathway(s) to savings that can be 

achieved by the project of interest. Some projects may involve multiple types of savings and 

therefore require using more than one module.  

Key inputs on project characteristics (e.g., anticipated fuel/electricity savings) should be 

collected from EPIC applicants/grantees as part of the application and as part of mid-term and 

final reporting. All other required inputs can use default data. Thus, once the application and 

reporting procedures have been updated to collect these data, no further data collection will be 

required to user this calculator.  

Limitations 

This calculator is intended to estimate savings to customers in California on their electricity or 

fuel bills. It can be used both to assess individual projects and larger portfolios of projects, 
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including multiple installations coming online over a multi-year period. It does not calculate 

system-level savings (i.e., savings to the utilities). 

The calculator allows for either manual input or the use of default values for key inputs such as 

fuel and electricity prices or details of Time-of-Use schedules, but we anticipate that most users 

will choose to use default values. The use of such defaults may either underestimate or 

overestimate actual savings to the extent that the customer’s actual utility prices or other 

default data differ from the assumed values.  

Calculation Methodology 

The basic functionality of this calculator is as follows: 

• Future prices for fuel or electricity are projected each year through 2045, based either 

on default external projections or manual user inputs. 

• Annual usage reductions (or generation) of fuel or electricity, and/or reductions in 

maximum electricity demand (peak load), are calculated from the year savings begin 

through 2045 based on project characteristics, or entered manually based on a market 

adoption scenario.34 

• Annual on-bill savings from fuel reduction, electricity reduction, and generation are 

calculated as the product of usage reduction (or generation) and per-unit price. Savings 

from reduction in maximum electricity demand are calculated on a monthly basis as the 

product of reduction in maximum demand and $/kW demand charge.  

• First cost is subtracted from on-bill savings to obtain annual net savings. 

• Annual net savings are summed through the end of the technology’s lifespan or through 

2045, whichever comes first. 

• Net savings are presented both in nominal terms (in current-year dollars, using a user-

specified base year), and as a net present value using both a three percent and a seven 

percent discount rate.  

• Results are shown for each module individually. Users can also choose to view results 

combining inputs and calculations across multiple modules.  

Default fuel and electricity prices through 2045 are provided, as are default time-of-use 

electricity schedules. Users select the relevant utility and end-use sector (residential, 

commercial, industrial), and the calculator selects the appropriate energy price. Alternatively, 

users can input prices manually for the start year alone and/or for future years.  

For ease of use, several worksheets with back-end calculations have been hidden from view in 

the calculator but can readily be unhidden. All worksheets that include user inputs and/or 

reference data that should be updated periodically (e.g., annually) are visible in the default view.  

 
34 The exception is that reduction in maximum demand (peak load) cannot be entered manually in a market adoption 
scenario. Reductions in maximum demand can be entered manually for the first year only; impacts in future years are 
assumed to move in tandem with reduction in electricity usage.  
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Functionality specific to the different modules is discussed below. 

Fuel Reduction 

Users select the scale of the intervention for the project, which can be a single unit of 

technology, a single building, or multiple buildings. If the “multiple buildings” option is 

selected, up to three different building profiles can be selected, with different numbers of 

buildings and units of technology per building for each profile. For example, a project at a 

university campus may install new insulation in five dorms and three office buildings, in which 

case the user would select multiple buildings as the scale of intervention. The user would create 

two building profiles with different amounts of insulation, e.g. 500 square feet per dorm and 

1,000 square feet per office building.   

Users also input a value for baseline (pre-intervention) fuel usage. This value can be reported at 

a scale equal to or smaller than the scale of the intervention; for example, if the intervention 

scale is a single building, fuel usage can be reported per building, or per unit of technology. In 

each case, two options are available to the user: (i) post-intervention fuel usage can be input 

directly as a known quantity, in which case fuel usage reduction is the difference between pre- 

and post-intervention fuel usage, or (ii) the fuel usage reduction can be input as a percentage 

improvement in fuel efficiency, which is multiplied by the baseline usage to arrive at fuel usage 

reduction.  

For beneficial electrification projects, users should also use the Electricity Reduction/Load 

Shifting module to calculate the cost of increased electricity usage (by entering higher post-

intervention than pre-intervention electricity use). The calculator will factor these costs into the 

overall financial analysis when viewing combined results across multiple modules. 

Net Metering 

Several technologies for distributed electricity generation are eligible for net metering, where 

customer savings are proportional to the amount of electricity exported to the grid or 

generated for use on-site. Solar PV and biogas are the main distributed approaches featured in 

the EPIC portfolio. However, the module allows for either solar or “other,” as IEc understands 

that future EPIC projects may involve other distributed energy sources. For solar, the 

calculator’s programming reflects the unique characteristics of solar PV (in particular, the daily 

and seasonal timing of generation).  

Net metering customers in California are required to have a time-of-use (TOU) electricity rate 

schedule. The module selects a representative TOU rate schedule based on the customer type 

(residential or commercial)35 and utility input by the user, and then populates an hourly profile 

for the year (8760 hours) with the rates applicable at different times of day and times of year.  

Monetary savings from net metering depends on the rate period in effect during the time of 

generation. For solar PV, the calculation also requires hourly data on solar insolation. Users 

input the ZIP code of the project, which the module uses to look up the applicable building 

climate zone. Based on the insolation profile for that climate zone, the percent of annual 

electricity generated during each rate period is calculated. If the user does not input a specific 
 

35 Savings calculations for industrial customers are based on commercial rate schedules. Industrial rate schedules 
include demand charges, which are not accounted for in the Net Metering module.  
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location, then a weighted average insolation profile is used, based on the distribution of net 

metering interconnections across climate zones as of June 30, 2019; separate weighted 

averages are available for each end-use sector.  

Users can also opt to manually input the timing of generation throughout the year, if relevant 

data are available. Net metering customers may have a storage installation that charges from 

solar energy and discharges to the grid during the peak rate period.36 In this situation, users can 

calculate savings by manually entering the time of discharge as the time of “generation.” For 

example, if the default values are 40 percent of total annual generation in summer off-peak 

hours and 60 percent in winter off-peak hours, then the user would enter 40 percent in summer 

peak hours and 60 percent in winter peak hours. In this example, the user would need to ensure 

that they were counting energy only during the time it is being discharged to the grid, not when 

it is being produced and stored.  

Finally, the user inputs total expected annual generation (kWh/year). Alternatively, for solar PV, 

users can input a system size (kW), which is used to calculate annual generation based on the 

climate zone of the project. Research has shown that solar panels degrade each year with use.37 

Based on available research, the module implements a degradation factor that decreases the 

expected generation by 0.5 percent per year. 

The amount of generation during each TOU rate period is then calculated, and these values are 

multiplied by the retail price ($/kWh) to yield total savings. We assume that the customer’s 

electricity generated is less than their monthly usage during each month of the year, such that 

the monthly minimum charge is never applied, and customers are credited for the full amount 

of annual generation at the retail electric rate. If an installation is oversized, customers receive 

an annual “true up” at wholesale electricity rates; in this case, savings would be over-estimated 

by this module.  

The module does not account for savings from reduced non-bypassable charges. However, we 

expect these charges to be a minor factor in savings for most customers. These charges scale 

with the amount of electricity imported from the grid, which will be less for customers with on-

site generation, depending on the overlap between their generation profile and their load 

profile. 

Electricity Reduction/Load Shifting 

The Electricity Reduction/Load Shifting module combines elements from the other two 

modules.  

• Similar to the Fuel Reduction module, users select the scale of the intervention for the 

project (single unit of technology, single building, multiple buildings). If multiple 

buildings is selected as the intervention scale, users can input up to three different 

building profiles.  

 
36 Net metering of paired solar/storage systems was approved by CPUC in February 2019. 
https://www.energytoolbase.com/newsroom/PolicyUpdates/cpuc-approves-energy-storage-net-metering 

37 Jordan, D. C. and Kurtz, S. R. (2013), D. C. Jordan and S. R. Kurtz. Prog. Photovolt: Res. Appl., 21: 12-29. 
doi:10.1002/pip.1182; (b) Jordan, D. C., Kurtz, S. R., VanSant, K., and Newmiller, J. (2016) Compendium of photovoltaic 
degradation rates. Prog. Photovolt: Res. Appl., 24: 978– 989. doi: 10.1002/pip.2744. 

https://www.energytoolbase.com/newsroom/PolicyUpdates/cpuc-approves-energy-storage-net-metering
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• Also similar to the Fuel Reduction module, users input pre-intervention and post-

intervention electricity usage, with project savings input either as a known quantity or 

as a percentage improvement.  

• Like the Net Metering module, The Electricity Reduction/Load Shifting module uses 

representative rate schedules for each customer end-use sector (residential, 

commercial, industrial) and utility. For this module, users can choose either a Time of 

Use (TOU) rate schedule or a flat rate. If a TOU rate is used, monetary savings depends 

on the rate period in effect during the time of consumption.  

• The calculation also uses hourly data on the pattern of load reduction throughout the 

year. Analogous to the use of hourly solar insolation data by climate zone used in the 

Net Metering Module, the Electricity Reduction/Load Shifting module features annual 

load profiles for efficiency measures addressing several common technology types that 

drive electricity use (e.g., lighting, building shell, air conditioning). Based on the load 

profile for the relevant technology type, the calculator determines the proportion of the 

total annual electricity reduction that occurs during each rate period, as well as the 

level of reduction in maximum demand in each month. If the user does not input a 

specific technology type, an average load profile is used; separate averages are available 

for each end-use sector.  

• Users can also opt to manually input the timing of electricity reduction and/or 

maximum demand reduction throughout the year, if relevant data are available. For 

example, an energy efficiency intervention may be associated with specific usage 

patterns, e.g. an appliance that is only used during peak hours.  

• Load shifting entails usage reduction at one time of day and usage increase at another 

time. Savings from a load shifting intervention can be calculated by running two sets of 

inputs through the Electricity Reduction/Load Shifting module and comparing the 

result. First, users can enter manual timing for the original load, using a positive value 

for electricity usage reduction (e.g. 2,000 kWh), and record the result. In the second 

step, users should enter manual timing for the post-intervention load, using a negative 

number for usage reduction (e.g. -2,000 kWh), and record the result. Total savings are 

obtained by adding the results from these two steps. 

Data Sources 

Fuel Prices 

The fuel usage reduction module accepts user inputs for the type of fuel being displaced. 

Default price data are included for five types of fuel: natural gas, gasoline, diesel, propane, and 

wood. Users can also input a custom fuel price in the start year and/or custom prices after the 

start year. 

Fuel price forecasts for natural gas were obtained through 2030 from the Supply Analysis 

Office in the Energy Assessment Division of California Energy Commission. The forecasts for 

residential, commercial, and industrial end-use natural gas prices are from the 2017 Integrated 
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Energy Policy Report (IEPR).38 Forecasts are available for each end-use sector in each of three 

planning areas: Pacific Gas & Electric (PG&E), Southern California Gas, and San Diego Gas & 

Electric (SDGE). The tool uses the mid-demand scenario from each utility area. Each end-use 

sector natural gas price is provided with different reference years. This module uses the June 

2019 Consumer Price Index from the Bureau of Labor Statistics to adjust for inflation. Projected 

values for 2020 and beyond were forecast by Moody’s Analytics and provided by Moody’s to the 

Commission’s Demand Analysis Office, which in turn provided the data to IEc.  

Gasoline, diesel, and propane price forecasts are from the reference case of the Energy 

Information Administration’s (EIA) 2019 Annual Energy Outlook for the US Pacific region.39 

Propane prices are provided for residential, commercial, and industrial end-use sectors. 

Gasoline and diesel prices are each provided as a single price in the transportation sector. 

No price forecast is available for wood fuel. Thus, the module uses the current average sale 

price for densified biomass in the West US region (EIA),40 with an assumed two percent annual 

increase through 2045. 

Electricity Prices 

Default electricity price data are included in the Net Metering module and the Electricity 

Reduction/Load Shifting module. Users can also input prices manually in two ways: a custom 

electricity price in the start year, and/or custom prices after the start year. 

Electricity price forecasts were obtained from the Supply Analysis Office in the Energy 

Assessment Division of California Energy Commission. These forecasts for residential, 

commercial, and industrial end-use retail electricity prices are from the 2018 IEPR update.41 

Forecasts are available for each end-use sector in each of seven planning areas: Burbank-

Glendale, Imperial Irrigation District, Los Angeles Department of Water and Power, Northern 

California Non-California ISO, Pacific Gas & Electric, Southern California Edison (SCE), and San 

Diego Gas & Electric. The mid-demand scenario is used in each case. 

Forecast electricity prices are provided in units of $/kWh indexed to 2017. The tool adjusts 

electricity prices for inflation using the June 2018 GDP implicit deflator from Moody’s 

Analytics.42 Post-2030 electricity prices were extrapolated through 2045 by applying the 

compound annual growth rate of the Commission’s forecast for 2020 – 2030.  

The Commission’s electricity price forecast presents average rate $/kWh values in each year, 

i.e., without distinguishing between peak, partial peak, and off-peak pricing. To account for 

TOU rates in savings calculations, the module contains a set of representative rate structures 

active as of August 2019 for residential and commercial customers of each of the three IOUs. 

For simplicity, IEc did not record industrial rate structures, which are generally more complex 

and include demand charges ($/kW for the period of maximum demand). Calculator users 

 
38 https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report 
39 https://www.eia.gov/outlooks/aeo/ 
40 https://www.eia.gov/biofuels/biomass/#table_data 
41 https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report 
42 https://www.economy.com/dismal/indicators/definition/usa_gdp. This deflator series was provided by the 
Commission for the electricity price forecast.  

https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report
https://www.eia.gov/outlooks/aeo/
https://www.eia.gov/biofuels/biomass/#table_data
https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report
https://www.economy.com/dismal/indicators/definition/usa_gdp
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should consider using manual input of TOU rates to assess net metering installations at 

industrial facilities.  

TOU rates and, for industrial customers only, demand charges, were selected by analyzing the 

available rates for each IOU. When possible, we selected TOU rates/demand charges that were 

offered to customers by default, had the simplest pricing structure, and/or were the most 

popular (i.e., have the highest number of customers).  

IEc simplified the representative rate structures to make the module user-friendly and 

accessible. All else being equal, these simplifications erred on the side of lower rates and lower 

estimated savings to be conservative. For all TOU rate schedules studied, the following 

simplifications were applied as needed: 

b. Some rate schedules have several price tiers for customers depending on their monthly 

usage. The lowest price tier is used. Actual rates are higher if usage exceeds a certain 

amount per month. 

c. Special event pricing is not included. Some days are anticipated high-usage and assigned 

higher rates by the utility.  

d. Only three rate periods per season are recorded: peak, off-peak and partial peak. Some 

schedules contain additional periods.  

e. Any seasonal differences within the summer or winter season are not included, such as 

a change in peak hours in March and April. (Differences between seasons, however, are 

reflected in the module.) 

f. If the rate schedule differentiates between weekdays and weekends, we assume that 

weekends are off-peak hours. 

g. Secondary distribution rates are selected, rather than higher-voltage primary 

distribution or transmission-level rates. The majority of customers are on secondary 

distribution circuits. 

Selected rates are presented in Table A-2 below.  

Prices in future years are forecast for each of six periods (peak, off-peak, and partial peak for 

summer and winter) by scaling the applicable TOU rate by the same annual escalation as 

observed in the applicable flat-rate Commission forecast for the same planning area. For 

industrial projects in the Net Metering module, the representative commercial TOU rates are 

scaled to the level of the Commission’s forecast for industrial end-use. The annual escalation in 

electricity prices is also used to forecast demand charges in future years. 

For projects outside the three IOUs, the calculator uses a weighted average based on the 

electricity usage in each of the non-IOU planning areas. For projects without a specific location, 

the calculator uses a statewide weighted average, based on the electricity usage across all seven 

planning areas. 
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Table A-2:  Representative Time-of-Use Electric Retail Rates43 

IOU End-Use Sector 

TOU Rate 

Schedule Justification for Selection 

PG&E Residential E-TOU-C3 

Popular rate: 400,015 MWh and 64,638 
customers according to 2018 FERC Form 
1. Featured on PG&E website. No 
weekend/weekday distinction. 

PG&E Commercial A-1 

For <75 kW customers. Popular rate: 
1,062,816 MWh and 46,613 customers 
according to FERC Form 1. Featured on 
PG&E website. No demand charges. 

PG&E Industrial  A-10 
For 75-499 kW customers. Popular rate: 
8,431,271 MWh and 43,336 customers 
according to FERC Form 1. 

SDG&E Residential TOU-DR1 
Default TOU rate. Featured on SDG&E 
website. 

SDG&E Commercial TOU-A 
Two periods (peak and off-peak). 
Seasonal differences consistent with 
standard summer/winter options. 

SDG&E Industrial AL-TOU 
Simplest rate structure available for 
industrial customers with demand 
charges. 

SCE Residential TOU-D-4-9PM 
Peak period hours more similar to other 
IOU rates. Featured on SCE website. 

SCE Commercial TOU-GS-1E 
For <20kW customers. No demand 
charges. 

SCE Industrial TOU-GS-3D 
For 200-500 kW customers. Lower rates 
than other options provide conservative 
estimate of savings. 

 

Instructions for Updating 

The calculator includes a number of data inputs that should be updated on a regular basis, 

ideally annually. Each of these is identified below.  

The calculator can be updated with more recent data on fuel and electricity price projections, 

and time-of-use (TOU) electricity rate schedules. Cells highlighted in pale green indicate areas 

where data were collected from external sources and can therefore be updated.44 If price data 

are updated, the reference year for the price units (fields highlighted in orange, as completed 

user inputs) should also be updated as needed.  

• Natural gas price forecast data are located in the “FR Price forecasts” worksheet. 

Updated price forecasts from the latest IEPR can be obtained from the Energy 

Assessments division of the Commission. 

 
43 Representative rates are only used for industrial customers in the Electricity Reduction/Load Shifting module. These 
rates are excluded from the Net Metering module because they include demand charges.  

44 Note, however, that not all green highlighted data will need to be updated on a regular basis, if at all. See the data 
sources listed under ‘Other’ in the final section of this document.  
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• Diesel, gasoline, and propane price forecasts are also located in the “FR_Price forecasts” 

worksheet. Updated price forecasts should be obtained from the latest version of the 

Annual Energy Outlook on the EIA website, in Table 3 (“Energy Prices by Sector and 

Source”) for the reference case.45  

• Wood price forecasts are also located in the “FR_Price forecasts” worksheet. Recent 

monthly prices for wood pellets can be obtained from Table 7 on the EIA Densified 

Biomass Fuel Report. 46 

• Electricity price forecast data are located in the “NM_Price forecasts” worksheet. 

Updated price forecasts from the latest IEPR can be obtained from the Energy 

Assessments division of the Commission. 

• Data on representative TOU electricity rate schedules can be found in the “NM_TOU 

Rates” worksheet for residential and commercial customers, and the “ER_TOU Rates” 

worksheet for industrial customers. These data include TOU electricity rates for various 

rate periods (peak, partial peak, off-peak), and the parameters establishing when such 

rates are in effect (specific hours of the day and months of the year). Information about 

current rates is available online for PG&E,47 SCE,48 and SDGE.49 Representative rates 

should be selected based on simplicity of pricing structure (e.g. no demand charges, 

and fewer exceptions to hourly and seasonal patterns) and number of customers. Data 

on the number of customers for each rate schedule is available from IOU Form 1 filed 

with the Federal Energy Regulatory Commission.50   

Other 

Several additional data sources used in the calculator do not require updating. These are 

described here for reference. 

Data on building climate zone by ZIP code were downloaded from the California Energy 

Commission. website.51  

Electricity and gas usage by planning area for 2018 were downloaded from the California 

Energy Consumption Database, created by the Commission.52 These data are used to calculate 

statewide weighted average prices. 

 
45 https://www.eia.gov/outlooks/aeo/ 
46 https://www.eia.gov/biofuels/biomass/#table_data 
47 Simplified plan information for PG&E residential customers is available at: 
https://www.pge.com/en_US/residential/rate-plans/rate-plan-options/time-of-use-base-plan/time-of-use-plan.page. 
Detailed rate schedules are listed at: https://www.pge.com/tariffs/index.page 

48 Simplified plan information for SCE residential customers is available at: 
https://www.sce.com/residential/rates/Time-Of-Use-Residential-Rate-Plans. Detailed rate schedules are available at: 
https://www.sce.com/regulatory/tariff-books/rates-pricing-choices 

49 Simplified plan information for SDGE residential customers is available at: https://www.sdge.com/whenmatters. 
Detailed rate schedules are listed at: https://www.sdge.com/rates-and-regulations/current-and-effective-tariffs. 
Summaries of total electric rates are available at: https://www.sdge.com/total-electric-rates 

50 FERC provides a downloadable Form 1 database as well as custom Form 1 Viewer software: 
https://www.ferc.gov/docs-filing/forms/form-1/viewer-instruct.asp. Some older Form 1 filings have been collected on 
the California Public Utilities Commission’s website: https://www.cpuc.ca.gov/General.aspx?id=6442454550 

51 California Energy Commission. “California Energy Maps.” 
https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html. Updated July 2019. 

52 California Energy Commission. “California Energy Consumption Database.” 
http://www.ecdms.energy.ca.gov/Default.aspx  

https://www.eia.gov/outlooks/aeo/
https://www.eia.gov/biofuels/biomass/#table_data
https://www.pge.com/en_US/residential/rate-plans/rate-plan-options/time-of-use-base-plan/time-of-use-plan.page
https://www.pge.com/tariffs/index.page
https://www.sce.com/residential/rates/Time-Of-Use-Residential-Rate-Plans
https://www.sce.com/regulatory/tariff-books/rates-pricing-choices
https://www.sdge.com/whenmatters
https://www.sdge.com/rates-and-regulations/current-and-effective-tariffs
https://www.sdge.com/total-electric-rates
https://www.ferc.gov/docs-filing/forms/form-1/viewer-instruct.asp
https://www.cpuc.ca.gov/General.aspx?id=6442454550
https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html
http://www.ecdms.energy.ca.gov/Default.aspx
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Solar PV generation profiles for each climate zone were obtained from the Solar + Storage 

Tool,53 developed by Environmental Energy Economics (E3) under EPIC grant EPC-17-004. E3 

sourced the data from California Public Utilities Commission (CPUC) Avoided Cost Calculator 

tool.54 Profiles are normalized to the rated output of a solar installation.  

Data on solar PV net metering interconnections were obtained from California Distributed 

Generation Statistics.55 This data source lists every interconnected system in PG&E, SDGE, and 

SCE territory, along with its system size (DC), location, and end-use sector. We summed the size 

of installations per zip code and per end-use sector and imported the results into the 

calculator. These data are used to calculate statewide weighted average insolation profiles. 

Hourly load shapes to represent the six default efficiency upgrades were sourced from the E3 

Energy Efficiency Calculator,56 which cites the 2011 CPUC Database for Energy-Efficient 

Resources (DEER) as a reference for these data. We selected the following load shapes to 

represent the six end-use applications: 

• Indoor lighting: PGE-Res:Indoor_CFL_Ltg 

• Refrigerator/freezer: PGE-Res:RefgFrzr_HighEff 

• Air conditioning: PGE-Res:HVAC_Eff_AC 

• Heat pump: PGE-Res:HVAC_Eff_HP 

• Clothes or dishwasher: PGE-Res:ClothesDishWasher 

• Building shell insulation: PGE-Res:BldgShell_Ins 

Hourly load shape data for generic customers were also obtained from each of the IOUs. For 

PG&E, we used 2018 dynamic load profiles for residential (A-1), small commercial (A-6), and 

medium C&I customers (A-10).57 For SCE, we used 2018 static load profiles for residential (DOM-

S/M), small commercial (GS-1), and medium C&I customers (GS-2).58 For SDG&E, data were not 

available for a full calendar year (Jan. 1-Dec. 31); instead we used the dynamic load profile for 

the most recent 12 months (Oct. 2018-Sep. 2019) for residential, small commercial, and 

medium C&I customers.59  

  

 
53 https://ww2.energy.ca.gov/research/mod_tool_max_solar_storage/ 
54 Personal communication with E3.  
55 California Distributed Generation Statistics. https://www.californiadgstats.ca.gov/downloads/. Updated June 30, 
2019. 

56 https://www.ethree.com/public_proceedings/energy-efficiency-calculator/ 
57 https://www.pge.com/nots/rates/tariffs/energy_use_prices.shtml 
58 https://www.sce.com/regulatory/load-profiles/2018-static-load-profiles 
59 http://webarchive.sdge.com/customer-choice/customer-choice/dynamic-load-profiles 

https://ww2.energy.ca.gov/research/mod_tool_max_solar_storage/
https://www.californiadgstats.ca.gov/downloads/
https://www.ethree.com/public_proceedings/energy-efficiency-calculator/
https://www.pge.com/nots/rates/tariffs/energy_use_prices.shtml
https://www.sce.com/regulatory/load-profiles/2018-static-load-profiles
http://webarchive.sdge.com/customer-choice/customer-choice/dynamic-load-profiles
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DER+Storage On-Bill Savings Calculator 

Introduction 

Purpose of the Calculator 

The On-Bill Savings Calculator for Distributed Energy Resources + Storage (henceforth referred 

to as the DER+Storage Calculator or the Calculator) was developed in 2020 by Industrial 

Economics, Incorporated (IEc) for the California Energy Commission (the Commission).  The 

DER+Storage Calculator is an Excel workbook designed to estimate the benefits of Electric 

Program Investment Charge (EPIC) grants that accelerate the development and 

commercialization of technologies that, by combining distributed energy generation with 

advanced energy storage and control, enhance their customers’ load management capabilities.  

The Calculator estimates the benefits of such projects by calculating “on-bill” savings, i.e., the 

reduction in annual purchases of electricity from the local utility. 

DER+Storage systems provide load management capabilities by generating and storing energy 

at one time for use at a later point, when utility rates are high. Distributed energy resource 

(DER) systems typically generate electricity using renewable energy sources – such as solar, 

wind, or geothermal resources – instead of fossil fuels. A key challenge for DER systems is 

balancing energy demand with energy generation, which may by intermittent and unpredictable 

(such as for wind or solar energy). Combining DER technologies with energy storage and control 

systems (referred to by the Calculator as DER+Storage systems) provides control over when the 

energy stored by the system is used.  

To calculate on-bill savings, the Calculator requires information from the applicant/grantee 

about the DER+Storage system and the electricity consumption of customers served by that 

system. The Calculator contains some built-in default values used in calculating benefits, but in 

most cases gives the user the option of overriding these values.  Additional information on 

required inputs and default values is provided later in this document, including instructions on 

updating the data upon which the Calculator relies. 

Recommended Use 

This Calculator was designed to capture the benefits of small, decentralized DER+Storage 

systems that:  

 Connect electrical generation and storage resources to on-site services or local grids, 

 Generate energy using solar or non-intermittent generation technologies,  

 Store generated electricity in energy storage devices, 

 Include systems that can control when stored energy is dispatched to customers. 

The Calculator can simultaneously estimate on-bill savings from the DER+Storage system for 

Residential, Commercial, and Industrial customers (henceforth referred to as “rate sectors”). 

The tool contains built-in default data on these sectors for three investor-owned utilities – 

Pacific Gas & Electric (PGE), San Diego Gas & Electric (SDG&E), and Southern California Electric 
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(SCE) – and for the state as a whole (referred to by the Calculator as “Statewide Average”).60 The 

default data available include electricity base price data and forecasts, rate schedules by season 

and time of use (TOU), and monthly and daily electricity consumption profiles.61 

This Calculator can be used to estimate the benefits of net metering of electricity generated on-

site by setting the storage system capacity to zero on the Main Inputs page. 

Limitations  

The Calculator is only designed to estimate the on-bill savings that result from the reduction in 

electricity purchases for customers served by the DER+Storage system. The Calculator is 

designed to estimate such savings under normal operating conditions only.  It should not be 

used to estimate the benefits of DER+Storage systems during power outages.62 

The Calculator is not designed to calculate the on-bill savings resulting either from reducing 

energy consumption (e.g., due to increased energy efficiency) or from switching from a higher 

cost energy source to a lower-cost energy source.63  

The benefits estimated by this Calculator also do not include reductions in greenhouse gas 

emissions that would accompany reducing energy consumption and replacing fossil fuels with 

renewable energy resources.64  

The Calculator does not account for up-front capital costs, fuel prices, or any costs related to 

implementation or operation and maintenance of the DER+Storage system. 

Overview of Worksheets 

The Calculator includes several types of worksheets.  Table A-3 provides a brief description of 

each, including the color scheme for identifying worksheets of each type. 

 

  

 
60 The Statewide Average monthly and daily electricity consumption profiles reflect average values for the three 
investor-owned utilities (IOUs) and four non-IOUs (Burbank-Glendale, Imperial Irrigation District, the Los Angeles 
Department of Water and Power, and Northern California Non-California ISO), weighted by each utility’s share of total 
electricity consumption. The Statewide Average rate schedules for each rate sector were determined by inspection, as 
described in the Data Sources and Guidance: Electricity Prices section of this document. 

61 Electricity base price data and forecasts are available for the period 2016-2045 and are described further in the Data 
Sources and Guidance: Electricity Prices section of this document. 

62 IEc has developed two tools for the Commission that can be used to estimate the benefits of DER+Storage systems 
during power outages: The Grid Reliability Benefits Tool and the Public Safety Benefits Calculator. 

63 The On-Bill Energy Savings Calculator (developed by IEc for the Commission) can be used to estimate the benefits of 
reductions in fuel consumption, electricity consumption, and net metering. 

64 To estimate the benefits of reductions in greenhouse gas emissions resulting from a DER+Storage project that 
generates electricity using renewable resources, use the Emissions Calculator developed by IEc for the Commission. 
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Table A-3:  Worksheets in the Calculator 

 

Readme Worksheet 

The Readme worksheet is designed to orient the user to the layout and functionality of the 

Calculator and the worksheets that follow. Refer to the Readme worksheet for a summary of 

the purpose of the tool, an overview of the five worksheet types, and an explanation of the 

color-coding of cells. The Readme worksheet also contains a description of each worksheet, 

with hyperlinks to each; a glossary of terms; a table of energy units; and a list of citations for 

data sources. 

Input Worksheets 

The Input worksheets are designed to capture user-supplied scenario inputs and 

applicant/grantee-supplied project information used by the Calculator to estimate project 

benefits. There are two input worksheets: 

• Main Inputs. Use the Main Inputs worksheet to define the benefits scenario to be 

analyzed (i.e., to specify the dollar year and base year for the analysis) and to enter 

applicant/grantee-supplied information about the project and DER+Storage system. 

• Sector Profiles. Use the Sector Profiles worksheet to capture applicant/grantee-

supplied information about electricity consumption and the daily drawdown of stored 

energy. 

Summary Worksheet 

The Summary worksheet presents the results of the benefits analysis, reporting on-bill savings 

on both an annualized and present value basis at discount rates of three and seven percent.  

Type Tab Color Name Description 

Readme White Readme 

The Readme worksheet provides an 
overview of the functionality of the 
Calculator, a table of contents with 
hyperlinks, an explanation of the color-
coding of cells, a glossary of terms, a table 
of energy units, and a list of citations. 

Input Light Blue 
Main Inputs, Sector 
Profiles 

The Input worksheets capture user-
supplied scenario inputs and 
applicant/grantee-supplied data about the 
project, the DER+Storage system, and the 
customers served by the system.  

Summary  Blue Summary 
The Summary worksheet presents the 
results of the benefits analysis. 

Benefits 
Calculations 

Light Grey 
Annual Purchases, 
Project Values, 
Monthly Purchases 

The Benefits Calculations worksheets use 
scenario and project information to 
calculate project benefits. 

Reference  Dark Grey 
Rates, Price 
Forecasts, Profiles, 
Deflators, Controls 

Reference worksheets contain data used in 
calculating project benefits and 
information on standard values used in 
the model for data validation and control. 
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The worksheet also illustrates the distribution of on-bill savings by rate sector, the annual 

reduction in electricity purchases by rate sector and period (peak, partial-peak, or off-peak), and 

provides a comparison of annual energy purchases before and after implementation of the 

project. 

Benefits Calculations 

The Benefits Calculations worksheets use scenario and project information to calculate project 

benefits. There are three Benefits Calculations worksheets: 

• Project Values – The Project Values worksheet manages information entered by the 

user on the input worksheets and determines (from user inputs) which built-in default 

values and user-supplied manual override values to use in calculating project benefits. 

It also organizes information about the project’s energy generation system; energy 

consumption by rate sector; and the utility rate schedules the Calculator references to 

determine TOU pricing. 

• Monthly Purchases – The Monthly Purchases worksheet calculates monthly electricity 

generation by the project’s DER systems; the amount of that electricity that is stored 

for use at a later time; the drawdown of energy from the storage system by time of 

day; and the resulting distribution of electricity purchases by month, rate sector, and 

time of day. 

• Annual Purchases – The Annual Purchases worksheet calculates annual electricity 

purchases before and after the project by rate sector, rate period, and season. This 

worksheet uses time of use prices and price forecasts to calculate the on-bill savings 

attributable to reductions in electricity purchases attributable to the project. 

Reference Worksheets 

The Reference worksheets contain built-in reference data used in calculating project benefits, 

along with information on standard values used in the model for data validation and control. 

There are five Reference worksheets: 

• Rates – The Rates worksheet contains data for each utility and rate sector on seasonal 

rate schedules and seasonal/time of use pricing. 

• Price Forecasts – The Price Forecasts worksheet contains annual forecasts of the base 

price of electricity (i.e., the cost per kWh) for each utility and rate sector. 

• Profiles – The Profiles worksheet contains monthly and daily profiles for solar 

photovoltaic (PV) generation (by climate zone) and for electricity consumption (by 

utility and rate sector). 

• Deflators – The Deflators worksheet contains annual data for the economic price 

deflators used by the Calculator to adjust dollar values from one year to another. 

• Controls – The Controls worksheet contains tables of standard values and lists used 

by the Calculator for data validation and control. 

Inputs and Model Defaults 
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As noted above, the Calculator contains two input worksheets (Main Inputs, Sector Profiles) that 

capture information from the user on the benefits scenario to be analyzed, as well as 

information from the grant applicant/grantee on key dimensions of the project. This section 

provides a more detailed explanation of these inputs, including required inputs, default data, 

optional inputs, and manual overrides. 

Main Inputs 

The Main Inputs worksheet consists of four tables, the first of which requires the user to 

identify the project and specify parameters for the benefits scenario to be analyzed. This 

information should be provided by the user, as described in Table A-4. 

Table A-4:  Background Information 

Input Fields Description 

Project Name 
• A project name or identifier supplied by the user. 
• No default available. If no project name is supplied, the model 

leaves the project name blank. 

Dollar Year 
• The Calculator adjusts monetary values from the year in which the 

data was reported to the user-specified dollar year. 
• The default dollar year is 2018. 

Base Year  
• The present value calculations discount monetary values to the 

user-specified base year. 
• The default base year is the dollar year. 

 

The second table collects general information about the project (see Table A-5). This 

information should be obtained from the grant applicant/grantee. 

Table A-5:  Project Information 

Input Fields Description 

Initial Project Year 
• Year in which the benefits from the project begin. 
• The initial project year must be >= 2016 and < 2045. 
• The default value updates dynamically to the current year. 

Expected Project 
Lifetime 

• Expected lifetime of the project, in years. 
• The default value for the expected lifetime of the project is zero. 

Electric utility 

• The utility that serves the area in which the project is located.   
• Input is optional. 
• Default: if a utility is not specified, the Calculator will default to a 

statewide average for baseline electricity price forecasts, monthly 
and daily electricity consumption profiles, and rate schedules. 

Project ZIP Code 

• Primary ZIP Code for the project. Used in determining the climate 
zone for determining solar generation profiles. 

• Default:  if a ZIP Code is not specified, the Calculator will default to 
a statewide average solar generation profile. 
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The third table gathers information on key aspects of the project’s energy generation and 

storage system (see Table A-6).  This information should be obtained from the grant 

applicant/grantee. 
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Table A-6:  DER+Storage System Information 

Input Fields Description 

Rated energy storage 
capacity (kWh) 

• The total rated (nameplate) capacity of batteries and other storage 
devices, in kWh. 

• Default = 0 kWh. 

Depth of discharge 
(%) 

• Maximum draw from the energy storage system (% of rated storage 
capacity). Value must be >=0 and <= 100%. 

• Default = 0%. 

Generation power 
source(s) 

• Indicate the nature of the project's power source(s) (Solar, Non-
Intermittent Technology, or Both). 

• Default = Solar. 

Rated capacity of 
solar generation 
resources (kW) 

• The aggregate rated (i.e., nameplate) generating capacity of solar 
resources, in kW. 

• Default = 0 kW. 
Rated capacity of 
non-intermittent 
generation resources 
(kW) 

• The aggregate rated (i.e., nameplate) generating capacity of non-
intermittent energy resources, in kW. 

• Default = 0 kW. 

 

The fourth and final table asks the user to indicate the average capacity at which any non-

intermittent on-site energy resources are (or are likely) to be utilized during different seasons 

(summer or winter rate periods) and different times of day. This information should be 

obtained from the grant applicant/grantee and is required whenever the generation power 

source is identified as Non-Intermittent or Both (i.e., both solar and non-intermittent). The 

capacity factors entered are used to calculate the amount of energy generated by non-

intermittent energy sources during seven pre-defined periods of the day.65,66 

Sector Profiles Inputs 

The Sector Profiles worksheet allows the user to enter information about the consumption of 

energy by the customers the project serves, as well as information on the daily drawdown of 

stored energy. It begins with a table designed to collect data on energy consumption by rate 

sector (see Table A-7).  This information should be obtained from the grant applicant/grantee. 

  

 
65 These pre-defined periods are: Period 1 (12am – 6am), Period 2 (6am – 8am), Period 3 (8am – 12pm), Period 4 (12pm – 
4pm), Period 5 (4pm – 6pm), Period 6 (6pm – 9pm), and Period 7 (9pm – 12am). 

66 The seasons associated with Main Inputs Section 4 are DER+Storage seasons. DER+Storage seasons are defined for 
each utility to capture the most common season dates for all rate sectors, based on 2020 rate schedules for PG&E, SCE, 
and SDG&E. 
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Table A-7:  Data on Energy Consumption by Rate Sector 

Input Fields Description 

Rate Sector • Select each affected rate sector (Residential, Commercial, or 
Industrial) from the dropdown menu. 

• Enter each affected rate sector only once. 
• There is no default value; if a rate sector is not selected, it will not 

be analyzed. 
Annual Electricity 
Consumption (kWh) 

• Enter annual electricity consumption (in kWh), by rate sector, for 
the customers served by the project. 

• Default = 0 kWh. 
Monthly Electricity 
Consumption Profile 

• Select a monthly electricity consumption profile for each rate 
sector (Default, Uniform, or one of three custom profiles). 

• Default: the model uses the built-in monthly electricity 
consumption profile for the selected rate sector and utility. 

• If one or more sectors requires a custom monthly electricity 
consumption profile, select Custom 1, 2, or 3 and provide that 
information in the corresponding section of Table 6 (Custom 
Monthly Electricity Consumption Profiles). 

Daily Electricity 
Consumption Profile 

• Select a daily electricity consumption profile for each rate sector 
(Default, Custom). 

• Default: the model uses the built-in daily electricity consumption 
profile for the selected rate sector and utility. 

• If one or more sectors requires a custom daily electricity 
consumption profile, select Custom and provide that information 
in the corresponding section of Table 7. Daily Electricity 
Consumption Profiles. 

 

The second section of the worksheet is designed to collect information about one or more 

customized monthly electricity consumption profiles. Inputs are required only for rate sectors 

for which the user selected “Custom” in the table discussed above.  For each custom profile, 

enter the percentage of annual electricity consumption that occurs each month. The sum of the 

percentages for each custom profile (i.e., column) must equal 100 percent.  This information 

should be obtained from the grant applicant/grantee. 

The third section of the worksheet is designed to capture customized daily electricity 

consumption profiles for one or more rate sectors.  Inputs are required only for rate sectors for 

which the user selected “Custom” in the table discussed above; the data required to develop 

these customized profiles should be obtained from the grant applicant/grantee.  The profiles as 

entered should indicate the percentage of the sector’s total daily consumption that occurs in 

each of three rate periods (Peak, Partial-Peak, or Off-Peak).  Note that in each case, the user 

must provide a profile for both the summer and winter rate periods.  In addition, note that in 

some rate sectors and/or some seasons, partial-peak rates are not in effect; in such cases the 

partial-peak rate period is greyed out and no entry is required. 

The fourth and final section of the Sector Profiles worksheet asks the user to indicate how the 

drawdown of energy from the project’s energy storage system is (or is likely to be) distributed 
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throughout the day.67 This information should be obtained from the grant applicant/grantee.  

To enter the data, the user should follow the steps indicated below. 

1. Select a profile to use for the daily drawdown of energy from the storage system; this is 

required for all systems that incorporate batteries or other forms of energy storage.  

Users must choose one of three profiles: 

a. Default (Peak and Partial-Peak) – Distributes the drawdown of stored energy between 

the peak and partial peak periods in proportion to daily electricity consumption 

during each period. 

b. All Periods – Distributes stored energy across all periods (peak, partial peak, and off-

peak) in proportion to daily electricity consumption during each period. 

c. Custom - Allows the user to manually specify a distribution for the drawdown of 

stored energy throughout the day. 

2. If the user selects a custom distribution for the drawdown of stored energy, that 

distribution must be specified by season and period of the day. 68,69 For each season (i.e., 

column), the values must sum to 100 percent. 

Methodology 

To estimate on-bill savings, the Calculator requires information for each rate sector on annual 

electricity consumption, which is used to establish the baseline for electricity usage on a 

monthly and daily basis.70  

• The Calculator contains built-in utility-specific monthly and daily electricity 

consumption profiles for each rate sector.  

• The Calculator assumes that annual electricity consumption for each rate sector remains 

unchanged before and after the project, not only with respect to total consumption but 

also with respect to the distribution of consumption over time. 

• The Calculator assumes that electricity purchases before the project equal electricity 

consumption.  It assumes that electricity purchases after the project depend on the 

availability and use of DER+Storage energy resources. 

Electricity Consumption. The Calculator requires information from the applicant/grantee on 

annual electricity consumption for each rate sector that benefits from the DER+Storage project. 

Daily electricity consumption (i.e., a baseline of electricity usage) in kWh is calculated on a 

monthly basis for each rate sector by multiplying annual electricity consumption by the 

 
67 Daily stored energy drawdown profiles refer to the distribution of stored energy use throughout the day (i.e., the 
percentage of daily stored energy consumed in each DER+Storage period). By default, the Calculator assumes that 
100% of stored energy resources are applied to "Peak" periods. The Calculator also provides the option for the user to 
manually override the model default daily stored energy drawdown profiles, by season. 

68 DER+Storage seasons for each utility are defined to capture the most common season dates for all rate sectors, based 
on 2020 rate schedules for PG&E, SCE, and SDG&E. 

69 Dispatch periods are defined to capture all possible hours associated with peak and partial-peak rate periods for each 
utility and DER+Storage season, based on 2020 rate schedules for PG&E, SCE, and SDG&E. 

70 The Calculator uses the term “electricity consumption” as synonymous with “electricity use” is distinct from the 
concept of electricity purchases. “Electricity consumption” refers to the electricity needs of the customers served by 
the project. 
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associated monthly and daily electricity consumption profiles.  This calculation generates a 

table of daily electricity consumption by month and rate sector for seven periods of the day.71 

Electricity Generation and Storage. The Calculator requires information from the 

applicant/grantee on the storage capacity and generating power of the DER+Storage system.72 

Daily electricity generation and storage resources are calculated in kWh, on a monthly basis, for 

seven periods of the day. Solar photovoltaic (PV) generation is calculated on a daily and 

monthly basis from built-in daily and monthly solar PV generation profiles. Non-intermittent 

energy generation is calculated based on user-specified estimates of the capacity at which these 

resources are (or will be) operated, by season and time of day. The quantity of stored energy (in 

kWh) that is available for drawdown each day is determined on a monthly basis as the 

minimum of two values:  total daily generation from the project’s distributed energy resources 

or the system’s usable storage capacity, as determined by its rated storage capacity and the 

maximum drawdown factor. For months where total daily energy generation exceeds usable 

storage capacity, the tool distributes the excess energy generation to each period of the day in 

proportion to the contribution of each period to total daily generation. 

Energy Purchases. Daily electricity purchases before the project are assumed to equal 

electricity consumption. Daily electricity purchases after the project are calculated on a 

monthly basis for each rate sector and period of the day by subtracting daily energy storage 

dispatches and daily excess generation from daily electricity consumption.73 Daily energy 

storage dispatches per period and daily excess energy per period are assigned to each sector in 

proportion to the sector’s share of total electricity consumption. Monthly electricity purchases 

per sector and period of the day are calculated by multiplying the daily values by the number of 

days in a month. Annual purchases for each sector are calculated as the sum of the monthly 

values. 

On-Bill Savings. The Calculator includes built-in default data for electricity rate forecasts 

through 2045 for electricity base prices and rate schedules.  Pricing varies by rate sector, rate 

season, and time of use rate period (rate period). The Calculator has base prices and rate 

schedules for three major investor-owned utilities:  Pacific Gas and Electric (PG&E); San Diego 

Gas and Electric (SDG&E); and Southern California Edison (SCE); it selects the appropriate rate 

schedule based on the project’s location, as indicated by ZIP code. If the location of a project is 

not specified, the Calculator relies instead on state-wide weighted averages (Statewide Average) 

for electricity base prices and TOU electricity rates. Annual electricity costs per rate sector, rate 

period, and season are calculated by multiplying seasonal electricity purchases by the 

associated electricity price forecast. The annual on-bill savings for each rate sector is calculated 

as the difference in costs before and after the project. The Calculator calculates the present 

value of on-bill savings and associated annualized benefits for two scenarios:  one that applies 

a three percent annual discount rate, and a second that applies a seven percent rate. 

 
71 The user can specify for each rate sector whether to use built-in default monthly and daily electricity consumption 
profiles or user-specified manual overrides. 

72 As detailed above, this includes information on the system’s rated energy storage capacity (kWh), the maximum depth 
of discharge of the energy storage system (on a percentage basis), the rated capacity of solar generation resources 
(kW) and the rated capacity of non-intermittent generation resources (kW). 

73 Daily energy storage dispatches per period are determined on a monthly basis by multiplying the daily stored energy 
available by the daily energy storage drawdown profile. 
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Daily and Monthly Electricity Purchases 

Monthly purchases for each rate sector and period of the day are a function of project 

characteristics.  As detailed below, purchases are calculated first on a daily basis, then on a 

monthly basis.  

1. Daily electricity consumption in a given month is calculated for each rate sector and 

period of the day as the product of the rate sector’s annual electricity consumption, its 

monthly electricity consumption profile (i.e., the share of annual consumption that 

occurs in that month), and the daily electricity consumption profile for that month. 

2. Daily electricity consumption for each rate sector, period of the day, and month is 

assumed to remain the same before and after the project. 

3. Daily electricity purchases before the project are calculated based on daily electricity 

consumption for each rate sector, period of the day, and month. 

4. Daily electricity purchases after the project are calculated based on daily electricity 

consumption, daily DER+Storage electricity generation, the amount of stored energy 

available for daily use, and profiles of the daily drawdown of stored energy. 

a. The amount of energy generated by on-site energy resources is calculated on a 

monthly basis. 

i. For solar energy resources, the amount of energy generated (in kWh) is 

calculated for each period of the day based on the built-in daily solar 

photovoltaic (PV) generation profile associated with the project and the 

rated capacity of the solar generation resources (in kW).74 

ii. Non-intermittent energy generation (in kWh) is calculated for each period 

of the day based on the user-specified daily generation profile and the 

rated capacity of non-intermittent generation resources (in kW). 

iii. Total electricity generation for each period of the day is the sum of the 

energy produced in that period by solar and non-intermittent sources. 

5. The amount of stored energy available for use each day (in kWh) is calculated on a 

monthly basis. This amount is limited either by the project’s usable storage capacity 

(kWh/day) or the amount of energy generated on-site (kWh/day), whichever is less.75 

6. Stored energy (in kWh) is applied to daily electricity purchases for each sector and 

period of the day as follows: 

 
74 The solar PV generation profile associated with the project is determined by the climate zone associated with the 
project’s ZIP code. If no ZIP code is provided for the project, the Calculator applies the statewide average solar PV 
generation profile. 

75 Usable storage capacity is calculated by multiplying the rated energy storage capacity (in kWh) by the depth of 
discharge (%). Energy stored by the DER+Storage system is assumed to recharge daily, from DER+Storage system 
energy generation technologies only (i.e., not from purchases from the associated utility). 



 

104 

a. The drawdown of stored energy during each period of the day is calculated by 

multiplying the stored energy available (kWh/day) by the daily drawdown 

profile.76 

b. The ratio of the drawdown to total electricity consumption per period is 

calculated.77 

c. Daily electricity purchases by each rate sector in each period are reduced by this 

ratio. 

7. For any months in which on-site generation (kWh/day) exceeds available storage 

capacity (kWh/day), surplus electricity generation is applied to reduce energy purchases 

in accordance with the following approach: 

a. The daily surplus of generated energy is calculated by subtracting the daily 

drawdown of stored energy from total daily energy generation. 

b. The amount of the daily surplus available in each period of the day is equal to 

the total daily surplus multiplied by the percentage of on-site energy generated 

during that period of the day. 

c. Energy consumption requirements not met by using stored energy are calculated 

for each rate sector and each period of the day.  The ratio of surplus energy 

available to the remaining requirements is calculated.78 

d. Daily electricity purchases by each rate sector in each period are reduced by this 

ratio. 

Monthly electricity purchases before and after the project by rate sector and period of the day 

are calculated by multiplying the associated daily electricity purchases before and after the 

project by the number of days in the month.  An adjustment for electricity purchases for 

weekday-only schedules and holidays is also calculated, on a monthly basis, before and after 

the project. 79 

Annual Electricity Purchases 

Electricity base prices vary by rate sector and electric utility. The Calculator draws on a dataset 

of electricity prices (expressed in $/kWh) developed by the Commission, as reported by the 

Energy Assessment Division’s Supply Analysis Office in its 2018 Integrated Energy Policy 

Report Update (2018 IEPR).  The Calculator uses historical data (2018 and earlier) and forecasts 

(2019 to 2030) from the 2018 IEPR for baseline electricity prices. Electricity prices for 2030 and 

 
76 The Calculator contains built-in daily energy storage drawdown profiles and the option for a user-specified manual 
override. The daily energy storage drawdown profile used by the Calculator to calculate benefits is specified by the 
user in the Sector Profiles worksheet. 

77 The ratio of daily energy drawdown to electricity consumption per period is assumed to be zero for periods in which 
total electricity consumption for all sectors is zero. 

78 The ratio of surplus energy available to electricity consumption per period is assumed to be zero for periods in which 
total electricity consumption for all sectors is zero. 

79 The model assumes that weekends for weekday-only rate schedules and holidays (for all rate schedules) follow off-
peak pricing. The monthly adjustment for peak and partial-peak periods for weekends and holidays is calculated for 
peak and partial-peak periods as the number of applicable weekend days and holidays in each month multiplied by the 
daily electricity purchases per month before and after the project.  
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beyond are calculated by applying an average compound annual growth rate (i.e., annual 

escalation factor) derived from the Commission’s forecast for 2016 – 2030. 

The datasets incorporated in the Calculator present simplified TOU and seasonal rates for three 

major investor-owned utilities – Pacific Gas and Electric (PG&E), San Diego Gas and Electric 

(SDG&E), and Southern California Edison (SCE) – for three customer sectors (Residential, 

Commercial, and Industrial).   The calculator also contains a dataset representing a statewide 

weighted average (Statewide Average) for electricity prices. The values for statewide averages 

were calculated using the IEPR data and forecasts of relative electricity usage and electricity 

base prices for each of the IOUs and four non-IOU planning areas.80,81   

The calculator applies the rates described above to estimate annual purchases of electricity and 

to calculate on-bill savings.  These savings are calculated on a yearly basis over the life of the 

project. 

1. In present value calculations, savings are assumed to accrue at the beginning of each 

year. 

2. The per-unit electricity price (in $/kWh) is calculated on a seasonal and yearly basis by 

adding the forecasted time of use (TOU) rate price for each rate sector and rate period 

to the forecasted base electricity price for each rate sector. 

3. Seasonal electricity purchases (in kWh) for each rate sector and rate period are 

calculated on an annual basis, before and after the project, as the sum of associated 

monthly electricity purchases.82  

4. Seasonal electricity purchases (in kWh) are adjusted for each rate sector and rate period, 

before and after the project, for weekday-only schedules and holidays. 

a. The seasonal adjustment for weekday-only schedules and holidays for peak and 

partial peak periods subtracts the sum of all associated monthly adjustments 

from the unadjusted seasonal purchases for the associated rate sector and rate 

period. 

b. The seasonal adjustment for each rate sector’s off-peak period adds the sum of 

monthly adjustments for the associated peak and partial peak periods to the 

associated seasonal off-peak purchases.  

5. The costs of seasonal electricity purchases for each rate sector and period are calculated 

on an annual basis by multiplying the associated adjusted seasonal electricity purchases 

and the associated per-unit electricity price before and after the project. 

 
80 The calculation of the statewide weighted average included the following non-IOU planning areas: Burbank-Glendale; 
Imperial Irrigation District; Los Angeles Department of Water and Power; and the Northern California Non-California 
ISO. 

81  To be more precise, the statewide average pave is the sum of the unit electricity base price pj,k for each utility j 
multiplied by the ratio of electricity consumption Qj,k of utility 𝑗𝑗 and customer sector 𝑘𝑘 relative to the total electricity 
consumption Qtot,k = ∑ 𝑄𝑄𝑗𝑗,𝑘𝑘𝑗𝑗  for customer sector 𝑘𝑘 for all IOU and non-IOU planning utilities: 

𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐴𝐴𝑗𝑗,𝑘𝑘 ⋅
𝑄𝑄𝑗𝑗,𝑘𝑘

𝑄𝑄𝑡𝑡𝑡𝑡𝑡𝑡,𝑘𝑘
 

82 The months included in the sum for each season are determined by the selected utility and associated rate sector.  
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6. Seasonal on-bill savings are calculated through the end of the project’s lifespan by 

subtracting the costs of seasonal electricity purchases after the project from the costs 

before the project. 

Price Adjustments 

The Calculator uses historical and projected values for the Consumer Price Index for All Urban 

Consumers (CPI-U) to adjust monetary values to a dollar year specified by the user.83 The tool 

adjusts monetary values from the data year to the dollar year by multiplying the monetary 

value from the data year by the ratio of the annual CPI-U for the dollar year (𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑡𝑡𝐷𝐷𝐷𝐷𝑎𝑎𝐷𝐷) to the 

annual CPI for the data year (𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎): 

𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐷𝐷𝑡𝑡𝐷𝐷𝐷𝐷𝑎𝑎𝐷𝐷 = 𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 ⋅
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑡𝑡𝐷𝐷𝐷𝐷𝑎𝑎𝐷𝐷
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

 

Benefits Summary 

The Summary worksheet presents the results of the benefits analysis, reporting on-bill savings 

on both an annualized and present value basis.  The worksheet also illustrates the distribution 

of on-bill savings by rate sector, the annual reduction in electricity purchases by rate sector and 

period (peak, partial-peak, or off-peak), and provides a comparison of annual energy purchases 

before and after implementation of the project.  These values are derived as follows: 

1. A time series of annual electricity purchases before and after the project is developed.  

These time series specify purchases by rate sector and rate period. 

2. Annual reductions in electricity purchases per rate sector and rate period are calculated 

by subtracting the associated electricity purchases after the project from the associated 

purchases before the project. 

3. The present value of on-bill savings for each rate sector is calculated as the sum of the 

present value of annual on-bill savings over the life of the project.84  

4. On-bill savings are presented both as a present value and as annualized benefits using 

both a three percent and a seven percent discount rate.85 The base year used for present 

 
83 The Calculator uses 2018 as the default value for the dollar year (the most recent year in the CPI-U data series for 
which historical data is available). The data for CPI-U is located on the CPI reference worksheet in the Calculator. 

84 Present value of benefits PVk for sector k is the sum of annual benefits Ci for each year i in the discount period t = [yb, 
yf] defined by the base year yb and the final project year yf:  

 
Where annual benefits from the project begin in the initial project year y0 (i.e., Ci = 0 for i < y0 ), the discount period t is 
the final project year yf minus base year yb, and the annual interest rate r can take on values of three percent or seven 
percent. 

85 Annualized benefits Annk for each rate sector k are calculated from the present value of benefits PVk, the discount 
period t, and the annual interest rate r (which can take values of three percent and seven percent) using the following 
formula:  
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value calculations and the dollar value in which on-bill savings benefits are presented 

are both specified by the user. 

Data Sources and Guidance 

This section describes the data sources used by the Calculator and provides guidance for 

updating values, where appropriate. For consistency in results, the Calculator employs the same 

data used by the On-Bill Energy Savings Calculator.86 

Electricity Price Forecasts 

The Calculator draws on a dataset of electricity prices (expressed in $/kWh) that is based on 

historical data and price forecasts developed by the Commission, as reported by the Energy 

Assessment Division’s Supply Analysis Office in its 2018 Integrated Energy Policy Report 

Update (2018 IEPR Update).87 

• The 2018 IEPR Update provided historical data (2018 and earlier) and mid-demand 

scenario forecasts (2019 to 2030) of baseline electricity prices for three major 

investor-owned utilities (IOUs):  Pacific Gas and Electric (PG&E); San Diego Gas and 

Electric (SDG&E); and Southern California Edison (SCE).  In each case, forecasts are 

developed for three customer sectors:  Residential; Commercial; and Industrial). 

• In the absence of data on a project’s location, the Calculator uses a statewide weighted 

average (Statewide Average) for electricity prices. The values for statewide averages 

were calculated using the IEPR data and forecasts of relative electricity usage and 

electricity base prices for each of the IOUs and four non-IOU planning areas.88,89  

• Electricity prices for each of the three IOUs and the Statewide Average are estimated 

for years after 2030 by applying the average compound annual growth rate from the 

2016-2030 IEPR data.90 

• Forecast electricity prices are provided in units of $/kWh indexed to 2017. The 

Calculator adjusts electricity prices for inflation using the CPI index provided by the 

Commission for use with this tool. 

Seasonal and Time of Use Rate Schedules 

 
86 On-Bill Energy Savings Calculator: Methods Documentation. 2020. Industrial Economics, Inc. (IEc).  
87 https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report/2018-integrated-energy-policy-
report-update (Last accessed: June 22, 2020). 

88 The calculation of the statewide weighted average included the following non-IOU planning areas: Burbank-Glendale; 
Imperial Irrigation District; Los Angeles Department of Water and Power; and the Northern California Non-California 
ISO. 

89  To be more precise, the statewide average pave is the sum of the unit electricity base price pj,k for each utility j 
multiplied by the ratio of electricity consumption Qj,k of utility 𝑗𝑗 and customer sector 𝑘𝑘 relative to the total electricity 
consumption Qtot,k = ∑ 𝑄𝑄𝑗𝑗,𝑘𝑘𝑗𝑗  for customer sector 𝑘𝑘 for all IOU and non-IOU planning utilities: 

𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐴𝐴𝑗𝑗,𝑘𝑘 ⋅
𝑄𝑄𝑗𝑗,𝑘𝑘

𝑄𝑄𝑡𝑡𝑡𝑡𝑡𝑡,𝑘𝑘
 

90 The Calculator calculates the average annual compound growth rate rj,k of the electricity base price pj,k over the period 
2016-2030 for each utility j and each customer sector k using the following formula (where tf = 2030 and ti = 2016).: 

 

https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report/2018-integrated-energy-policy-report-update
https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report/2018-integrated-energy-policy-report-update
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Electricity rate schedules in California generally adjust electricity prices for time of use. The 

data for base electricity prices present average rate values (in $/kWh) for each year, without 

distinguishing between peak and off-peak pricing. To account for TOU rates in savings 

calculations, the Calculator contains a set of rate structures representative of those in effect for 

each of the three IOUs during 2020, as well as a Statewide Average rate structure for each rate 

sector.  

Representative TOU rates were selected by analyzing the available rates for each IOU. The TOU 

rates selected for inclusion in the Calculator are those that are offered to customers by default, 

have the simplest pricing structure, and/or are in effect for the greatest number of customers. 

For simplicity, the Calculator does not incorporate detailed aspects of utilities’ industrial rate 

structures, which are generally more complex and include demand charges ($/kW for the period 

of maximum demand).  In addition, IEc simplified the representative rate structures to make 

the module user-friendly and accessible. All else equal, these simplifications are likely to lead 

the Calculator to generate a conservative estimate of on-bill savings.  Selected electricity time of 

use rates are presented in Table A-8. 

For all TOU rate schedules studied, the following assumptions and simplifications were applied 

as needed: 

• The model includes data for only three rate periods: peak, partial-peak, and off-peak. 

These data reflect seasonal differences in TOU pricing for each rate sector. 

• The selected rates represent secondary distribution rates, rather than higher-voltage 

primary distribution or transmission-level rates. 

• For weekday-only rate schedules, weekends are assumed to follow off-peak pricing. 

Holidays are also assumed to follow off-peak pricing. 

• Differences between seasons are reflected in the rate schedules but rate schedules do 

not reflect any seasonal differences within either the summer or winter season (e.g., a 

change in peak hours in March and April). 

• The rate schedules incorporated into the model do not include special event pricing.91  

• The rate schedules assume a flat price structure rather than a tiered price structure.92  

Time of use prices for each utility, rate sector, rate period, and season are calculated by 

subtracting the baseline usage credit ($/kWh) from the associated usage rate ($/kWh).  Prices in 

future years are forecast for each of six periods (peak, partial-peak, and off-peak for summer 

and winter) by scaling the applicable TOU rate by the same annual compound growth factor 

used to forecast base electricity prices:93 

  

 
91 Special event pricing refers to days that are assigned higher rates by the utility due to anticipated higher usage. 
92 Some rate schedules have several price tiers for customers depending on their monthly usage. The Calculator uses the 
lowest price tier for these schedules. Actual rates would be higher if fuel usage exceeds a certain amount per month. 

93 Partial-peak forecasts are zero for non-applicable rate schedules and seasons. 
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Table A-8:  Representative Time-of-Use Electric Retail Rates 

IOU 

End-Use 

Sector 

TOU Rate 

Schedule Justification for Selection 

PG&E 

Residential E-TOU-C3 
Popular rate: 400,015 MWh and 64,638 customers 
according to 2018 FERC Form 1. Featured on PG&E 
website. No weekend/weekday distinction. 

Commercial A-1 
For <75 kW customers. Popular rate: 1,062,816 MWh 
and 46,613 customers according to FERC Form 1. 
Featured on PG&E website. No demand charges. 

Industrial  A-10 
For 75-499 kW customers. Popular rate: 8,431,271 
MWh and 43,336 customers according to FERC Form 
1. 

SDG&E 

Residential TOU-DR1 Default TOU rate. Featured on SDG&E website. 

Commercial TOU-A 
Two periods (peak and off-peak). Seasonal differences 
consistent with standard summer/winter options. 

Industrial AL-TOU 
Simplest rate structure available for industrial 
customers with demand charges. 

SCE 

Residential 
TOU-D-4-
9PM 

Peak period hours like those for other IOUs. Featured 
on SCE website. 

Commercial TOU-GS-1E For <20kW customers. No demand charges. 

Industrial TOU-GS-3D 
For 200-500 kW customers. Lower rates than other 
options provide conservative estimate of savings. 

Instructions for Updating 

The Calculator includes several data inputs that can be updated on an annual basis. Each of 

these is identified below. 

• The Calculator can be updated with more recent data on electricity price projections 

and time-of-use (TOU) electricity rate schedules. Cells highlighted in pale green 

indicate areas where data were collected from external sources and can therefore be 

updated. If price data are updated, the reference year for the price units in the 

forecasts and rates metadata tables should also be updated as needed. 

• The “Price Forecasts” worksheet contains electricity price forecast data. Updated price 

forecasts from the latest IEPR can be obtained from the Commission’s Energy 

Assessments Division. 

Data on representative TOU electricity rate schedules can be found in the “Rates” worksheet. 

These data include TOU electricity rates for various rate periods (peak, partial-peak, and off-

peak) and parameters establishing when such rates are in effect (specific hours of the day and 

months of the year). Information about current rates is available online for PG&E,94 SCE,95 and 

 
94 Simplified plan information for PG&E residential customers is available at: 
https://www.pge.com/en_US/residential/rate- plans/rate-plan-options/time-of-use-base-plan/time-of-use-plan.page. 
Detailed rate schedules are listed at: https://www.pge.com/tariffs/index.page 

95 Simplified plan information for SCE residential customers is available at: 
https://www.sce.com/residential/rates/Time-Of-Use-Residential-Rate-Plans. Detailed rate schedules are available at: 
https://www.sce.com/regulatory/tariff-books/rates-pricing-choices 

https://www.pge.com/en_US/residential/rate-%20plans/rate-plan-options/time-of-use-base-plan/time-of-use-plan.page
https://www.pge.com/tariffs/index.page
https://www.sce.com/residential/rates/Time-Of-Use-Residential-Rate-Plans
https://www.sce.com/regulatory/tariff-books/rates-pricing-choices
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SDG&E.96 The model includes data for select representative rates based on simplicity of pricing 

structure (e.g., no demand charges, and fewer exceptions to hourly and seasonal patterns) and 

number of customers. Data on the number of customers for each rate schedule is available 

from IOU Form 1, which is filed with the Federal Energy Regulatory Commission.97  

Other Data Sources 

Some data sources used in the Calculator do not require updating. These data sources are 

described below. 

Price Deflators 

Values for price deflators, located on the Deflators worksheet, were provided by the 

Commission for use with the Calculator and do not need to be updated. Values for the annual 

CPI-U up to 2018 are actual values, published by the U.S. Bureau of Labor Statistics (BLS). Values 

beyond 2018 are forecasted values.  

Solar Photovoltaic (PV) Monthly and Daily Generation Profiles by Climate Zone 

The solar generation profiles used in the Calculator do not require updating.  They are 

described here for reference. 

Solar PV hourly generation profiles for each climate zone were obtained from the Solar + 

Storage Tool,98 developed by Environmental Energy Economics (E3) under EPIC grant EPC-17-

004. E3 sourced the data from the California Public Utilities Commission’s (CPUC) Avoided Cost 

Calculator tool.99 Profiles are normalized to the rated output of a typical solar installation. The 

Solar PV hourly generation profiles were converted to monthly and daily generation profiles for 

each climate zone. 

Electricity Monthly and Daily Load Profiles 

The electricity hourly load shapes used in the Calculator do not require updating and are 

described here for reference. The data for each sector were obtained from each of the IOUs and 

converted to monthly and daily profiles. 

• The PG&E load profiles are based on 2018 dynamic load profiles for residential (A-1), 

small commercial (A-6), and medium C&I customers (A-10).100  

• The SCE load profiles are based on 2018 static load profiles for residential (DOM-S/M), 

small commercial (GS-1), and medium C&I customers (GS-2).101  

 
96 Simplified plan information for SDGE residential customers is available at: https://www.sdge.com/whenmatters. 
Detailed rate schedules are listed at: https://www.sdge.com/rates-and-regulations/current-and-effective-tariffs. 
Summaries of total electric rates are available at: https://www.sdge.com/total-electric-rates 

97 FERC provides a downloadable Form 1 database as well as custom Form 1 Viewer software: 
https://www.ferc.gov/docs-filing/forms/form-1/viewer-instruct.asp. Some older Form 1 filings have been collected on 
the California Public Utilities Commission’s website: https://www.cpuc.ca.gov/General.aspx?id=6442454550 

98 https://ww2.energy.ca.gov/research/mod_tool_max_solar_storage/ 
99 Personal communication with E3.  
100 https://www.pge.com/nots/rates/tariffs/energy_use_prices.shtml 
101 https://www.sce.com/regulatory/load-profiles/2018-static-load-profiles 

https://www.sdge.com/whenmatters
https://www.sdge.com/rates-and-regulations/current-and-effective-tariffs
https://www.sdge.com/total-electric-rates
https://www.ferc.gov/docs-filing/forms/form-1/viewer-instruct.asp
https://www.cpuc.ca.gov/General.aspx?id=6442454550
https://ww2.energy.ca.gov/research/mod_tool_max_solar_storage/
https://www.pge.com/nots/rates/tariffs/energy_use_prices.shtml
https://www.sce.com/regulatory/load-profiles/2018-static-load-profiles
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• SDG&E load profiles reflect the dynamic load profile from October 2018 through 

September 2019 for residential, small commercial, and medium C&I customers.102  

• If the project’s location is not specified, the Calculator relies on Statewide Average 

monthly and daily load profiles. The Statewide Average monthly and daily load profiles 

for each rate sector represent the weighted average of the electricity load shapes for the 

three IOUs. 

Electricity Usage by Planning Area 

Information for 2018 on electricity usage by planning area was downloaded from the California 

Energy Consumption Database, created by the Commission.103 These data are used to calculate 

statewide weighted average prices. 

Climate Zone by ZIP Code 

Data on climate zone by ZIP code were downloaded from the California Energy Commission 

website.104 

 

  

 
102 http://webarchive.sdge.com/customer-choice/customer-choice/dynamic-load-profiles 
103 California Energy Commission. “California Energy Consumption Database.” 
http://www.ecdms.energy.ca.gov/Default.aspx  

104 California Energy Commission. “California Energy Maps.” 
https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html. Updated July 2019. 

http://webarchive.sdge.com/customer-choice/customer-choice/dynamic-load-profiles
http://www.ecdms.energy.ca.gov/Default.aspx
https://ww2.energy.ca.gov/maps/renewable/building_climate_zones.html
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Water System Savings Calculator 

Introduction 

Purpose of Calculator 

The Water System Savings Calculator (the WSS Calculator) was developed in 2020 by Industrial 

Economics, Incorporated (IEc) for the California Energy Commission (the Commission). The 

Calculator is an Excel tool designed to evaluate the benefits resulting from Electric Program 

Investment Charge (EPIC) grants that lead to end user water savings and/or reduce embedded 

energy use in the water life cycle.105,106 These benefits are defined as end user savings and 

avoided future utility costs.  

The WSS Calculator summarizes the annual and present value of the following benefits: 

• On-bill savings to end users that arise from reduced water use107 

• Avoided costs to water utilities from: 

e. Reduced embedded energy use in the water life cycle, and 

f. The deferral or downsizing of future capital investments in facilities for initial 

treatment and wastewater treatment.108 

As described below, the WSS Calculator requires information that the Commission should 

collect from grant applicants and from grant recipients in their mid-term and final reports. This 

information covers project characteristics (e.g., expected lifetime, primary county served), water 

use and savings, and the water system. The tool also draws on standard (i.e., default) values 

that the Commission may wish to update periodically. The tool specifies these standard values 

and provides guidance to each associated source. 

Use and Limitations 

The WSS Calculator is designed to estimate the benefits of on-bill savings to end users and 

avoided costs to water utilities for grants that:  

• Reduce water use by the end user compared to a baseline (i.e., water savings) or reduce 

system leakage rates, 

• Avoid capital investment costs associated with deferring expansion or upgrade of 

potable treatment and wastewater treatment (resulting from water savings), and/or 

• Reduce embedded energy use in the water life cycle (i.e., embedded energy savings). 

 
105 End-user water savings are defined as the difference between end user water use before and after project 
implementation. 

106 This Calculator captures the following four components of the water life cycle: Extraction & Conveyance, Treatment, 
Distribution, and Wastewater Systems. 

107 An example of a project that has on-bill savings for end users is a new cooling system for power plants that requires 
less water for the same reduction in temperature that results in reduced water use. Reductions in water use by the end 
user will have both on-bill savings to the end user and cost savings to the water utility associated with avoided 
embedded energy costs and avoided capacity costs. 

108 An example of a project that has only cost savings to utilities is a new smart metering system that reduces the 
leakage rate in the distribution system. That project would have utility cost savings associated with avoided embedded 
energy costs and avoided capacity costs. 
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Table A-9 summarizes the benefits estimated by the WSS Calculator, the beneficiary, and their 

associated pathways to savings. 

Table A-9:  Summary of Benefits and Pathway to Savings 

Benefits Beneficiary Pathway to Savings 

On-Bill Water 
Savings  

End users 

Project must have: 

1. Annual water use and annual water savings in at least 
one sector (Residential, Commercial & Institutional, 
Industrial, and Agricultural) or  

1. Annual water use in at least one sector and reduce 
system leakage rates 

2. Project may also have embedded energy cost savings 
and avoided capacity cost savings 

Embedded 
Energy Cost 
Savings  

Water utility 

• Project must have annual water use and in at least 
one sector and improve energy efficiency in at 
least one water system component (Extraction & 
Conveyance, Potable Treatment, Distribution, and 
Wastewater Systems) 

• Project may also have on-bill water savings and 
avoided capacity cost savings 

Avoided 
Capacity Cost 
Savings  

Water utility 

• Project must have annual water use and annual water 
savings in at least one sector of a water system that 
would need to install additional potable treatment 
and/or wastewater treatment without the savings 

• Project may also have embedded energy cost savings 
 

Several other aspects of the Calculator are important for application: 

• Sectoral coverage. This Calculator can estimate benefits of water use and savings for 

four water use sectors (residential, commercial & institutional, industrial, and 

agricultural) and two water use locations (indoor and outdoor).109 To have water system 

savings, projects must address at least one water use sector and have either water 

savings or embedded energy savings. 

• Treatment of embedded energy savings. The WSS Calculator estimates embedded 

energy cost savings at the level of the water utility or water system benefiting from the 

improvement. To instead calculate on-bill energy savings from projects that reduce 

energy use for end users (e.g., a more energy-efficient reverse osmosis system for single 

family homes), use the On-Bill Energy Savings Calculator. Avoided energy cost savings 

arise from reduced embedded energy use (i.e., embedded energy savings) by the water 

utility and associated energy costs. The Calculator estimates embedded energy savings 

as a function of water savings and the total energy intensity of the water life cycle (i.e., 

the energy required for the extraction & conveyance, potable treatment, distribution, 

and wastewater treatment of one unit of water). The tool uses standard values for 

 
109 The applicant/grantee must select either indoor or outdoor use for each sector and the choice is referred to as the 
“water use location.” 
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energy intensities for each water system component and for energy unit costs.110,111 The 

tool may either underestimate or overestimate benefits if energy intensities and/or 

energy costs differ significantly from the standard values. 

• Approach to project and portfolio savings over time.  The tool can be applied to 

evaluate the benefits of individual projects or larger portfolios of projects within a 

specific area (e.g., a county or hydrologic region). The Calculator estimates the benefits 

for a project of interest over the project’s expected lifetime. The annual benefits of the 

project reflect user inputs, default values, and standard values that are generally 

assumed to remain constant over the period analyzed.112 The Calculator may either 

underestimate or overestimate benefits if actual values vary significantly from these 

expected values. 

• Monthly versus annual resolution of inputs and outputs. The WSS Calculator 

estimates the on-bill savings as a function of water savings by the end users and end 

user water rates (i.e., commodity costs). The Calculator uses annual water use per user 

to determine monthly water use and water savings.113, 114,115 The tool assumes that 

monthly water use is constant from month to month and year to year. If the project has 

annual water savings, the tool’s default assumption is that the water savings are 

constant from month to month and year to year. The applicant/grantee has the option 

to choose a water savings profile that defines the month-to-month variation in water 

savings during a year. However, the tool assumes that the water savings profile is the 

same from year to year. The Calculator will over- or underestimate potential benefits 

based on deviations of the actual values from the expected values. 

• Customized input of water and energy rates. The tool provides applicants/grantees 

with the options supply their own water rates or use county-specific default rates.116 

The Calculator uses average variable water rates and does not support tiered rate 

structures. The tool may either underestimate or overestimate benefits if actual rates 

vary significantly from the county-specific averages. 

• Avoided capital investments. The Calculator estimates the utility cost savings from 

avoided capital investments as a function of water savings and standard values on the 

 
110 The Calculator uses California-specific standard values for the energy intensities of extraction & conveyance, potable 
treatment, distribution, and wastewater treatment developed by Navigant, Inc for the CPUC Water-Energy Calculator 
(CPUC, 2016).  

111 The Calculator uses California-specific monthly energy unit rates from the CPUC Water-Energy Calculator (CPUC, 
2016). These data cover the period from 2014 – 2050 and vary from month to month and year to year. The Calculator 
uses these standard energy rates to calculate the embedded energy cost savings benefits. The tool provides electricity 
rates for three electricity investor-owned utilities (IOUs)—PG&E, SCE, and SDG&E—in units of USD per kilowatt-hour 
(USD/kWh) and gas rates for three gas IOUs in units of USD per therm (USD/Th). 1 Th = 100 HCF = 29.31 kWh. 

112 Energy and gas prices do vary from month to month and year to year. Applicants/grantees can choose to vary the 
water savings from month to month, but the tool applies the same monthly water savings profiles across all years in 
the improvement’s expected lifetime. 

113 The term “on-bill savings” refers to the reduction in an end-user’s water bill due to reduced water use by that user. 
114 The term “variable water rate” refers to the price an end user pays per volume of water used, with units of USD per 
hundred cubic feet (HCF). 1 HCF = 748.052 US gallons. 

115 The monthly water use is determined by applicant/grantee input on the monthly water savings profile and monthly 
water use. 

116 These county-specific variable water rates are weighted county averages. IEc calculated these county averages by 
averaging the low and high variable water rate for each public water system (PWS) and multiplying this value by a PWS-
specific population weight (calculated as the population served by that PWS divided by the total population served in 
the count).  
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capacity costs of potable and wastewater treatment technologies.117 The tool may either 

underestimate or overestimate benefits if capacity costs differ significantly from the 

standard values. 

Methodology 

Overview 

The WSS Calculator estimates the benefits of water savings and embedded energy savings from 

the water life cycle by adapting the methods and data employed by the California Public 

Utilities Commission (CPUC)’s Water-Energy Calculator.118 The following sections describe the 

tool organization and functionality of the Calculator. 

Model Organization 

Worksheets 

The Calculator includes several types of worksheets: 

• The Readme worksheet (white tab) provides an overview of the Calculator with 

hyperlinks to the worksheets that follow. 

• The Inputs worksheet (light blue tab) captures the data provided by the 

applicant/grantee and entered by the user to support evaluation of project benefits. 

• The Benefits worksheet (blue tab) summarizes the benefits of the project with respect to 

each critical service it is designed to support. 

• The Benefits Calculation worksheets (light gray tabs) contain calculations employed to 

estimate the project’s benefits and some coordinate some project-specific inputs with 

default data: 

• The Reference worksheets (dark gray tabs) identify key sources of information and 

coordinate the coordinate the remaining project-specific inputs and default data that 

are used in the benefits calculations. 

  

 
117 The term “capacity cost” refers to the average cost per unit to build a treatment facility. Capacity costs are specific to 
the type of treatment, with units of USD per million gallons per day (MGD) of treatment capacity. This tool uses 
California-specific standard developed by Navigant, Inc for the California Public Utility Commission (CPUC) Water-
Energy Calculator (CPUC, 2016). 

118 California Public Utilities Commission (2014). “Water/Energy Nexus.” [Excel file] Retrieved from 
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Progr
ams/Demand_Side_Management/EE_and_Energy_Savings_Assist/Copy%20of%20CPUCWaterEnergyCalculatorVersion10
5.xlsm  

https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/EE_and_Energy_Savings_Assist/Copy%20of%20CPUCWaterEnergyCalculatorVersion105.xlsm
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/EE_and_Energy_Savings_Assist/Copy%20of%20CPUCWaterEnergyCalculatorVersion105.xlsm
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/EE_and_Energy_Savings_Assist/Copy%20of%20CPUCWaterEnergyCalculatorVersion105.xlsm
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Inputs 

Model inputs are divided into six sections: User Inputs, General Project Inputs, Water Use 

Screening Questions, Water Use Inputs, Water System Screening Questions, Water System 

Inputs. 

Benefits Calculations 

Benefits: End-User Cost Savings 

The WSS Calculator requires user-specified information about annual water use per user and 

annual water savings per user to calculates total annual water use and total annual water 

savings for each sector. The tool converts annual values to monthly values using the number of 

months in a year and monthly water savings profiles. The tool calculates the total monthly end 

user costs for each sector by multiplying monthly water use by the sector-specific variable 

water rate. The monthly on-bill water savings are calculated as the difference between the 

monthly end user costs before and after the project. 

• The applicant/grantee has the option to provide the information for either of two user 

types: per capita (i.e., by population) or per customer (e.g., number of connections).119  

• The Calculator has county-specific default values for annual water use per capita for 

each of the four use sectors but has no defaults available for annual water use per 

customer. The default value for water savings is zero (i.e., no water savings).120  

• The tool calculates the monthly water use before and after the project: 

a. To calculate the monthly water use before the project (i.e., the baseline monthly 

water use), the tool divides the total annual water use for each sector by the 

number of months in a year (i.e., by 12).  

b. The tool calculates water savings by multiplying the annual water savings by the 

monthly water savings profiles.121  

c. Applicants/grantees can select a different water savings profile for each of the 

four use sectors. The tool provides three built-in water savings profiles (Uniform, 

Irrigation, and Cooling Tower) and the option for the user to enter a custom 

water savings profile.122 The default water savings profile is a uniform profile 

(i.e., constant for across all months). 

d. The tool calculates the average monthly water use after the project by 

subtracting the monthly water savings from the baseline monthly water use for 

each sector.  

 
119 Population refers to the number of people served by the water system benefiting from the project. 
120 IEc calculated county-specific default values for per capita water use as described in greater detail under “Data 
Sources”. The default value for annual water savings per capita and per customer are both zero.  

121 A monthly water savings profile is a series of twelve values. Each value is the percentage of the total annual water 
savings that occurs in the month corresponding to the position of the value in the data series. For example, if the 
profile is a series of numbers starting with 15%, 10%, 5%, …, 15 percent of the total annual water savings occur in the 
first month (i.e., January). 

122 The Calculator uses the water savings profiles provided by the CPUC Water-Energy Calculator (CPUC, 2016). 
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2. The Calculator estimates the annual on-bill water savings to end users as the annual 

water savings multiplied by the variable water rate.123  

Benefits: Embedded Energy Cost Savings 

The WSS Calculator calculates the total monthly embedded energy by summing the monthly 

embedded energy for each of the four water system components (Extraction & Conveyance, 

Potable Treatment, Distribution, and Wastewater Systems). The sector-specific monthly 

embedded energy use for each of the four water system components is the monthly water use 

by that sector multiplied by the energy intensity of that system component. The monthly 

embedded energy cost savings are calculated as the difference between the monthly embedded 

energy costs to the water utility before and after the project. 

1. The tool calculates the monthly embedded energy use for each water system component 

by multiplying monthly water use for each sector by the energy intensity (EI) of that 

component and adjusting by the system leakage rate.124 

2. The total embedded energy intensity (i.e., total EI) is the sum of the total EI of each 

individual water system component. The tool calculates each component’s total EI both 

before and after the improvement.  

3. The Calculator estimates each water system component’s total EI using a distinct 

method for each component as described below: 

a. The total Extraction & Conveyance (E&C) EI depends on the mix of nine supply 

sources (summarized in Table 12) used by the water system benefiting from the 

improvement and on the typical EI of E&C for each supply type. 

i. The applicant/grantee can choose to enter override values for supply mix 

or use the hydrologic region-specific default values provided by the 

tool.125 The override value for each supply source should be the percent 

contribution of that supply source to the total water supply for the 

system benefiting from the project. 

 
123 The Calculator attributes benefits of system-level water savings from reduced leakage rate as avoided embedded 
energy costs, described in the next section. The applicant/grantee can choose to provide sector-specific variable water 
rates or use the built-in default values. The Calculator uses county-specific averages for the default variable water 
rates or state averages when county data is not available. This data is described further under Data Sources.  

124 The applicant/grantee must enter whether the project affects the water system’s leakage rate. If so, the 
applicant/grantee must provide values for the system leakage between Extraction & Conveyance through Distribution. 
The applicant/grantee should supply a percentage indicating the percentage of the volume that is extracted that does 
not make it to the end user, before and after the improvement. If the user does not supply an override value, the tool 
uses a default value of zero as the leakage rate before and after the project (i.e., no leakage). The tool adjusts the 
embedded energy from Extraction & Conveyance, Treatment, and Distribution by a factor of 100-percent plus the 
system leakage rate. 

125 The user may enter override values for any and all nine supply sources. The Calculator uses the default values from 
the CPUC Water-Energy Calculator (CPUC, 2016) for percent of total supply for each supply source. 
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ii. The applicant/grantee can choose to enter override values for the EI of 

E&C for each supply type or use the supply-specific default values 

provided by the tool.126  

iii. The tool calculates the fractional EI of E&C for each supply type by the EI 

for that supply source by its percent contribution to the total supply. The 

tool then sums the fractional EI of E&C across all supply types to obtain 

total EI of E&C. 

iv. In other words, the Calculator multiplies the mix of supply sources by 

their associated E&C EI to obtain fractional E&C EIs. The total E&C EI is 

the sum of fractional E&C EIs. 

b. The total potable Treatment (Treatment) EI depends on the mix of supply 

sources and the used by the water system benefiting from the improvement and 

on the typical EI of Treatment for each supply source.  

i. Total Treatment EI has the same relationship with supply mix as total 

E&C EI (described above in 2b). 

ii. The EI of each supply source depends on the treatment requirements for 

that supply source and the associated treatment facility type 

(summarized in Table A-10). 

iii. The applicant/grantee can choose to enter override values for the EI of 

Treatment for each facility type or use the default values provided by the 

tool.127  

iv. The Calculator multiplies the mix of supply sources by their associated 

Treatment EI to obtain fractional Treatment EIs. The total Treatment EI is 

the sum of fractional E&C EIs. 

c. The total Distribution EI depends on the type of topography associated with the 

applicant/grantee -specified hydrologic region. Applicants/grantees may choose 

to enter override values for the Distribution EI or use the hydrologic region-

specific default values.128 

d. The total Wastewater Treatment (WW) EI depends on the WW treatment level 

required used by the water system benefitting from the improvement and on the 

EI of that wastewater treatment.  

 
126 The user may enter override values for the EI of E&C for any and all nine supply sources. The Calculator uses default 
values from the CPUC Water-Energy Calculator (CPUC, 2016). The tool only has default values for electric energy 
intensities. The applicant/grantee must supply manual inputs for gas intensities. 

127 The user may enter override values for the EI of Treatment for any and all potable treatment facility types or use the 
built-in default values. The Calculator uses default values from the CPUC Water-Energy Calculator (CPUC, 2016). The 
tool only has default values for electric energy intensities. The applicant/grantee must supply manual inputs for gas 
intensities. 

128 The Calculator links the applicant/grantee- or user-specified hydrologic region with a pre-defined topography type 
(each hydrologic region is linked to one of the following topography types—Flat, Moderate, or Hilly. The tool contains 
default values for energy intensity of distribution for each topography type. The default values are sourced from the 
CPUC Water-Energy Calculator (CPUC, 2016). The applicant/grantee must supply manual inputs for gas intensity. 



 

119 

i. Applicants/grantees can select from two levels of wastewater treatment—

Primary + Secondary or Primary + Secondary + Tertiary—as a manual 

input or use the default (Primary + Secondary).  

ii. The total WW EI is the sum of the WW treatment EI and the EI of WW 

collection pumps. Applicants/grantees may choose to manually input 

override values for the WW treatment EI or the EI of WW collection 

pumps to override the built-in default values.129  

2. The tool calculates the present value of avoided capacity costs for potable treatment 

and wastewater treatment by multiplying the avoided capacities by the associated unit 

capacity costs for discount rates of 3 percent and 7 percent.130  

3. The Calculator estimates the embedded energy cost savings to utilities by multiplying 

the monthly embedded energy savings (gas or electric) by the monthly commodity cost.  

Table A-10:  Summary of Water Supply Sources and Potable Treatment 

Benefits 

Treatment Requirements for 

Residential, C&I, or Industrial 

Use 

Treatment Requirements 

for Agricultural Use 

Seawater Desalination Ocean Desalination Ocean Desalination 

Brackish Desalination Brackish Desalination Brackish Desalination 

Recycled Water Conventional Tertiary Treatment 
Conventional Tertiary 
Treatment 

Groundwater Chlorination None 

Local Deliveries Conventional Treatment None 

Local Imported Deliveries Conventional Treatment None 

CRA (Colorado River 
Authority) 

Conventional Treatment None 

CVP (Central Valley 
Project) and Other Federal 
Deliveries 

Conventional Treatment None 

SWP (State Water Project) Conventional Treatment None 

 
129 The Calculator uses default values for wastewater energy intensities from the CPUC Water-Energy Calculator (CPUC, 
2016). The tool only has default values for electric energy intensities. The applicant/grantee must supply manual 
inputs for gas intensities. 

130 The unit capacity cost is the cost per MGD of the type of treatment facility that would be built in there were no water 
savings. This Calculator uses default values from CPUC (2016). 
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Calculation of Avoided Capacity Costs 

The WSS Calculator is designed to estimate the benefits from avoided capital investments in 

potable treatment and/or wastewater treatment. A project has these benefits if: 

1. The project results in end user water savings (from reduced water use by end users) 

and/or system-level water savings (by reducing the leakage rate of the water system) 

and 

2. The water system benefiting from the project would need to install new potable 

treatment facilities and/or wastewater treatment facilities in the absence of the water 

savings. 

The tool uses the following approach to estimate avoided capacity costs from the project: 

1. The applicant/grantee must specify as a manual input whether the project results in the 

water system avoiding future capital investments for either potable treatment or 

wastewater treatment. 

2. If the project results in avoided capital investments, the Calculator estimates the 

capacity of the avoided treatment facilities by multiplying the maximum monthly water 

savings by the number of months in a year and dividing by the number of days in a year 

to obtain a throughput capacity in million gallons of water treated per day (MGD).131, 132 

The tool adjusts the avoided capacity of potable treatment by the leakage rate.  

3. The tool calculates the annual avoided capacity costs for potable treatment and 

wastewater treatment by multiplying the avoided capacities by the treatment-specific 

unit capacity costs.133  

a. The applicant/grantee affects the unit capacity cost used by the tool to calculate 

potable treatment avoided capacity costs by selecting a marginal supply type. 

The marginal supply type refers to the supply source the water system would 

use if water demand exceeds their baseline supply capacity.  

b. Users can select a marginal supply from one of five supply types (Seawater 

Desalination, Brackish Desalination, Recycled Water, Groundwater, and Local 

Supplies) to override the default marginal supply type (Recycled Water).134 

Price Adjustments 

The reference data embedded in the tool includes data on commodity costs for electric energy, 

gas energy, and water use and avoided capacity costs for potable treatment facilities and 

wastewater treatment facilities. The Calculator includes data on historical and projected values 

for the Consumer Price Index for All Urban Consumers (CPI-U) to allow model values to be 

 
131 The tool calculates the maximum monthly water savings by multiplying the maximum percentage in the water 
savings profile by the average monthly water use.  

132 The Calculator uses 365 as the number of days in a year. 
133 The unit capacity cost is the cost per MGD of the type of treatment facility that would be built in there were no water 
savings. This Calculator uses default values from CPUC (2016). 

134 The Calculator uses Recycled Water as the default marginal supply type, following the default values from CPUC 
(2016). 
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adjusted to a base year specified by the user. The tool uses 2018 as the default value for the 

base year, which is the most recent year for which the CPI-U in the data series is calculated 

from historical data. The tool uses the default base year to adjust prices if the user does not 

specify a year.  

To adjust dollar values from the year in which the data was reported to a base year, the 

Calculator uses the ratio of the annual CPI-U for the base year (𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎) to the annual CPI for the 

data year (𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎), which is given by: 

𝐶𝐶𝑃𝑃𝐼𝐼 𝐿𝐿𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇 =
𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

 

The tool adjusts monetary values by multiplying the monetary value from the data year by the 

CPI ratio: 

𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎 =
𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

⋅ 𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

Benefits Summary  

The WSS Calculator presents all benefits in dollar values, adjusted to a user-specified base year. 

The Benefits worksheet in the WSS Calculator summarizes the present value of annual end user 

on-bill water savings, annual utility avoided costs, and monthly embedded energy cost savings 

for annual discount rates of three percent and seven percent.135  

• The tool calculates benefits on an annual basis for end user on-bill water savings and 

utility avoided capacity costs and on a monthly basis for embedded energy cost 

savings. 

• The tool calculates the present value of each benefit category as the sum of the annual 

benefit for the first year (or month, for energy savings) plus the present value of the 

stream of benefits over the project’s expected lifetime, discounted to the project’s 

initial time period. 

• The Summary section of the Benefits worksheet presents the total water savings, energy 

savings, and cost savings (including on-bill savings) for all three benefits categories, 

across all use sectors and energy types (electricity and gas). 

• The Cost Savings section of the Benefits worksheet presents the present values of the 

benefits from the three benefits categories, broken down by benefit type, energy type, 

and use sector. 

• The Water Savings and Energy Savings sections of the Benefits worksheets break down 

the total water savings and the total energy saved (for both energy types) by use sector. 

Data Sources 

Water System 

 
135 The Calculator discounts monthly embedded energy cost savings using monthly discount rates (the annual discount 
rate divided by 12, the number of months in a year).  
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The WSS Calculator uses data from the CPUC Water Energy Calculator as its source for default 

data for energy intensities, the historical mix of supply sources, monthly electricity and gas 

prices, and capacity costs for potable wastewater treatment. Table A-11 summarizes these 

sources. 

Table A-11:  Summary of Water System Data from CPUC (2016) 

Data Category 

WSS Calculator 

Worksheet Description 

Energy 
Intensities 

Energy Intensity 
(EI) Data 

Tables on energy intensity for Extraction & 
Conveyance, Treatment, Distribution, and 
Wastewater Treatment. Used in calculating the 
system energy savings and intensity. 

Mix of Supply 
Sources 

EI Data 

Historical mix of supply sources by hydrologic 
region. I.e., the average percent contribution of each 
supply source to the total regional supply (for a 
given hydrologic region). Used in calculating system 
energy savings and intensity. 

Monthly 
Electricity and 
Gas Prices 

Monthly Savings 

Monthly commodity rates for electricity (USD/kWh) 
and gas (USD/Th) from 2014 – 2050. Used in 
calculating the avoided costs of embedded energy 
savings. 

Avoided 
Capacity Costs 

Annual Costs 

Unit costs (costs per unit of treatment capacity in 
USD/MGD) for all potable treatment types and 
wastewater treatment. Used in calculating avoided 
capacity costs. 

 

The WSS Calculator shows data from the CPUC Water Energy Calculator in light green. These 

values are based on detailed studies and do not need to be updated on a regular basis but can 

be updated when new information becomes available. 

County Data, Water Use and Water Rates 

The WSS Calculator provides default values for variable water rates and per capita water use on 

a county basis. IEc prepared default values for per capita water use and variable water rates 

using three datasets published by the California State Water Resources Control Board on Public 

Water Systems (PWS), water rates, and water deliveries (CSWRCB, 2019). IEc used these data to 

calculate county-level weighted averages for water rates and per capita water use: 

• IEc prepared the default variable water rate for each county by calculating the 

population-weighted average of water rates for all PWS in a county for the fiscal year 

2014 - 2015.  

• IEc prepared the default per capita water use (in gallons per capita per year) for each 

county by calculating the population-weighted average of average monthly per capita 

water use for all PWS in a county for the years 2013 - 2016.   
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• For counties with missing data, the tool uses statewide weighted averages, as calculated 

from these data sources (summarized in Table 13). 

IEc also used shapefiles for published by the California Department of Technology (CADT, 

2019) and the California Department of Water Resources (CADWR, 2019) to link counties to 

hydrologic regions. Table A-12 summarizes these data sources. 

Table A-12:  Summary of Water Rates, Deliveries, and Shapefiles Data Used in this Tool 

Data 

Category Source and Year Description 

Public Water 
System 
(PWS) 
Information 

California State 
Water Resources 
Control Board 
(CSWRCB), 2019 

Drinking Water – Public Water System Information. URL: 
https://data.ca.gov/dataset/drinking-water-public-water-
system-information. This dataset contains a list of 
California Public Water Systems (PWS), including the 
unique Public Water System (PWS) number, the primary 
county served, and the total population served. 

PWS Rates 
Information 

CSWRCB, 2019 

Drinking Water - Public Water Systems Rates Information. 
URL: https://data.ca.gov/dataset/drinking-water-public-
water-systems-rates-information. This dataset contains 
water rates for many PWS in California for the years 2014 
– 2015.  

PWS 
Annually 
Reported 
Water 
Production 
and 
Delivery 
Information 

CSWRCB, 2019 

Drinking Water - Public Water System Annually Reported 
Water Production and Delivery Information. URL: 
https://data.ca.gov/dataset/drinking-water-public-water-
system-annually-reported-water-production-and-delivery-
information. This dataset contained on water productions 
and deliveries for the years 2013-2016. 

California 
Geographic 
Boundaries 

California 
Department of 
Technology 
(CADT), 2019 

California Geographic Boundaries. URL: 
https://data.ca.gov/dataset/ca-geographic-boundaries. 
This dataset contains shapefiles for  the California state 
boundary, counties, and political borders.  

California 
Hydrologic 
Regions 

California 
Department of 
Water Resources 
(CADWR), 2019 

Hydrologic Regions. URL: 
https://data.ca.gov/dataset/hydrologic-regions. This 
dataset contains a shapefile with the hydrologic regions 
in California. 

 

Raw data values for water rates and per capita water use data appear colored in light green on 

the “County Data” worksheet. These values can be updated as new data become available but 

do not need to be updated regularly.   

Counties and hydrologic regions appear on the “Controls” worksheet. These data do not need 

to be updated. Figure A-4 shows the California counties and the hydrologic regions used by the 

WSS Calculator. 

  

https://data.ca.gov/dataset/drinking-water-public-water-system-information
https://data.ca.gov/dataset/drinking-water-public-water-system-information
https://data.ca.gov/dataset/drinking-water-public-water-systems-rates-information
https://data.ca.gov/dataset/drinking-water-public-water-systems-rates-information
https://data.ca.gov/dataset/drinking-water-public-water-system-annually-reported-water-production-and-delivery-information
https://data.ca.gov/dataset/drinking-water-public-water-system-annually-reported-water-production-and-delivery-information
https://data.ca.gov/dataset/drinking-water-public-water-system-annually-reported-water-production-and-delivery-information
https://data.ca.gov/dataset/ca-geographic-boundaries
https://data.ca.gov/dataset/hydrologic-regions
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Figure A-4:  Map of California Counties and Hydrologic Regions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Consumer Price Index 

The data series for annual CPI-U was provided by the Commission for use in this Calculator and 

does not need to be updated. Values for the annual CPI-U up to 2018 are actual values, 

published by the U.S. Bureau of Labor Statistics (BLS). Values beyond 2018 are forecasted 

values. This data series is located in the CPI-U data series table on the CPI worksheet in the 

Calculator. 
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Environmental and Health Benefits 

Emissions Calculator 

Introduction 

Purpose of Calculator  

The Electric Program Investment Charge Program (EPIC) Emissions Calculator was developed by 

Industrial Economics, Inc. (IEc) under contract to the California Energy Commission (the 

Commission). Version 1.0 was completed in 2020. The tool is designed to calculate the changes 

in emissions from EPIC projects that increase the use of renewable electricity generating 

sources in California, reduce or shift demand for electricity, and reduce consumption of gas 

and oil through various electrification measures. The calculator comprises five modules, each 

of which is designed to calculate the emissions effects achieved by each pathway to emission 

reductions (see Table A-13).  

Table A-13:  Pathways to Changes in Emissions 

Calculator 

Module Pathway  Relevant EPIC Research Areas 

Fuel Mix 
Increased use of 
renewables 

Energy & Environment, Microgrids, 
Renewable Grid Integration, Industrial 
Agriculture and Water 

Energy 
Efficiency 

Reduced electricity 
demand 

Building Energy Efficiency, Industrial 
Agriculture and Water 

Load Shifting 
Peak load shifting 
(not net reduction) 

Industrial Agriculture and Water, 
Demand and Response, Vehicle Grid 
Integration 

Peak Load 
Reduction  

Reduced electricity 
demand during 
peak times 

Building Energy Efficiency, Industrial 
Agriculture and Water, Demand and 
Response 

Electrification  

Electric vehicles 
and reduced 
residential and 
commercial gas 
consumption 

Energy and Environment, Microgrids, 
Renewable Grid Integration, Vehicle Grid 
Integration, Building Energy Efficiency  

 

Users should select the module to use based on the emissions reduction pathway associated 

with the project(s) of interest. To use the calculator most effectively, users should run only one 

module at a time. 

Key inputs on project characteristics (e.g., anticipated reductions in electricity demand or 

added annual renewable generation) should be collected from EPIC applicants/grantees as part 

of the application and as part of mid-term and final reporting. All other required inputs can use 

default data included in the calculator. Additionally, the calculator is designed to analyze the 

results of the EPIC market adoption expert elicitation being conducted in 2020 to estimate the 
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cumulative impact of EPIC projects on energy efficiency (changes in load) and in new renewable 

capacity in California between 2020 and 2045.  

Data Sources 

The EPIC Emissions Calculator relies heavily on data from a number of different sources. As 

context for the methods discussion appearing later in this document, we describe these data 

sources below. 

EIA NEMS Projections 

One of the primary data source employed by this calculator is output from the Energy 

Information Administration’s (EIA) National Energy Modeling System (NEMS).136 NEMS is a 

computer-based, energy-economy modeling system of the Unites States, which projects 

production, imports, consumption, and prices of energy under various assumptions regarding 

macroeconomic trends, energy markets, resource availability, and the cost and performance of 

different energy technologies. EIA relies on NEMS as the basis for the Annual Energy Outlook, a 

publication issued annually by EIA that forecasts changes in the U.S. energy system over a 

period of more than 30 years. An important feature of the NEMS data used for the calculator is 

that they are policy neutral, meaning that the projections are, in general, based on federal, 

state, and local laws and regulations in effect at the time that NEMS was run. 

The EPIC Emissions Calculator uses data generated by NEMS’ Electricity Market Module (EMM), 

which represents the capacity, planning, generation, transmission, and pricing of electricity 

across the U.S.137 The EMM’s modeling of the electricity system reflects how load requirements 

vary between regions and across different times of the year and hours of the day. To account 

for this variability in load requirements, the EMM estimates electricity generation for a given 

year by region, season, time slice within a season, and generating technology. The EMM defines 

each of these variables as follows: 

1. Region: The EMM includes 22 distinct electricity supply regions (referred to as EMM 
regions). 

2. Seasons: The EMM splits the year into three distinct seasons: summer, winter, and the 
shoulder fall and spring seasons. 

3. Time slices: Within a given season and region, the EMM groups hours together so that 
they represent different percentages of seasonal load. Slice 1 is the top 1 percent of 
hours with respect to hourly load, slice 2 is the next 49 percent of hours with respect to 

 
136 U.S. Energy information Administration. The National Energy Modeling System: An Overview 2018. Accessed at: 
https://www.eia.gov/outlooks/aeo/nems/overview/pdf/0581(2018).pdf. 
137 Ibid. 

https://www.eia.gov/outlooks/aeo/nems/overview/pdf/0581(2018).pdf
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load, and slice 3 represents the remaining 50 percent. Each slice is comprised of a 
different set of days and a differing number of hours by region and season. 

4. Generating technology: The EMM estimates generation for a series of representative 
model plants, each of which corresponds to one of 35 different generating technologies.  

The EPIC Emissions Calculator uses the data generated by the EMM across these dimensions to 

characterize the composition of electricity generation (across technology types) affected by 

EPIC-funded initiatives. The calculator uses data for two of the EMM regions (regions 21 and 

22), which together cover nearly the entire state of California. As shown in Figure A-5, small 

portions of Northern and Southern California are included in other EMM regions. Analysis of 

eGRID generation data for power producers in these portions of the state suggests that 

electricity generation in these areas represents a very small fraction of generation statewide.138 

Figure A-5:  U.S. Energy Information Administration’s Electricity Market Module (EMM) Regions 

figure 1. U.S. Energy Information Administration’s electricity market module 

(EMM) regions  

 

 

 

 

 

 

 

 

 

 

 

The calculator relies on a pre-processed version of the EIA dataset described above. In this 

dataset, the plant types are consolidated into 11 fuel types and the data are arrayed long rather 

than wide, meaning there is an individual row for each combination of year, region, season, 

slice, and fuel type. R scripts, which perform the data cleaning and pre-processing steps 

 
138 Analysis of the 2018 eGRID data suggests that the portions of California not included in EMM regions 21 and 22 
account for roughly 6 percent of total, California-based electricity generation.  
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necessary to transform the EIA data into the form required for the calculator, are provided 

along with the Excel-based EPIC Emissions Calculator.139 

Instructions for updating: The EIA NEMS data requires updating every few years. While EIA 

generates new projections from NEMS every year, it is unlikely that the NEMS/EMM outputs 

used in this calculator will change substantially from one year to the next. However, as updates 

and changes accumulate, for example due to the introduction of renewable resources within 

California’s energy sector, users should consider updating the EIA data. To do this, users 

should contact the EIA’s Office of Energy Analysis and request EMM output data from the NEMS 

model for EMM regions 21 and 22 by plant type for each season and time slice combination. For 

reference, IEc has provided the Commission with a copy of the EMM data generated by EIA. 

Contact information for EIA staff who work on the NEMS model is listed on page 1 of the 2018 

Overview.140,141  

Imports (EPA IPM and EIA AEO)  

While the EMM output data from EIA’s NEMS model provide suitable baseline projections of 

electricity generation in California through 2050, the detailed EMM data do not specify out-of-

state imports into EMM regions 21 or 22. To account for these imports, this calculator relies on 

data from the 2020 Annual Energy Outlook (AEO) and the January 2020 reference case from 

U.S. EPA’s Integrated Planning Model (IPM). As mentioned above, the AEO is EIA’s annual 

forecast of energy markets through 2050. IPM is the multi-regional linear programming model 

used by the EPA to assess the emissions and cost impacts of environmental policies affecting 

the U.S. electric power sector. The model forecasts least-cost capacity expansion, electricity 

dispatch, and emissions control strategies for meeting energy demand subject to various 

constraints (e.g., emissions caps, transmission constraints, turn-down constraints, etc.).142  

To estimate imports from outside California, the EPIC Emissions Calculator relies on data from 

two datasets generated from IPM and one from EIA: 

1. IPM Reference Case Transmission-Segment dataset. The version of this dataset used in 
the calculator is from the January 2020 reference case (volume 6). This dataset includes 
forecasted imports, presented in gigawatt-hours, for all regions covered by IPM for each 
of the IPM model run years: 2021, 2023, 2025, 2030, 2040, 2045, and 2050. Each row 
includes the region to which imports are being transferred (‘Transferred to’) and the 
origin region (‘Transferred from’) of the imports by season and segment. This dataset is 
used to allocate estimates of total imports into California by year to the 3 EIA EMM 
seasons: Winter, Summer and Shoulder (Spring/Winter).  

2. IPM Load Duration Curves: The other IPM dataset used in this calculator is the model’s 
load duration curves, as represented in Table 2-2 of the model documentation. Table 2-2 
is available as an Excel file on EPA’s website and is used to allocate the seasonal imports 

 
139 R is a free and open source programming language and environment for statistical computing. Available at: 
https://www.r-project.org/. 

140 U.S. Energy Information Administration. 2018. Op cit. 
141 Data provided to IEc in March 2020 by Jim Diefenderfer. Director, Office of Electricity, Coal, Nuclear, and Renewables 
Analysis. U.S. Energy Information Administration. U.S. Department of Energy. (202) 586-2432. 
Jim.Diefenderfer@eia.gov.  

142 United States Environmental protection Agency (EPA). Documentation for EPA’s Power Sector Modeling Platform v6 
Using the Integrated Planning Model. November 2018. Accessed at: https://www.epa.gov/sites/production/files/2019-
03/documents/epa_platform_v6_november_2018_reference_case.pdf 

https://www.r-project.org/
mailto:Jim.Diefenderfer@eia.gov
https://www.epa.gov/sites/production/files/2019-03/documents/epa_platform_v6_november_2018_reference_case.pdf
https://www.epa.gov/sites/production/files/2019-03/documents/epa_platform_v6_november_2018_reference_case.pdf
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data from the transmission-segment file (summarized above) to the three time slices 
included in the EIA EMM data.143 

3. Annual Energy Outlook, Tables 54.21 and 54.22 ( Electricity and Renewable Fuel 
Tables: Western Electricity Coordinating Council California North/South ): These 
tables include AEO projections of total annual electricity imports into each EMM region 
in California, including imports into one California region from other regions in the 
state. 144 

The calculator uses these three data sources to estimate out-of-state imports into each EMM 

region. The steps for generating import estimates by year, region, season, and slice (to match 

the structure of the EMM data described above) is as follows: 

• Obtain import estimates from AEO Tables: As noted above, these projections are by 
EMM region and year, but not by season or time slice. Subsequent steps are designed to 
allocate to seasons and time slices. 

• Use IPM Transmission-segment Dataset to Distribute Imports Across Seasons and 
Isolate Imports into California: The IPM transmission-segment dataset includes the 
EPA/IPM projections of imports by season for each IPM region in California, by IPM 
model run year.145 These data also indicate the source of these imports, specifically 
whether imports originate from another California region or from outside the state. 
Based on a matching of California IPM regions to the two EMM regions, the distribution 
of imports into IPM regions across seasons and location of origin was assumed to apply 
to the corresponding EMM region (e.g., in 2020, 5 percent of total imports into Northern 
California are projected to be from the Pacific Northwest in the summer).  

• Use IPM Table 2-2 to Allocate Seasonal Imports by EMM Region to Time Slices: After 
estimating out-of-state imports by season, imports are allocated to EMM time slices 
based on the region-specific load duration curves specified in the IPM documentation. 
Percentile distributions (top 1%, next 49%, bottom 50%) are re-created using the hourly 
projections included in Table 2-2. To do this, the three time slices were assigned to each 
hour based on the hour’s percentile rank. Once each hour was grouped into a time slice, 
average load by time slice was calculated. The seasonal imports estimated in Step 2 were 
then distributed to time slices in proportion to each time slice’s share of seasonal load.  

The output of the steps outlined above should produce an EIA dataset which includes imports 

as an additional “fuel type” for each EMM region, year, season, and time slice.146 Based on the 

region of origin for imports in a given year, season, and slice, relevant average emissions 

factors from eGRID are applied to imports in the same way that they are applied to the other 

fuel types included in the EIA data (see the description of the eGRID data below). R scripts, 

which perform the data cleaning and pre-processing steps necessary to combine the AEO and 

 
143 https://www.epa.gov/airmarkets/documentation-epas-power-sector-modeling-platform-v6 
144 https://www.eia.gov/outlooks/aeo/tables_ref.php  
145 Data for the IPM model run years are assumed to apply to the calendar years represented by each model run year. A 
crosswalk of model years to calendar years is included in Table 3-2 of the IPM Documentation 
(https://www.epa.gov/sites/production/files/2019-
03/documents/epa_platform_v6_november_2018_reference_case.pdf). 

146 Therefore, whenever this document refers to fuel or technology type, imports is considered a fuel/technology type. 

https://www.epa.gov/airmarkets/documentation-epas-power-sector-modeling-platform-v6
https://www.eia.gov/outlooks/aeo/tables_ref.php
https://www.epa.gov/sites/production/files/2019-03/documents/epa_platform_v6_november_2018_reference_case.pdf
https://www.epa.gov/sites/production/files/2019-03/documents/epa_platform_v6_november_2018_reference_case.pdf
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IPM data and append the resulting imports data to the EIA EMM dataset described above, are 

provided along with the Excel-based EPIC Emissions Calculator. 

Instructions for updating: Users should update the imports data along with the EIA data every 

few years. An updated AEO is released annually, so current data should be readily accessible. 

EPA’s IPM model is also updated on a periodic basis, as well.147 

EPA eGRID  

EPA’s Emissions & Generation Resource Integrated Database (eGRID) is a comprehensive data 

source on nearly all electric power generated in the United States.148 The eGRID data include 

annual net generation and air emissions of nitrogen oxides (NOx), sulfur dioxide (SO2), carbon 

dioxide (CO2), methane (CH4), and nitrous oxide (N2O). This calculator uses eGRID plant-level 

data to calculate average emission factors by fuel type for electric power plants located in 

California. Additionally, to provide emission factors for imports, plants outside California are 

assigned to the regions defined by EPA’s Integrated Planning Model regions: Pacific Northwest, 

Arizona, Utah, Northern Nevada, and Southern Nevada.149 Emission factors are calculated as the 

sum of emissions in tons divided by the sum of generation, by pollutant and region.  

In addition, this calculator uses eGRID data as the basis for distributing emissions impacts to 

individual California air basins. As described further below, the calculator estimates emissions 

impacts for each of the EMM regions that are within California’s borders. To translate emissions 

impacts by EMM region into reductions in emissions by air basin, we first identified the EMM 

region and air basin in which each plant in the eGRID data is located using GIS analysis. Next, 

the total emissions in each region were summed by air basin and divided by the EMM region 

total, resulting in the proportion of regional emissions allocated to each air basin. Some air 

basins span multiple EMM regions. Because each individual plant in the eGRID data is assigned 

an EMM region and air basin based on its precise latitude and longitude, there is no duplication 

of emissions in the analysis of emission distributions by air basin. Once emissions are 

distributed to air basins within the two EMM regions, the calculator sums emissions by air basin 

(across the two EMM regions).  

Note that eGRID does not currently report emissions of particulate matter. Fine particulate 

matter  (PM2.5) emission factors were calculated by applying fuel-type-specific emission factors 

developed by Argonne National Laboratory for use in its Greenhouse Gas, Regulated Emissions, 

and Energy Use in Transportation (GREET) model.150 The emissions factors developed by 

Argonne are largely commensurate with those presented in EPA’s Compilation of Air Pollutant 

 
147 U.S. Environmental Protection Agency. Previous Versions of EPA Platforms Using IPM. 
https://www.epa.gov/airmarkets/previous-versions-epa-platforms-using-ipm 

148 U.S. Environmental Protection Agency. 2020. https://www.epa.gov/energy/emissions-generation-resource-integrated-
database-egrid  

149 Emission factors for imports are defined as follows: Arizona and Utah: plants in each state, respectively; Pacific 
Northwest: plants in Oregon, Washington, and Idaho; Northern Nevada: plants in Nevada and in the WECC Northwest 
region as defined in eGRID; Southern Nevada: plants in Nevada and the WECC Southwest region as defined in eGRID. A 
more detailed description of IPM’s model regions and the methodology they use to estimate domestic imports is 
included in: Documentation for EPA’s Power Sector Modeling Platform v6 using the Integrated Planning Model. EPA. 
Nov. 2018. https://www.epa.gov/airmarkets/epas-power-sector-modeling-platform-v6-using-ipm-january-2020-
reference-case 

150 H. Cai, M. Wang, A. Elgowainy, and J. Han. Energy Systems Division, Argonne National Laboratory. Updated 
Greenhouse Gas and Criteria Air Pollutant Emission Factors and Their Probability Distribution Functions for Electricity 
Generating Units. 2012.  

https://www.epa.gov/airmarkets/previous-versions-epa-platforms-using-ipm
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid
https://www.epa.gov/airmarkets/epas-power-sector-modeling-platform-v6-using-ipm-january-2020-reference-case
https://www.epa.gov/airmarkets/epas-power-sector-modeling-platform-v6-using-ipm-january-2020-reference-case
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Emissions Factors (“AP-42”) emission factor database. However, the PM emission factors 

developed by Argonne can be more easily adapted for use in the calculator due to the units in 

which they are presented, and the corresponding documentation was last updated more 

recently than that for AP-42’s PM emission factors. Applying particulate matter emission 

factors to the eGRID data at the plant level allows estimation of particulate matter emissions by 

air basin consistent with the methodology described above.  

Instructions for updating: Users should update the eGRID data as new versions are released. 

Currently, the next planned eGRID release is eGRID2020 which, according to EPA’s website, will 

become publicly available in the first quarter of 2022.151 Recently, EPA indicated that particulate 

matter emissions will be included in the next version of eGRID.152 If this is in fact the case, users 

should rely on PM emissions factors derived from the eGRID data for future updates as 

opposed to relying on data available from GREET.  

Other Data Sources (EVs, other EFs, etc.)  

Electric vehicle electricity consumption: Increased electric vehicle use places additional 

demand on the electric grid. The additional electricity consumption associated with increased 

electric vehicle use is drawn from the California Energy Commission and California Air 

Resources Board’s 2017 SB 350 Common Assumption Guidelines for Transportation 

Electrification Analysis (or “Light-Duty PEV Energy and Emission Calculator”).153 The 

Commission and CARB estimate the energy consumption, in kilowatt-hours per hundred miles 

or gigawatt hours per million miles, for battery electric vehicles (“BEVs”) and plug-in hybrid 

electric vehicles (“PHEVs”) from 2010 to 2030. This calculator estimates electricity consumption 

from electric vehicles using an average of BEV and PHEV consumption for 2010 to 2030 and 

assumes electricity consumption in years after 2030 is equal to 2030 consumption. 

Instructions for updating: Users should update the emissions factors and other data sourced 

from the “Light-Duty PEV Energy and Emission Calculator” if the calculator itself is updated by 

the Energy Commission. To determine if the calculator has been updated, users should contact 

Gary Yowell at the Commission.154 

Fuel emission factors: Emissions factors for use in estimating the emissions impacts of 

changes in natural gas and/or liquefied petroleum gas consumption were obtained from EPA’s 

Compilation of Air Pollutant Emissions Factors (“AP-42”).155 AP-42 provides emission factors in 

pounds of emission per volume of fuel consumed. These emission factors are converted to tons 

per volume of fuel consumed.  

Instructions for updating: The “Fuel_EFs” tab (cells D15:E24 and D29:P33) can be updated 

directly when AP-42 emission factors are updated. If the fuel volume units change, cells 

 
151 United States Environmental Protection Agency. Emissions & Generation Resource Integrated Database (eGRID). 
January 2020. https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid 

152 United States Environmental Protection Agency  & Abt Associates. Adding Particulate Matter to EPA's eGRID 
Database. 2019. https://www.epa.gov/sites/production/files/2019-08/documents/825am_dorn.pdf 

153 CA Energy Commission, CARB, CPUC, Light-Duty PEV Energy and Emission Calculator. Version 3.5-2. Tab 
“Fuel_energy_efficiency” 

154 Gary Yowell, Energy Commission, 916-654-4698, gary.yowell@energy.ca.gov  
155 U.S. Environmental Protection Agency, Compilation of Emission Factors (AP 42), Fifth Edition, 
https://www3.epa.gov/ttn/chief/ap42/ch01/index.html, Chapter 1.4, Tables 1.4-1 and 1.4-2 and Chapter 1.5, Table 
1.5-1 

https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid
https://www.epa.gov/sites/production/files/2019-08/documents/825am_dorn.pdf
mailto:gary.yowell@energy.ca.gov
https://www3.epa.gov/ttn/chief/ap42/ch01/index.html
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C15:C24 and C29:C33 should also be changed, as should the units on “EV_Elec_Inputs”, cells 

D14:D16. If the emission units change from pounds to another unit, the unit conversions in 

cells D7:P9 will need to be updated. 

Biomass burn pile emissions: The avoided emissions from biomass burning are calculated 

using emission factor data from the U.S. Forest Service’s Piled Fuels Biomass and Emissions 

Calculator.156 This calculator estimates the emissions produced by a fire by multiplying the 

mass of fuel consumed by an appropriate emission factor, weighted by the proportion of total 

burn time each stage of combustion comprises. Particulate matter emissions are not weighted 

by combustion phase but vary based on the cleanliness or dirtiness of the fuel source. The EPIC 

Emissions Calculator uses the emission factors for PM2.5. The following table presents the burn 

pile emission factors for PM, PM10, and PM2.5. 

Table A-14:  Emission Factor by Pile Quality (lbs. emission/ton fuel consumed)157  

Pollutant Clean  Dirty Really Dirty  

PM 21.9 27 36 

PM10 15.5 20 28 

PM2.5 13.5 17 23.6 
 

Instructions for updating: The “Burn_Pile_EFs” tab (cells C6:E8 and C13:E16) can be updated 

directly when the Piled Fuels Biomass and Emissions Calculator is updated. If the percent of 

consumption by phase changes, cells C18:E18 should also be updated. 

Calculation Methodology  

Drawing on the data sources described above, the basic functionality of the calculator is as 

follows: 

1. Future changes (reductions, increases, or shifts) in electricity demand and/or added 
renewable generation, including the distribution of such changes across seasons and 
time slices within a season, are projected for the range of years specified by the user, 
based on default external projections and manual user inputs. The default external 
projections are outputs for two regions of California (Northern and Southern) from the 
EIA NEMS data described above.  

2. The associated emissions effects are calculated by applying fuel type and pollutant-
specific emissions factors (tons or lbs. per megawatt-hour) to the estimates of annual 
changes in generation (by fuel type). 

3. The emissions effects are summed by year and also distributed to California Air 
Basins.  

 
156 Piled Fuels Biomass and Emissions Calculator, Fire and Environmental Research Applications Team, Pacific Wildland 
Fire Sciences Laboratory, USDA Forest Service Pacific Northwest Research Station, 
https://depts.washington.edu/nwfire/piles/support/pile_documentation.php  

157 Piled Fuels Biomass and Emissions Calculator, Fire and Environmental Research Applications Team, Pacific Wildland 
Fire Sciences Laboratory, USDA Forest Service Pacific Northwest Research Station, 
https://depts.washington.edu/nwfire/piles/support/pile_documentation.php 

https://depts.washington.edu/nwfire/piles/support/pile_documentation.php
https://depts.washington.edu/nwfire/piles/support/pile_documentation.php
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4. For each module, total emissions effects are presented by year, pollutant, and air 
basin.  

The implementation of this functionality varies across each of the following modules of the 

Emissions Calculator: (1) Fuel Mix, (2) Energy Efficiency, (3) Load Shifting, (4) Peak Load 

Reduction, and (5) Electrification. The functionality specific to each module is discussed below.  

Fuel Mix  

This module is designed to assess the emission impacts of (1) EPIC projects that result in 

additional renewable generation in California or (2) EPIC portfolio-level estimates of added 

renewable generation. Users specify the start and end year of anticipated added renewable 

generation (over the 2020-2045 period) as well as the amount of added annual renewable 

generation for the following fuel types: solar, wind, geothermal, and wood/biomass. If users 

enter an estimate of added renewable generation per year from wood/biomass, the calculator 

directs them to enter additional inputs specific to biomass-fueled electricity generation. 

Specifically, these inputs include the tonnage of biomass diverted from burn piles and the 

quality (i.e., the cleanliness of the biomass being burned) of these piles. These additional inputs 

enable the calculator to calculate the net emissions impact of biomass electricity generation, 

accounting for both avoided emissions from burn piles and emissions from biomass electricity 

generation facilities.  

For each renewable fuel type, users enter estimates of added annual renewable generation (see 

Figure A-6), which the calculator automatically applies to each year within the range of years 

specified by the user. Alternatively, users can manually enter the amount of renewable 

generation added per year by fuel type.  

Figure A-6:  Fuel Mix Inputs (screenshot from EPIC Emissions Calculator) 

 

Once the user provides the required inputs for this module, the additional renewable 

generation for each fuel type and year is distributed in accordance with the forecasted 

generation profile in each year from the EIA NEMS data. Specifically, the calculator allocates 

renewable generation (by fuel type and year) between EMM regions, seasons, and the three time 

slices associated with each season. For example, because the peak time slice (i.e., slice=1) in the 

summer (i.e., season=2) in EMM region 21 (Northern California) represents 0.10 percent of wind 

generation in California in 2030, the calculator assumes that 0.10 percent of wind generation 

added under the user-defined scenario in 2030 is produced in EMM region 21 during the peak 

time slice during the summer. The following equation shows this approach in more detail. 
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(1) 𝑹𝑹𝒕𝒕,𝒚𝒚,𝒓𝒓,𝒔𝒔,𝒄𝒄 = 𝑹𝑹𝒚𝒚 ×
𝑬𝑬𝒕𝒕,𝒚𝒚,𝒓𝒓,𝒔𝒔,𝒄𝒄

𝑬𝑬𝒕𝒕,𝒚𝒚
 

Where Rt,y,r,s,c = additional EPIC-related renewable generation for technology t (e.g., wind) 

in year y, region r, season s, and time slice c within the season.  

 Ry = additional EPIC-related renewable generation in year y (as provided by the 

user). 

 Et,y = EIA baseline projection of renewable generation for technology t in the 

California EIA regions in year y. 

Et,y,r,s,c = EIA baseline projection of renewable generation for technology t (e.g., 

wind) in year y, region r, season s, and time slice c within the season. 

After allocating renewable generation (by generation type and year) between regions and 

periods during the year, the calculator estimates the degree to which new renewable generation 

displaces existing generation, by fuel type. As a starting point for these calculations, the 

calculator assumes that the total amount of displaced generation for a given region, year, 

season, and time slice within a season is equal to the new renewable generation added. For each 

time period, the calculator assumes that displaced generation is distributed across regions and 

generating technologies in proportion to EIA’s baseline projection of the generation mix for that 

year, as represented by the following equation.  

(2) 𝑫𝑫𝒕𝒕,𝒚𝒚,𝒓𝒓,𝒔𝒔,𝒄𝒄 = 𝑹𝑹𝒚𝒚,𝒓𝒓,𝒔𝒔,𝒄𝒄 ×  
𝑬𝑬𝒕𝒕,𝒚𝒚,𝒓𝒓,𝒔𝒔,𝒄𝒄

∑ 𝑬𝑬𝒕𝒕,𝒚𝒚,𝒓𝒓,𝒔𝒔,𝒄𝒄𝒕𝒕
 

Where  Dt,y,r,s,c = displaced electricity generation for generating technology t in year y, region r, 

season s, and time slice c within the season. 

 Ry,r,s,c = additional EPIC-related renewable generation for year y, region r, season s, and time 

slice c within the season. Values for this variable are derived by summing the results of 

equation 1 across all technology types (t) for a given combination of y, r, s, and c. 

 Et,y,r,s,c = EIA projection of electricity generation for generating technology t in year y, region r, 

season s, and time slice c within the season. 

∑t Et,y,r,s,c = EIA projection of electricity generation in year y, region r, season s, and time 

slice c within the season, aggregated across all generating technologies t. 

The calculator estimates emission impacts associated with the displaced electricity generation 

represented by Equation 2 under two potential scenarios:  
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1. Added renewable generation may displace all existing sources of generation, including 
renewable generation. 

2. Added renewable generation displaces existing non-renewable generation only. 

The result of both sets of calculations is displaced megawatt-hours by year, region, season, time 

slice, and fuel/technology type. Fuel-specific emission factors, estimated using the eGRID data, 

are then applied to these results and summed by year and region. The annual results are then 

distributed to the 15 California Air Basins according to allocation factors calculated using the 

eGRID data. For the fuel mix module, the allocation factor is the percent of statewide 2018 

emissions, by pollutant, attributable to each Air Basin. For example, in 2018, electricity 

generating units in the North Coast Air Basin accounted for 22.4 percent of total, statewide NOx 

emissions from the power sector. The Emissions Calculator therefore allocates 22.4 percent of 

the projected change in NOx emissions to the North Coast Air Basin.  

Energy Efficiency  

The energy efficiency module allows users to assess the emission impacts associated with 

reducing load (i.e., demand for electricity). Users may input either a percent or megawatt-hour 

reduction in annual electricity consumption (see Figure A-7 below). If users wish to define a 

time period over which to apply this reduction, the starting year (≥ 2020 and ending year (≤ 

2050) may be entered. If users do not enter a time period for the analysis, the reduction is 

applied over the entire time frame (2020-2050). 

Figure A-7:  Energy Efficiency Inputs (screenshot from EPIC Emissions Calculator) 

 

When the user provides specific megawatt-hour reductions, the calculator assumes that the 

foregone generation (in megawatt-hours) is distributed across the California EMM regions, 

seasons, time slices, and fuel types proportional to the EIA-forecasted generation for a given 

year. For example, natural gas generation for EMM region 22 in season one, time slice two of 

2020 is projected to account for 1.4 percent of annual electricity generation in the California 

EMM regions. For 2020, the Emissions Calculator therefore allocates 1.4 percent of reduced 

generation in 2020 to natural gas generators in that same region, season, and time slice. When 

the user provides a percentage reduction in load (demand), the calculator assumes that the 

user-provided percentage applies uniformly statewide. Thus, the calculator assumes that 

generation for each combination of year, EMM region, season, time slice, and fuel/technology 

type decline by the percent reduction specified by the user. 
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Using emission factors by pollutant and generating technology derived from the eGRID, the 

Emissions Calculator estimates the emissions reductions associated with reduced generation. 

The total emission impacts are summed across fuel types, seasons, and time slices and then 

distributed to air basins using the same approach as described in the Fuel Mix section above.  

Load Shifting  

This module allows users to estimate the emissions associated with shifting load from peak 

load periods to off-peak times. The analysis assumes that EPIC projects that result in load 

shifting do not produce a net reduction in electricity consumption, only a shift.  

Users may input either a percent or megawatt-hour shift in load, as shown in Figure A-8 below. 

If users wish to define a time period over which to apply this reduction, the starting year (≥ 

2020 and ending year (≤ 2050) may be entered. (Users must enter either both a starting and 

ending year or leave the year range blank.) If no time period is entered, the reduction is applied 

over the entire time frame (2020-2050). Users are also required to specify the time slice to 

which the reduction in peak load will be shifted (either slice 2 or slice 3). As described above, 

Slice 1 is the top 1 percent of hours with respect to hourly load, slice 2 is the next 49 percent of 

hours with respect to load, and slice 3 represents the remaining 50 percent. The hours and days 

represented by these slices differ by year and region. This module only enables users to 

estimate the emission impacts of a shift in peak load (or the top 1 percent of hours within a 

season with respect to load) to non-peak (slice 2 or 3).  

Figure A-8:  Load Shifting Inputs (screenshot from EPIC Emissions Calculator) 

 

If users provide an annual percent reduction in peak generation: 

1. The calculator assumes that this percent reduction applies to generation for the peak 
time slice (slice 1) for every combination of region and season for the relevant years.  

2. The calculator then allocates the reduction in peak generation for a given region, year, 
and season to individual fuel/technology types (including imports as a fuel/technology 
type). This allocation is based on the mix of fuels associated with the change in the 
generation profile between slice 2 and slice 1; the calculator treats this as an indicator 
of the marginal fuel mix associated with slice 1. More formally, this may be specified as 
follows: 
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Where Ft,r,y,s is the percentage of the peak reduction in a given region, year, and season 

allocated to fuel/technology type t; 

 NGt,r,y,s,1 is normalized generation (average generation per hour) for 

fuel/technology type t in a given region, year, and season during the peak time 

slice (slice 1); 

NGt,r,y,s,2 is normalized generation (average generation per hour) for 

fuel/technology type t in a given region, year, and season during time slice 2 (one 

slice removed from the peak). 

The sum of (NGt,r,y,s,1 - NGt,r,y,s,2) over all fuel/technology types t represents total 

normalized generation (average generation per hour) associated with stepping up 

from slice 2 to slice 1. 

For the peak time slice in a given region, year, and season, the reduction in peak 

generation is allocated to fuel/technology types based on the technology-specific 

estimates of F,t,r,y,s. 

3. Increased non-peak generation is assumed to be the same as the reduction in peak 
generation. This increase in non-peak generation is allocated to either slice 2 or slice 3, 
based on user-specified input. The Emissions Calculator allocates the increase in non-
peak generation to fuel/technology types based on the proportional change in the mix 
of resources when shifting load from one non-peak slice to the next, similar to as 
represented above in Equation 3. This methodology is designed to approximate the 
emissions associated with the marginal fuel source(s) which would be displaced given a 
shift in load from one time slice to another. For example, when peak generation is 
shifted to slice 2, the allocation of increased generation is based on the fuel/technology 
mix associated with the change in the generation profile between slice 3 and slice 2. 

The methodology is largely the same if users input an annual megawatt-hour reduction. The 

only difference being that the calculator distributes reduced peak generation to the three 

seasonal peak slices for a year in proportion to the generation for those peak slices. For 

example, if the summer peak slice accounts for 45 percent of cumulative generation across the 

peak slices for summer, winter, and spring/fall, then 45 percent of the peak shift specified by 

the user is allocated to the summer peak time slice.  

After estimating peak demand reduction and increased non-peak generation by fuel type, the 

calculator then applies the fuel specific emissions factors derived from the eGRID data to 

estimate the emissions effects associated with reduced peak generation and increased non-peak 

generation. The total emission impacts are summed across fuel types, seasons, and time slices 

and then distributed to air basins using the same approach as described in the Fuel Mix section 

above.  

Peak Load Reduction  
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Peak load reduction is a decrease in electricity consumption during periods of peak demand. 

This module requires users to input either a percent or megawatt-hour reduction in peak 

electricity consumption. If users wish to define a time period over which to apply this 

reduction, the starting year (≥ 2020) and ending year (≤ 2050) may be entered, as shown in 

Figure A-9 below. (Users must enter either both a starting and ending year or leave the year 

range blank.) If no time period is entered, the reduction is applied over the entire time frame 

(2020-2050). 

Figure A-9:  Peak Load Reduction Inputs (screenshot from EPIC Emissions Calculator) 

 

As described above, the EIA data define peak consumption as the time “slice” corresponding to 

the top 1 percent of hours in a season with respect to hourly load (slice = 1). The peak 

consumption period is comprised of a differing number of hours by region and season.  

For a percentage or MWh reduction in peak load entered by the user, the Emissions Calculator 

allocates the reduction in generation to fuels/technology types using the same approach as 

described above for load shifting. The Emissions Calculator then estimates the emissions 

impacts associated with reductions in generation by fuel/technology type based on the 

fuel/technology-specific emissions factors derived from the eGRID data (see description above). 

The total emission impacts are summed across fuel types, seasons, and time slices and then 

distributed to air basins using the same approach as described in the Fuel Mix section above. 

Electrification  

The Emissions Calculator estimates the emission impacts of two primary types of electrification 

activities: increased electric vehicle use and reduced commercial and residential fossil fuel use 

(e.g., heating, hot water, and cooking). 

To calculate the emission impacts of increased electric vehicle use, users must input the 

reduction in miles traveled in conventional vehicles, and the increase in miles traveled in 

electric vehicles (see Figure A-10 below). Optionally, users may specify the electric vehicle 

energy consumption in kilowatt-hours per mile.  
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Figure A-10:  Electrification Inputs (screenshot from EPIC Emissions Calculator) 
 

A reduction in vehicle miles traveled by conventional vehicles reduces tailpipe emissions 

through decreased fuel consumption, while increased electric vehicle use generates additional 

electricity demand, and thereby increases emissions. The net impact of increased electric 

vehicle use is therefore equal to emission reductions from decreased conventional vehicle miles 

traveled minus emission increases from additional electricity consumption. The Emissions 

Calculator estimates these impacts as follows: 

1. Emission reductions: Reduced annual conventional vehicle miles traveled are multiplied 
by pollutant-specific emission factors for conventional vehicles (expressed in tons of 
emissions per mile) obtained from the Light-Duty PEV Energy and Emission Calculator 
developed by the California Energy Commission (CEC) and the California Air Resources 
Board (CARB).158  

2. Emission increases:  

a. Multiply increased annual electric vehicle miles traveled by estimated electricity 
consumption in gigawatt-hours per mile to estimate the additional annual 
electricity consumption associated with increased electric vehicle use. 

b. Assuming increased electricity generation is equal to consumption, distribute 
estimated additional annual electricity generation across the California EMM 
regions, seasons, time slices, and fuel/technology types in proportion to the EIA-
forecasted generation for a given year. 

c. Estimate generation-related emissions by applying fuel/technology-specific 
emission factors by pollutant, as derived from the eGRID data. 

d. The resulting estimates of annual statewide emissions are then distributed to 
California air basins in proportion to the population of air basins.159 

To calculate the emission impacts of reduced commercial or residential fossil fuel use, users 

must input the amount of butane, propane, or natural gas reduced annually, and the amount of 
 

158 CA Energy Commission, CARB, CPUC, Light-Duty PEV Energy and Emission Calculator. Version 3.5-2. Tab 
“Fuel_energy_efficiency” 

159 United States Census Bureau. 2018 American Community Survey 5-year Estimates. 2018. 
https://www.census.gov/programs-surveys/acs/technical-documentation/table-and-geography-changes/2018/5-
year.html 

https://www.census.gov/programs-surveys/acs/technical-documentation/table-and-geography-changes/2018/5-year.html
https://www.census.gov/programs-surveys/acs/technical-documentation/table-and-geography-changes/2018/5-year.html
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increased electricity consumption (see Figure A-10 above). The net emission impact is equal to 

the emission savings from reduced fossil fuel consumption minus the emission increases from 

additional electricity consumption. 

Emission impacts are calculated as follows: 

1. Emission reductions: Reduced annual fossil fuel use is multiplied by emission factors 
specific to each fuel type. For emission reductions associated with reduced natural gas 
consumption, the natural gas emission factor is based on the cleanest burning 
combustor/boiler type. 

2. Emission increases:  

a. Distribute estimated additional annual electricity consumption for a given year 
across the California EMM regions, seasons, time slices, and fuel types in 
proportion to the EIA-forecasted generation for a given year. 

b. Apply pollutant- and fuel/technology-specific emissions factors derived from the 
eGRID data (described above) to the increase in electricity generation by 
fuel/technology type to calculate increased emissions.  

c. Distribute resulting estimates of annual statewide emissions to California air 
basins in proportion to the forest cover of air basins.160 

Limitations 

This calculator is intended to estimate reductions in greenhouse gas and criteria air pollutant 

emissions associated with increased electric power generation from renewable sources, reduced 

energy demand, reductions in and/or shifts away from peak energy consumption, and 

increased electrification. Although the calculator provided reasonable estimates of these 

emissions impacts, it is important to acknowledge the limitations of the data and methods 

applied in the calculator.  

Due to the complexity of the data upon which this calculator is based and the calculations 

performed on these data, the calculator does not allow for a large degree of user input and/or 

customization of analysis parameters. Instead, the calculator largely relies on average values 

computed for each module. The use of such averages may underestimate or overestimate actual 

emission impacts, depending on the specific nature of the project(s) examined. 

As described above, this calculator relies heavily upon two data sources: projections of electric 

power generation from the Energy Information Administration’s (EIA) National Energy Modeling 

System (NEMS), and emission factors derived from eGRID data. Both data sources impose 

limitations on calculations performed using the calculator. 

Limitations related to use of EIA-NEMS data: 

• This calculator uses EIA data to model marginal emission impacts at a high level, but 

does not perform dispatch modeling – i.e., the calculator does not model individual 

 
160 Multi-Resolution Land Characteristics Consortium. National Land Cover Database (NLCD). 2016. 
https://www.mrlc.gov/national-land-cover-database-nlcd-2016 

https://www.mrlc.gov/national-land-cover-database-nlcd-2016
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power plants’ responses to changes in demand or the composition of the electric power 

fleet in order to estimate emissions impacts.  

• The EIA data span broad regions. The calculator employs data for two regions from the 

EIA model output, each covering roughly half of California, which collectively cover 

most of the state. The calculator is therefore unable to directly estimate effects using 

more localized data, and air basin-level results are estimated by allocating results at the 

EIA region level to California Air Basins using regional distributions derived from EPA’s 

eGRID data. 

• The EIA EMM regions used for this analysis exclude a small portion of California’s 

electricity generation—in the northern and southern most portions of the state (see 

Figure A-4 above). The Emissions Calculator therefore does not capture the 

fuel/technology mix for these generators, effectively treating generators in these areas 

as if they are in EMM regions 21 and 22. Because these generators represent only a 

small fraction of the state’s generation, however, this is unlikely to have a significant 

impact on the calculator’s results. 

• EIA generation data are provided at the season and time slice level. While this allows for 

analysis of peak to off-peak energy use, it does not allow users to input specific hours 

of load reduction and/or shifting. 

Limitations related to use of eGRID data: 

• The most recent eGRID data includes generation and emissions for 2018 only. 

Estimated emissions in the future are therefore based on current technology and 

generation profiles. To the extent greenhouse gas or criteria pollutant emissions from a 

given fuel type change over time, this calculator may under- or overstate emissions in 

the future.  
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Social Cost of Carbon Calculator 

Purpose of Calculator 

The Social Cost of Carbon (SCC) Calculator was developed to evaluate the socioeconomic 

benefits of EPIC projects that reduce or mitigate greenhouse gas (GHG) emissions. This tool is 

part of a suite of analytic tools developed by IEc to assist the Commission's analysis of the 

emissions impacts of EPIC projects and the EPIC portfolio in general. IEc recommends the 

Commission use this method to estimate the social welfare benefits of reducing GHG emissions 

either at an individual project level or across a portfolio of projects. Specifically, this calculator 

is designed to link with the EPIC Emissions Calculator, which calculates expected changes in 

emissions of GHGs (as well as criteria pollutants).161  

The SCC calculator reports socioeconomic benefits in terms of social welfare value (dollars). 

These values reflect societal willingness-to-pay for reduced risks of global climate change-

related damages—including effects to agricultural productivity, energy use, health, 

infrastructure, and ecosystem services—resulting from marginal changes in atmospheric 

carbon levels. 

The SCC Calculator is designed to estimate the welfare benefits of reducing emissions from 

carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). The tool can be applied to 

evaluate the benefits of individual projects or larger portfolios of projects. For project-level 

analyses, the Commission can use this tool to estimate welfare benefits from changes in GHG 

emissions at a given site (e.g., at an industrial facility). For portfolio-level analyses, the 

Commission can use this tool to estimate welfare benefits from portfolio-level changes in 

emissions at the state level (e.g., related to shifts in the fuel mix from fossil fuels to 

renewables). 

Methodology 

The SCC Calculator estimates the benefits of reducing GHG emissions, including CO2, CH4, and 

N2O. The Calculator includes several worksheets, including: 

1. The Intro worksheet (white tab) provides detail on the background and potential 

pathways to changes in emissions;  

2. The User Guide worksheet (white tab) provides an overview of the Calculator, including 

definitions and considerations for each of the user inputs, with hyperlinks to the 

worksheets that follow; 

3. The Inputs worksheet (light blue tab) captures the data provided by the 

applicant/grantee and entered by the user to support evaluation of project benefits; 

4. The Social Cost of Carbon Results worksheet (blue tab) summarizes Present and 

Annualized Benefits and Benefits by Year (for all Greenhouse Gases); and 

 
161 The data and methods employed in this calculator are based on social cost per ton of greenhouse gases in the 
atmosphere as published by the Interagency Working Group on Social Cost of Greenhouse Gases, US Government. 
(August 2016) “Technical Support Document: Technical Update of the Social Cost of Carbon for Regulatory Impact 
Analysis under Executive Order 12866.”  
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5. The Reference worksheets, including SC-CO2 Values, SC-CH4 Values, SC-N2O Values, 

and Deflators (dark gray tabs) identify key sources of information and contain the 

standard values, standard equations, and default data that are used in the benefits 

calculations.162 

To estimate the social welfare value associated with reducing or mitigating GHG emissions, this 

calculator employs the SCC value schedule published most recently in 2016 by the Federal 

Interagency Working Group on Social Cost of Greenhouse Gases (IWG).163 These costs reflect the 

economic value of expected future damages caused by increases in GHG emissions in a given 

year or, conversely, the societal benefit of reducing GHG emissions by the same amount in that 

year. More specifically, the IWG estimates for SCC reflect expected damages resulting from 

marginal increases in emissions, including changes to agricultural productivity, energy use, 

health, property and ecosystem services.  

Tool Inputs 

Inputs for this SCC Calculator are changes in emissions (tons) of CO2, CH4, and/or N2O. This 

information may come directly from project data (if available) or can be linked to the output of 

the EPIC Emissions Calculator. If changes in emissions are expected over time, users may input 

the expected change in emissions for a given GHG in each year for the identified period of 

analysis. The tool incorporates values for changes in GHG emissions through 2045.  

While emissions changes of different GHGs are sometimes normalized in terms of CO2-

equivalents (CO2e) reflecting the relative radiative forcing of different GHGs,164 we recommend, 

where feasible, instead relying on information on the changes in emissions of the three specific 

gases. This is because the social cost values are specific to the relevant GHGs. Measurements of 

the relative radiative forcing effects of different chemicals—referred to as relative Global 

Warming Potential (GWP)—that are used to convert GHGs to CO2e are not necessarily reflective 

of the global damage potential of the GHGs relative to CO2, which is what is being measured by 

the social cost of the gas. Thus, the use of CO2e to value social costs of reductions in CH4 or 

N2O, or other GHG emissions will underestimate benefits.165 

The social cost values are currently available for three GHGs, as described above. Users may 

evaluate the economic values of changes in other GHGs (e.g. short-lived climate pollutants like 

tropospheric ozone, black carbon, or hydrofluorocarbons) by converting them to CO2e and 

inputting the CO2e values as changes in CO2 emissions in the tool. 

Tool Outputs 

 
162 To develop the SCC estimates, the IWG first identified a series of assumptions which informed the use of three 
integrated assessment models (IAMs) to estimate the effects that GHG emissions have on human welfare through their 
effect on the climate. The IAMs join simplified atmospheric gas and climate models with global economic and human 
behavior models, which are each run for a set of socio-economic and emissions baseline scenarios. Due to the degree 
of uncertainty of modeled outcomes, the resulting range of possible scenarios is presented across a probability 
distribution. The social cost values then rely on existing academic literature to estimate willingness-to-pay (WTP) for 
the different scenario outcomes. 

163 The social costs of GHG emissions are commonly termed the SCC, despite the fact that they refer to the costs 
associated with CO2, CH4, and N2O.   

164 USEPA. (2017) “GHGs Equivalencies Calculator – Calculations and References.” Available at: 
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references 

165 Marten, A. L.,& Newbold, S. C. (2012). “Estimating the social cost of non-CO2 GHG emissions: Methane and nitrous 
oxide.” Energy Policy, 51, 957–972. 
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The Social Cost of Carbon Results tab presents the resulting estimates as present and 

annualized values of total benefits across all three GHGs and as a summary of benefits by year 

for all relevant GHGs. All benefits are shown in dollar values, adjusted to a user-specified base 

year. The present values of benefits are calculated applying both a three percent and a seven 

percent real annual discount rate. It is important to recognize that, while the changes in carbon 

emissions may occur within the State of California, the economic benefits of the changes in 

global atmospheric carbon levels are inherently global.  

Use and Limitations 

The tool currently includes values for changes in GHG emissions through 2045, although 

reductions in emissions from EPIC projects would likely extend beyond this timeframe. This 

temporal scope of the tool may be extended in the future to incorporate emerging information 

on the social cost of carbon over time. 

Due to the significant magnitude of future climate-related damages, social cost estimates are 

highly sensitive to the chosen discount rate. The academic literature continues to debate the 

appropriate discount rate for these types of intergenerational effects. Best practices generally 

dictate estimating the effects using the full range of discount rates to reflect this uncertainty. 

Thus, although this calculator allows the user to select from a range of discount rates, it is best 

practice to present results for the full range of discount rate options. Additionally, researchers 

are actively working to improve and update the SCC estimates. Specifically, the National 

Academies 2017 report established a 5-year update cycle for the SCC estimates, which will 

focus on improving the transparency of calculations, simplifying the Earth system model used 

in modeling climate to ensure confirmation of accuracy, recommendations on better accounting 

for uncertainty, updates to the discount rate assumptions, and details on future research that 

could improve both individual components of the methodology as well as the interactions and 

feedbacks across the components. Given this update schedule, this tool is designed to allow for 

the user to update the underlying SCC values as more recent data become available. 
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Air Quality Health Benefits Calculator 

Purpose of Calculator 

The Air Quality Health Benefits Calculator quantifies the human health benefits resulting from 

projects or portfolios that reduce emissions of primary fine particulate matter (PM2.5), nitrogen 

oxides (NOx), and sulfur dioxide (SO2) emissions across a number of emissions sectors, 

including electricity generating units (EGUs), industrial point sources, on-road mobile, and non-

road mobile sources. IEc recommends the Commission use this method to estimate the human 

health benefits - including changes in morbidity and mortality risk and the associated social 

welfare value of these changes - of avoided emissions attributable to EPIC-funded projects. The 

tool is designed to estimate the annual and present value of affiliated human health benefits 

due to avoided health morbidities and mortality. 

This tool is part of a suite of analytic tools developed by IEc to assist the Commission's analysis 

of the emissions impacts of EPIC projects and the EPIC portfolio in general. Specifically, this 

tool is designed to link with the EPIC Emissions Calculator, which calculates expected changes 

in emissions of criteria pollutants (as well as greenhouse gases) due to EPIC projects and at the 

portfolio level. Inputs for this Health Benefits Calculator are changes in emissions (tons) of NOx, 

SO2, and/or PM2.5. This information may come directly from project data (if available) or can be 

linked to the output of the EPIC Emissions Calculator. The tool draws on standard values that 

the Commission may wish to update periodically. The tool specifies these standard values and 

provides guidance to each source. This tool reports human health benefits results in terms of 

changes in incidences of morbidity and mortality and the social welfare value (dollars) of those 

benefits.  

Methodology 

The Air Quality Health Benefits Calculator estimates the human health benefits of reducing 

PM2.5 precursor emissions, both in terms of avoided morbidities and mortalities and in the 

social welfare value (dollars) of those benefits.  

The Calculator includes several worksheets, including: 

1. The Intro worksheet (white tab) provides detail on the background and potential 

pathways to changes in emissions;  

2. The Readme worksheet (white tab) provides an overview of the Calculator with 

hyperlinks to the worksheets that follow; 

3. The Inputs worksheet (light blue tab) captures the data provided by the 

applicant/grantee and entered by the user to support evaluation of project benefits; 

4. The Human Health Benefits Results worksheet (blue tab) summarizes Total Health 

Benefits across emissions sectors; Present and Annualized Benefits across emissions 

sectors; Total Incidence of avoided Mortalities and Morbidities; and Detailed Results by 

Source Sector; and 

5. The Reference worksheets, including Benefit Per Ton Value Data, Morbidity and 
Mortality Effects, and Deflators (dark gray tabs) identify key sources of information and 
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contain the standard values, standard equations, and default data that are used in the 
benefits calculations. 

The reference data embedded in the tool are values used in the calculation of benefits by 

source sector. This tool employs the U.S. Environmental Protection Agency’s (EPA’s) benefit per 

ton (BPT) economic and incidence values. 166 The Calculator adjusts all monetary values from the 

data year to a base year specified by the user and applies discount rates to calculate present 

values.167 

Tool Inputs 

Inputs for this Air Quality Health Benefits Calculator are changes in emissions (tons) of PM2.5 

precursors primary PM2.5, SO2, and NOx by emissions sector for the specified lifetime of a 

project or portfolio. This information may come directly from project data (if available) or can 

be linked to the output of the EPIC Emissions Calculator. If changes in emissions are expected 

over time, users may input the expected change in emissions for a given pollutant in each year 

for the identified period of analysis. The tool incorporates values for changes in PM2.5 precursor 

emissions through 2045.  

The user may input changes in PM2.5 precursor emissions that come from one of the following 

source sectors, including:  

1. Electricity generating units (EGUs);  

2. Industrial point sources;  

3. On-road mobile sources; and 

4. Non-road mobile sources.  

Tool Outputs 

The Human Health Benefits Results tab presents the resulting estimates of total health benefits 

across all sectors included in the analysis; present and annualized values of total benefits 

across all sectors and pollutants; total incidence of avoided mortalities and morbidities across 

all sectors; and detailed source sector results, including benefits and incidence of avoided 

mortalities and morbidities for EGUs, industrial point sources, on-road mobile sources, and 

non-road mobile sources. All benefits are shown in dollar values, adjusted to a user-specified 

base year. The present values of benefits are calculated applying both a three percent and a 

seven percent real annual discount rate. 

Use and Limitations 

The Air Quality Health Benefits Calculator is designed to estimate the human health benefits of 

reducing air pollutant emissions. The tool can be applied to evaluate the benefits of individual 

projects or larger portfolios of projects. For project-level analyses, the Commission can use this 
 

166 The data and methods employed in this calculator are based on benefit per ton (BPT) values published within the U.S. 
Environmental Protection Agency’s (US EPA) 2018 Technical Support Document “Estimating the Benefit per Ton of 
Reducing PM2.5 Precursors from 17 Sectors”. 

167 Monetary values are adjusted by applying ratios that draw on values from the Consumer Price Index for All Urban 
Consumers (CPI-U). The Calculator includes annual CPI-U values from 1990 through 2018. These data were obtained 
from the 2019 data series CPI for All Urban Consumers (CPI-U). URL: https://data.bls.gov/timeseries/CUSR0000SA0, 
Last Accessed: February 19, 2020. 
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tool to estimate human health benefits from changes in emissions at a given site (e.g., at an 

industrial facility). For portfolio-level analyses, the Commission can use this tool to estimate 

human health benefits from portfolio-level changes in emissions at the state level (e.g., related 

to shifts in the fuel mix from fossil fuels to renewables). 

This tool relies upon a number of assumptions that create analytical limitations. The tool 

estimates the benefits for a project or portfolio of interest over the project’s expected lifetime. 

The annual benefits of the project reflect BPT values that are assumed to change linearly within 

five-year increments. The tool may either underestimate or overestimate benefits if annual 

impacts vary significantly from these input values. Further, BPT values have been estimated 

over the continental U.S., including demographic and health information about the population. 

Using these BPT values for California-specific projects assumes analogous demographic detail 

within California as within the U.S. overall.  
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Wildfire Risk Reduction Screening Analysis 

Analysis Summary 

Over the last five years, EPIC has funded several projects designed to advance development, 

demonstration and deployment of forest-based biomass technologies which rely on forest 

residues, forest waste and other woody biomass from forested areas to generate power. In 

California, forest residues represent a significant potential source of biomass for energy. 

Biomass projects which harvest forest residues as fuel can contribute to reductions in the risk 

of catastrophic wildfire if the fuels for such a project are harvested from areas at-risk of 

wildfire. Under such circumstances, the removal of forest-based biomass effectively serves as a 

form of fuels treatment. “Fuels treatments” are actions intended to lower the risk of 

catastrophic wildfire by managing vegetation to modify/reduce live and dead vegetation that 

serves as “fuel” for wildfires.  

This guidance provides a stepwise process to identify and calculate the number of at-risk acres 

treated for fuels as a co-benefit of a proposed forest-based biomass project. Specifically, this 

screening-level benefits analysis approach involves overlaying a project’s Feedstock Supply 

Area (FSA) with publicly available data on areas at elevated risk of wildfire in California. The 

FSA represents the geographic area(s) from which woody material will be gathered or harvested 

as feed for a biomass project.  

This screening analysis results in a single shapefile of the subset of vegetated areas within the 

FSA that are at-risk of wildfire. The meta-data from this GIS shapefile are then used in a 

spreadsheet analysis to calculate the number of acres of the FSA at-risk of wildfire being 

treated for fuels and for which the risk of catastrophic is being reduced as a co-benefit of the 

proposed forest-based biomass project during the economic life of the project. To the extent 

that a proposed project results in the deployment of multiple projects, the reduction in wildfire 

risk accrues to the cumulative number of acres treated by these projects.  

Background 

• Intended Audience: Commission staff with GIS skills or EPIC grantees of TD&D forest-

based biomass projects  

• Objective: Quantify the number of acres being treated for fuels as a co-benefit of a 

forest-based biomass energy project.  

• Time Needed:  

a. Approximately 1 to 1.5 hours in GIS. Most of this time is inactive (e.g., waiting 

for ArcGIS to execute a step), so you may need slightly less or slightly more time 

depending on your hardware. 

b. Approximately 10 minutes for analysis in Excel  

Software and Data Required 

To perform this analysis, you will need the following software: 
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• ArcGIS software (ArcGIS 10.1 or later recommended)168   

c. The screening analysis only requires basic skills using ArcGIS.  

• The provided spreadsheet EPIC_WildfireRisk_ScreeningAnalysis.xlsx. This excel file 

includes three tabs: (1) Inputs, (2) Results and (3) Vegetation Index. The excel file and 

each tab are described in further detail in the Spreadsheet Analysis section.  

To perform this analysis, you will need the following project data: 

• Polygon(s) of the FSA or, if not available, the latitude and longitude of the centroid for 

the boundary of the project 

• Feedstock Supply Area (FSA) in acres 

• Radius of the FSA in either miles or acres 

Metrics resulting from the analysis: 

• Acres of FSA identified as at-risk for wildfire  

GIS Analysis  

1. Optional Recommended Step for Organization: Make one new folder to save 

downloaded data inputs. Make a second new folder to save shapefiles. 

2. Data inputs: This step involves downloading five publicly available GIS shapefiles that 

provide information about areas at risk of wildfire, vegetation, and land ownership. A 

short description of each shapefile appears below, followed by download instructions.  

o CPUC Tier 2 and CPUC Tier 3 Threat Maps: Developed by the California Public 

Utilities Commission (CPUC) to identify zones at an increased risk for utility 

associated wildfires. This map (adopted January 2018) considers the fire hazards 

associated with historical powerline wildfires and then ranks fire-threat areas 

based on the risks of utility-associated wildfires to people and property. Based 

on these data, CPUC has delineated spatial boundaries for two tiers with Tier 2 

representing areas facing ‘elevated risk’ and Tier 3 representing areas facing 

‘extreme risk’ from utility-associated wildfire 

 Download CPUC Tier 2 and CPUC Tier 3 Threat Maps: Go to CPUC’s 

Fire-Threat Maps and Fire-Safety Regulations Proceedings webpage 

https://www.cpuc.ca.gov/FireThreatMaps/. Under the “Map 

dissemination” section, follow the “CPUC Fire-Threat Map- zip archive of 

native GIS files link, then click “parent directory.” 

 Download each file within the “2018_01-19_CPUC_approved_tier2_3310” 

and “2018_01-19_CPUC_approved_tier3_3310” folders. There should be 

five in each.  

 
168 ArcGIS is a software program, developed and maintained by ESRI that allows user to create maps and view and 
analyze spatial data. For more information about ArcGIS, visit: https://www.esri.com/en-us/arcgis/about-
arcgis/overview.  

https://www.cpuc.ca.gov/FireThreatMaps/
https://www.esri.com/en-us/arcgis/about-arcgis/overview
https://www.esri.com/en-us/arcgis/about-arcgis/overview
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o CAL FIRE Hazard map: CAL FIRE is 

required by law to map areas of 

significant fire hazards based on 

several factors. This map (adopted in 

2007) depicts fire hazard severity 

zones (fhszs) for lands where the 

state has financial responsibility for 

wildland fire protection. Areas are 

classified as having a moderate, high, 

or very high fire hazard. The model 

used to develop this map considers a 

variety of factors to determine the 

likelihood an area will burn over a 30 

to 50-year time horizon.  

 Download CAL FIRE Hazard Map: Go to CAL FIRE’s GIS data webpage. 

https://frap.fire.ca.gov/mapping/gis-data/. Click the link to download 

under “Fire Hazard Severity Zones (ADOPTED in 2007)” and select the 

county or counties where the project’s FSA is located.  

 

o CalVeg Existing Vegetation: CALVEG is a vegetation classification system for the 

state of California produced by the US Forest Service. The state is divided into 9 

shapefiles; we recommend using only the vegetation shapefile(s) that overlaps 

the proposed FSA. This vegetation cover dataset will be used to exclude barren 

and other non-vegetated areas which lack the woody material that would be used 

by the project as feedstock.  

 Download CalVeg Map: Go to the US Forest Service’s CalVeg Mapping 

Zones webpage at 

https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanageme

nt/?cid=stelprdb5347192. Click “Download Existing Vegetation Zones, 

Keys and Descriptions. Then click any of the links in the table under 

“Spatial Data.” This will redirect you to the Download National Datasets 

webpage.  

 In the search by keyword box, search for “Existing Vegetation” and locate 

the Zone(s) (Central Coast, Central Valley, etc.) which overlap with the 

proposed FSA. Click the “ESRI geodatabase” link in the left-hand column. 

This will download the geodatabase to your computer.  

 

o CPAD Holdings Description: The California Protected Areas Database (CPAD) is 

a GIS dataset depicting lands that are protected as open spaces and/or for 

conservation purposes, for example, national/state/regional parks, forests, 

preserves, and wildlife areas; large and small urban parks that are mainly open 

space, land trust preserves, and special district open space land. To the extent 

Statewide Wildfire Risk Data 

The CAL FIRE Hazard map and the CPUC 
Threat Maps overlap in some areas. 
However, the CAL FIRE map provides data 
for additional acres that the CPUC maps do 
not cover and vice versa. Therefore, using 
these maps together provides a more 
comprehensive accounting of areas within 
the State that face a higher risk of 
wildfire. 

https://frap.fire.ca.gov/mapping/gis-data/
https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192
https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192
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that harvest is precluded from such protected areas, project proponents can use 

this dataset to further refine the geographic boundaries of the FSA.  

 Download CPAD Holdings: Go to CPAD’s webpage at 

https://www.calands.org/cpad/. Click “Get data” and fill out the data 

download form. Click the link for CPAD download. This will redirect you 

to a new page. Under “data and resources” click the download button 

next to “California Protected Areas Database [most recent year]. This will 

also download the database manual. 

 For this analysis, you will only need the CPAD_[year]_Holdings data. Save 

all files ending in “_Holdings” to your downloaded data inputs folder.  

 
• Getting set up in ArcMap.  

 

o Create a new folder in which to save all the 

shapefiles created as part of this process 

(hereafter referred to as ‘analysis 

shapefiles’).  

o Open the ArcMap application and open the 

catalog window.  

o To easily access and open shapefiles 

throughout this process, Right-click on 

“Folder Connections” and connect to your 

downloaded data inputs folder. 

o Follow the same process to connect to the 

new folder you made for saving analysis shapefiles.  

 

• Create a shapefile of a circular polygon that represents the FSA “Example_project.” 

This step entails creating a circle within a certain distance of a point, where the point is 

the centroid of the project and the circle represents the FSA. This step can be skipped, 

however, if the geographic boundaries of a project’s FSA have already been defined and 

exist in a polygon format.  
o In the catalog window, right click on the folder in which you want to save the 

analysis shapefiles. Select “New” then “Shapefile…”.  
A window like the one on the right should appear, name the new shapefile 
Example_project.  

o Select “Point” for Feature Type. Then click “Edit…” to select the coordinate 
system for the analysis.  

Shapefile Names 

From Step 4 forward, Italics are 
used to indicate a shapefile 
name. You can save shapefiles 
under any name; however, it 
may be easier to follow this 
process if you use similar 
naming conventions.  

https://www.calands.org/cpad/
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o Select the XY tool and enter the 
longitude (X) and latitude (Y) of the 
centroid for the boundary of the 
project. To ensure an accurate centroid, 
we recommend that your latitude and 
longitude coordinates have at least 6 
decimal places. Select “add labeled 
point”.  

o Choose Geographic Coordinate Systems 
> World > WGS1984  

o Click “Editor” and select “Start Editing” 
from the drop-down menu. Select the 
new shapefile in the Create features 
window. Under construction tools select 
“point” to add a point feature over the 
labeled centroid of the project. Click 
“save edits” from the dropdown 
window. Then click “stop editing.” 

o Right click on Data layers at the top of 
your layers window and select properties > Frame. Choose Projected Coordinate 
systems > Continental > North America > North America Albers Equal Area 
Conic. 

o Use the search bar and search for buffer. Select “Buffer (Analysis) Tool.” 
 Input features: Example_project  
 Output feature class: click the folder icon next to this line to choose 

where the new shapefile will be saved. This shapefile will be saved as 
Example_projectsite 

 Distance: linear unit. Select the metric for which the approximate radius 
of the project FSA is known (miles or acres). 

 Enter the approximate radius of the FSA in miles or acres. For illustration 
purposes, in the subsequent steps, this document uses a radius of 10 
miles, approximately 314 square miles.  

 Now Example_projectsite will be saved to your folder. 
Optional: To record the total number of acres in the FSA:  

o Open the attribute table of Example_projectsite.  

o Select the drop-down menu  symbol in the top left corner and select “Add 
field”.  

o Name this field “Acres_p” and set as “double” with precision set to 10.  
o Right click Acres_p and select “calculate geometry”, a new window will appear.  

i. Set the property to Area, select Coordinate System of the data frame 
(North America Albers Equal Area Conic) and set units to “Acres US”. If a 
notification pops up after this step, you can click “yes”.  
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Your resulting attribute table will appear as below:  
 

 

 
• Add your downloaded data to ArcMap. 

o Drag the downloaded GIS data from the Catalog window to the map area.  
o The following files should appear in the Table of contents: 

 2018_01-19_CPUC_approved_tier2_3310 
 2018_01_19_CPUC_approved_tier3_3310 
 fhszs06_3 
 (appropriate CalVeg *.gdb file) 
 CPAD_year_Holdings 

o To ensure consistent data framing, set the projection on Data Frame Properties 
to: North_America_Albers_Equal_Area_Conic 

 
Your Table of Contents should appear as below: 

 
 

• In subsequent steps, the CalVeg layer will be used to exclude non-vegetated areas. 
This layer contains a lot of data, however, so ‘clipping’ this layer to the FSA and keeping 
only the fields you will use in the analysis will speed up the process.  

o Use the clipping tool, search for clip and click on “clip analysis tool”.  
 Input features: CalVeg 
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 Clip feature: Example_projectsite  
 Click on the folder icon next to “Output Feature Class” to save the new 

clipped layer CalVeg_projectsite.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 After 

completing this step, the process will be much faster. You can opt to 
right-click on the CalVeg downloaded layer and select “remove layer”.  

 To keep only the fields of interest for the analysis, hold the ctrl key and 
double click the field names at the top of every column in the attribute 
table excluding the following fields: FID, Shape, and REGIONAL_D.  

o Open the CalVeg_projectsite attribute table and set up a new column to calculate 
acres named “Acres_1”.  

 Follow the steps in 4g-4j to calculate acres in this new column. See below 
a screenshot of the resulting attribute table: 

 

 
• Keep track of protected lands. To accurately calculate the number of acres for which 

fuels is ‘treated’ as a result of the process of harvesting woody biomass to generate 
energy, you will need to exclude any lands within the FSA where woody material will not 
be collected. This may include open space or other lands set aside for conservation 
purposes. Federal lands managed by USFS and BLM may also need to be excluded from 
this analysis, although USFS and BLM do allow some harvesting with a permit.  
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o Clip the CPAD_[year]_Holdings shapefile, with Example_projectsite as the clip 
feature.  The new resulting shapefile will preserve contain only CPAD data for 
the FSA. Save CPAD_projectsite. 
 

• Create a new shapefile by joining the CPAD data for the project site with CalVeg data 
for the project site.  

o Use the search bar to locate and select the union analysis tool.  
o Join CPAD_projectsite with CalVeg_projectsite by dragging them both into the 

“input features” area. Save Example_CollectionArea 
o Follow steps 4g-4j to recalculate the “Acres_1” column.   

 You may notice that the FID_CalVeg attribute table column might have -1 
values. This indicates areas that the CalVeg layer covers which the CPAD 
Holdings shapefile does not.  

 Optional: You can right-click and turn off “FID_...” fields for simplicity. 
The values in these columns are not used in the remainder of the 
analysis. Furthermore, there are other indicator values which can be used 
to obtain the same information.   

 
• Keep track of threat tier levels in both CPUC shapefiles and combine them into one 

new shapefile.  
o Each CPUC threat shapefile is just one polygon, but when we overlay the Tier 2 

and 3 shapefiles with the FSA in step 11, we will want to keep track of how many 
acres are within each Tier.  

o Open the attribute table of the CPUC Tier 2 shapefile. Add a new text field 
“Tier2”.  

 On the Editor Toolbar, click “start editing”.  

 

 Open the attribute table and Type “Tier2” in the new “Tier2” column.  
 On the editor toolbar, select “Save edits”. Then click “Stop editing” 
 Your new Tier identifier column is now saved to the shapefile.  

o Repeat step b for the Tier 3 shapefile, naming the column “Tier3”.  
o Locate and select the union analysis tool and drag both 2018_01-

19_CPUC_approved_tier2_3310 and 2018_01_19_CPUC_approved_tier3_3310 
into the input features areas. Save CPUC_Tier2Tier3.  
 

• Create one shapefile with CPUC threat tiers and CAL FIRE hazard classes.  
o Locate and select the union analysis tool. Drag CPUC_Tier2Tier3 and fhszs06_3 

into the input features areas. Save Threat_Haz_union 
o Optional: for simplicity, you may turn off all fields other than: FID, FID, Shape, 

Tier2, Tier3, SRA, HAZ_CODE, HAZ_CLASS, Shape_Leng and Shape_Area 
o Optional: turn off fields beginning with “FID_...” followed by a suffix.   
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• Clip the Threat_Haz_union shapefile to the FSA. Since we are only interested in the 
portion of the FSA which overlap with areas identified as at risk for wildfire, we will 
limit our scope using the intersect tool. This tool will keep only the parts of the 
Threat_Haz_union shapefile which overlap with vegetated areas of the FSA.  

o Locate and select the intersect tool. The input features will be Threat_Haz_union 
and Example_CollectionArea. Save Example_projectfinaloverlap 

o Recalculate the Acres_1 column following step 4g-4j.  
The graphic below shows the areas within the example project’s FSA which overlap with  
CAL FIRE hazard zones.  

 

• Export the data from the Example_projectfinaloverlap shapefile to the provided 
spreadsheet EPIC_WildfireRisk_ScreeningAnalysis.xlsx, in the “Inputs” worksheet:  

o To keep only the fields of interest for the analysis, you can hold the ctrl key and 
double click the field names at the top of every column in the attribute table 
excluding the following fields: FID, HAZ_CLASS, Tier2, Tier3, MNG_AGNCY, 
REGIONAL_D, and Acres_1.  

o MAKE SURE THE FIELDS ARE IN THIS ORDER FROM LEFT TO RIGHT:  

 
o open the attribute table and select “select all” from the drop-down menu.  
o Right click and select “copy selected”.  
o Paste into the appropriate labeled columns in “Inputs” worksheet in the provided 

EPIC_WildfireRisk_ScreeningAnalysis.xlsx Excel spreadsheet. Your data should 
appear in MS Excel as below: 
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Spreadsheet Analysis 

The final step of this analysis will provide the number of acres of the FSA that are identified by 

CPUC or CAL FIRE as having an increased risk of wildfire, referred to as the “acres of interest” 

while excluding areas where it is not feasible to harvest woody biomass.  

For this last step, refer to the accompanying excel file: 

EPIC_WildfireRisk_ScreeningAnalysis.xlsx. This excel file contains formulas which will 

calculate the “acres of interest” value automatically. The excel file includes three tabs: (1) 

Inputs, (2) Results and (3) Vegetation Index – which includes reference data used in the 

calculations. Each tab is also described in the ReadMe tab included in the excel file.  

• Inputs: Paste the data resulting from completion of the screening analysis into the 

Inputs worksheet. This includes FID, HAZ_CLASS, Tier2, Tier3, MNG_AGNCY, 

REGIONAL_D, and Acres_1 from the final attribute table.   

• Results: The Results worksheet provides a summary table with the total number of 

acres treated for fuels.  

d. Column [A] represents the total number of FSA acres identified by CPUC or CAL 

FIRE at an increased risk of wildfire.  

e. Column [B]: Areas coded as non-vegetation classes, including but not necessarily 

limited to: urban, barren or sparsely vegetated, water, ornamental, agricultural 

lands or other similar types of areas from which woody material would not be 

found. As appropriate, the list of vegetation classes to be excluded can be 

revised in the “Vegetation Index” tab for the details of the proposed biomass 

project.  

f. Column [C]: All areas identified as ‘protected’ per the CPAD dataset.  

g. Column [A-B-C]: Calculates the total number of at-risk acres treated for fuels by 

the proposed forest-based biomass project, or “acres of interest”. It is these 

acres for which the risk of catastrophic wildfire is reduced by the proposed 

biomass project(s) during the economic life of the project(s).  
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The values represented in the Results worksheet are summarized below. 

Total Wildfire Hazard 

or Threat Area  

[A] 

Non-Vegetated 

Areas [B] 

Protected Areas  

[C] 

Total Acres 

Treated  

For Fuels  

[A-B-C] 

Total FSA acres within a 
Threat Tier or hazard 

class 

Total non-vegetated 
FSA acres within [A] 

Total vegetated 
FSA acres within 

[A] that are 
protected 

[acres of interest] 

 

• Vegetation Index: The Vegetation Index worksheet contains a list of areas coded as 

non-vegetation classes based on the CALVEG classification system. Non-vegetation 

classes include but are not necessarily limited to: urban, barren or sparsely vegetated, 

water, ornamental, agricultural lands or other similar types of areas from which woody 

material would not be found. As appropriate, the list of vegetation classes to be 

excluded can be revised for the details of the proposed project. 
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Data Citations  

Dataset Name Summary 

Update 

Information 

2018_01-19_CPUC 
_approved_tier2_33
10 
 
Type: shapefile 

Developed by the California Public Utilities Commission (CPUC) in order to identify utility 
fire-threat zones where the fire-safety regulations adopted in R.08-11-005 for high fire-
threat areas would apply. Mapping reflects hazards associated with historical powerline 
wildfires and ranks fire-threat areas based on risks that T&D associated wildfires pose to 
people and property. Approximately 90 million acres in the state are classified as Tier 1, 
3.7 million acres are classified as Tier 2, and 8.0 million acres are classified as Tier 3. These 
acreages represent approximately 88%, 4%, and 8% of the total land area in the state 
respectively. See the Independent Review Team Final Report on the Production of the 
California Public Utilities Commission’s Statewide Fire Map 2 for further information on 
Tier definitions. 
 
Tier 1- all parts of the state of CA that are not defined as Tier 2 or Tier 3.  
Tier 2- Elevated Risk (including likelihood and potential impacts of occurrence) from 

wildfires associated with overhead utility powerlines or overhead utility powerlines 
also supporting communication facilities, including impacts to people or improved 
property. Tier 2 is distinguished from Tier 1 by having greater likelihood of fire 
initiation and growth that would impact people or property, from utility-associated 
wildfires, and where enhanced utility regulation could be expected to reduced 
utility-fire risk.  

 
Citation: CPUC Fire Threat Map, [ESRI shapefile]. (2018). CA: CPUC & CAL FIRE. Available: 

2018_01 19_CPUC_approved_tier2_3310 
URL: https://www.cpuc.ca.gov/FireThreatMaps/ 
 
Tier 3- Extreme risk (including likelihood and potential impacts of occurrence) from 

wildfires associated with overhead utility powerlines or overhead utility powerlines 
also supporting communication facilities, including impacts to people or improved 
property. Tier 3 is distinguished from Tier 2 by having the highest likelihood of fire 
initiation and growth that would impact people or property from utility-associated 
fire, and where the most restrictive utility regulations are necessary to reduce 
utility-fire risk. An Integrated Utility Threat Index Model was used to identify Tier 3 
areas. 

 

Approved 
2018.CPUC 
intends to 
update these 
shapefiles in 
ten-year 
cycles. 

2018_01_19_CPUC 
_approved_tier3_33
10 
 
Type: shapefile 

http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M199/K508/199508442.PDF
https://www.cpuc.ca.gov/FireThreatMaps/
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Dataset Name Summary 

Update 

Information 

Citation: CPUC Fire Threat Map, [ESRI shapefile]. (2018). CA: CPUC & CAL FIRE. Available: 
2018_01-19_CPUC_approved_tier3_3310. 

URL: https://www.cpuc.ca.gov/FireThreatMaps/ 

Fhszs06_3 
 
Type: shapefile 

For lands where the state has financial responsibility for wildland fire protection (known as 
state responsibility areas or SRAs), CAL FIRE is required by law to map areas of significant 
fire hazards based on several factors. Areas are classified as having a “moderate”, “high”, 
or “very high” hazard based on physical conditions that create a likelihood an area will 
burn over a 30 to 50-year time horizon.  
The model used to develop the map considers vegetation, topography, weather, ember 
production and movement, and history among other factors to determine hazard 
classification. Approximately 7.9 million acres in the state are classified as having a 
moderate hazard, 10.6 million acres are classified as having a high hazard, and 12.5 million 
acres are classified as having a very high hazard. These acreages represent approximately 
8%, 11%, and 12% of the total land area in the state respectively. The remaining 69% of land 
is not within State Responsibility Areas. 
Citation: State Responsibility Area, [ESRI shapefile]. (2007) Sacramento, CA: CAL FIRE. 
Available: fhszs06_3. 
URL:   https://frap.fire.ca.gov/mapping/gis-data/ 

Adopted 
2007.The 
fhsz map 
will be 
updated 
approximatel
y every 10 
years. This 
link provides 
the most up-
to-date 
statewide 
map publicly 
available for 
download on 
CAL FIRE’s 
website. CAL 
FIRE is 
currently in 

https://www.cpuc.ca.gov/FireThreatMaps/
https://frap.fire.ca.gov/mapping/gis-data/
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Dataset Name Summary 

Update 

Information 

the process 
of updating 
the 2007 
fhsz 
statewide 
map.  
 

CALVEG 
 
Type: geodatabase 

Vegetation Cover data for the state of California produced by the US Forest Service. The 
CALVEG classification system is used for vegetation typing and to crosswalk between 
CALVEG classification system and other vegetation classification systems, for example, the 
California Wildlife Habitat Relationship System (CWHR).  
 
Spatial data for the state of California is provided for 9 separate Zones. It is recommended 
to use just the vegetation shapefile that overlaps with the proposed facility site.  
Citation: Existing Vegetation – CALVEG, [ESRI personal geodatabase]. (Year). McClellan, CA: 
USDA-Forest Service, Pacific Southwest Region. Available: EVeg [zone]. 
URL: 
https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5
347192 

Most recent 
update 
ranges from 
2018-2019 
depending 
on the zone. 
Depending 
on the zone, 
most maps 
are updated 
annually.  

CPAD Holdings  
 
Type: shapefile 

The California Protected Areas Database (CPAD) is a GIS dataset depicting lands protected 
for conservation purposes and/or as open space. This layer includes national, state, and 
regional parks, forests, preserves, and wildlife areas; large and small urban parks that are 
mainly open space, land trust preserves, and special district open space land.  
Citation: California Protected Areas Database (CPAD)-www.calands.org (November 2019) 
URL: https://www.calands.org/cpad/ 

Updated 
2019. 
Updated 
versions 
typically 
produced at 
least 
annually.  

https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192
https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192
https://www.calands.org/cpad/
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Vegetation Index 

Regional_D 

[A] 

Description 

[B] 

Exclude If =1 

[C] 

A2 Vineyard Shrub Agriculture 1 

A3 Tilled Earth 1 

A4 Orchard Agriculture 1 

A6 Pastures and Crop Agriculture  1 

A7 Agricultural Ponds or Surface Water  1 

A8 Agricultural Nurseries 1 

AG Agricultural Lands 1 

BA Barren 1 

BC Saltbush 1 

BM Curlleaf Mountain Mahogany 0 

BR Rabbitbrush 0 

BS Sagebrush 0 

BX Mixed Chaparral Transition  0 

CA Chamise  0 

CC Ceanothus Chaparral 0 

CD Southern Mixed Chaparral  0 

CQ Lower Montane Mixed Chaparral  0 

CR Redshank 0 

CS Scrub Oak  0 

CX Upper Montane Mixed Chaparral 0 

CZ Semi-Desert Chaparral 0 

DI Indigo Bush 0 

DL Creosote Bush 0 

DM Bigcone Douglas Fir  0 

DX Desert Mixed Shrub  0 

EX Coastal Mixed Hardwood 0 

HG Annual Grasses and Forbs  0 

HJ Wet Meadows 0 

HM Perennial Grasses and Forbs 0 

HS Cheesebush 0 

HT Tule-Cattail  0 

IA Giant Reed / Pampas Grass 0 

IB Urban-related Bare Soil 0 

IC Non-Native/Ornamental Conifer 0 

IG Non-Native/Ornamental Grass 0 

IH Non-Native/Ornamental Hardwood 0 

IM Non-Native/Ornamental Conifer-Hardwood 0 

IS Non-Native/Ornamental Shrub 0 

IW Developed Water Features 1 

JC California Juniper 0 

JP Jeffrey Pine 0 
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Regional_D 

[A] 

Description 

[B] 

Exclude If =1 

[C] 

LS Scalebroom 0 

MF Mixed Conifer - Fir 0 

ML Baccharis 0 

MP Mixed Conifer-Pine 0 

NA Alkaline Mixed Scrub 0 

NB Desert Mixed Wash Scrub 0 

NM Riparian Mixed Shrub 0 

NQ High Desert Mixed Scrub 0 

NR Riparian Mixed Hardwood 0 

NX Interior Mixed Hardwood 0 

PC Coulter Pine  0 

PJ Singleleaf Pinyon Pine 0 

PP Ponderosa Pine 0 

PQ Fourneedle Pinyon Pine 0 

QA Coast Live Oak  0 

QC Canyon Live Oak 0 

QF Fremont Cottonwood 0 

QK Black Oak 0 

QO Willow 0 

QP California Sycamore 0 

QW Interior Live Oak 0 

QZ Eucalyptus 0 

RS Riversidean Alluvial Scrub 0 

SB Buckwheat 0 

SD Manzanita Chaparral 0 

SE Encelia 0 

SM Sumac 0 

SQ Soft Scrub - Mixed Chaparral 0 

SS California Sagebrush 0 

UB Urban or Developed 1 

UD Desert Willow 0 

UL Catclaw Acacia 0 

UT Tamarisk 0 

UW Fan Palm 0 

UX Smoke Tree 0 

W2 Water 1 

W3 Water 1 

W6 Water 1 

W8 Water 1 

WA Water  1 

WL Shrub Willow 0 

WM Birchleaf Mountain Mahogany 0 
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Regional_D 

[A] 

Description 

[B] 

Exclude If =1 

[C] 

DC Cholla 0 

BZ Great Basin - Desert Mixed Scrub 0 

CT Tucker Oak 0 

QE White Alder 0 

LP Lodgepole Pine 0 

PL Limber Pine 0 

SA Subalpine Conifers 0 

WF White Fir 0 

EP Eastside Pine 0 

SP Sage 0 
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Grid Reliability and Resiliency Benefits 

Grid Reliability Benefits Tool 

Introduction 

The Grid Reliability Benefits (GRB) tool was developed in 2020 by Industrial Economics, 

Incorporated (IEc) for the California Energy Commission (the Commission).  It is an Excel 

workbook designed to be used in conjunction with the U.S. Department of Energy's Interruption 

Cost Estimate (ICE) Calculator, an electric reliability planning tool that is freely available online, 

to estimate the benefits of EPIC grants that lead to improvements in grid reliability.169  The GRB 

tool provides step-by-step instructions on the use of the ICE Calculator, helps the user organize 

the inputs to a benefits analysis, and provides a framework for documenting and storing the 

results of the analysis.  It also allows the user to apply the Consumer Price Index to adjust the 

dollar-year in which benefit values are reported. 

The discussion that follows provides a brief description of the ICE Calculator, with references 

to more detailed documentation that is available online.  It then describes the GRB tool and its 

use in conjunction with the ICE Calculator to estimate the benefits of improvements in grid 

reliability. 

The ICE Calculator 

The ICE Calculator was developed and is maintained by Lawrence Berkeley National Laboratory 

and Nexant, Inc.  It is specifically designed to estimate power interruption costs and the 

benefits associated with improvements in grid reliability.  The ICE Calculator is broadly 

applicable to any project that improves grid reliability, since it bases its benefits estimates on 

projected changes in three commonly used grid reliability indices and on data about the 

affected population of customers, rather than on the detailed characteristics of the project 

itself. The three indices are: 

• SAIDI – the System Average Interruption Duration Index, which indicates the total 

duration of sustained outages that customers experience, on average, within a given 

year (usually reported in minutes). 

• SAIFI – the System Average Interruption Frequency Index, which indicates the number 

of sustained outages that customers experience, on average, within a given year. 

• CAIDI – the Customer Average Interruption Duration Index, which indicates the average 

duration of the sustained outages that customers experience in a given year (usually 

reported as minutes per interruption).170 

These indices are mathematically related, as follows: 

𝑆𝑆𝐴𝐴𝐼𝐼𝐷𝐷𝐼𝐼 =  𝐶𝐶𝐴𝐴𝐼𝐼𝐷𝐷𝐼𝐼 ⋅ 𝑆𝑆𝐴𝐴𝐼𝐼𝑆𝑆𝐼𝐼 

 

 
169  The ICE Calculator: https://icecalculator.com. 
170  In the context of these definitions, a “sustained” outage is an interruption in service of at least five minutes 
duration.  Briefer interruptions are considered “momentary” outages. 

https://icecalculator.com/
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The California Public Utilities Commission (CPUC) requires each Investor-Owned Utility (IOU) in 

California to maintain and regularly publish data on these indices.  The availability of this 

information to characterize current conditions facilitates application of the ICE Calculator in 

evaluating the benefits of EPIC grants that encourage the development, deployment, and 

commercialization of technologies that reduce the frequency and/or duration of sustained 

power outages.  The ICE Calculator can be used to evaluate the benefits of individual projects 

or larger portfolios of projects, provided data on grid reliability and customer demographics 

are available at the appropriate scale of analysis. 

While the ICE Calculator is well-designed for its intended purpose, it is not without limitations.  

Most importantly: 

• The ICE Calculator is designed to evaluate the benefits of improvements in reliability 

that reduce the frequency and/or duration of outages of up to 16 hours duration.  It 

cannot be used to analyze the benefits of reducing the frequency and/or duration of 

outages of greater duration. 

• The ICE Calculator forecasts estimated benefits from a grid reliability improvement 

over the anticipated lifetime of the improvement.  The estimates of annual benefits are 

generally based on values that are assumed to remain constant over the period 

analyzed.  To the extent these values vary, the annual estimates may over- or 

understate the actual benefits of the improvement.171 

• Similarly, the ICE Calculator draws on national or state-level economic data to estimate 

the benefits of improvements in grid reliability.  To the extent that conditions in the 

area served by the grid reliability improvement differ from these state or national 

averages, the benefits estimates may over- or understate the actual benefits of the 

improvement. 

For those unfamiliar with the ICE Calculator, IEc has developed a detailed tutorial, which is 

available as an HTML file and attached to this documentation. Also attached is a brief guide to 

sources of information on grid reliability, including the annual reports that IOUs submit to the 

CPUC.  Those interested in detailed information on grid reliability data for California IOUs 

should consult CPUC’s website.172  Those interested in additional information on the methods 

and data employed by the ICE Calculator should the ICE Calculator website.173 

The Grid Reliability Benefits Tool 

Overview 

The GRB tool includes several worksheets (summarized in Table A-15): 

2. The Readme worksheet (white tab) describes the organization of the tool, 

with a link to the ICE Calculator website and hyperlinks to the worksheets 

that follow; 

 
171  The grid reliability indices are the exception to the assumption that annual values will remain constant over the 
anticipated lifetime of the improvement. The ICE Calculator can accept a time series of grid reliability index values 
that varies year to year. 

172  Annual electric system reliability reports: https://www.cpuc.ca.gov/General.aspx?id=4529. 
173  See: https://icecalculator.com/documentation. 

https://www.cpuc.ca.gov/General.aspx?id=4529
https://icecalculator.com/documentation
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3. The Inputs worksheets (light blue tabs) capture inputs required to assess the 

benefits of an improvement in grid reliability.  The inputs worksheets include 

the Pre-Analysis worksheet, which guides the user through the data entry 

process for most of the inputs to the analysis; the Reliability worksheet, 

which allows the user to specify time series of grid reliability values (both 

with and without the improvement in service) that vary from year to year; 

and the ICE worksheet, which organizes the inputs to the analysis and guides 

the user through the process of entering these inputs into the ICE Calculator. 

4. The Benefits worksheet (blue tab) guides the user through the process of 

downloading the results of the analysis from the ICE Calculator and entering 

them into the workbook.  It also allows the user to adjust the dollar-year in 

which benefit values are reported. 

5. The CPI worksheet (dark gray tab) stores the Consumer Price Index values 

that the GRB tool employs to inflate or deflate benefits estimates to the 

dollar-year the user specifies. 

A more detailed description of each worksheet is provided below. 

Table A-15:  Worksheet Types 

Type (Color) Worksheet Description 

Readme (White) Readme • Describes the organization of the GRB tool, with 
hyperlinks to each worksheet and a link to the ICE 
Calculator website. 

Inputs (Light Blue) Pre-
Analysis 

• Guides the user through the data entry process 
for most of the inputs the ICE Calculator employs.  For 
reference, also displays the default values the ICE 
Calculator relies upon in the absence of project-specific 
data. 

Reliability • Allows the user to specify time series of grid 
reliability values (SAIDI, SAIFI, and CAIDI, both with and 
without the improvement in service) that vary from year 
to year. 

ICE • Organizes the inputs to the analysis and guides 
the user through the process of entering these inputs 
into the ICE Calculator. 

Benefits (Blue) Benefits • Guides the user through the process of 
downloading the results of a benefits analysis from the 
ICE Calculator and entering them into the workbook.  
Also allows the user to adjust the dollar-year in which 
benefit values are reported. 

References (Dark 
Grey) 

CPI • Contains the data series and source information 
for the Consumer Price Index for All Urban Customers 
(CPI-U).  The GRB tool uses the CPI-U to adjust monetary 
values from the ICE Calculator to an alternative year if 
one is specified in the Benefits worksheet. 
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Pre-Analysis Worksheet 

The Pre-Analysis worksheet of the GRB Excel tool guides the user through the data entry 

process for the principal inputs to the benefits analysis.  We anticipate that most of the data 

required will be provided by grant applicants or grantees; in some cases, however, Commission 

analysts may wish to obtain some of the data required directly from other sources.  The Pre-

Analysis worksheet contains three sections: 

• Main Model Inputs. The Main Model Inputs section focuses on the inputs required by 

the ICE Calculator to estimate the benefits of an improvement in grid resiliency.  Table 

A-16 summarizes these inputs.  Note that in some cases the ICE Calculator provides 

guidance on accepted input ranges (e.g., the number of customers affected must be less 

than 10 million).  As a reminder, these constraints are repeated in the Pre-Analysis 

worksheet.  In addition, the ICE Calculator provides default values for a variety of 

inputs.  For the user’s convenience, Columns H and I of the Pre-Analysis worksheet 

display these default values. 

Table A-16:  ICE Calculator Required Inputs 

Input Description 

State State benefitting from the improvement (California) 

Number of customers 
(non-residential, 
residential) 

Number of non-residential (i.e., Commercial & Industrial) and 
residential customers affected by the improvement 

Initial year Year in which the benefits from the project begin 

Expected lifetime of 
improvement 

Number of years the grid reliability improvements are anticipated 
to last 

Annual inflation rate Annual inflation rate used by the ICE Calculator to forecast 
benefits1 

Discount rate Annual discount rate used by the ICE Calculator to calculate the 
present value of benefits2 

Baseline reliability 
values 

Two of SAIFI, SAIDI, or CAIDI; expected reliability values over the 
project’s expected lifetime without the improvement in grid 
reliability 

Expected reliability 
values 

Two of SAIFI, SAIDI, or CAIDI; expected reliability values over the 
project’s expected lifetime with the improvement in grid 
reliability 

1 For consistency with other EPIC benefits estimation tools, the annual inflation rate should 
be set to 0 percent.  This will require the user to override the ICE Calculator’s default value 
(2 percent). 

2 For consistency with other EPIC benefits estimation tools, the annual discount rate should 
be set to 3 percent or 7 percent. This will require the user to override the ICE Calculator’s 
default value (6 percent). 

 

• Common Model Adjustments (Optional).  If desired, users can develop a more refined 

estimate of the benefits of improved reliability by specifying values for several 

additional parameters, which are summarized in Table A-17. As with the Main Model 
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Inputs, the Excel tool provides guidance on acceptable ranges of values for the ICE 

Calculator. 

Table A-17:  Common Model Adjustments (Optional) 

Optional Input Description 

Number of Commercial & 
Industrial (C&I) customers 

The breakdown of non-residential (i.e., C&I) customers into 
small versus medium/large C&I customers: 

Small C&I customers consume less than or equal to 50 
MWh/year.  
Medium/large C&I customers consume greater than 50 
MWh/year. 

Annual Usage Average annual electricity usage for residential, small C&I, and 
medium/large C&I customers (MWh/year).  

Industry Percentage Percent of the number of small C&I customers and large C&I 
customers in each of the following industries:  

Construction, 
Manufacturing, and 
All Other Industries. 

 

• Additional Model Adjustments (Optional).  In addition to the more common 

adjustments specified above, Section 3 of the Pre-Analysis worksheet addresses other 

optional inputs supported by the ICE Calculator. Table A-18 summarizes these inputs.  

They include adjustments to the default values for residential household income, the 

timing of power interruptions, and the percentage of C&I customers that are equipped 

with some form of backup generation or power conditioning equipment. 

Table A-18:  Additional Model Adjustments (Optional) 

Optional Input Description 

Residential household 
income 

Average household income of residential customers benefitting 
from the improvement.  The ICE Calculator’s current default 
value for California is $56,862 per household per year. 

Timing of power 
interruptions 

Percentage of power interruptions (i.e., outages) that occur 
during each of the following periods:  

Morning (6am – 12pm), 
Afternoon (12pm – 5pm), 
Evening (5pm – 10pm), and 
Night (10pm – 6am). 

Percentage of power interruptions (i.e., outages) that occur 
during the Summer (June through September) compared to 
other times of the year. 

Backup generation Percentage of the number of small C&I and medium/large C&I 
customers that fall within the following categories:  

No or Unknown Backup Equipment 
Backup Generation or Power Conditioning 
Backup Generation and Power Conditioning.  
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Reliability Worksheet 

To estimate the benefits of an improvement in grid reliability, the ICE Calculator compares the 

cost of the interruptions expected to occur in the absence of the improvement (without 

improvement) to the cost of the interruptions expected to occur if the improvement is 

implemented (with improvement).  The ICE Calculator estimates these costs on an annual basis 

over the improvement's anticipated life.  In some cases, the reliability index values (e.g., 

frequency and/or duration of service interruptions) may be expected to vary over the 

anticipated lifetime of the improvement.  This might be the case, for example, if reliability is 

expected to deteriorate over time (either with or without the improvement). 

The Reliability worksheet of the Excel tool can be used to prepare yearly reliability index values 

that vary year to year.  Since the three reliability indices (SAIDI, SAIFI, and CAIDI) are 

mathematically related, values for only two of the three indices should be provided for this 

worksheet; the value of the third will be derived from the values specified for the two other 

indices. 

ICE Worksheet 

The ICE worksheet of the Excel tool organizes the project information entered on the Pre-

Analysis worksheet and guides the user through the process of entering these inputs into the 

ICE Calculator.  The ICE worksheet has four sections, corresponding to different steps in the 

workflow for the ICE Calculator:174 

• Model Setup walks through the basic steps of setting up a model in the ICE Calculator. 

• Initial Model Run provides detailed instructions on how and where to enter the main 

model inputs into the ICE Calculator.  This section also describes how to run the model 

after entering the main model inputs. 

• Initial Model Results describes the layout of the model results section. 

• Optional Adjustments provides detailed instructions on how and where to enter the 

optional inputs from Sections 2 and 3 of the Pre-Analysis worksheet into the ICE 

Calculator following the initial model run.175 

Note that: 

• Sections 1 – 4 of the ICE worksheet in the Excel tool display values entered in the Pre-

Analysis worksheet (light grey).  If no values were specified in the Pre-Analysis 

worksheet, the worksheet displays the ICE Calculator default values (light purple).  To 

change the values displayed on the ICE worksheet, return to the Pre-Analysis worksheet. 

 
174  Refer to ICE Calculator Tutorial of this user guide for more information on the workflow for the ICE Calculator. 
175  The order of optional inputs in Section 4 of the ICE worksheet differs from that in Sections 2 and 3 of the Pre-
Analysis worksheet.  The order of optional inputs in Section 4 of the ICE worksheet follows that in the ICE Calculator 
after the initial model run. For more information on optional inputs to the ICE Calculator, refer to ICE Calculator 
Tutorial of this documentation. 
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• Changing input values in the ICE worksheet will not update results in the ICE 

Calculator.  The two tools are not electronically linked. 

Benefits Worksheet 

The Benefits worksheet (blue tab) guides the user through the process of downloading the 

results of the analysis from the ICE Calculator and entering them into the Excel workbook.  It 

also allows the user to adjust the dollar-year in which benefit values are reported.  The Benefits 

worksheet contains two sections: 

• Project Info summarizes key project information on the following project parameters: 

a. Project Name.  The name of the project or grant examined in the 

benefits analysis, as specified by the user. 

b. Initial Year and Project Lifetime.  The first year in which the 

improvement in grid reliability is expected to be realized, and the 

expected life of the improvement (in years). 

c. Conversion Year.  The dollar-year to which benefits values are to be 

adjusted.  The ICE Calculator reports projected annual benefits and 

the present value of benefits in the dollar value of the initial project 

year.  To convert the monetary value of benefits to a different year, 

the user should select that year from the dropdown menu in the 

worksheet.  This will adjust the dollar value of results to the 

“conversion year” specified.  For more information, refer to the CPI 

Worksheet section of this document. 

• Model Results guides the user through the process of downloading the results of the 

analysis from the ICE Calculator and entering them into the Excel workbook.  This 

section of the Benefits worksheet includes four tables: 

a. Table 1 is designed to capture the estimated distribution of benefits by customer 

category (residential, small C&I, and medium/large C&I). 

i. These values can be copied and pasted directly from the ICE Calculator. 

Alternatively, an Excel file of results can be downloaded from the ICE 

Calculator.  The results can then be copied and pasted from the results 

file. 

ii. Table 1 provides separate columns to enter the results from the ICE 

Calculator for analyses conducted using discount rates of 3 percent and 7 

percent.  This functionality is provided so that the results are comparable 

to those of the other EPIC tools. 

 Table 2 shows the values entered in Table 1 adjusted to the dollar values of 

the conversion year, if a conversion year was selected in the Project Info 

section of the Benefits worksheet.  Pie charts summarize the distribution of 

these benefits for analyses conducted using 3 percent and 7 percent 

discount rates. 
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 Table 3 shows the mean present value of benefits per customer in each 

sector (residential, small C&I, and medium/large C&I).  Pie charts summarize 

the distribution of these benefits for analyses conducted using 3 percent 

and 7 percent discount rates. 

 Table 4 is designed to capture the ICE Calculator’s projection of annual 

interruption costs with and without the improvement in grid reliability, and 

the resulting estimate of annual project benefits. 

CPI Worksheet 

The CPI worksheet holds historical and projected values for the Consumer Price Index for All 

Urban Consumers (CPI-U), which the GRB employs to adjust benefits values to a base (i.e., 

conversion) year specified by the user.176  If the user does not specify a base year, the tool 

leaves the benefits in the dollar-year reported by the ICE Calculator. 

To adjust dollar values from the year in which the data was reported to a different (base, or 

conversion) year, the GRB tool uses the ratio of the annual CPI-U for the conversion year 

(𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎) to the annual CPI-U for the data year (𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎), which is given by 𝐶𝐶𝑃𝑃𝐼𝐼𝑅𝑅𝑎𝑎𝑡𝑡𝑖𝑖𝑡𝑡 =
 𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎/𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎.  The tool adjusts monetary values by multiplying the monetary value from the 

data year by the CPI ratio: 

𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎 =  𝐶𝐶𝑃𝑃𝐼𝐼𝑅𝑅𝑎𝑎𝑡𝑡𝑖𝑖𝑡𝑡 ⋅ 𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐵𝐵𝐷𝐷𝐵𝐵 

⋅ 𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎  

 
176 The data series for annual CPI-U was provided by the Commission for use in the GRB Excel tool and does not need to 
be updated.  Values for the annual CPI-U up to 2018 are actual values, published by the U.S. Bureau of Labor Statistics 
(BLS).  Values beyond 2018 are forecasted values.  This data series is located on the CPI reference worksheet in the 
Excel tool. 
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ICE Calculator Tutorial 

Overview 

This is a tutorial explaining how to estimate the benefits of grid reliability improvements using 
the U.S. Department of Energy’s Interruption Cost Estimate (ICE) Calculator. 

The ICE Calculator 

The Interruption Cost Estimate (ICE) Calculator is a freely available online tool developed by 
Lawrence Berkeley National Laboratory and Nexant, Inc. for the U.S. Department of Energy’s 
Office of Electricity Delivery and Energy Reliability. The tool is designed for electric reliability 
planners at utilities, government organizations, and other entities that are interested in 
estimating interruption costs and/or the benefits associated with reliability improvements in the 
United States. 

Grid Reliability 

The ICE Calculator uses three interrelated indices to quantify system reliability: The System 

Average Interruption Duration Index (SAIDI), the System Average Interruption Frequency Index 

(SAIFI), and the Customer Average Interruption Duration Index (CAIDI).  

• SAIDI (System Average Interruption Duration Index) 

h. measures the total annual duration of interruptions for a typical customer 

i. has units of time (usually reported as minutes) 

• SAIFI (System Average Interruption Frequency Index) 

j. measures the average number of interruptions in a year for a typical customer 

(i.e., the total number of interruptions a typical customer experiences in a year) 

k. has units of frequency (number of interruptions per customer) 

• CAIDI (Customer Average Interruption Duration Index) 

l. measures the average duration of a typical interruption for a typical customer 

(i.e., the average length of time that a typical customer’s outage lasts) 

m. has units of time per interruption (usually reported as minutes) 

These metrics are related as follows: 

CAIDI = SAIDI/SAIFI 

CPUC requires that utilities maintain data on SAIDI and SAIFI for each circuit (serving roughly 

2,000 customers) and make it available to any interested person on request. CPUC publishes 

annual electric system reliability reports for each of California’s investor-owned utilities that 

feature these indices prominently. 

  

https://icecalculator.com/home/
https://www.cpuc.ca.gov/General.aspx?id=4965
https://www.cpuc.ca.gov/General.aspx?id=4529
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Model Inputs 

The ICE Calculator is broadly applicable to any project that improves grid reliability, since it 

bases its benefit estimates on the effect a project has on the indices discussed above and on 

data about the affected population of customers, rather than on any characteristics of the 

project itself. 

Required Inputs 

The ICE Calculator requires a relatively small set of user inputs. Users are required to enter data 

on the following factors to calculate the value of a grid reliability improvement: 

• State (e.g., California) 

• Number of non-residential customers affected by the improvement 

• Number of residential customers affected by the improvement 

• Initial year of improvement (i.e., the initial year the improvement goes into effect) 

• Expected lifetime of improvement 

• Expected annual inflation rate 

• Discount rate 

• Reliability values: 

n. Initial reliability values without improvement: two of SAIFI, SAIDI, or CAIDI 

o. Expected reliability values with improvement: two of SAIFI, SAIDI, or CAIDI 

To facilitate data entry, the ICE Calculator interface provides guidance on accepted input ranges 

(e.g., the number of customers affected must be less than 10 million). Based on these factors, 

the ICE Calculator provides an initial estimate of the project’s total discounted benefits and an 

estimate of annualized annual benefits over the life of the project. This is covered further in the 

section on initial model inputs. 

Optional Inputs 

If desired, users can develop a more refined estimate of the benefits of improved reliability by 

specifying values for several additional parameters: 

• Number of small versus medium/large commercial and industrial (C&I) customers 

• Annual average electricity usage for residential, small C&I, and/or medium/large C&I 

customers 

• Residential household income 

• Distribution of power outages by time of day (morning, afternoon, evening, and night) 

and time of year (summer vs. non-summer) 

• Industry breakdown for small C&I and/or medium/large C&I customers 

• Type of backup generation and/or power conditioning for small C&I and/or 

medium/large C&I customers 
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Here too, the Calculator provides guidance on acceptable ranges of values. If estimates of these 

values are unavailable, the calculator employs default values. This is covered further under 

Optional Adjustments. 

1. Model Setup 

1.1. Access the ICE Calculator 

In your internet browser, navigate to the ICE Calculator at https://icecalculator.com/: 

 

1.2. Log In/Create an Account 

We recommend you create a free account with the ICE Calculator so that you can save your 

models and access them at a later date. To log into an existing account or to create an account, 

choose “Login” on the right of the main menu bar: 

 

If you do not yet have an account, choose “Login” on the right of the main menu bar and then 

choose the “New Account” option: 

https://icecalculator.com/
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You will need to enter a first and last name, an email, an organization, and a password. You will 

need to enter your new password twice to confirm it. When you have filled in this information, 

click “Create Account.” You will then be presented with following screen: 

 
You will receive an email requiring you to confirm your account, which you can do by following 

the link in the email or by verifying from the ICE Calculator homepage. 

Follow the link in the email and enter your verification code. 

If your organization has a firewall, you may not be allowed to click on the link in the email to 

confirm your account. In this case: 

• Navigate to the ICE Calculator homepage. 

• Follow the instructions for logging into an existing account. 

• After you log in for the first time, you will be asked to enter the verification code your 

received in the email. Enter the code you received. 

• After entering the code a “Verify Account” button will appear in the upper right 

corner. Click on this button to verify your account. 

Once your account has been created, return to the home screen and follow the instructions for 

logging into an existing account. 

Once your account has been created and verified, choose “Login” on the right of the main menu 

bar and use the “Existing Account” option to log in with the email and password associated 

with your account: 

https://icecalculator.com/
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1.3. Choose Model Type 

To select a model type, click on the “Home” button in the upper left corner of the main menu 

bar. This will navigate you to the page where you can select a model type: choose “Estimate 

Value of Reliability Improvement” to estimate the value associated with a given reliability 

improvement. 

 
 

2. Initial Model Run 

2.1. Select a State 

A new dialog box, “Select States,” will appear: 

 
Clicking in the “Select a State” field will open a drop-down menu with a list of the 50 states. 

Choose “California”: 
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After choosing “California” from the drop-down menu, click “Next” to continue to the next 

section. 

 
2.2. Number of Customers 

Under “Number of Customers,” you are asked to specify the number of Non-Residential and 

Residential customers in the service area affected by the reliability improvement. 

 
When you have finished entering the number of each type of customers into its corresponding 

field, click “Next.” 
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2.3. Investment Information 

Next, under “Investment Information” you are asked to provide values for investment-related 

parameters. The dialog box is shown with default values, below. Note: There is no default for 

“Expected Lifetime of Improvement”.  

 
After entering those values in their corresponding fields, click “Next.” 

Note: You will also be able to revise or update these investment values after the initial model 

run. 

2.4. Initial Reliability Values 

Under “Enter Initial Reliability Values,” you are asked to provide values for any two of the three 

reliability index values (SAIFI, SAIDI, and CAIDI) for two scenarios: 1. without the improvement 

in system reliability and 2. with the improvement. These are the average values for the 

reliability indices over the expected lifetime of the improvement you are analyzing. The figure 

below shows the dialog box for the reliability values. Note: There are no default values for any 

of the indices. 
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You only need to enter values for two of the three indices; the third will be calculated from the 

two you enter. The entered values will be shown in black and the calculated value will be shown 

in grey. 

After entering these values, click “Next.” 

 
2.5. Expected SAIFI,  CAIDI, & SAIDI 

Clicking “Next” in the previous step opens a section called “Expected SAIFI, CAIDI, and SAIDI.” 

This section allows you to view or change the expected values for SAIFI, CAIDI, and SAIDI. The 

charts (default view) shows the reliability indices plotted over the expected lifetime of the 

improvement. The table allows you to change or set the values for the reliability indices, year 

by year. Note: You can only change the yearly values in the table view. 

You may need to scroll down the page to view all of the charts or see all of the table. 

Charts View. The Charts View initially shows the values you entered in Initial Reliability 

Values. 

 

Table View. To switch from the Charts View to the Table View, toggle the Table Button in the 

upper left corner of the dialog box. The Table Button icon looks like a box or grid with four 

squares and is highlighted in red in the figure below. Note: The button icon turns grey when it 

is the currently active view. 
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The default for the ICE Calculator assumes that the values for SAIFI, SAIDI, and CAIDI, with and 

without improvement, are constant over the expected lifetime of the improvement, as seen in 

the Charts View above and shown in the table below: 

 

You can modify the assumption that the reliability indices are constant by replacing the 

uniform values in the table with SAIFI and SAIDI values that vary from year to year. Note: To 

modify inputs in this table, you must enter the values for SAIFI and SAIDI. CAIDI cannot be 

entered as an input to this table and will be calculated from the SAIFI and SAIDI values you 

enter. 

In the example shown below, the SAIFI value in the initial year was changed from 10 to 8 for the 

case without improvement: 
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Note: You will be able to revise or update the reliability index values after the initial model 

run. 

Switch Between Views. To switch back to the Charts View, toggle the Chart Button. The chart 

button is in the upper left corner of the dialog box and to the left of the Table Button. The 

Chart Button icon looks like a simplified bar chart and is highlighted in red in the figure below. 

Note: The icon for the Chart Button turns grey when it is the currently active view. 

 
 

2.6. Run the Model 

Scroll back through the previous sections and double-check the model inputs. When you are 

satisfied with the values, click the “Run the Model” button in the lower left corner of the 

“Expected SAIFI, CAIDI, and SAIFI” dialog box (highlighted in red, below).You will be able to 

adjust most of the model parameters after the initial model run.  
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3. Initial Model Results 

The figure below shows the view of the ICE Calculator model after the initial model run. 

 

3.1 Manage Model Results 

A toolbar containing options for managing the model exists at the top of the results window: 

 

The toolbar has the following options (from left to right): 

• Update Model Parameters 

• Create a New Model 
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• Create a Copy of This Model 

• Delete This Model 

• Download Excel 

• Save This Model 

 

3.1.1. Update Model Parameters 

The toolbar icon for “Update Model Parameters” looks like a gear and is highlighted below in 

red: 

 
Clicking on the “Update Model Parameters” button will open a menu of options, shown in the 

image below: 

 

Name/Rename the model. To name or rename the model with a descriptive title, choose the 

“Name” option from the drop-down menu, which will open a dialog box where you can enter a 

new model name (e.g., “ICE Example”). 

 

Then click “OK” to save the new model name or “Cancel” to discard the change. 

Additional Updates. Additional model adjustments/parameter update options are described in 

Optional Adjustments. 
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3.1.2. Create a New Model 

To create a new model, click on the “Create a new model” toolbar icon. This will take you back 

to the ICE Calculator homepage where you can enter the initial parameters for the new model 

(Steps 2.1 – 2.6). 

 
3.1.3. Create a Copy of This Model 

To create an exact copy of the currently selected model, click the “Create a copy of this model” 

icon in the toolbar: 

 

Clicking the “Create a copy of this model” icon will create a new tab in the same window with 

an exact copy of the model. 

3.1.4. Delete the Model 

To delete the currently selected model, choose the “Delete this model” icon from the toolbar. 

 
You will be asked to confirm that you want to delete the currently selected model. To delete the 

model, click “OK.” Otherwise, click “Cancel.” 
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3.1.5. Download Excel Results 

You can download the results (described below) as an Excel spreadsheet using the “Download 

Excel” toolbar icon, shown below: 

 

Clicking on this button will download the tabular data from the Distribution of Benefits 

section and from the Forecast of Benefits. These results are combined in a single file, which 

will be saved to the Downloads folder on your computer as “reliability.xlsx.” 

Notes: 

• The results spreadsheet (“reliability.xlsx”) does not contain any information about the 

model inputs. 

• You may want to wait to download the results until after you have finished making any 

optional adjustments to model inputs. 

3.1.6. Save the Model 

Click on the “Save Model” icon (far right of the main toolbar) to save the model so that you can 

reopen it at a later date. Note: To save the model, you must be logged into your user account. 

 

3.2. Distribution of Benefits 

The discounted benefits of the improvement in reliability are presented as a table and as a pie 

chart. As seen in the image below, these results show the distribution of the benefits across 

customer sectors. 
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The results for “Distribution of Benefits” show the values of the Forecast of Total Benefits, 

discounted to the project’s initial year using the discount rate you entered as initial investment 

information. 

You can download a spreadsheet with these results as described in 3.1.5. Download Excel 

Results. 

3.3. Forecast of Benefits 

The forecast of the annual benefits from the improvement is shown for each year of the 

project’s lifetime under “Forecast of Total Sustained Interruption Costs.” These results can be 

found by scrolling to the bottom of the page. 

 

The results are divided into two sections. On the left is a scrollable table with a forecast of 

sustained interruption costs with and without the improvement. The third column, “Total 

Benefit,” is simply the difference between these two scenarios. The charts to the right of the 

table show these forecasts graphically. Note: These values are not discounted back to the 

initial project year. 

You can download a spreadsheet with these results as described in 3.1.5. Download Excel 

Results. 
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4. Optional Adjustments 

Steps 4.1 – 4.8 provide instructions for optional adjustments to additional model parameters. 

You can make these adjustments to replace the ICE Calculator default values with values that 

better reflect conditions in the service area you are analyzing. 

There are generally two steps for each of the following model adjustments: 

1. Edit the parameter values 

2. Click “OK” to implement the changes and update model results or click “Cancel” to 

discard the changes. 

You can also exit any of the optional adjustments at any time by clicking outside of the dialog 

box, which will cause any changes you’ve made in the dialog box to be discarded. 

Note: The model results update to reflect your changes each time you click “OK” after 

editing model inputs. 

 

4.1. Investment Info 

Navigate to Update Model Parameters > Investment Info to update or revise the investment 

information used previously, such as the discount rate and expected lifetime of the 

improvement. This opens a dialog box, shown below, of the values for Initial Year of 

Improvement, Expected Lifetime of Improvement, Expected Annual Inflation Rate, and Discount 

Rate. The values shown in the dialog box are the values from the initial model run or most 

recent update. 

 

Enter any changes you wish to make, then click “OK” to update the model results or “Cancel” to 

discard the changes. Any changes will now be reflected in the model results. 

 

4.2. Reliability Index 

Navigate to Update Model Parameters > Reliability Index to update or revise the values for SAIFI, 

SAIDI, and CAIDI used in the analysis. This opens a dialog box with charts of the expected 

SAIDI, SAIFI, and CAIDI values used in the analysis. Note: You may need to zoom out to see 

the charts for all three indices. 
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To update the value for one of the years, single click on any point on the plot. This opens a 

dialog box that shows the values employed in the initial model run or most recent update. To 

revise these values, simply overwrite the displayed values with new values. 

The following example focuses on using the dialog box to change the SAIFI value for the fifth 

year of the example. In the example, single-clicking on the fifth-year value for the “Without 

Improvement” SAIFI series opened the dialog box shown below. The initial SAIFI value for the 

fifth year (i.e., 2023) was 10: 

 

And the number was changed to 7.5: 
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There are two additional things to consider before clicking “OK” on this dialog box: 1. Which 

index to keep constant and 2. Whether to extend the new value to the following years in the 

series (i.e., “Cascade value to following years”). 

• Index to keep constant: When editing a SAIFI value, you must specify whether to keep 

SAIDI or CAIDI constant. Since SAIFI is a function of both CAIDI and SAIDI, one of 

either CAIDI or SAIDI must change when SAIFI changes. In the example, CAIDI was the 

index chosen to keep constant. This means that changing the SAIFI value caused SAIDI 

to change but not CAIDI. Note: When editing SAIFI or SAIDI, CAIDI is the default 

index kept constant. When editing CAIDI, SAIDI is the default index kept constant. 

• Cascade value to following years: When this toggle button is turned on, the button 

next to that field will be orange (as in the image above). If the toggle is turned on, then 

your update will change the value for the selected year and all following years, unless 

you edit the “From” and “To” years in the fields below the toggle. To change the value 

for some (but not all) of the following years, leave the toggle button on and edit the 

“From” and “To” years. To change the value for the selected year only, turn off the 

toggle. 

To implement any changes you make, click “OK.” This will bring you back to the dialog box with 

the reliability charts. 

The image below shows SAIFI and SAIDI after implementing the example in the dialog box 

above (where SAIFI was changed from 10 to 7.5 for the year 2023, CAIDI was kept constant, and 

the value was cascaded to the remaining years). Notice that, since CAIDI was chosen as the 

value to keep constant, the example values for both SAIFI and SAIDI changed. If SAIDI was kept 

constant instead of CAIDI, the values for CAIDI would have changed. 
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If the cascade feature had been turned off in the example above, the update would have 

changed SAIFI and SAIDI values for only the selected year. The dialog box and plots for that 

case are shown below. 

The dialog box for the example with the “Cascade” feature turned off: 

 

The SAIFI and SAIDI for the example with the “Cascade” feature turned off: 



 

192 

 

The charts dialog box allows you to edit multiple points. Each time you single-click on a point 

in the charts view, a dialog box with the value for that series and year will open. You can edit 

the value in this view, then click “OK” to preview your changes in the charts view. Once you are 

back to the charts view, you can edit another point. 

Once you have finished editing the values, click “OK” at the bottom of the charts dialog box to 

update the model results or “Cancel” to discard the changes. Any changes will now be reflected 

in the model results. 

The “OK” button for the charts dialog box is below the chart for CAIDI. If you exit the charts 

dialog without clicking “OK,” your changes will be discarded. Note: You may need to zoom out 

to see the “OK” button. 

 

4.3. Number of Customers 

Use Update Model Parameters > # of Customers to update or revise the number of customers 

that are Small C&I customers, Medium/Large C&I customers, or Residential customers. This 

opens the dialog box shown below. The dialog box initially shows the values used in the most 

recent model run. 

 

Enter any changes you wish to make, then click “OK” to update the model results or “Cancel” to 

discard the changes. Any changes will now be reflected in the model results. 
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4.4. Annual Usage 

Use Update Model Parameters > Annual Usage to update or revise the values for average annual 

energy use in MWh for each customer type. This opens a dialog box with the ICE Calculator’s 

default values or the values from the most recent model run.  

 

Enter any changes you wish to make, then click “OK” to update the model results or “Cancel” to 

discard the changes. Any changes will now be reflected in the model results. 

4.5. Household Income 

Use Update Model Parameters > Household Income to update the value for the average annual 

household income for a typical residential customer in the service area. This opens a dialog box 

with the ICE Calculator’s default value or the value used in the most recent model run.  

 

Enter any changes you wish to make, then click “OK” to update the model results or “Cancel” to 

discard the changes. Any changes will now be reflected in the model results. 

4.6. Power Interruption 

Use Update Model Parameters > Power Interruption to specify the distribution of outages by 

time of day (Morning, Afternoon, Evening, and Night) and time of year (Summer or non-

summer). This opens a dialog box with the ICE Calculator’s default values or the values from 

the most recent model run.  
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Enter any changes you wish to make, then click “OK” to update the model results or “Cancel” to 

discard the changes. Any changes will now be reflected in the model results. 

 

4.7. Industry Percentage 

Use Update Model Parameters > Industry Percentage to update or revise the percentage of Small 

and Medium/Large C&I customers belonging to the Construction, Manufacturing, and All 

Other Industries categories. This opens the dialog box shown below, which shows the ICE 

Calculator default values or the values from the most recent model run.  

 

Enter any changes you wish to make, then click “OK” to update the model results or “Cancel” to 

discard the changes. Any changes will now be reflected in the model results. 

 

4.8. Backup Generation 

Use Update Model Parameters > Backup Generation to specify the backup generation (No or 

Unknown Backup Equipment, Backup Generation or Power Conditioning, or Backup 
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Generation and Power Conditioning) of Small and Medium/Large C&I customers. This will 

open the dialog box shown below with the ICE Calculator’s default values or the values from the 

most recent model run.  

 

Enter any changes you wish to make, then click “OK” to update the model results or “Cancel” to 

discard the changes. Any changes will now be reflected in the model results. 

 

5. Final Model Results 

If you have made any changes to the model parameters after the initial model run, return to 

Step 3: Initial Model Results to download your updated results. 

 

  



 

196 

Grid Reliability Indices 

Overview 

This document provides a brief guide to obtaining grid reliability data for use with the ICE 

Calculator.  This type of information is needed to estimate the benefits of grid reliability 

improvements. 

 

Data Availability 

The California Public Utilities Commission (CPUC) requires each Investor-Owned Utility (IOU) in 

California to publish an annual electric system reliability report.  CPUC provides the annual 

reports for each IOU on its website; the website currently includes annual reports dating back 

to 1996.177  The most recent annual reports are also published on the websites of the respective 

IOUs, including Pacific Gas & Electric (PG&E), San Diego Gas & Electric (SDG&E), and Southern 

California Edison (SCE).  Each annual report provides data on reliability indices for the 10 years 

prior to the date of publication, reported at the utility level and the utility district level. 

In addition to published data, CPUC requires that each IOU maintain data on power outages at 

the level of individual circuits and make this information available to any interested person on 

request.178  Each circuit serves roughly 2,000 customers; thus, applicants for EPIC grants, grant 

recipients, or Commission analysts may be able to obtain baseline data on grid reliability at a 

higher level of geographic resolution than is available in published reports.  Experience to date 

suggests that it is likely to take several weeks for an IOU to respond to requests for data at this 

level of specificity. 

 

Selection of Indices 

Users of grid reliability data should be aware that reliability indices are frequently calculated on 

a number of different bases.  For example, the annual reports filed by California’s largest IOUs 

may include: 

• Separate reliability indices for transmission networks, distribution networks, and 

transmission and distribution networks combined; 

• Indices that include or exclude planned outages; and 

• Indices that include or exclude Major Event Days (i.e., outages of unusually long 

duration, which are typically the result of storms or other events that are considered 

beyond a utility’s control). 

The appropriate set of reliability indices to employ in an analysis depends on the nature of the 

improvement under consideration.  Analysts should be aware of the differences noted above, 

select an index that incorporates the measures of reliability they consider relevant, and 

interpret the results of the analysis in a manner that is consistent with the indices employed. 

 
177  Annual electric system reliability reports: https://www.cpuc.ca.gov/General.aspx?id=4529. 
178 “Outages can be segmented by circuit and by district or division. Utilities should maintain information adequate to 
calculate reliability indices on these bases upon request” (CPUC Decision D 96-09-045, Appendix A, Page 3).  See: 
http://docs.cpuc.ca.gov/publishedDocs/published/FINAL_DECISION/5285.htm. 

https://www.cpuc.ca.gov/General.aspx?id=4529
http://docs.cpuc.ca.gov/publishedDocs/published/FINAL_DECISION/5285.htm
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Reduced Oil Imports 
 

Introduction 

Purpose of Tool 

This tool was developed by Industrial Economics, Inc. (IEc) under contract to the California 

Energy Commission (CEC) in 2019. It allows a user to measure the quantity and avoided costs of 

reduced oil imports into California, using publicly available oil import-export datasets. This tool 

assumes that oil imports include crude oil and refined petroleum products, such as gasoline 

fuel and diesel fuel.  

This tool does not address reduced oil imports associated with heating oil because buildings in 

California do not heat with heating oil. Oil-based, hydrocarbon gas liquids (e.g., natural gas and 

propane) are not included in this tool, but are examined as a separate benefit using a different 

tool (see “Reduced Natural Gas Imports: Method Documentation”). 

Limitations 

This tool measures the quantity and avoided costs of reduced oil imports to reflect the status 

of California reducing its reliance on other states and countries for oil. This tool is not intended 

to measure the implications to national security from reduced oil imports, or the net benefit to 

the economy of reducing oil imports as calculations do not consider the energy purchases or 

other costs associated with use of alternatives to crude oil and refined petroleum products. 

Additional benefits may be associated with reduced oil imports, such as reduced fuel use from 

the transport of gasoline fuel from refineries to gas stations. However, this methodology 

addresses only reduced oil imports from gasoline and diesel fuel savings directly accrued by 

EPIC projects and does not address the life-cycle impacts associated with the production and 

transport of these fuels. 

In addition, due to limited forecast data, this tool only measures the quantity and avoided cost 

of reduced oil imports from 2016 to 2018. As publicly available oil import-export datasets are 

updated, updates to the tool can be made annually.  

Calculation Methodology 

This tool measures reduced oil imports and the avoided import acquisition cost borne by 

refiners that is associated with gasoline and diesel fuel savings accrued from EPIC projects. The 

following steps detail how the tool arrives at reduced oil imports and avoided costs: 

• For the year(s) in which the benefit (e.g., number of avoided gallons of gasoline or 

diesel fuel) is accrued, the tool calculates the associated oil import rate, using the 

following formula: 

Crude oil import rate = [(Total quantity of oil supplied to CA) - (Total 
quantity of oil supplied by CA)] / (Total quantity of oil supplied to CA) 

• The tool then converts the gallons of gasoline/diesel avoided to barrels of oil: 

1. 1 barrel of oil = 20 gallons of gasoline 
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2. 1 barrel of oil = 11 gallons of diesel 

• For each year fuel savings are accrued, the tool multiplies the converted fuel quantity 

by the crude oil import rate (step a) for the associated year to arrive at reduced oil 

imports (as measured in barrels of oil). 

• For each year oil imports are reduced, the tool multiplies the reduced oil imports by 

the import acquisition cost borne by refiners for the associated year to arrive at 

avoided costs.  

• The tool then sums the reduced oil imports (as measured in barrels of oil) and avoided 

costs for all years oil imports are reduced.  

This methodology assumes the following: 

• All crude oil produced in California is used in California refineries and the state uses all 

the crude oil imported and does not export (as crude oil or as refinery products) any of 

the crude oil imported.  

• Reduced oil imports are limited to avoided crude oil imports by California refineries 

from other states or countries, due to the fact that California's stringent environmental 

rules mandate that gasoline sold within the state be produced according to strict 

formulas that reduce pollution.   

Data Sources 

The tools relies on data from the sources listed in the following table. These sources were 

selected as they are routinely updated to reflect current, annual trends in oil supply and costs. 

Variable Provider Notes 

Crude oil supply sources 
to California refineries 

California Energy 
Commission 

Data publicly available here: 
https://www.energy.ca.gov/almanac/petrol
eum_data/statistics/crude_oil_receipts.htm
l 

Avoided cost of crude oil 
U.S. Energy 
Information 
Administration 

Data publicly available here: 
https://www.eia.gov/analysis/ 

Quantity of gasoline and 
diesel fuel saved 

Applicant/grantee 
Reported gasoline and diesel fuel savings 
should be broken down by year in which 
the savings accrued  

Instructions for Updating 

This tool requires updating annually and only calculates reduced oil imports and its avoided 

cost from 2016 to 2018. Using the data sources above, the Commission would have to input the 

latest annual oil import and cost data into the gray references sheets to determine reduced oil 

imports and avoided costs for successive years. Assuming assumptions used in the calculation 

methodology hold true, reduced oil imports for successive years can be calculated using the 

same embedded formulas for previous years. 

https://www.energy.ca.gov/almanac/petroleum_data/statistics/crude_oil_receipts.html
https://www.energy.ca.gov/almanac/petroleum_data/statistics/crude_oil_receipts.html
https://www.energy.ca.gov/almanac/petroleum_data/statistics/crude_oil_receipts.html
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To ensure accurate measures, EPIC should conduct periodic reviews of key data sources to 

make sure that analytic assumptions continue to be reasonable (e.g., all crude oil produced in 

California is used in California refineries and all of California’s gasoline and diesel comes from 

California refineries). 

 

Reduced Natural Gas Imports 

Introduction 

Purpose of Tool 

This tool was developed by Industrial Economics, Inc. (IEc) under contract to the California 

Energy Commission (CEC) in 2019. It allows a user to measure the quantity and avoided costs of 

reduced natural gas imports into California, using publicly available natural gas import-export 

datasets. This tool assumes that natural gas imports includes all processed and unprocessed 

natural gas (including propane) used for energy generation (e.g., electricity, heating, and vehicle 

fuel). 

Limitations 

This tool measures the quantity and avoided costs of reduced natural gas imports to reflect the 

status of California reducing its reliance on other states and countries for natural gas. This tool 

is not intended to measure the implications to national security from reduced natural gas 

imports, or the net benefit to the economy of reducing natural gas imports as calculations do 

not consider the energy purchases or other costs associated with use of alternatives to natural 

gas products. 

Additional benefits may be associated with reduced natural gas imports, such as potential 

infrastructure impacts of avoided natural gas pipeline construction and maintenance. However, 

this tool only covers reduced natural gas imports from savings directly accrued by EPIC 

projects and does not address the life-cycle impacts associated with the production and 

transport of natural gas. 

In addition, for electricity savings, this methodology relies on the state’s general electricity mix 

and does not measure natural gas savings and associated reduced natural gas imports from 

location- and time- specific electricity mixes.  

Finally, due to limited forecast data, this tool only measures the quantity and avoided cost of 

reduced natural gas imports from 2016 to 2018. As publicly available natural gas import-export 

datasets are updated, updates to the tool can be made annually. 

Calculation Methodology 

This tool measures reduced natural gas imports and the avoided import costs associated with 

natural gas savings accrued from EPIC projects. The following steps detail how the tool arrives 

at reduced natural gas imports and associated avoided costs: 
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a. For the year(s) in which the natural gas saving is accrued (as reported by EPIC grantees), 

the tool calculates the associated natural gas import rate. The tool uses the following 

formula to determine the associated natural gas import rate: 

Natural gas import rate = (Total quantity of natural gas imported into CA) 

/ [(Total quantity of natural gas consumed by CA) + (Total quantity of 

natural gas exported from CA)] 

b. For each year natural gas savings are accrued, the tool then multiplies the natural gas 

import rate (step a) by the quantity of natural gas saved for the associated year to arrive 

at reduced natural gas imports. The quantity of natural gas saved will vary based on the 

savings mechanism: 

i. Natural gas savings from reduced electricity use 

ii. Natural gas savings from reduced heating use 

iii. Propane savings, typically, from reduced back-up generator use or rural 

electrification 

iv. Natural gas savings from reduced compressed natural gas vehicle fuel use 

c. For each year natural gas imports are reduced, the tool multiplies the reduced natural 
gas imports by the import price of natural gas for the associated year to arrive at 
avoided costs.  

d. The tool then sums the reduced natural gas imports and avoided costs for all years 
natural gas imports are reduced. 

Data Sources 

The tools relies on data from the sources listed in the following table. These sources were 

selected as they are routinely updated to reflect current, annual trends in natural gas supply 

and costs. 

Variable Provider Notes 

Quantity of natural gas 
imported into California 

U.S. Energy 
Information 
Administration 

Data publicly available here: 
https://www.eia.gov/dnav/ng/ng_move_ist
_a2dcu_SCA_a.htm 

Total quantity of natural 
gas consumed in 
California 

U.S. Energy 
Information 
Administration 

Data publicly available here: 
https://www.eia.gov/dnav/ng/NG_SUM_LSU
M_A_EPG0_VC0_MMCF_A.htm 

Total quantity of natural 
gas exported from 
California 

U.S. Energy 
Information 
Administration 

Data publicly available here: 
https://www.eia.gov/dnav/ng/NG_MOVE_S
TATE_DCU_SCA_A.htm 

Avoided cost of natural 
gas 

U.S. Energy 
Information 
Administration 

Data publicly available here: 
https://www.eia.gov/dnav/ng/ng_pri_sum_
dcu_SCA_a.htm 

Average grid mix for the 
entire state by year 

California Energy 
Commission 

Data publicly available here:  

https://www.eia.gov/dnav/ng/ng_move_ist_a2dcu_SCA_a.htm
https://www.eia.gov/dnav/ng/ng_move_ist_a2dcu_SCA_a.htm
https://www.eia.gov/dnav/ng/NG_SUM_LSUM_A_EPG0_VC0_MMCF_A.htm
https://www.eia.gov/dnav/ng/NG_SUM_LSUM_A_EPG0_VC0_MMCF_A.htm
https://www.eia.gov/dnav/ng/NG_MOVE_STATE_DCU_SCA_A.htm
https://www.eia.gov/dnav/ng/NG_MOVE_STATE_DCU_SCA_A.htm
https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SCA_a.htm
https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SCA_a.htm
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https://www.energy.ca.gov/almanac/electri
city_data/total_system_power.html 
(Only for projects that result in electricity 
savings) 

Quantity of electricity, 
heating, back-up 
generator fuel, and 
avoided compressed 
natural gas vehicle fuel 
saved 

Applicant/grantee 
Reported savings should be broken down 
by year in which the savings accrued 

 

Instructions for Updating 

This tool requires updating annually and only calculates reduced natural gas imports and its 

avoided cost from 2016 to 2018. Using the data sources above, the Commission would have to 

input the latest annual natural gas import and cost data into the gray references sheets to 

determine reduced natural gas imports and avoided costs for successive years. Assuming 

assumptions used in the calculation methodology hold true, reduced natural gas imports for 

successive years can be calculated using the same embedded formulas for previous years. 

To ensure accurate measures, EPIC should conduct periodic reviews of key data sources to 

make sure that analytic assumptions continue to be reasonable. 

  

https://www.energy.ca.gov/almanac/electricity_data/total_system_power.html
https://www.energy.ca.gov/almanac/electricity_data/total_system_power.html
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Public Safety Benefits Calculator: Adapted FEMA Method 

Introduction 

Purpose of Calculator 

The Public Safety Benefits (PSB) Calculator was developed in 2020 by Industrial Economics, 

Incorporated (IEc) for the California Energy Commission (the Commission).  The calculator is an 

Excel tool designed to evaluate the benefits of Electric Program Investment Charge (EPIC) grants 

that reduce public safety risks by improving the level of critical public services that can be 

maintained during a power outage. The methods the tool employs are based on the U.S. Federal 

Emergency Management Agency's (FEMA) Benefit-Cost Analysis (BCA) methodology for 

estimating the benefits of hazard mitigation projects. These benefits are defined as future 

losses prevented or reduced by projects that sustain critical services. 

The PSB Calculator can be used to estimate the benefits of projects that support delivery of the 

following critical services: 

1. Hospital Services 

2. Emergency Medical Services (EMS) 

3. Fire Station Services 

4. Police Services 

5. Water Supply Services 

6. Wastewater Treatment Services 

7. Community Shelters 

8. Other Services (e.g., nursing homes). 

An example of such a project is the development of a microgrid that would allow a hospital to 

operate at a higher level of service during a power outage than it otherwise would.  The tool is 

designed to estimate the annual and present value of maintaining this higher level of service, 

based on costs avoided and lives saved. 

As described below, the PSB Calculator requires information on project characteristics (e.g., 

project lifetime) that the Commission should collect from grant applicants and from grant 

recipients in their mid-term and final reports. This information includes estimates of the level 

of each critical service that can be maintained during an outage, both before and after the grid 

improvement.  The tool also draws on standard values that the Commission may wish to 

update periodically.  The tool specifies these standard values and provides guidance to each 

associated source. 

A critical input to the PSB Calculator is specification of the outage scenario to be analyzed, as 

defined by two key variables:  the average number of outages experienced annually and the 

average duration of these outages.  Should they wish, Commission analysts can obtain values 

for these variables from the service reliability reports California’s investor-owned utilities 



 

203 

submit annually to the California Public Utilities Commission.179  Relying on average annual 

measures of service reliability will provide an estimate of expected public safety benefits 

assuming those conditions hold.  It is likely, however, that the investments the EPIC Program 

makes in improving the resilience of critical services will be motivated in part by the desire to 

mitigate the adverse consequences of unusual but extreme events; i.e., extended outages that 

might occur as a result of a natural disaster, a deliberate attack, or a decision to cut power to 

reduce the risk of wildfires.  Circumstances of this type are typically not captured in standard 

measures of service reliability.  The PSB Calculator is designed with this in mind, allowing the 

user to estimate the benefits of sustaining or enhancing the delivery of critical services under a 

broad range of assumptions about the frequency or duration of outages.  This flexibility 

supports analysis of multiple scenarios that may be important in characterizing the value of an 

investment given different assumptions about future conditions and the severity of low 

probability/high consequence events.  It can also be helpful in conducting breakeven analyses, 

indicating, for example, how frequently an outage of a given duration would need to occur in 

order for the benefits of a project to reach a given level. 

Use and Limitations 

The PSB Calculator is designed to estimate the benefits of reducing risks to public safety that 

arise when the delivery of a critical service is impaired during a power outage. The tool can be 

applied to evaluate the benefits of individual projects or larger portfolios of projects within a 

specific area (e.g., a county).  It estimates the benefits for a project of interest over the project’s 

expected lifetime. The annual benefits of the project reflect values that are assumed to remain 

constant over the period analyzed. 

The PSB Calculator uses different methods to estimate the benefits of maintaining or improving 

the delivery of each type of critical service. These methods require data on key metrics, such as 

annual fire incidence per capita and average property loss (in dollars) per fire.  Where possible, 

the Calculator employs state- or county-level data.  When data at this level of resolution is not 

available, the Calculator employs national averages. 

Methodology 

Overview 

The PSB Calculator estimates the benefits of supporting the delivery of critical services by 

adapting techniques employed in Version 5 of FEMA’s BCA methodology (FEMA, 2016).180 These 

benefits are defined as the future losses prevented or reduced by projects that sustain critical 

services during a power outage. IEc has in some cases adjusted the names of variables or made 

small adjustments to the approach for a critical service to better suit the Commission’s needs.  

The Calculator includes several types of worksheets (summarized in Table A-19): 

 
179  For information on standard measures of service reliability and associated reports, see the documentation on the 
Grid Reliability Benefits Calculator. 

180  U.S. Federal Emergency Management Agency (FEMA). 2016. Benefit-Cost Sustainment and Enhancements: Baseline 
Standard Economic Value Methodology Report. URL: 
https://www.caloes.ca.gov/RecoverySite/Documents/Benefit%20Cost%20Sustainment.pdf, Last Accessed: December 4, 
2019. 

https://www.caloes.ca.gov/RecoverySite/Documents/Benefit%20Cost%20Sustainment.pdf
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1. The Readme worksheet (white tab) provides an overview of the Calculator with 

hyperlinks to the worksheets that follow; 

2. The Benefits worksheet (blue tab) summarizes the benefits of the project with respect to 

each critical service it is designed to support; 

3. The Inputs worksheets (light blue tabs) capture inputs required to assess the benefits of 

the project. The main inputs worksheet (Inputs) captures general information on the 

project.  The inputs worksheet for each critical service captures information on the 

project that is required to evaluate impacts specifically related to that service (see Table 

A-20).  

4. The Reference worksheets (dark gray tabs) identify key sources of information and 

contain the standard values, standard equations, and default data that are used in the 

benefits calculations. 

Table A-19:  Worksheet Types 

Worksheet 

Type Color Description 

Readme White 
An overview of the Calculator with table of contents, 
including hyperlinks 

Benefits Blue 
Summarizes the benefits of the project with respect to each 
critical service it is designed to support 

Inputs Light Blue Capture inputs required to assess the benefits of the project 

References Dark Grey 
Identify key sources of information and contain the standard 
values, standard equations, and default data that are used in 
the benefits calculations 

 
The main Inputs worksheet contains four sections: 

• The User Inputs section captures information supplied by the user about the benefits 

calculations.   

• The General Project Information section captures information to be provided by the 

applicant/grantee on project timing (initial project year, anticipated project lifetime) 

and the type of area the project serves (urban, suburban, rural, or wilderness).  It also 

captures information to be specified by the user on the outage scenario to be analyzed 

(i.e., assumptions concerning the frequency of outages on an annual basis and the 

average duration of each outage). 

• The Critical Service Screening Questions section captures information provided by the 

applicant/grantee about which critical services benefit from the project. The answers to 

these questions determine which critical service inputs need to be filled out and the 

critical services to be included in the benefits calculations; 

• The Other Services Alternative Names section captures the names of other critical 

services a project may support, as specified by the applicant/grantee or user, for use in 

the Other Services worksheets and benefits summary. 
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Critical service input worksheets are named according to the associated critical service (see 

Table 28). The inputs table at the top of each critical service worksheet captures information 

provided by the applicant/grantee on that service. The Calculator uses these inputs to calculate 

the benefits of sustaining the service. Each critical service worksheet also contains tables 

organizing the standard values and equations used in the benefits calculations. 

The basic functionality of the Calculator is as follows: 

1. The tool calculates the losses attributable to a decline in the delivery of critical services 

during an outage under two conditions:  with and without the anticipated improvement 

in the delivery of critical services the project will support.  The benefit of the project is 

the difference between these two scenarios; i.e., the losses the project is expected to 

avoid. 

2. These calculations employ project-specific data gathered from the applicant/grantee 

and reference data that are embedded in the tool: 

Table A-20:  Input Worksheets 

Worksheet 

Name Critical Service Description 

Inputs General 
General project inputs, including user inputs, 
general project inputs, screening questions, 
other service names 

Hospitals Hospitals 
Hospital inputs, standard values and equations, 
and benefits calculations 

EMS EMS 
EMS inputs, standard values and equations, and 
benefits calculations 

Fire Fire Stations 
Fire services inputs, standard values and 
equations, and benefits calculations 

Police Police Services 
Police services inputs, standard values, and 
benefits calculations 

Water Water Supply 
Water supply inputs, standard values, and 
benefits calculations 

Wastewater Wastewater Treatment 
Wastewater treatment inputs, standard values, 
and benefits calculations 

Shelters Community Shelters 
Community shelter inputs and benefits 
calculations 

Other Services 
Other (Additional) 
Services 

Other services inputs and benefits calculations 

 

a. The information required from the applicant/grantee includes basic data on the 

project and an estimate of the level of each critical service likely to be maintained 

during an outage, both before and after the improvement. 
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b. The reference data embedded in the tool are values used in the calculation of 

benefits for each critical service; e.g., typical response time to structure fires, crime 

rates (by type), etc. The reference data also include monetary values, such as the 

costs associated with crimes of a specific type, which the Calculator employs to 

express benefits in economic terms.  The Calculator adjusts all monetary values 

from the data year to a base year specified by the user.181 

3. The Benefits summary tab presents the resulting estimates of total public safety 

benefits and benefits by critical service area.  The information provided includes 

estimates of annual benefits; benefits per day (i.e., assuming a 24-hour outage); benefits 

per outage (based on the average duration of each outage); and the present value of 

expected benefits over the life of the project, discounted to the project’s initial year. All 

benefits are shown in dollar values, adjusted to a user-specified base year. The present 

values of benefits are calculated applying both a three percent and a seven percent real 

annual discount rate. 

The benefits for each critical service are calculated as follows: 

• The benefit per outage is calculated as the product of the per diem critical service 

benefit and the average outage duration (as specified in the outage scenario to be 

analyzed); 

• The annual benefit is calculated as the product of the benefit per outage multiplied by 

the average number of outages per year (as specified in the outage scenario to be 

analyzed); 

• The present value is calculated as the sum of the annual benefit for the first year plus 

the present value of the stream of benefits over the project’s lifetime, discounted to the 

project’s initial year. 

The PSB Calculator includes data on historical values for the Consumer Price Index for All 

Urban Consumers (CPI-U) to allow model values to be adjusted to a year specified by the user. 

The default year is the most recent year in the price index time series (currently 2018).  If the 

user specifies a more recent year without first updating the time series, the model will adjust 

values to the most recent year for which index values are provided. 

As noted above, the PSB Calculator is based on methods documented in FEMA (2016).  The 

discussion that follows provides additional information on these methods with respect to 

specific services, including any differences between the approaches used in the Calculator and 

FEMA’s standard methods. 

Hospital Services 

The methodology for estimating the benefits of maintaining hospital services during an outage 

focuses on the delivery of emergency services.  The PSB Calculator is designed to estimate these 

 
181  Monetary values are adjusted by applying ratios that draw on values from the Consumer Price Index for All Urban 
Consumers (CPI-U). The Calculator includes annual CPI-U values from 1990 through 2018. These data were obtained 
from the 2019 data series CPI for All Urban Consumers (CPI-U). URL: https://data.bls.gov/timeseries/CUSR0000SA0, 
Last Accessed: February 19, 2020. 
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benefits for General Acute Care (GAC) hospitals/centers.182  The calculation of benefits is based 

on several assumptions: 

• In the event of an outage, the ability of a hospital’s emergency department (ED) to treat 

patients may be compromised, leading patients to be diverted to an alternative hospital 

(presumably one unaffected by the outage or able to maintain its operational capacity 

despite the outage). 

• Diverting ED patients to an alternative hospital imposes additional costs, in the form of:  

i. The cost of transporting patients from the hospital affected by the outage to the 

alternative hospital (i.e., sum of vehicle costs and employee costs); 

ii. The cost associated with an increase in waiting time at the alternative hospital due 

to the influx of patients from the hospital affected by the outage; 

iii. The cost of lives lost due to the delay in treating victims of acute myocardial 

infarctions (AMI, i.e., heart attacks) or unintentional injuries. 

The calculation of hospital service benefits requires information from the applicant/grantee on: 

• The number hospitals benefiting from the grid improvement; 

• The county in which these hospitals are located; 

• The levels of service maintained by these hospitals during an outage, both before and 

after the improvement in grid resilience; 

• The county in which alternative hospitals are located;183 

• The average distance from the hospitals benefiting from the grid improvement to an 

alternative hospital. 

Standard values used in calculating the benefits of maintaining hospital services include: 

• Average annual ED visits per capita;184 

• Percent increase in ED visits during a natural disaster;185 

• The average cost of vehicle travel per mile, the average number of employees (per trip) 

engaged in transporting a patient, and the cost of employee time;186 

 
182  California state law requires that a medical facility with “hospital” in its name be licensed as a GAC center. 
183  The county in which the hospitals affected by the grid improvement are located and the county in which the 
alternative service providers are located provide a basis for estimating the average number of patients served daily, 
drawing on data from the California Health and Human Services Open Data portal (CHHS, 2017). This information is 
described further in the Data Sources section of this document. 

184  The PSB Calculator employs the national average value specified in FEMA (2016) as the standard value for annual ED 
visits per capita. The value is originally from a 2011 study by the U.S. National Center for Health Statistics. 

185  The PSB Calculator employs the average value specified in FEMA (2016) as the standard value for the percent 
increase in ED visits during a natural disaster. The value is originally from Graffeo and Smith (2005). 

186  For the average cost of vehicle travel, the PSB Calculator employs the value specified in FEMA (2016), which is the 
2016 federal mileage reimbursement rate. For the average cost of employee time, the Calculator employs the value 
specified in FEMA (2016), which was derived based on 2016 data from the U.S. Department of Labor. 
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• Death rates per capita for AMI and unintentional injuries;187 

• The percentage increase in deaths from AMI and unintentional injuries due to an 

increase in distance to an emergency center;188 

• An estimate of the value of a statistical life (VSL).189 

The PSB Calculator estimates the losses attributable to the projected decline (if any) in the 

delivery of hospital services with and without an investment in improving grid resiliency.  The 

benefit of the investment is the difference between these two scenarios; i.e., the losses the 

investment is expected to avoid. 

The approach the PSB Calculator uses in estimating the benefits of maintaining hospital 

services differs from the methodology used by FEMA (2016) in one aspect:  the FEMA 

methodology assumes that all patients from the hospital affected by an outage would be 

diverted to an alternative hospital; i.e., that the affected hospital would take no patients. In 

contrast, the approach the PSB Calculator employs is flexible, allowing the user to specify the 

level of service the affected hospital would be able to maintain in the absence of an 

improvement in resiliency. 

Emergency Medical Services (EMS) 

The methodology for estimating the benefits of maintaining Emergency Medical Services (EMS) 

during an outage focuses on the benefits of reducing deaths attributable to cardiac arrest. The 

methodology is based on the assumption that a power outage will lead to an increase in 

response time; i.e., the time it takes between a person’s collapse from a cardiac arrest and the 

arrival of an EMS technician capable of providing CPR and defibrillation.  Any increase in 

response time reduces the probability that the person experiencing cardiac arrest will survive 

(i.e., increases their risk of death). 

The calculation of EMS benefits requires information from the applicant/grantee on: 

• The number of people served by the EMS provider(s) that would benefit from the 

project (i.e., the population within the EMS provider’s service area); 

• The percent increase in EMS response time during an outage, both before and after the 

improvement in grid resilience; and 

• The type of area the EMS provider serves.190 

The Calculator estimates the number of cardiac arrest deaths per day during an outage before 

and after the improvement as the product of the population of the service area, a standard 

 
187  The PSB Calculator employs the national average values specified in FEMA (2016) as the standard values for death 
rates per capita from AMI and unintentional injuries. These values are originally from a 2013 report by the U.S. 
National Center for Health Statistics. 

188 The PSB Calculator employs values from FEMA (2016) for the increase in death rates from AMI and unintentional 
injuries due to an increase in distance to an emergency treatment center. These values are originally from a 2005 
study by Buchmueller et al. 

189 FEMA (2016) recommends using a VSL of $4.7 million in 1997 U.S. dollars and adjusting to the base-year dollar value, 
rounding to the nearest hundred thousand dollars. The PSB Calculator follows this approach. 

190 The type of service areas must be identified as Urban, Suburban, Rural, or Wilderness. The designation affects the 
standard value employed to characterize EMS response time.  Note that the Calculator requires specification of this 
parameter in the Inputs worksheet, not the EMS worksheet.  This input also affects the standard values employed in 
calculating the benefits attributable to maintaining police services. 
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value for the daily rate of cardiac arrests per capita, and the probability that a cardiac arrest 

will be fatal.191  The difference between these two estimates represents the expected number of 

deaths averted by the improvement in EMS services, assuming a one-day outage.  The number 

of deaths averted is valued by applying the VSL estimate described above.  The Benefits 

worksheet summarizes these benefits on a per diem, per outage, and per annum basis and 

calculates the present value of anticipated benefits over the project’s life.  This approach is 

identical to the methodology used by FEMA (2016). 

Fire Services 

The methodology for estimating the benefits of maintaining fire services during an outage 

focuses on the benefits of avoiding deaths, injuries, and property losses attributable to 

structure fires.  The methodology is based on the assumption that a power outage will lead to 

an increase in response time, and that any such increase corresponds to an increase in fire 

damages. 

The calculation of fire services benefits requires information from the applicant/grantee on: 

• The number of people served by fire stations that would benefit from the project; and 

• The percent increase in response time to structure fires during an outage, both before 

and after the improvement in grid resilience. 

The Calculator estimates the change in response time to structure fires during an outage based 

on a standard response time value and the estimated percent increase in response time due to 

the outage (before and after the improvement).  The estimated response times during an outage 

are used to determine the probability of a no-loss fire incident; i.e., the probability that 

firefighters will respond to the fire quickly enough to prevent any calculable losses. The 

probability of a no-loss incident declines with an increase in response time.  Conversely, 

expected damages increase with an increase in response time.  Expected damages are calculated 

as follows: 

• Direct property losses from fires are first calculated on a per diem basis as the product 

of the population the affected fire station(s) serve(s), the daily incidence of structure 

fires per capita, the resulting expected number of structure fires per day, the 

probability that such fires will result in a loss, and the average direct property loss 

from a fire as a function of response time.192 

• Total property losses are calculated as the sum of direct and indirect property losses.193  

Indirect property losses per day during an outage are calculated using a standard ratio 

of indirect to direct property losses.194 

 
191 The PSB Calculator employs the national average specified in FEMA (2016) as the standard value for the daily rate of 
cardiac arrests per capita. 

192 The expected number of fires per day during an outage is calculated based on an estimate of annual fire incidence 
per capita and the number of people served by the fire stations that would benefit from the project.  The PSB 
Calculator employs the national average value specified in FEMA (2016) to characterize annual fire incidence per 
capita. 

193 Indirect property losses include costs of temporary housing, missed work, and lost business (FEMA, 2016). 
194 The PSB Calculator employs the ratio of indirect to direct property losses specified in FEMA (2016). This ratio is 
based on a study by Hall (2014). 
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• A per diem value for deaths and injuries attributable to structure fires is calculated 

using a standard estimate of the ratio of mortality and injury losses to total property 

losses.195 

• The sum of estimated property, mortality, and injury losses provides a total fire loss 

value. 

The Calculator estimates fire losses before and after the anticipated improvement in grid 

resiliency.  The difference between the estimates represents the benefit of the improvement, 

assuming a 24-hour outage.  The Benefits worksheet summarizes these benefits on a per diem, 

per outage, and per annum basis and calculates the present value of anticipated benefits over 

the project’s life. 

The approach the PSB Calculator uses to estimate the benefits of maintaining fire services 

differs from the methodology used by FEMA (2016) in one respect.  The FEMA methodology 

calculates the change in response time to a fire during an interruption in service as a function 

of the distance between the fire station affected by the interruption and the nearest unaffected 

station.  To simplify the data collection process for grant applicants and recipients, IEc 

modified this approach to employ instead a direct estimate of the potential change in response 

time in the event of an outage. 

Police Services 

The methodology for estimating the benefits of maintaining police services during an outage 

focuses on the value of avoiding an increase in crime.  The methodology reflects the 

assumption that if an outage impairs the effectiveness of the local police force, crime rates and 

the damages attributable to crime will increase.  The PSB Calculator estimates the benefits of 

avoiding or mitigating such an increase by measuring projected changes in the incidence of the 

following crimes:  burglary; automobile theft; larceny; robbery; murder; rape; and assault. 

The calculation of police service benefits requires information from the applicant/grantee on: 

• The number of people served by police stations that would benefit from the project; 

and 

• The levels of service maintained during an outage before and after the improvement. 196  

a. Values for levels of service are expressed as percentages (from 0 to 100 percent), 

reflecting an estimate of the police force’s effectiveness at preventing crime during 

an outage (both before and after the improvement) relative to its ability to prevent 

crime under normal conditions. 

b. The applicant/grantee should work with the local police force to obtain estimates 

of the relative level of service that can be maintained during an outage. 

 
195 The PSB Calculator employs the ratio of mortality and injury losses to total property losses specified in FEMA (2016).  
This ratio is based on a study by Hall (2014). 

196 The “level of service maintained during an outage” is intended to capture a police force’s best judgment on its ability 
to prevent crime during an outage, encapsulating changes in staffing, communication networks, road and lighting 
conditions, and any other relevant factors. 
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The PSB Calculator estimates the benefits of maintaining a higher level of police force 

effectiveness based on standard values for the following: 

• Average annual rates of burglary, auto theft, larceny, robbery, murder, rape, and assault 

per capita; 

• The estimated percentage increase in crime rates for each one percent decrease in force 

effectiveness;197 

• Estimates of the average cost attributable to each crime.198 

The Calculator estimates crime rates per capita per day by dividing the annual rates obtained 

from FEMA by 365.199  The Calculator then estimates the expected cost of crimes during a 24-

hour outage before and after the anticipated improvement in grid resiliency.  The difference 

between the estimates represents the benefit of the improvement, assuming a one-day outage.  

The Benefits worksheet summarizes these benefits on a per diem, per outage, and per annum 

basis and calculates the present value of anticipated benefits over the project’s life. 

The approach the PSB Calculator uses to estimate the benefits of maintaining police services 

differs from the methodology used by FEMA (2016) in one respect.  The FEMA methodology 

calculates changes in crime rates as a function of the size of the police force.  During a power 

outage, however, the effectiveness of the police force may be impaired, even if additional 

officers are deployed.  To provide a clearer assessment of the potential effects of an outage, IEc 

modified FEMA’s approach to employ instead a direct estimate of the impact of the outage on 

force effectiveness. 

Water Supply 

The methodology for estimating the benefits of maintaining water supply services during an 

outage considers the value of water in both economic and residential use.  The calculation of 

benefits requires information from the applicant/grantee on: 

• the number of people served by the water supply system that would benefit from the 

anticipated improvement in grid resiliency; and 

• the level of service the system would be able to maintain during an outage (before and 

after the improvement). 

The levels of service that can be maintained during an outage before and after the improvement 

are specified in percentage terms relative to the level of service provided under ordinary 

operating conditions.  These values can range from 0 to 100 percent. 

The PSB Calculator estimates the value of maintaining water service based on estimates of the 

cost of a loss of service, both to residences and to economic activity.200  These costs are 

 
197 The relationship between crime rates and force effectiveness is captured in standard estimates presented in FEMA 
(2016). These estimates are based on a study by Evans and Owens (2007). 

198 The PSB Calculator uses estimates of cost per crime presented in FEMA (2016). These estimates are based on a study 
by McCollister (2010).  

199 The rates are calculated from California-specific data and vary with the type of area benefiting from the 
improvement in police service (i.e., urban, suburban, or rural/wilderness). The source of the data is the U.S. FBI’s Crime 
in the United States report, which is described in the Data Sources section of this document (FBI, 2018). 

200 The tool uses the standard values for unit costs of loss of water supply from FEMA (2016), which are based on a 
study conducted by the Applied Technology Council in 1991. 
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expressed as daily losses per capita.  The costs attributable to a 24-hour outage are estimated 

as the product of the daily per capita loss, the population affected, and the anticipated level of 

service during an outage before and after the anticipated improvement in grid resiliency.  The 

difference between the estimates represents the benefit of the improvement, assuming a 24-

hour outage.  The Benefits worksheet summarizes these benefits on a per diem, per outage, and 

per annum basis and calculates the present value of anticipated benefits over the project’s life.  

The approach is identical to the methodology presented by FEMA (2016). 

Wastewater Treatment 

The methodology for estimating the benefits of maintaining wastewater treatment services 

during an outage considers the value of maintaining such services to economic activity.  The 

calculation of benefits requires information from the applicant/grantee on: 

• the number of people served by the wastewater treatment system that would benefit 

from the anticipated improvement in grid resiliency; and 

• the level of service the system would be able to maintain during an outage (before and 

after the improvement). 

The levels of service that can be maintained during an outage before and after the improvement 

are specified in percentage terms relative to the level of service provided under ordinary 

operating conditions.  These values can range from 0 to 100 percent. 

To value losses in wastewater treatment services, the PSB Calculator relies on a per capita 

estimate of the daily value of such services.201  The costs attributable to a 24-hour outage are 

estimated as the product of the daily per capita loss, the population affected, and the 

anticipated level of service during an outage before and after the anticipated improvement in 

grid resiliency.  The difference between the estimates represents the benefit of the 

improvement, assuming a 24-hour outage.  The Benefits worksheet summarizes these benefits 

on a per diem, per outage, and per annum basis and calculates the present value of anticipated 

benefits over the project’s life.  The approach is identical to the methodology presented by 

FEMA (2016). 

Community Shelters and Other (Additional) Services 

Some EPIC grants or grant applications may concern investments in resiliency that would be 

beneficial to public safety in ways that FEMA’s standard BCA methodology does not address.  

For example, a microgrid project might be designed to provide power to a school that would 

serve as a community shelter during an extended outage. 

The PSB Calculator allows the user to calculate the benefits of sustaining or enhancing the 

operations of community shelters and up to five other (additional) services.  To allow users to 

analyze benefits not included in the standard FEMA BCA methodology, the Calculator adapts 

FEMA’s methodology for water supply and wastewater services.  Specifically, the approach 

employed by the Calculator assumes that the benefits of the service can be valued on a per 

 
201 The tool uses the standard values for unit costs of a loss in wastewater treatment services from FEMA (2016), which 
are based on a study conducted by the Applied Technology Council in 1991. 
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capita basis.202  Based on this assumption, the calculation of benefits requires information from 

the applicant/grantee on: 

• The number of people who benefit from the service; 

• The level of service likely to be maintained during an outage without an improvement 

in grid resiliency;  

• The level of service expected to be maintained during an outage with the improvement 

in grid resiliency; and 

• The value of the service (dollars per capita per day) when operating at 100 percent 

service level. 

p. In the case of the community shelter example, the PSB Calculator provides a link 

to the U.S. General Service Administration’s maximum daily reimbursement rates 

for lodging, meals, and incidental expenses in cities or counties throughout the 

United States, and suggests the use of these values as a guide in estimating a per 

capita daily value for a community shelter.203   

q. The estimate of the value per capita per day for other services, when operating 

at 100 percent service level, could be provided by the applicant/grantee or 

developed by the Commission.   

The data described above will support development of an estimate of project benefits with 

respect to the service(s) of interest.  The PSB Calculator will estimate the costs attributable to a 

24-hour outage as the product of the daily per capita value of each service, the population 

affected, and the anticipated level of service during an outage before and after the anticipated 

improvement in grid resiliency.  The difference between the estimates will represent the benefit 

of the improvement, assuming a 24-hour outage.  As with other services, the Benefits worksheet 

will summarize these benefits on a per diem, per outage, and per annum basis and calculate the 

present value of anticipated benefits over the project’s life. 

Data Sources 

Standard Values and Equations from FEMA 

If FEMA updates its methodology for benefit-cost analysis of hazard mitigation grants, it may 

be necessary to update some of the standard values the PSB Calculator employs.  FEMA releases 

an updated version of its methodology about every five years; the most recent update was 

issued in 2016. If that release frequency continues, the next update would be issued in 2021. 

 
202 The Shelters worksheet provides a section for entering inputs for community shelters. The Other Services worksheet 
provides a section for entering inputs for other services. Both the aforementioned worksheets also organize standard 
values and benefits calculations for the respective critical services.  

203 These reimbursement rates are published annually by the U.S. General Services Administration (GSA) and can be 
found at https://www.gsa.gov/. As an upper limit on the per capita per day value of a community shelter, we suggest 
summing the minimum value for lodging and the minimum value for meals & incidentals for a given area. Note that 
values for lodging, meals and incidentals differ by zip code and are revised annually. The user may want to define an 
average value to use for all projects or request the applicant/grantee to obtain the information. 

https://www.gsa.gov/
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To update the standard values used in the PSB Calculator, the user should review the section of 

the FEMA documentation associated with each service. For each metric in the Standard Values 

table on the Std Values worksheet: 

• Note the data year for that metric and service in the new methodology. If the data year 

differs from the data year associated with that metric in the Standard Values table: 

 Update the value in the "Original Value" column to the new value; 

 Update the value in the "Data Year" column to the new data year; 

 Update the "Notes" in the "Notes" column. 

• Update the source information for the new FEMA methodology in the Sources 

worksheet. 

It is important to note that the user should not change the "Annual crime rates per capita" 

values shown in the Standard Values worksheet.  To update these values the user should 

instead navigate to the “Crime” worksheet and enter the new values there. 

To update the values for standard equations used in the PSB Calculator, the user should review 

the section of the FEMA documentation associated with each service. For each metric in the 

Standard Equations table on the Std Equations worksheet: 

• Note the data year for that metric and equation in the new methodology.  If the data 

year differs from the data year associated with that metric in the Standard Equations 

table of the worksheet: 

• Update the values in the "Intercept - Original Value" and "Slope - Original Value" 

columns to the new values; 

• Update the value in the "Data Year" column to the new data year; 

• Update the "Notes" in the "Notes" column and the page number in the Page Number 

column; 

• Update the "Source" in the "Source" column. 

• Update the source information for the new FEMA methodology in the Sources 

worksheet. 

Hospital Data- Emergency Department (ED) Visits 

The calculation of benefits for hospital services requires information about the number of 

Emergency Department (ED) visits per year. To reduce the data gathering burden for the 

applicant/grantee, the PSB Calculator includes data on annual ED visits published by California 

Health and Human Services (CHHS) through its Open Data portal. This dataset contains 

summary data on annual ED visits for California hospitals for the years 2013 through 2017 

(CHHS, 2017). The Calculator uses this table to automatically look up:  

• The average number of ED visits per day at hospitals benefiting from the improvement, 

based on the user’s designation of the location of the hospitals (i.e., the county in which 
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they are located, or the primary county benefiting from the improvement if hospitals in 

more than one county are affected); 

• The average number of ED visits per day at an alternative hospital to which emergency 

patients would be directed if the hospital benefiting from the grid improvement were 

unable to treat them.  This value is based on the user’s designation of the county in 

which the alternative hospital is located.  

Updating the ED Visits Data 

CHHS is likely to provide new data on ED visits on an annual basis.  To update the data in the 

PSB Calculator: 

• Locate the most recent CHHS data on ED visits available through the Open Data 

portal;204 

• Search for “Emergency Department Services Trends” and download the spreadsheet;  

• For each county, 

• Count the number of observations (some hospitals may have more than one entry), 

• Count the number of unique hospitals (GAC Centers), and 

• Sum the total number of emergency department visits for the county. 

Enter these values into the appropriate columns in the County-Level Hospital Data table on the 

ED Visits worksheet.  The worksheet will automatically update the values in the other columns. 

Crime Rates Data 

The calculation of the benefits of maintaining police services requires data on annual crime 

rates for burglary, auto theft, larceny, robbery, murder, rape, and assault. Following the 

example of FEMA (2016), the PSB Calculator uses crime data from the 2018 report on Crime in 

the United States (CIUS) published by the Federal Bureau of Investigation (FBI, 2018).205 The 

Calculator uses the data from Table 5 in CIUS (2018), which specifies the total incidence of each 

crime in California during 2017. Table 5 also estimates annual crime rates within three types of 

areas: 

• Metropolitan Statistical Areas (MSAs); 

• Cities outside MSAs; 

• Nonmetropolitan counties. 

The Calculator requires information from the applicant/grantee on the type of area benefiting 

from the anticipated improvement in grid resilience (Urban, Suburban, Rural, or Wilderness). 

These categories are mapped to the areas specified in CIUS (2018) as follows: 

• Area type “Urban” is mapped to crime area type “MSAs;” 

 
204 The CHHS Open Data portal can be found at https://data.chhs.ca.gov/dataset (Last Accessed: 2019.12.18). 
205 The FBI Crime in the United States (CIUS) annual reports can be found at https://ucr.fbi.gov/crime-in-the-u.s (Last 
Accessed: 2020.02.20). Note that each CIUS report presents crime rates for the preceding year (e.g., the 2018 CIUS 
report presents data on crimes in 2017).  

https://data.chhs.ca.gov/dataset
https://ucr.fbi.gov/crime-in-the-u.s
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• Area type “Suburban” is mapped to crime area type “Cities outside MSAs;” 

• Area type “Rural” and “Wilderness” are mapped to crime area type “Nonmetropolitan 

counties.” 

Updating the Crime Rates Data 

To update the crime rates data in the Crime worksheet: 

• Locate the most recent annual CIUS report published by the FBI; 

• Locate “Table 5: Totals by State,” download the Excel file, and navigate to the section for 

California; 

• Update the values for crime rates in the “Crime Rates for California (Original Data)” 

table (the second table on the Crime worksheet) using the data in "Table 5: Totals by 

State" from CIUS; 

• Use the new data in the “Crime Rates for California (Original Data)” table (second table 

on the Crime worksheet) to update the values in the “Crime Rates (California)” table 

(first table on the Crime worksheet); 

• Update the data descriptions in this worksheet and the data source listed in the Sources 

worksheet as needed. 

Consumer Price Index 

The Calculator includes data on historical and projected values for the Consumer Price Index 

for All Urban Consumers (CPI-U) to allow model values to be adjusted to a base year specified 

by the user. The tool uses 2018 as the default value for the base year, which is the most recent 

year for which the CPI-U in the data series is calculated from historical data. The tool uses the 

default base year to adjust prices if the user does not specify a year.  

To adjust dollar values from the year in which the data was reported to a base year, the 

Calculator uses the ratio of the annual CPI-U for the base year (𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎) to the annual CPI for the 

data year (𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎), which is given by: 

𝐶𝐶𝑃𝑃𝐼𝐼 𝐿𝐿𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇 =
𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

 

The tool adjusts monetary values by multiplying the monetary value from the data year by the 

CPI ratio: 

𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎 =
𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

⋅ 𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

Updating the Consumer Price Index 

The data series for annual CPI-U was provided by the Commission for use in this Calculator and 

does not need to be updated. Values for the annual CPI-U up to 2018 are actual values, 

published by the U.S. Bureau of Labor Statistics (BLS). Values beyond 2018 are forecasted 

values. This data series is located on the CPI reference worksheet in the Calculator. 

  



 

217 

Benefits that Accrue to the Electricity Sector 

System-Level Savings Calculator 

Introduction 

Purpose of Calculator 

The system-level savings calculator was developed by Emerald Energy Consulting and Industrial 

Economics, Inc. (IEc) under contract to the California Energy Commission (CEC). This tool is 

designed to calculate the system-level avoided costs from EPIC projects that reduce load; these 

include three broad categories of avoided costs: avoided energy procurement; peak load 

reduction benefits including avoided capital costs for developing new generation capacity; and 

avoided compliance costs (specifically, avoided cap and trade fees and avoided RPS).  

All demand-side resource programs in California must be analyzed in terms of cost-

effectiveness. The California Public Utilities Commission (CPUC) provides an Excel tool called 

the Avoided Cost Calculator (ACC) to break down avoided costs of hourly electricity 

generation.206 The benefit from load reduction is expressed as the avoided costs of meeting 

energy demand, including separate cost components such as energy generation or new 

capacity.207 

The ACC displays avoided costs for every hour of the year, as well as average monthly and 

hourly values, but it cannot estimate total costs for a hypothetical load reduction project or 

portfolio of such projects. To address the need to forecast potential system-level savings of the 

EPIC portfolio, IEc and Emerald Energy Consulting developed this calculator to estimate total 

savings based on the ACC data, using relatively simple inputs compared to the ACC.  

Our tool is customized to accept inputs on two broad types of projects: “event-based” and 

“sustained” load reduction: 

• Event-based load reduction occur sporadically, as needed; examples include demand 

response (DR), and vehicle-to-grid applications where vehicle batteries provide 

electricity to the grid during peak events.  

• Sustained load reduction occurs regularly; examples include energy efficiency upgrades 

and smart charging.   

Limitations 

This calculator does not use a fully customized schedule of load reduction in every hour of the 

day for a given year (8760 data points), which the ACC uses. Instead, to reduce burden on the 

user and to allow the user to estimate benefits without highly granular data, and to enhance 

usability and reduce the size of the model, this calculator has a simplified representation of 

load reduction, with one value for each hour-month pair. Because the calculator accepts less 

 
206 The ACC and its thorough documentation can be downloaded from this page: 
https://www.cpuc.ca.gov/General.aspx?id=5267 

207 https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy_-
_Electricity_and_Natural_Gas/CPUC_STANDARD_PRACTICE_MANUAL.pdf  

https://www.cpuc.ca.gov/General.aspx?id=5267
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy_-_Electricity_and_Natural_Gas/CPUC_STANDARD_PRACTICE_MANUAL.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy_-_Electricity_and_Natural_Gas/CPUC_STANDARD_PRACTICE_MANUAL.pdf
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granular inputs than the ACC, the results do not contain day-to-day variation in load reduction 

savings. 

The calculator also does not break down savings for each year in a multi-year period or break 

down discounted values for future year savings. 

Calculation Methodology 

As noted above, this calculator considers three broad categories of avoided costs from the ACC: 

avoided energy procurement; peak load reduction benefits including avoided capital costs for 

developing new generation capacity; and avoided compliance costs (specifically, avoided cap 

and trade fees and avoided RPS). See Table A-21 for details.  

One cost component from the ACC is excluded from our calculator: the GHG Adder. We do not 

include it in the calculator because it is used only in integrated resource planning and is not an 

actual cost recovered in retail rates. 

When selecting cost components to include, users should consider the category of avoided 

costs that interest them. In general, we recommend bundling the costs together for each 

category, e.g. for peak load reduction benefits, include ancillary services, capacity, transmission, 

and distribution. The one exception to this rule, as shown in Table A-21, is ancillary services for 

event-based load reduction. CPUC guidance states that the avoided cost of reserves should be 

included in energy efficiency program analysis but not for DR. The reason is that the former 

has a sustained impact on system planning and operations, while the latter is a short-term 

event that is not expected to have significant downward impact on reserve costs.    

Table A-21:  Description of Cost Components in the ACC 

Avoided 

Cost 

Category 

Cost 

Component Notes on Methodology 

Include in Avoided 

Costs? 

Available 

for Future 

Avoided 

Cost 

Calcs? 

Event-

Based Sustained 

Energy 
procurement 

Energy 
Wholesale value of energy 
generated. 

Y Y Y 

Losses 

Energy-related losses down 
to the customer meter. 
Note: if Energy is selected 
as an avoided cost, avoided 
cost from Losses will also 
be displayed 

Y Y Y 

Ancillary 
Services 

Four types of ancillary 
services are priced in CAISO 
markets: regulation up and 
down, spinning reserves, 
and non-spinning reserves. 

N Y Y 

Peak load 
reduction 

Capacity 
Capital costs of building 
new generation capacity to 
meet system peak loads. 

Y Y Y 
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Avoided 

Cost 

Category 

Cost 

Component Notes on Methodology 

Include in Avoided 

Costs? 

Available 

for Future 

Avoided 

Cost 

Calcs? 

Event-

Based Sustained 

Transmission 
Capital costs of expanding 
transmission capacity to 
meet peak loads. 

Y Y Y 

Distribution 
Capital costs of expanding 
distribution capacity to 
meet peak loads. 

Y Y Y 

Compliance 

Cap and 
Trade 

The cost of permits that 
utilities must pay to 
purchase or generate fossil 
energy. This cost is 
embedded in CAISO energy 
market prices. Hourly 
marginal emissions costs 
are obtained by assuming 
that natural gas is the 
marginal fuel in all hours. 

Y Y N 

Avoided RPS 

If renewable demand 
exceeds supply, then load 
reduction would lower the 
amount of renewable 
energy needed to meet the 
RPS target percentage of 
total retail load. These 
conditions are not expected 
in the near-term, and so 
Avoided RPS cost is set to 
zero as of 2019. Future 
updates to the ACC may 
include non-zero values for 
this component. 

Y Y N 

 

Given the set of selected cost components, avoided costs are calculated based on inputs of load 

reduction for each hour in each month. These inputs can be further simplified depending on 

the type of project.  

For event-based load reduction projects, users enter a fixed amount of load reduction for 

typical events, along with the start time, duration, and frequency of events for each month. It is 

important to note that this load reduction value represents the actual anticipated amounts of 

avoided load, not total potential load reduction, e.g. all participating DR customers, which is 

unlikely to be fully deployed on a given day when a DR event is called. 
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Figure A-11:  Example Data inputs for Event-based Load Reduction 

 

For sustained load reduction projects, users have three options for the scale of intervention for 

the project: a single unit of technology, a single building, or multiple buildings. If the “multiple 

buildings” option is selected, up to three different building profiles can be selected, with 

different numbers of buildings and units of technology per building for each profile.   

The user then inputs a value for both baseline (pre-intervention) and post-intervention 

electricity usage. Usage can be reported at or below the scale of the intervention. For example, a 

project implemented at the level of a single building may choose to report usage either for the 

building as a whole or per unit of technology.  

Default load shapes are available to determine the timing of load reduction for six end-use 

applications: indoor lighting, refrigerator/freezer, air conditioning, heating, clothes or 

dishwasher, and building shell insulation. If users chose to input manual timing values, they 

enter the percentage of load reduction that occurs during peak and off-peak rate periods, and 

during summer or winter seasons. Detailed manual timing inputs are also available, if users 

want to allocate usage reduction across each hour-month pair. 

Figure A-12:  Example Data Inputs for Sustained Load Reduction 

 

The calculator takes the following steps to yield total savings from an intervention to reduce 

load on the grid: 

1. The amount of load reduction (MW) is specified for each hour-month pair, based on user 

inputs.  

2. The maximum possible avoided cost ($) for each hour-month pair in a given year is 

obtained by summing the relevant marginal cost ($/MWh) projections for that year, and 

then multiplying that value by the fraction of load reduction that occurs in that hour-

month and the amount of load reduction (MW) in that year.  

3. If the user has input a market penetration scenario, then Step 2 is repeated for every 

year with load reduction inputs. The resulting values are summed for each month 

individually to arrive at the maximum possible avoided cost, i.e. savings if the event 

were to occur every day of the month. 

4. Actual avoided costs for each month are obtained by dividing the maximum possible 

avoided cost by the number of days in the month, then multiplying by the number of 
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occurrences for the intervention in that month. Sustained load reduction interventions 

are assumed to occur every day, whereas event-based load reduction may occur several 

times per month and occur most often during summer months when the CAISO system 

is at peak load. 

5. Steps 2-4 are repeated for each cost component of interest, as specified by the user, and 

the sum of the components is the total avoided cost. 

Results are displayed in terms of total financial impact and savings per MWh. 

  



 

222 

Figure A-13:  Example Results Output 

  

There is an additional step required if the intervention involves load shifting, i.e. usage 

reduction at one time of day and usage increase at another time. Savings from a load shifting 

intervention can be calculated by running two different sets of sustained load reduction inputs 

and comparing the result. First, users can enter manual timing for the original load, using a 

positive value for electricity usage reduction (e.g. 2,000 kWh), and record the result. In the 

second step, users should enter the manual timing for the post-intervention load, using a 

negative number for usage reduction (e.g. -2,000 kWh), and record the result. Total savings are 

obtained by adding the results from these two steps. 

Data Sources 

The calculator currently contains marginal cost results from the ACC for 2019-2045 in PG&E 

territory and climate zone 4; users can replace that with data for the other IOUs and other 

climate zones by following the instructions below. The marginal cost curves currently in the 

calculator were generated from the June 2019 version of the ACC, using all default settings:  

• PG&E territory 

• Climate zone 4 

• Include Reserve Margin = 1 

• Start year = 2019 

• Levelization period = 1 

• All electricity components = TRUE 

If the Commission prefers a different default utility or climate zone for this tool, we can modify 

the tool to contain different data from the ACC. We understand that it is not ideal for the 

calculator results to be specific to only one utility and climate zone. However, due to the limits 
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of Excel in terms of file size and computational power, we are not able to provide a full set of 

marginal costs for each valid utility/climate zone combination; this would require storing 1.7 

million individual data points for each year of cost modeling. 

Marginal cost results for 2016-2018 were obtained by extrapolating from the 2019 data using 

the annual growth rate between 2019 and 2045 for each hour of the year.  

For default timing of event-based load reduction, we analyzed monthly reports for the Capacity 

Bidding Program (CBP) in each of the three IOUs.208 CBP allows businesses to bid an amount of 

capacity available for load reduction for each month, in response to day-of or day-ahead 

notifications of high energy prices. Businesses are given capacity payments for the amount of 

load reduction they bid into the program, and they are given energy payments based on the 

actual amount of energy reduced. Data for PG&E were selected as default data for the 

calculator, for consistency with the marginal cost values. 

Load shapes to represent the six default end-use applications were sourced from the E3 Solar + 

Storage tool,209 which cites the CPUC Database for Energy-Efficient Resources (DEER) as a 

reference for these data. Although these data were developed by CPUC as impact profiles for 

energy efficiency measures, the shape of an efficiency profile is generally similar to the shape 

of the original end-use load profile.210 

We selected the following load shapes as options for end-use applications: 

• Indoor lighting: PGE-Res:Indoor_CFL_Ltg 

• Refrigerator/freezer: PGE-Res:RefgFrzr_HighEff 

• Air conditioning: PGE-Res:HVAC_Eff_AC 

• Heat pump: PGE-Res:HVAC_Eff_HP 

• Clothes or dishwasher: PGE-Res:ClothesDishWasher 

• Building shell insulation: PGE-Res:BldgShell_Ins 

Hourly load shape data for generic customers were also obtained. We used 2018 dynamic load 

profiles from PG&E for residential (A-1), small commercial (A-6), and medium C&I customers (A-

10).211 

  

 
208 https://www.cpuc.ca.gov/General.aspx?id=3914 
209 https://ww2.energy.ca.gov/research/mod_tool_max_solar_storage/ 
210 CEC (2019). “California Investor-Owned Utility Electricity Load Shapes.” CEC-500-2019-046, p. 22.  
211 https://www.pge.com/nots/rates/tariffs/energy_use_prices.shtml 

https://www.cpuc.ca.gov/General.aspx?id=3914
https://ww2.energy.ca.gov/research/mod_tool_max_solar_storage/
https://www.pge.com/nots/rates/tariffs/energy_use_prices.shtml
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Instructions for Updating 

The calculator includes two types of data inputs that should be updated on a regular basis, e.g. 

once a year. 

Marginal cost data 

The marginal cost curves should be updated each summer when a new version of the ACC is 

released. Updating steps are as follows: 

1. Download the Avoided Cost Calculator (ACC) tool from the California Public Utilities 

Commission (CPUC) for marginal cost data.212 

2. Go to the Dashboard tab. Change the selection for Utility and Climate Zone in the 

Control Panel if desired. Ensure that Excel is set to Automatic recalculation, in the 

Calculation section of the Formulas tab.213  

3. Enter the year of savings as the Start year. Make sure that Levelization Period is 1 year. 

4. In the table with Hourly Levelized Value of Electricity, copy the entire block of values for 

all cost components except GHG Adder.214 Ensure that the columns are in the following 

order: Energy, Losses, Ancillary Services, Cap and Trade, Capacity, Transmission, 

Distribution, Avoided RPS. 

5. Paste these values in the System-Level Savings Calculator file, in the Marginal cost 

curves tab (green highlighted cells are for reference data input). Use Paste  Paste 

Special  Values. 

6. Repeat Steps 2 and 3 for each year of marginal cost data desired, through 2045, pasting 

the values into the System-Level Savings Calculator on the six appropriate tabs for each 

component as you go: Energy, Losses, Ancillary Services, Capacity, Transmission and 

Distribution. Note that there are no tabs for Cap and Trade or Avoided RPS; these 

components are not included in future projected costs. Also note that costs prior to the 

year of the ACC release are not likely to be available in the ACC, e.g. the 2020 ACC 

release will not provide updated marginal costs for 2019.  

As noted above, the marginal costs currently included in the calculator are for 2019 costs in 

PG&E territory and climate zone 4. If the Commission wants to default to different utility or 

climate zone, they should follow these same instructions, making different selections in Step 2. 

Event-based default data 

The default data for event-based load reduction are from PG&E DR in 2018. To update these 

values, clear the values in the green highlighted cells on the DR events tab, and paste in a new 

dataset. The data should be formatted such that each day is listed on only one row. If an 

updated dataset contains multiple events per day, these must be consolidated into a per-day 

 
212 https://www.cpuc.ca.gov/General.aspx?id=5267  
213 More information about Excel recalculation settings are available from the Microsoft Office website: 
https://support.office.com/en-us/article/change-formula-recalculation-iteration-or-precision-in-excel-73fc7dac-91cf-
4d36-86e8-67124f6bcce4 

214 Cells G29:N8788 in June 2019 ACC update.  

https://www.cpuc.ca.gov/General.aspx?id=5267
https://support.office.com/en-us/article/change-formula-recalculation-iteration-or-precision-in-excel-73fc7dac-91cf-4d36-86e8-67124f6bcce4
https://support.office.com/en-us/article/change-formula-recalculation-iteration-or-precision-in-excel-73fc7dac-91cf-4d36-86e8-67124f6bcce4
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dataset before pasting into the DR events tab. IEc can provide an alternative data template for 

this purpose if desired.  

Methodology Applied to RGI Delphi Panel, and Usage and Limitations  
   

The System-Level Savings Calculator (“SLSC”) estimates the avoided marginal costs of load-

reduction programs or applications. The model is a supplement to the Avoided Cost Calculator 

(“ACC”), which also is used in Integrated Resource Planning proceedings.  

 

The ACC, which is updated annually, calculates hourly avoided marginal costs by year for 20 

years. Avoided costs are applicable to the market value of energy (including high-voltage 

losses), generation capacity and ancillary services. Avoided transmission and distribution costs 

are based on utility rate cases. The ACC is not meant for program or application analysis – i.e., 

it is limited to estimating hourly avoided costs.  

 

The SLSC extracts from the ACC hourly avoided costs for purposes of analyzing the impact, at 

the system level, of load-reduction programs such as energy efficiency and demand response. 

Such programs generally are on the end-user side of the retail meter, but the SLSC measures the 

impact of the programs at the system level.  

 

The model amortizes the estimated MWh associated with a load-reduction program or 

programs over a user-specified load shape. The SLSC contains end use-specific load shapes (e.g., 

air conditioning and lighting), as well as rate class-level load shapes (average residential, 

commercial and industrial usage in aggregate).  

 

The model also can be used to analyze the impact of new, transmission-level renewable energy 

projects, but does not contain actual or estimated production data associated with renewable 

energy generation. Production data would allow a user to specify a technology (e.g., solar 

photovoltaic with one-axis tracking) for purposes of amortizing expected annual production 

MWh over the expected generation shape. The IEc team looked into programming production 

data into the SLSC but encountered significant data availability obstacles. The California ISO 

(“CAISO”) previously published hourly metered generation by fuel type each year, but they 

discontinued this practice beginning in 2016. In order to analyze the system-level benefits 

associated with market uptake of EPIC-supported renewable energy technologies, the IEc team 

adapted the existing SLSC by replacing the existing load shapes that are preprogrammed into 

the SLSC with 2015 hourly renewable energy generation data by fuel type, which are the most 

recent data available from CAISO.215 These data, however, need to be transformed into a format 

that can be used as an input into the SLSC; we performed these calculations in a separate Excel 

spreadsheet. Specifically, in a separate Excel file, the IEc team calculated fuel shares for each 

technology category for each hour based on actual hourly generation from 2015 (or, in the case 

of wind, 2011 data). We then constructed fuel shares for an average day for each month and 

weighted those fuel shares based on the renewable energy generation projected by the Delphi 

 
215 For wind, we used 2011 CAISO data because we thought it would be more representative of the older wind turbines 
targeted by the EPIC wind project that we included in the RGI Delphi Panel exercise. 
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Panel in 2045. The result of this exercise is a 12 x 24 (month x hours of the day) matrix (Figure 

A-14) that provides a generation shape for renewable energy that we can use as an input into 

the SLSC in place of the load shapes that are used to analyze energy efficiency and demand 

response programs. Specifically, we input this renewable energy generation shape into the 

"Sustained load reduction inputs” tab by using the “Detailed manual input” selection (Figure A-

15).  

Figure A-14:  Renewable Energy Generation Shape Weighted by Renewable Energy Generation for 
EPIC-Supported Technologies Projected by Delphi Panel  

 

Figure A-15:  SLSC: Detailed Manual Input Selection in the Sustained Load Reduction Inputs Tab 
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To derive “aggregate projected MWh,” we combine the expert panel deliberations with 

Commission data on capacity factors. Panelists were asked to project installed capacity MW for 

different applications. In the same Excel spreadsheet (Figure A-16), the IEc team converted MW 

to MWh using actual, technology-specific capacity factors from 2015 from the Commission’s 

Energy Almanac (the most recent technology-specific California data available216). These annual 

MWh were then inputted into the “Market (Mkt) penetration inputs” tab of the SLSC (Figure A-

17). Finally, in another Excel file, the IEc team calculated the net present value of the annual 

discounted avoided cost calculations produced from the SLSC (Exhibit 5).  

Figure A-16:  Annual Projected MWh using 2015 Capacity Factors*  

 

*This screenshot only shows MWh from 2020 through 2031, but the spreadsheet continues these calculations on an 

annual basis through 2045 and then sums the MWh across all years to arrive at an aggregated projected MWh over the 

2020-2045 analytic timeframe.  

Figure A-17:  SLSC: Market Penetration Inputs Tab  

*This screenshot only shows MWh from 2020 through 2027, but the spreadsheet continues these calculations on an 

annual basis through 2045. The sum of MWh across all years matches the aggregated projected MWh over the 2020-

2045 analytic timeframe from the prior spreadsheet (Figure A-16) and equals the 686,257 GWh shown in Figure A-18.  
  

 
216 For wind generation, 2011 data was used because the project examined by the expert panel was a retrofit of existing 
pre-2000 wind turbine-generators. The retrofits were not included in aggregate MWh for SLSC analysis.   
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Figure A-18:  Annual Discounted Avoided Cost Calculations  

 

The current methodology provides a conservative estimate of avoided marginal costs 

associated with new renewable energy projects. First, we consider no storage or dispatch 

flexibility for the renewable resources associated with EPIC funding. This makes the resulting 

estimates conservative because savings would be greater if generation were flexible and could 

be stored during low load hours and deployed during peak load hours. Second, as previously 

noted, we rely on fixed capacity factors from 2015 rather than the capacity factor estimates 

provided by the panelists from 2020 to 2045. On average, capacity factor estimates for the five 

renewable energy types considered by the panelists increased over time. However, no data exist 

to model the hourly profiles that would result from increasing capacity factors over time. As 

hourly profile of generation is a key determinant of the resulting avoided costs, this 

assumption also makes our results conservative, because avoided costs would increase with 

higher capacity factors and thus more energy generated per MW of installed capacity.  

 

A final limitation of this approach is the use of generation data from 2015 which does not 

reflect technology efficiency gains that have occurred since 2016 and those that may occur in 

the future. While more recent (2016+) data are available from CAISO, the data are currently 

published on an hourly basis for each individual day, rather than aggregated into a single data 

file with hourly data for the entire year. Should aggregated CAISO production data become 

available in the public domain, the data conversion steps would include the following:  

 

1. Scale hourly data to 1 MW of installed capacity by multiplying each hour of metered 

generation by the ratio of 1 / Actual Installed Capacity  

2. Derive average hourly generation by month (12x24 matrix) 

3. For each month, sum average hourly generation and multiply by days in the month to 

determine total MWh/month and total annual MWh  
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4. Divide each hour by total annual MWh  

 

The 12x24 matrix from Step 4 would be copied into the SLSC to estimate the avoided marginal 

costs for a specific technology(ies).  

Demand Response Impact Calculator 
 

This tool estimates the value achieved through increasing the penetration of auto demand 

response (auto DR) or improving the responsiveness or operational efficiency of demand 

response. In both cases, the benefit occurs because more of the available DR can actually be 

engaged. The tool estimates the value from shifting peak demand for a single event that occurs 

on the day of the year with the largest peak demand. The equation employed to measure DR 

potential is a generalization of a method developed by researchers at the Lawrence Berkeley 

National Laboratory. The complete documentation of this tool will be included in the final 

version of this report.  

 

Renewable Energy Hedging Capability Benefits Calculator 

Introduction 

Purpose of Calculator 

The Renewable Energy Hedging Capability Benefits Calculator was developed by Industrial 

Economics, Inc. (IEc) and Emerald Energy Consulting, LLC (EEC), under contract to the California 

Energy Commission (the Commission) in 2020. The tool is designed to measure the levelized 

cost difference between renewable energy resources and the dispatch cost of the marginal unit, 

which is assumed to be a representative natural gas combined cycle plant. The metric used for 

comparison is the levelized cost of energy (LCOE), a value in $/MWh that, when multiplied by 

expected production, will recover enough market revenues to meet debt and equity obligations.  

If the LCOE of the renewable energy project is lower than the cost of operating the gas plant, 

then the project, in essence, provides a ‘hedge’ against natural gas prices. The modeling 

implication is that the renewable resource would displace the gas resource in unit dispatch.   

Excepting periodic updates, no data collection is required to use the calculator, but there are 

several inputs that can be altered by the user (e.g., the use of alternative data sources to 

estimate net capacity factors and levelized costs). The calculator does include reference data 

that should be updated on a regular basis (annually, at a minimum).  

Limitations 

The calculator estimates the LCOE based on default inputs from existing data sources. Specific 

installations may have higher or lower costs due to project-specific factors that are not 

reflected in these sources. Thus, the calculator provides a high-level view based on current 

market conditions but may overstate or understate the potential benefits of specific proposed 

projects.  
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By design, for solar PV, the calculator features a simplified version of calculations found in two 

models: The National Renewable Energy Laboratory (NREL) 2019 Annual Technology Baseline 

(ATB) and the 2017 RESOLVE Model developed by Energy & Environmental Economics, Inc 

(RESOLVE). The calculator does not include all of the detail included in those sources.  

The calculator is intended to model utility-scale solar PV installations. It is not applicable to 

smaller systems.  

The Hedging Capability Benefits Calculator has only basic functionality with respect to biomass, 

geothermal, and offshore and onshore wind, reporting LCOE estimates from the Energy 

Information Administration (EIA). Potentially, future versions of the calculator could refine and 

expand on this functionality. Note that in version 1.0, the cost reference data used ensure that 

biomass and offshore wind will not have a lower LCOE than the dispatch cost of a natural gas 

plant, meaning that they will not provide a hedge value. Geothermal will always have a lower 

LCOE and thus provide a hedge value. Solar PV and onshore wind may or may not provide a 

hedge value, depending on the inputs specified by the user. This dynamic may change in the 

future based on changes in the prices of these renewable resources and/or changes in natural 

gas prices and the cost of operating a natural gas plant; thus, it is important to update 

reference data on a regular basis. 

The valuation of the dispatch capability of natural gas combined cycle resources is not included 

in this version of the calculator due to complexities associated with data availability from the 

California Independent System Operator. The value of unit flexibility could be measured with 

the market value of CAISO’s Flexible Ramping Product or Spinning Reserve service, but settled 

prices associated with those ancillary services are not currently available in a workable format. 

The project team will continue to work with CAISO to obtain the data and incorporate a 

valuation of dispatch capability in future versions of the calculator.   

Calculation Methodology 

The inputs and basic functionality of the calculator are as follows: 

1. Forward natural gas prices and variable O&M costs for a natural gas combined cycle 

plant are projected each year through 2045, based on the Commission’s MPR Gas 

Forecast.217 

2. For solar PV, key inputs are drawn from the ATB and/or RESOLVE models. The user can 

select which of these two data sources to use for capacity factor and, separately, for the 

costs of installation and fixed O&M. The user can also manually input a different 

capacity factor, or select a capacity factor based on empirical data from Lawrence 

Berkeley National Laboratory.  

3. The user provides a limited number of additional inputs on the “Inputs” worksheet:  

a. The first operations year for electricity generation 

b. The base year for conversion of price projections (i.e., the year to use in 
expressing “current year dollars”) 

 
217 https://www.cpuc.ca.gov/General.aspx?id=5267  

https://www.cpuc.ca.gov/General.aspx?id=5267
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c. The generation technology type (solar PV, biomass, geothermal, offshore wind, 
or onshore wind) 

d. The levelization period to use for calculations (10, 20, or 30 years) 

e. For solar PV only:  

i. The annual escalation rate for fixed O&M costs (default = 2 percent) 

ii. If using RESOLVE as the basis for the cost estimates, the approximate 
system size to be evaluated (1, 5, 10, or 20+ MW), and whether it is a 
fixed-tilt or a tracking system.  

4. For solar PV, the calculator uses the combination of user inputs and reference data from 

ATB and/or RESOLVE to estimate the LCOE. For other sources of renewable energy 

(biomass, geothermal, offshore wind, or onshore wind), the calculator reports LCOE 

estimates from EIA without any alteration beyond converting to current-year dollars.  

5. The calculator uses the Consumer Price Index from the Bureau of Labor Statistics to 

adjust for inflation.218 For future projections, values from July 2019 through 2045 

were forecasted by Moody’s based on this data.  

6. Finally, the calculator compares the estimated LCOE of the renewable project with the 

projected variable costs of operating the natural gas plant. If the renewable project is 

cheaper, then it will provide an effective hedge against natural gas prices given current 

market conditions. If natural gas is cheaper, then the renewable project will not be as 

economical given current market conditions. This comparison is shown on the “Results” 

worksheet, which expresses the relative value or cost of the project in terms of $/MWh 

and $/MW.  

Data Sources and Instructions for Updating 

The calculator draws from multiple data sources. Each of these should be updated at least once 

a year. Reference data to be updated is denoted by green highlighting in the calculator.  

1. The ATB is the default source for such key inputs as system capital costs and fixed 

O&M.219 All necessary data can be found in the “Solar – Utility PV” worksheet of the ATB 

model and used as-is. Specific cell references are included in the “ATB data and 

calculations” and “Capacity factors” worksheets of the Hedging Capability Benefits 

Calculator.   

2. The RESOLVE model provides an alternative data source for solar PV systems.220 All data 

necessary for this calculator can be found in the “COSTS_Resource_Char” worksheet of 

the RESOLVE model and used as-is. Specific cell references are included in the “RESOLVE 

data and calculations” and “Capacity factors” worksheets. of the Hedging Capability 

Benefits Calculator.   

 
218 This deflator series was provided by the Commission’s Demand Analysis Office, along with the Moody’s forecast 
through 2045. 

219 https://atb.nrel.gov/. The Excel file can be downloaded via the “Download [Year] Data” button.   
220 https://www.cpuc.ca.gov/General.aspx?id=6442460043, “Draft RESOLVE User Interface, Input Files and Results”  

https://atb.nrel.gov/
https://www.cpuc.ca.gov/General.aspx?id=6442460043
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3. The CPUC Avoided Cost Calculator (ACC) is the data source for characteristics of the 

natural gas proxy plant.221 The necessary data can be found in the “CCGTProForma” 

worksheet of the ACC, “Plant Cost” table. These reference data are to be entered into the 

“Natural gas proxy plant” worksheet of the Hedging Capability Calculator.  

4. Cost estimates for biomass, geothermal, and wind are taken from EIA, “Levelized Cost 

and Avoided Cost of New Generation Resources in the Annual Energy Outlook 2019.”222 

These reference data are to be entered into the “Other renewables” worksheet of the 

Hedging Capability Calculator. That worksheet identifies the specific tables providing 

the reference data in the EIA report.  

5. Average system size for biomass, geothermal, and wind projects, which is used to 

translate project value or cost from $/MWh to $/MW, are taken from survey data 

collected through Form EIA-860.223  

6. As noted above, CPI data, plus a Moody’s forecast based on that data, was used to adjust 

for inflation and convert to current-year dollar figures. This data was provided to us by 

staff from the Commission’s Demand Analysis Office. 

Version 1.0 of the Hedging Capability Calculator is up to date with respect to all of these 

reference data as of February 2020.  

  

 
221 https://www.cpuc.ca.gov/General.aspx?id=5267, “MPR Gas Forecast”  
222 https://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf  
223 https://www.eia.gov/electricity/data.php#gencapacity, “Existing capacity by energy source, by producer, by state 
back to 2000 (annual data from the EIA-860).” 

https://www.cpuc.ca.gov/General.aspx?id=5267
https://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf
https://www.eia.gov/electricity/data.php#gencapacity
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Levelized Cost of Electricity Calculator 
 

Introduction 

Purpose of Tool 

This tool was developed by Industrial Economics, Inc. (IEc) and Emerald Energy Consulting, LLC, 

under contract to the California Energy Commission (CEC) in 2020. It estimates the change in 

Levelized Cost of Electricity (LCOE) following interventions to lower the system cost of 

renewable energy generation and/or storage installations, such as interventions funded by EPIC. 

LCOE is the price at which energy would need to be sold for the developer to break even on the 

investment at an assumed capital recovery factor. 

Limitations 

This tool provides estimates of the percent improvement of LCOE based on a set of simplified 

assumptions. It does not provide a customized and precise estimate of LCOE for a specific 

energy development project, which would require significantly more detailed information from 

grantees (e.g. cost of debt and cost of equity). 

Calculation Methodology 

This tool uses methodology from the Simple LCOE Calculator created by the National 

Renewable Energy Laboratory (NREL).224 The NREL tool accounts for capital costs (including cost 

of capital), operations and maintenance costs (O&M), and fuel costs. It does not account for 

other financing issues, time discounting, or future replacement costs. Other tools are available 

that include additional factors, such as taxes and emissions pricing,225 but the Simple LCOE 

Calculator provides a more transparent approach for understanding this threshold measure of 

project financial viability. 

There are seven technology characteristics available as user inputs in the LCOE tool (Table A-

22). Default baseline values are provided from RESOLVE, a capacity expansion model used by 

CPUC for integrated resource planning. Users may select the default baseline value for any 

technology characteristic, or they may opt to enter baseline data manually. Changes to any of 

these characteristics post-intervention may be specified either as a known quantity or as a 

percent improvement.226  

  

 
224 https://www.nrel.gov/analysis/tech-lcoe.html  
225 See http://stanford.edu/dept/gsb_circle/cgi-bin/sustainableEnergy/LCOE.py for example 
226 Improvement in technology characteristics leads to lower LCOE. This corresponds to decreasing quantities for cost 
metrics, with the exception of Capacity factor, which increases with improved performance. 

https://www.nrel.gov/analysis/tech-lcoe.html
http://stanford.edu/dept/gsb_circle/cgi-bin/sustainableEnergy/LCOE.py
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Table A-22:  Factors for Potential Reduction in LCOE Through EPIC R&D 

Technology 

Characteristics Input Unit Variable Definition 

Capacity factor Percent CF 
The utilization of installed capacity, net of 
energy required to keep the plant 
operating 

Degradation rate Percent/yr DR 

Annual rate of decline in generation 
associated with normal wear and tear on 
equipment (e.g., degradation of solar 
panels due to UV exposure) 

Installed cost ($/kW) $/kW IC 
The all-in cost of installation, including 
financing and equipment cost escalation 
during construction 

Fixed O&M ($/kW-yr) $/kW-yr FOM 

Costs incurred irrespective of the amount 
of energy generated (e.g., insurance, labor, 
and administration), including annualized 
capital expenditures 

Variable O&M 
($/MWh) 

$/MWh VOM 
Costs incurred as a result of energy 
generated (e.g., maintenance and parts, 
and consumable materials and supplies) 

Fuel cost ($/MMBtu) $/MMBtu FC 
Cost of fuel for fuel-consuming generation 
processes 

Heat rate (Btu/kWh) Btu/kWh HR 
Efficiency of fuel consumption for 
electricity generation 

 

The tool calculates LCOE using the following formula: 

𝐿𝐿𝐶𝐶𝐿𝐿𝐿𝐿 =
𝐼𝐼𝐶𝐶 ∗ 𝐶𝐶𝐿𝐿𝑆𝑆 + 𝑆𝑆𝐿𝐿𝐹𝐹

8760 ∗ 𝐶𝐶𝑆𝑆 ∗ ∑ (1 − 𝐷𝐷𝐿𝐿)𝑡𝑡−1𝑛𝑛
𝑡𝑡=1

+ 𝑆𝑆𝐶𝐶 ∗ 𝐻𝐻𝐿𝐿 + 𝑉𝑉𝐿𝐿𝐹𝐹 

Where CRF is Capital Recovery Factor, or the percent of upfront cost that must be paid during 
each payment period, accounting for the cost of capital.  

CRF is calculated as follows: 

𝐶𝐶𝐿𝐿𝑆𝑆 =
𝑆𝑆 ∗ (1 + 𝑆𝑆)𝑛𝑛

(1 + 𝑆𝑆)𝑛𝑛 − 1
 

Where i is the interest rate and n is the levelization period in number of years. We assume a 25-
year levelization period, and we present results using three different values for the interest 
rate: 0%, 3%, and 7%. At 0% interest, the upfront cost is simply divided by the number of years 
in the levelization period (CRF = 1/n). 

The formula above is the same one used by the NREL simple LCOE calculator, except that we 
have included an additional term to account for degradation. We scale the MWh generated by 
the average of the percent generation after degradation in each year t. 

Energy Storage – A Special Case 
The simple LCOE calculations above were developed in the context of energy generating 
technologies, not energy storage technologies. Because energy storage is a prominent part of 
the EPIC portfolio and is increasingly common as part of renewable energy solutions, this tool 



 

235 

displays results for LCOE of several types of batteries, but it is important to note the unique 
features of these calculations. 

Some costs for a battery system, such as the inverter, scale with the capacity (i.e., installed 
power); others, like the battery cells, scale with the duration (i.e., total energy available). For this 
reason, the default cost values for batteries are broken into two components: capacity costs 
($/kW) and duration costs ($/kWh). The relative magnitude of the capacity and duration of a 
battery system can be expressed as the number of hours the system can deliver maximum 
power. The best available literature indicates that the range for batteries in energy arbitrage 
applications is 1-24 hours.227 However, this range is too wide to apply in the context of this 
calculator. We have built this tool with an assumption of 4 hours, which was used as the default 
value in a recent DOE report.228 The capacity costs and duration costs are then added to arrive a 
total system cost for batteries. 

The default value for capacity factor of batteries in this tool is 15%, which implies 328 cycles 
per year for a 4-hour battery. This falls within the range of reasonable values provided in the 
literature for energy arbitrage applications (50-400 cycles per year).229 

The RESOLVE default values for Variable O&M of battery technologies do not account for 
charging costs. We supplement the Variable O&M costs in the LCOE tool to include charging 
costs for behind-the-meter (BTM) batteries, assuming they are charged during off-peak hours at 
$0.20/kWh. 

Utility-scale batteries are assumed to charge at zero marginal cost during periods of high 
resource availability. Users may opt to include non-zero charging costs for utility-scale batteries 
by entering a manual input for Variable O&M.  

Periodic replacement costs for storage technologies are not accounted for in this simple LCOE 
calculator. If the Commission requires detailed cost estimates for storage technologies, we 
recommend building a separate tool for calculating Levelized Cost of Storage (LCOS) with 
storage-specific inputs such as cycle life, shelf life, and round-trip efficiency. 

Data Sources 

Default data for component costs of specific technologies are obtained from the RESOLVE 

model. The 2019 version of RESOLVE sources many of its values from the 2018 Annual 

Technology Baseline (ATB) published by NREL, which contains data on 2016 costs. For this 

reason, the default values in the LCOE tool are presented as 2016 costs and may be 

overestimates relative to present-day costs. 

All other data inputs are either obtained from the applicant/grantee or selected by the user.  

  

 
227 Schmidt, O. et al. (2019) “Projecting the Future Levelized Cost of Electricity Storage Technologies,” Joule, 3(1), 81-100. 
https://www.cell.com/joule/fulltext/S2542-4351(18)30583-X 

228 Mongird, K. et al. (2019) “Energy Storage Technology and Cost Characterization Report,” US Department of Energy. 
https://energystorage.pnnl.gov/pdf/PNNL-28866.pdf  

229 Schmidt, O. et al. (2019) “Projecting the Future Levelized Cost of Electricity Storage Technologies,” Joule, 3(1), 81-100. 
https://www.cell.com/joule/fulltext/S2542-4351(18)30583-X 

https://www.cell.com/joule/fulltext/S2542-4351(18)30583-X
https://energystorage.pnnl.gov/pdf/PNNL-28866.pdf
https://www.cell.com/joule/fulltext/S2542-4351(18)30583-X
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Table A-23:  Data Sources for Default Characteristics in Capacity Costs Table 

Technology Source Column Label in Source 

Solar PV - Residential RESOLVE 2019 Solar - Dist 

Solar PV - Commercial RESOLVE 2019 Solar - Commercial 

Solar PV - Utility RESOLVE 2019 Solar - Tracking 

Solar Thermal RESOLVE 2019 Solar Thermal 
Wind - Onshore RESOLVE 2019 Wind - TRG6 

Wind - Offshore RESOLVE 2019 Floating Offshore Wind - TRG10 

Li-ion Battery - Utility RESOLVE 2019 Utility-scale Battery - Li [Capacity] - No ITC 

Li-ion Battery - BTM RESOLVE 2019 BTM Battery - Li [Capacity] 

Flow Battery RESOLVE 2019 Flow Battery [Capacity] 

Geothermal RESOLVE 2019 Geothermal 

Biomass RESOLVE 2019 Biomass 

Hydropower RESOLVE 2019 Small Hydro 

Biogas230 RESOLVE 2018 Biogas - Distributed 

 

Instructions for Updating 

This tool requires updates from the RESOLVE model, developed by E3 and distributed by the 

CPUC.231 Default data for resource costs are released as an Excel sheet in the RESOLVE 

package.232  

To update the values annually from RESOLVE: 

a. Save a copy of the RESOLVE model for editing, and locate the table containing default 

resource costs. 

b. Delete columns for any technologies that will not be imported. 

c. Check that the column labels in the Defaults tab of the LCOE tool match the 

technologies desired for the RESOLVE model.  

d. Copy and paste the values for each cost characteristic from the RESOLVE model into the 

Capacity Costs table in the LCOE tool.  

e. [For battery technologies only] Copy and paste the values for Installed cost and Fixed 

O&M from the Energy columns of the RESOLVE model into the Battery Duration Costs 

table in the LCOE tool. 

The RESOLVE model may add or remove technology choices in future versions. To expand the 

number of options available in the LCOE tool, insert new columns into the Capacity Costs table 

 
230 RESOLVE 2019 removed the option for biogas. Updated values for biogas costs should be obtained elsewhere if they 
are not included in future versions of RESOLVE.  

231 The 2019 version is available here: https://www.cpuc.ca.gov/General.aspx?id=6442462824 
232 The filename and the name of the specific worksheet containing resource cost data may vary between versions of 
RESOLVE. In the 2019 version, data were listed on the Resource_Characteristics worksheet of the “RESOLVE_Resource 
Costs and Build_2019-10-04.xlsb” file. 

https://www.cpuc.ca.gov/General.aspx?id=6442462824
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in the Defaults tab; for new battery options, insert new columns into the Battery Duration Costs 

table as well. 
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Levelized Cost of Storage Calculator 

Introduction 

Purpose of Calculator 

The Levelized Cost of Storage Calculator was developed by Industrial Economics, Inc. (“IEc”) and 

Emerald Energy Consulting, LLC (“EEC”) under contract to the California Energy Commission 

(the Commission). Version 1.0 was completed in 2020. The tool is designed to calculate the 

levelized cost of battery technologies associated with EPIC projects. The calculator provides a 

pre-tax cost benchmark that can be used to evaluate the economic feasibility of a storage 

project, whether feasibility is based solely on wholesale market revenues (energy, capacity, 

ancillary services) or on avoided costs such as network transmission. Thus, in an integrated 

cost-revenue model, the net present value of a battery project can provide a determination of 

the project’s economic efficiency. The calculator contains financial assumptions that will be 

familiar to anyone who has done financial modeling, and financial and operational assumptions 

specific to battery economics and operations (Table A-24).   

Table A-24:  Battery-Specific Modeling Assumptions 

Assumption Definition 

Capital 
Expenditure – 
Power Conversion 
System 

Intermediary, bidirectional device between the storage element (typically 
large banks of (DC) batteries), and the (AC) transmission network. Enables 
grid energy to be converted to DC for charging the batteries, and battery 
energy to be inverted to AC to export energy. Cost includes control 
systems and inverter   

Capital 
Expenditure – 
Capacity  

Battery cell components (metal terminals, anode, cathode, electrolyte);  
shipping container(s) to house batteries and electronics. Includes balance 
of plant costs – switchgear, transformers, circuit breakers, wiring, 
interconnection, installation and project management, engineering, 
shipping and commissioning 

Capital 
Expenditure – 
Repower 

Periodic cost of replacing degraded battery banks; rate of degradation 
depends on operating temperatures and charge/discharge rates  

Fixed Operation 
and Maintenance 
(“O&M”) Cost 

Includes warranty cost, labor, insurance and land lease233  

Round-Trip 
Efficiency 

The ratio of energy, net of auxiliary electric load,234 that is discharged to 
the transmission network to energy used to charge the battery, net of 
auxiliary electric load  

Depth of 
Discharge 

The degree to which a battery is discharged relative to its total capacity  

Discharge Days 
Per Year 

The battery dispatch strategy, which depends on the economic objectives 
of the operator (e.g., energy arbitrage, avoided cost, frequency regulation 
market) 

 
233 Fixed O&M costs sometimes include the cost of performance guarantees, but the calculator does not incorporate 
guarantee costs because of the wide range of guarantee structures and costs 

234 HVAC, control systems for battery management and power conversion 



 

239 

Annual 
Degradation Rate 

A fixed annual fraction that decreases the amount of energy that can be 
discharged until the project is repowered  

Charge Cost 
The cost of procuring energy from the wholesale energy market to charge 
the battery 

Discharge Value The energy revenue associated with sales to the wholesale energy market  

 

Users can select default assumptions for all of the inputs in Table A-24, as well as for standard 

financial parameters such as cost of debt. Alternatively, these inputs can be modified based on 

information provided by EPIC applicants/grantees as part of the application and as part of mid-

term and final reporting or based on other information collected by the model user. Such 

modifications generally apply to assumptions about capital expenditures, as capital costs 

related to power conversion and battery capacity change over time.  

The default values for other financial and operating assumptions, with the exception of Charge 

Cost and Discharge Value, should be applicable for future studies. The Cost and Value inputs 

should be updated annually because they are based on forward electricity market prices for the 

first seven years of the analysis, and on annual growth rates derived from the U.S. EIA’s Annual 

Energy Outlook in later years. As market conditions change over time (e.g., the rate of installed 

solar PV and storage capacity), the forward prices and EIA view should capture the impact of 

the changes.  

Limitations 

The calculator is intended to estimate the cost of a battery storage project but not the overall 

economic feasibility of the project. The revenue side of a project model would be wholly 

dependent on the economic objectives of the battery operator, and the calculator does not 

attempt to identify potential objectives and the revenue associated with them. The calculator 

output, which is provided in $/MWh, $/MW-year or $/kW-year, could be compared, for example, 

with the avoided demand cost of network transmission and distribution service for a 

manufacturing business in the Southern California Edison (“SCE”) service territory. That cost, 

currently $8.40/kW-month235 in the summer and $5.77/kW-month in the non-summer, is based 

on the customer’s billed (maximum) demand during a month. a behind-the-meter battery could 

be deployed to reduce the customer’s maximum demand to avoid a fraction of the transmission 

and distribution demand cost. The dollar savings could then be compared with the levelized 

cost of the battery system to determine whether the storage strategy is feasible, but that 

evaluation would have to be done outside of the calculator.    

Calculation Methodology 

The basic functionality of this calculator is as follows: 

After selection of the operational and financial input variables, the model calculates the pre-tax 

stream of annual, expected fixed and variable costs for the number of years equivalent to the 

selected analysis period. Fixed costs include the repowering expenditure in the year(s) 

consistent with the selection of operational parameters. The “energy arbitrage” value, which is 

 
235 Rate Schedule TOU-8, >50 kV 
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derived from the net difference (positive or negative) of charge cost and discharge value, is 

added to the cost side as either net value (negative) or net cost (positive).  

To complete the levelization calculation, the model derives the annual amount of discharge 

hours based on the selected operational parameters. In the year after a repowering expenditure, 

the discharge energy amount returns to its pre-degraded value.  

Once all annual costs and discharge energy amounts are calculated, the discounted stream of 

costs is divided by the discounted stream of discharge energy to produce a unit levelized cost 

in $/MWh, $/kW-year or $/MW-year.  

Theoretically, a battery project would go forward if the expected, levelized value was equal to 

or in excess of the expected, levelized cost. For discounting, a model user can apply the same 

discount rate to both cost and value, or risk-adjust the value model with a higher discount rate 

to reflect uncertainties in future value.  

In the example above, the assumption of avoided T&D cost based on current retail rates could 

be modified to capture the risk that future rate cases could decrease the utility tariff rates. The 

specification of a risk-adjusted discount rate might take into account the magnitude of 

previous rate adjustments to derive the risk adjustment. Alternatively, an evaluation of planned 

transmission additions and retirements could serve as the basis for the risk adjustment, or for 

not including the risk adjustment (i.e., planned transmission system expansion likely will raise, 

not lower, retail rates).        

Analysis Inputs  

1. The capital costs of power conversion and capacity, and fixed O&M cost, are provided 
for six different battery technologies (or chemistries): Lithium-Ion, Redox Flow, Lead 
Acid, Sodium Sulfur, Sodium Metal Halide and Zinc-Hybrid Cathode.  

2. “Annual Discharge Scenario” can be one of three dispatch strategies: 350 days per year, 
summer only or winter only (no default  ̶  user selection).  

3. “Depth of Discharge” can be 80%, 90% or 100% (default = 80%). Whichever value is 
selected will have an impact on other variables such as repower cost/timing and energy 
cost/value.  

4. “Round-Trip Efficiency” can be 90%, 95%, 98% or 100% (default = 90%). This variable 
also has an impact on other variables such as repower cost/timing and energy 
cost/value.    

5. “Annual Cell Degradation” can be 0.5%, 1.0%, 1.5% or 2.0% (default = 1.5%).   

6. “Fixed O&M” can be (all in $/kW-year) $6, $10, $15 or $20 (default = $10).   

7. “Installed Capacity” ranges from 5 MW to 500 MW (no default  ̶  user selection).  

8. “Charge/Discharge Duration Hours” ranges from 1 to 8 hours (default = 4 hours). 

9. “Cost of Debt” ranges from 4% to 7%(default = 4.75%).  

10. “Debt %” ranges from 45% to 80% (default = 55%).  

11. “Equity %” is 1 minus Debt %.  
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12. “Cost of Equity” ranges from 9 to 13%  (default = 11.5%). 

13. “Capital Expenditure – Power Conversion” and “Capital Expenditure – Capacity” are 
extracted from a data table depending on the selection of battery technology. The 
assigned values for each technology can be overridden, but only by modifying the data 
table.  

14. “Repower Capex” is 54% of Capital Expenditure – Capacity. Note that the timing of when 
the repowering expenditure occurs is a function of Annual Discharge Scenario, Depth of 
Discharge and Round-Trip Efficiency.  

15. “Real Discount Rate” is a formula cell (Cost of Debt % x Debt % + Cost of Equity % x 
Equity Cost).  

16. “Inflation” ranges from 0.5% to 3.0% (default = 2.14%).  

17. “Nominal Discount Rate” is a formula cell (1 + Real Discount Rate) x (1 + Inflation) – 1. 236 

18. “Analysis Period Years” ranges from 1 year to 30 years (no default   ̶  user selection).  

19. “Desired Unit” can be $/MWh, $/MW-year or $/kW-year (no default – user selection).    

20. “CAISO Trading Hub” can be NP15 or SP15237 (no default – user selection).  

21. “Charge Cost/Discharge Value Scenario” can be Base/Base, High/Low or Low/High ((no 
default – user selection). The model extracts forward prices and forecasted prices from 
one of three escalation scenarios (Low, Base, High). For example, if High/Low is selected, 
charging cost will be based on the High price scenario, while charging value will be 
based on the Low price scenario.     

 

Data Tables 

The model provides data tables that contain default capital costs and lifetime 

(charge/discharge) cycles based on depth of discharge. The table inputs can be modified based 

on updated information provided by applicants or grantees. Forward prices for the two 

dominant CAISO trading hubs were extracted in late September from OTC Global Holdings, a 

broker in the over-the-counter energy commodities market. Updated forward markets for NP15 

and SP15 can be pulled from the Avoided Cost Calculator at 

https://www.cpuc.ca.gov/General.aspx?id=5267.     

Annual escalation for the analysis years that go beyond the visible market (generally, seven 

years) was taken from the U.S. EIA’s Annual Energy Outlook for 2020, Reference Case and Side 
 

236 For default values associated with cost of debt, cost of equity and the debt-equity split the calculator applies default 
assumptions from Estimated Cost of New Utility-Scale Generation in California: 2018 Update (most recent available), 
which also are used in the Avoided Cost Calculator (“ACC”).  The report is available at 
https://ww2.energy.ca.gov/2019publications/CEC-200-2019-005/CEC-200-2019-005.pdf. The default rate of inflation is 
based on the 2020 Survey of Professional Forecasters (May 15, 2020, release), which is at 
https://www.philadelphiafed.org/research-and-data/real-time-center/survey-of-professional-
forecasters/2020/survq220. The ACC also uses this reference. Changes to default values for debt and equity 
percentage and cost do not have a material impact on the resulting levelized cost because of the magnitude and 
timing of cash outflows for capital cost and repowering cost.       

237 NP15 and SP15 represent pricing points that take into account regional generation, transmission and load in 
Northern California and Southern California, respectively.   

https://www.cpuc.ca.gov/General.aspx?id=5267
https://ww2.energy.ca.gov/2019publications/CEC-200-2019-005/CEC-200-2019-005.pdf
https://www.philadelphiafed.org/research-and-data/real-time-center/survey-of-professional-forecasters/2020/survq220
https://www.philadelphiafed.org/research-and-data/real-time-center/survey-of-professional-forecasters/2020/survq220
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Cases (https://www.eia.gov/outlooks/aeo/index.php), Table AO3. The EIA’s forecast of natural 

gas cost for electricity generation was used.238  

The use of natural gas prices to escalate electricity prices fundamentally assumes that a natural 

gas generating plant is the marginal plant during a large percentage of hours in CAISO. While 

that is accurate today, system conditions may change such that the fraction of hours that 

natural gas technology is marginal will decrease. Should this happen, the EIA escalators still will 

be valid because the forward markets for electricity in CAISO will capture the impact of 

displacement of natural gas plants, as will EIA’s fundamental view of natural gas prices.   

Data Sources 

IEc and EEC used a number of recent battery technology studies to derive capital cost and 

operating cost information, as well as operational assumptions to determine appropriate 

default values and the range of potential values (see Table A-25 below). The Interactive LCOS 

Model (4a) was used to benchmark results. The studies included the following:  

1. Levelized Cost of Storage Analysis v. 5.0,239 Lazard, November 2019 
2. Annual Technology Baseline240, National Renewable Energy Laboratory  
3. Cost Projections for Utility-Scale Battery Storage,241 NREL, June 2020 
4. Projecting the Future Levelized Cost of Electricity Storage Technologies,242 Joule, January 

16, 2019  
a. Interactive LCOS model (www.EnergyStorage.ninja)  

5. Energy Storage Technology and Cost Characterization Report,243 U.S. Department of 
Energy, July 2019 

6. Power Conversion System for Energy Storage,244 Parker Hannifin Corp. 
7. Energy Storage Technology and Cost Assessment: Executive Summary,245 Electric Power 

Research Institute, December 2018 
8. Battery degradation and behaviour for electric vehicles: Review and numerical analyses 

of several models,246 Transportation Research Part B (2017)  
9. Battery Storage in the U.S.: An Update on Market Trends, July 2020,247 U.S. Energy 

Information Administration 

 
238 A limitation of this dataset is that it provides forecasted prices at Henry Hub, with no basis differentials for different 
regions of the country. However, the forward basis differentials between Henry Hub and PG&E and SoCal Citygates are 
relatively stable and would not materially affect the EIA-derived escalation.    

239 https://www.lazard.com/media/451087/lazards-levelized-cost-of-storage-version-50-vf.pdf 

240 https://atb.nrel.gov/ 

241 https://www.nrel.gov/docs/fy20osti/75385.pdf  

242 https://www.cell.com/joule/pdfExtended/S2542-4351(18)30583-X 

243 
https://www.energy.gov/sites/prod/files/2019/07/f65/Storage%20Cost%20and%20Performance%20Characterization%2
0Report_Final.pdf 

244 https://www.parker.com/literature/Electromechanical%20Europe/Literature/HA473586%20Outdoor%20PCSrev8.pdf 

245 https://www.epri.com/research/products/000000003002013958 

246 
https://reader.elsevier.com/reader/sd/pii/S0191261516303794?token=F8F560D7A85135B2E0436E1762711DCD19464
CBB43988083487E63AA1FA099E2FDEF733A165B8400732EEAB8A6D06A7B 

247 https://www.eia.gov/analysis/studies/electricity/batterystorage/pdf/battery_storage.pdf 

https://www.eia.gov/outlooks/aeo/index.php
http://www.energystorage.ninja/
https://www.lazard.com/media/451087/lazards-levelized-cost-of-storage-version-50-vf.pdf
https://atb.nrel.gov/
https://www.nrel.gov/docs/fy20osti/75385.pdf
https://www.cell.com/joule/pdfExtended/S2542-4351(18)30583-X
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Table A-25:  Data Sources for Default Operational Assumptions  

Assumption Data Source 

Capital Expenditure – Power Conversion 
System 

1, 2 ,3, 4, 5, 
6   

Capital Expenditure – Capacity  1, 2, 3, 4, 5 

Capital Expenditure – Repower 7 

Fixed Operation and Maintenance 
(“O&M”) Cost 

1, 5 

Round-Trip Efficiency 1, 4, 5, 7 

Depth of Discharge 1, 4, 5, 7 

Annual Degradation Rate 8 

Charge/Discharge Duration Hours 1 

Lifetime Cycles 4, 5 

Table A-26:  Instructions for Updating Operational Assumptions 

Assumption 

Recommended Update 

Frequency 

Source(s) 

Capital Expenditure – Power 
Conversion System 

Every 3 years beginning in 
2023 

1, 5 

Capital Expenditure – Capacity  
Every 3 years beginning in 
2023 

1, 5 

Capital Expenditure – Repower 
Function of Capital 
Expenditure – Capacity 

NA 

Fixed Operation and Maintenance 
(“O&M”) Cost 

Every 3 years beginning in 
2023 

1, 2, 5 

Round-Trip Efficiency NA NA 

Depth of Discharge NA NA 

Annual Degradation Rate Every 5 years 5 

Charge/Discharge Duration Hours Every year 9 

Lifetime Cycles 
Every 3 years beginning in 
2023 

4, 7 
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Water Utility, Industry, Agribusiness Benefits 

Groundwater Benefits Calculator 

Introduction 

Purpose of Calculator 

The Groundwater Benefits Calculator (the GWB Calculator or the Calculator) was developed in 

2020 by Industrial Economics, Incorporated (IEc) for the California Energy Commission (the 

Commission). The Calculator is an Excel tool designed to evaluate the benefits resulting from 

Electric Program Investment Charge (EPIC) grants that have energy and cost savings for 

standalone groundwater pumping operations. In the tool, energy savings result from either 

reduced water use and/or increased pump efficiency, and cost savings occur from the resulting 

saved energy, and/or from load shifting. 

As described below, the GWP Calculator requires information that the Commission would 

collect from grant applicants and from grant recipients in their mid-term and final reports. This 

information covers project characteristics (e.g., initial project year, expected project lifetime), 

groundwater pumping schedules, and factors affecting pump energy requirements (e.g., pump 

efficiency). The tool also draws on standard (i.e., default) values that the Commission may wish 

to update periodically. The tool specifies these standard values and provides guidance to each 

associated source. 

Use and Limitations 

The GWB Calculator is designed to estimate the energy and cost savings resulting from projects 

that affect energy use and associated energy costs for standalone groundwater pumping 

operations. The tool can be applied to evaluate the benefits of individual projects or larger 

portfolios of projects that share similar project characteristics and groundwater pumping 

conditions. The Calculator estimates the benefits for a project of interest over the project’s 

expected lifetime.  

This section describes use cases for this tool, including the pathways that lead to these savings, 

the types of projects that result in these benefits, and limitations of the tool.  

Projects achieve energy savings by reducing the total amount of groundwater pumped 

compared to a baseline (i.e., water savings) or reducing the energy intensity of groundwater 

pumping.248 Groundwater is a critical source of water supply for agriculture and industry. 

Pumping less groundwater translates into lower energy use and therefore costs. For example, a 

farm that converts from surface irrigation to drip irrigation or a power plant that converts to a 

more water-efficient cooling tower would have energy savings from reduced groundwater 

pumping. Energy savings can also be achieved by increasing the energy efficiency of 

groundwater pumping.249 The energy efficiency of groundwater pumping depends on the overall 

 
248 The amount of energy required to pump groundwater also depends on the elevation change of the groundwater 
being pumped (i.e., the pumping depth or pumping head). A project that decreases the pumping depth (i.e., decreases 
the pumping head) – for instance, a groundwater recharge project – could also lead to energy savings. However, this 
tool does not address this pathway to energy savings. 

249  The energy efficiency (i.e., intensity) of groundwater pumping is defined as the amount of energy required to pump 
1 acre-foot of water a distance of 1 foot. 
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pump efficiency, the desired discharge pressure of the pumped water, and friction losses 

within the system. Table A-27 summarizes the pathways to energy savings included in the GWB 

Calculator. 

Table A-27:  Pathways to Energy Savings 

Pathway to Savings1 Description Examples of Projects 

1. Reduced 
groundwater 
pumping 
 

Energy savings resulting from 
reducing the amount of 
groundwater pumped. 

• A project that increases 
irrigation efficiency (e.g., 
converting to drip irrigation 
from surface irrigation) 

• A project that converts to a 
more water-efficient cooling 
tower 

2a. Increased pump 
efficiency 

Energy savings resulting from 
increasing the energy efficiency 
of the pump or pump engine. 
Pump efficiency is affected by 
the age of the pump, pump 
size, pump capacity, fuel type, 
and other factors.  

• A project that replaces an 
older pump 

• A project that converts from 
a diesel to electric pump 

2b. Reduced 
discharge pressure 

Energy savings resulting from 
reducing the discharge 
pressure. The discharge 
pressure may be chosen for a 
specific application.  

• A project that increases 
irrigation efficiency may also 
use a lower discharge 
pressure  

 

2c. Reduced friction 
losses 

Energy savings resulting from 
reducing friction losses in the 
system. Friction losses in the 
system are affected by pipe 
diameter, pipe material, flow 
rate, etc.  

• A project that reduces flow 
rate 

• A project that replaces old 
or rusty pipes 

1 Savings in this table are described relative to the baseline. 

Projects with energy savings will also have cost savings, since reducing the total groundwater 

pumping energy compared to the baseline will have lower associated energy costs.250 Projects 

may also achieve cost savings by either changing fuel type (e.g., changing from a pump fueled 

by natural gas to one fueled by electricity) or by shifting the month or time of day during which 

groundwater pumping occurs, if energy prices are affected by seasonal and/or Time-Of-Use 

(TOU) pricing. 

  

 
250  An exception to this would be if the energy reductions from a project were very small and the project switched to a 
more expensive fuel. 
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Table A-28:  Pathways to Cost Savings 

Pathway to 

Savings Description Examples of Projects 

Energy savings Cost savings achieved by reducing 
the energy used for groundwater 
pumping. 

Projects in Table A-27 

Load shifting Cost savings achieved by shifting 
some or all of the energy used for 
groundwater pumping to months 
and/or times of day when energy 
prices are lower. 

A project that pumps 
groundwater for irrigation during 
off-peak hours and stores the 
water for later use 

Fuel type Cost savings achieved by changing 
the type of fuel required by the 
pump to a lower cost fuel. 

A project that converts from a 
pump powered by natural gas to 
one powered by electricity 

 

Exclusions from and uncertainties with the cost savings that result from reduced groundwater 

pumping are as follows: 

• Reduced groundwater pumping may raise the water table in some cases, which would 

further reduce pumping costs. This effect is not captured in the current method. 

• Groundwater pumping can result in land subsidence; this tool does not capture the 

potential benefits of reduced subsidence. 

• The benefits of reduced groundwater pumping will scale directly with the depth to 

groundwater, which can vary considerably over small distances and can vary over time. 

Similarly, other site-specific characteristics may not be known, including energy cost, 

pumping depth, and pumping efficiency. The accuracy of these values will affect the 

accuracy of the results. 

• The annual benefits of the project reflect expected values that are assumed to remain 

constant over the period analyzed. The tool may either underestimate or overestimate 

benefits if annual impacts vary significantly from these expected values. 

Methodology 

Overview 

The GWB Calculator adapts the method employed by the California Air Resources Board (ARB) 

2016 Greenhouse Gas (GHG) Emission Reduction Calculator Tool.251 The following sections 

describe the tool organization and functionality of the Calculator. The Calculator includes 

several types of worksheets, summarized in Table A-29. 

  

 
251  California Air Resources Board (ARB) Greenhouse Gas (GHG) Emission Reduction Calculator Tool. 2016. California 
Department of Food and Agriculture (CDFA) State Water Energy Efficiency Program (SWEEP), 
https://www.cdfa.ca.gov/oefi/sweep/docs/GHG_CalculatorTool.xlsx. Last accessed: 2020-02-18. 

https://www.cdfa.ca.gov/oefi/sweep/docs/GHG_CalculatorTool.xlsx
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Table A-29:  Worksheet Summary 

Worksheet 

Type (Color) 

Worksheet 

Name Description 

Readme  
(White) 

• Readme 
 

Provides an overview of the Calculator with an overview of 
and hyperlinks to the worksheets that follow 

Inputs  
(Light Blue) 

• Inputs 
Captures the data provided by the applicant/grantee and 
entered by the user to support evaluation of project 
benefits. 

Summary  
(Blue) 

• Summary 
Summarizes the average annual benefits and the present 
value of benefits over the lifetime of the improvement. 

Calculations 
(Light Grey) 

• Water-
Energy  

Organizes the default and input model values and 
contains calculations for groundwater pumping and 
energy use by season (summer/winter) and Time-Of-Use 
(TOU). 

• Annual 
Savings 

Contains calculations for annual water savings (i.e., 
groundwater not pumped), energy savings, and energy 
cost savings. 

Data and 
Controls 
(Dark Grey) 

• Controls 
Contains data tables of standard names and values used 
throughout the tool for data validation and control. 

• Rates Contains default data for energy rates. 

• CPI 
Contains annual data for the Consumer Price Index (CPI). 
This index is used to adjust dollar values from one year to 
another. 

• References  
Contains information about data sources referenced in 
this Calculator. 

 

The inputs are divided into several sections, summarized in Table A-30. 

Table A-30:  Summary of Inputs 

Section (Source) Input List Description 

User Inputs (User) 

• Project Name Project name or identifier. 

• Base Year Used for dollar value conversions. 

• Present Value 
Year  

Year used to discount annual values for present 
value calculations. 

General 
Information 
(Applicant/grantee) 

• Initial project 
year 

Year in which the benefits from the project 
begin.  

• Expected project 
lifetime 

Expected lifetime of the project in years (does 
not include initial project year).  

• Use sector 
The use sector for the project (Residential, 
Commercial, Industrial/Agricultural). The use 
sector affects the energy rates for the 
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Section (Source) Input List Description 

Electricity, Natural Gas, and Propane fuel 
types.3  

• Pumping depth 

The suction pressure at the pump in feet. For 
wells, this is the depth of groundwater (e.g., fall 
depth). Pumping depth is assumed to be 
constant before and after the project. 

Water-Energy 
System1 
(Applicant/grantee) 

• Discharge 
pressure 

Discharge pressure at the pump in feet. May be 
metered at the pump.  

 • Pump efficiency 

Average pump efficiency (i.e., the ratio of 
power or energy input to power or energy 
output). Value must be between 0 and 1. 
Typical values range from 0 to 0.83. 

 • Friction losses 
Losses in pressure due to friction within the 
system. 

 • Type of energy 
Energy type used to power the pump 
(Electricity, Natural Gas, Diesel, Gasoline, 
Propane).  

 • Energy IOU 
The Investor-Owned Utility (IOU) providing the 
energy for the pump. The selection list is 
determined by the type of energy/fuel.  

Pumping Schedule2 
(Applicant/grantee) 
 
  

• Summer/winter 
pumping per day  

Volume of groundwater pumped on a typical 
summer/winter day (gallons/day).  

• Summer/winter 
total pumping 
hours  

Total number of hours the pump is in 
operation during a typical summer/winter day 
(hours/day). 

• Summer/winter 
peak pumping 
hours  

Number of peak hours pump is in operation 
during a typical summer/winter day 
(hours/day). 

Energy Prices2 – 
Optional  
(Applicant/grantee) 
 

• Unit energy costs 
by season and 
time-of-use (TOU) 

Override values for unit energy costs in U.S. 
dollars per kWh. The Calculator accepts 
different unit energy costs by season 
(summer/winter) and time-of use (Peak/Off-
Peak). If the energy cost does not vary by 
season or TOU, enter the same value in all cells 
in this section. 

1 This section takes input values for before and after the project, except for “Pumping depth”, 
which takes a single input value. 

2 This section takes input values for before and after the project.  
3 The model currently uses the Industrial rate schedules if the user selects “Agricultural.” 

Energy and Cost Savings Formulas 

This tool converts the amount of avoided water pumped and the distance pumped into the 

energy and monetary cost of pumping and, by extension, the savings of avoided pumping. 
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The pumping energy 𝐿𝐿𝐶𝐶 (in kilowatt-hours) required to move a volume of groundwater 𝑄𝑄𝐶𝐶 over 

an elevation change of ℎ𝐶𝐶, using a pump with efficiency 𝜂𝜂𝐶𝐶 and a discharge pressure of ℎ𝐷𝐷 is 

given by: 

𝐿𝐿𝐶𝐶 =
𝑠𝑠 ⋅ 𝑄𝑄𝐶𝐶
𝑘𝑘 ⋅ 𝜂𝜂𝐶𝐶

⋅ (ℎ𝐶𝐶 + ℎ𝐷𝐷 + ℎ𝐹𝐹) 

Where: 

𝐿𝐿𝐶𝐶 = Total cost of energy used to pump groundwater in kilowatt-hours (kWh) 

𝑄𝑄𝐶𝐶 = Volume of groundwater pumped in acre-feet (AF) 

𝑠𝑠 = Unit weight of an acre-foot of water (2,437,365 lbs/AF) 

ℎ𝐶𝐶 = Total elevation change for the pumped groundwater in feet 

ℎ𝐷𝐷 = Discharge pressure at the pump in feet 

ℎ𝐹𝐹 = Losses in pressure due to friction within the system (in feet) 

𝑘𝑘 = Conversion factor from foot-pounds (ft-lbs) to kWh (2,655,220 ft-lbs/kWh) 

𝜂𝜂𝐶𝐶 = Pump efficiency (unitless), i.e., the ratio of power in to power out. 

 

The total pumping energy cost 𝐶𝐶𝐶𝐶 (in U.S. dollars) is the pumping energy 𝐿𝐿𝐶𝐶 multiplied by the 

unit cost of energy 𝑆𝑆 (in U.S. dollars per kWh): 

𝐶𝐶𝐶𝐶 = 𝑆𝑆 ⋅ 𝐿𝐿𝐶𝐶 

The total cost savings for the project is the difference between the total pumping energy cost 

before and after the project. 

Fuel Rates 

One of the factors affecting the cost savings from a project is the relative cost of energy – i.e., 

on the unit cost of fuel. The unit cost of fuel depends primarily on the type of fuel. The model 

contains data for several common fuel types: electricity, natural gas, propane, diesel, and 

gasoline. Some fuel types – more specifically, electricity, natural gas, and propane – may have 

different fuel rates depending on type of user, time of use (TOU), and season.  

Electricity, natural gas, and propane have fuel rates that depend on the type of use. Electricity 

fuel rate data were available for residential, commercial, industrial, and agricultural use sectors. 

Natural gas and propane data were available for residential, commercial, industrial, and 

agricultural. The model uses industrial fuel rates instead for natural gas and propane if the 

user selects these fuel types for the “Agricultural” use sector in the model. In other words, if 

the user specifies the “agricultural” fuel rate type, the model will use the industrial fuel rates to 

calculate the energy costs and savings.252 

 
252  The use of industrial fuel rates for the agricultural use sector assumes the industrial fuel rate data provide a 
reasonable approximation for the agricultural fuel rates.  
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The fuel rate type defined by the user is assumed to be the same before the project as after (i.e., 

the same with the project as without the project).253,254  

Electricity prices also vary by time of use pricing and seasonal pricing. The GWB Calculator has 

TOU and seasonal prices for three major investor-owned utilities – Pacific Gas and Electric 

(PG&E), San Diego Gas and Electric (SDG&E), and Southern California Edison (SCE). The 

Calculator also contains state-wide weighted TOU/seasonal electricity rates for California. For 

the purposes of benefits estimations, more complex TOU rates schedules have been simplified 

the daily schedule into peak/off-peak periods and the season into summer/winter. The model 

calculates the amount of energy and associated energy costs in each TOU period and multiplies 

this daily value by the number of days and hours associated with each period in a season. 

To take advantage of the built-in model values for electricity TOU pricing, users should enter 

the amount of groundwater pumped in peak/off-peak periods, and the number of hours per 

day associated with each period. For all other fuel types, users should assume that all pumping 

happens during off-peak periods and fill out the pumping schedule input section accordingly. 

Price Adjustments 

The Calculator includes data on historical and projected values for the Consumer Price Index 

for All Urban Consumers (CPI-U) to allow model values to be adjusted to a base year specified 

by the user. The tool uses 2018 as the default value for the base year, which is the most recent 

year for which the CPI-U in the data series is calculated from historical data. The tool uses the 

default base year to adjust prices if the user does not specify a year.  

To adjust dollar values from the year in which the data was reported to a base year, the 

Calculator uses the ratio of the annual CPI-U for the base year (𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎) to the annual CPI for the 

data year (𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎), which is given by: 

𝐶𝐶𝑃𝑃𝐼𝐼 𝐿𝐿𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇 =
𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

 

The tool adjusts monetary values by multiplying the monetary value from the data year by the 

CPI ratio: 

𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎 =
𝐶𝐶𝑃𝑃𝐼𝐼𝐵𝐵𝑎𝑎𝐵𝐵𝑎𝑎
𝐶𝐶𝑃𝑃𝐼𝐼𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

⋅ 𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑆𝑆𝐷𝐷𝑎𝑎𝑡𝑡𝑎𝑎 

Benefits Summary  

The GWB Calculator presents the energy cost savings benefits in dollar values, adjusted to a 

user-specified base year. The Summary worksheet in the GWB Calculator summarizes the 

present value of annual energy cost savings for annual discount rates of three percent and 

seven percent.  

 
253  The exception is if the project switches between a fuel type (i.e., electricity, natural gas, or propane) that depends on 
fuel rate type (e.g., residential, commercial) and one that does not (i.e., diesel or gasoline). In this case, the user should 
select the fuel rate type corresponding to the electricity/natural gas/propane fuel rate type. The model will 
automatically use the general fuel rate for diesel/gasoline.  

254  Fuel rates data and methods are described in greater detail under the section on Data Sources. 
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• The tool calculates water-energy benefits and energy cost savings on an annual basis. 

The tool calculates the present value of energy cost savings as the sum of the annual benefits, 

discounted to a year specified by the user. 

• The Summary section of the Benefits worksheet presents the total cost savings (as a 

present value) and the total water savings (AF) and energy savings (kWh) across all 

seasons (summer/winter) and TOU (peak/off-peak). 

• The Cost Savings section of the Benefits worksheet presents the average annual energy 

cost savings and the present value of cost savings by season (summer/winter) and TOU 

(peak/off-peak). 

• The Water Savings and Energy Savings sections of the Benefits worksheets break down 

the total water savings and the total energy saved (for both energy types) by use sector. 

Data Sources 

Energy Prices 

The tool has default energy price data are included for five types of energy: electricity, natural 

gas, gasoline, diesel, and propane. Users can also input a custom fuel price for the start year. 

Electricity and natural gas historical data and price forecasts were obtained from the Supply 

Analysis Office in the Energy Assessment Division of the Commission.  

• Voltage prices are from the 2017 Integrated Energy Policy Report (IEPR). The Calculator 

uses historical data (2017 and earlier) and forecasts (2018 to 2030) from the 2017 IERP 

for baseline electricity prices. Electricity prices for 2030 and beyond are calculated by 

applying the average compound annual growth rate from the Commission’s forecast for 

2020 – 2030. 

• Natural gas prices are from the 2018 IEPR update. The Calculator uses historical data 

(2018 and earlier) and forecasts (2019 – 2030) from the 2018 IEPR update for natural 

gas prices. Natural gas prices for 2030 and beyond are calculated by applying the 

average compound annual growth rate from the Commission’s forecast for 2020 to 

2030. 

For Investor-Owned Utilities (IOUs), historical data and mid-demand scenario energy price 

forecasts for electricity and natural gas are available for Pacific Gas & Electric (PG&E), Southern 

California Edison (SCE), San Diego Gas & Electric (SDG&E); whereas for projects outside the three 

IOUs, the Calculator uses statewide weighted averages for electricity and natural gas prices. 

These weighted averages were calculated using the IEPR data and forecasts on relative fuel 

usage and energy prices for each of the IOU planning areas.255  

 
255  To be more precise, the statewide average 𝐶𝐶𝑎𝑎 is the sum of the unit energy cost 𝑆𝑆𝑖𝑖 for each utility 𝑆𝑆 multiplied by the 
ratio of the fuel consumption 𝑄𝑄𝑖𝑖 of utility 𝑆𝑆 relative to the fuel consumption 𝑄𝑄1 + 𝑄𝑄2 + 𝑄𝑄3 of all three utilities: 
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Gasoline, diesel, and propane historical data and price forecasts through 2045 were obtained 

from the Energy Information Administration’s (EIA) 2019 Annual Energy Outlook for the U.S. 

Pacific region.256  

• Propane prices are provided for residential, commercial, and industrial end-use sectors.  

• Gasoline and diesel prices do not depend on the use sector. 

Seasonal and Time of Use Prices 

The electricity price forecasts present average rate values (in $/kWh) for each year, without 

distinguishing between peak and off-peak pricing. To account for TOU rates in savings 

calculations, the Calculator contains a set of representative rate structures active as of August 

2019 for residential and commercial customers of each of the three IOUs. For simplicity, IEc did 

not record industrial or agricultural rate structures, which are generally more complex and 

include demand charges ($/kW for the period of maximum demand). Calculator users should 

consider using manual input of TOU rates to assess net metering installations at industrial 

facilities or agricultural operations.  

TOU rates were selected by analyzing the available rates for each IOU. The TOU rates selected 

for inclusion in the Calculator are those that are offered to customers by default, have the 

simplest pricing structure, and/or have the highest number of customers.  

IEc simplified the representative rate structures to make the module user-friendly and 

accessible. All else being equal, these simplifications conservatively used lower rates and lower 

estimated savings. Selected electricity time of use rates are presented in Table A-31. 

For all TOU rate schedules studied, the following assumptions and simplifications were applied 

as needed: 

• Secondary distribution rates are selected, rather than higher-voltage primary 

distribution or transmission-level rates.  

• Some rate schedules have several price tiers for customers depending on their monthly 

usage. The Calculator uses the lowest price tier for these schedules. Actual rates would 

be higher if fuel usage exceeds a certain amount per month. 

• Special event pricing is not included.  

• Only two rate periods per season are recorded: peak and off-peak.257  

• Differences between seasons are reflected in the module. 

• Rate schedules are simplified and do not differentiate between weekdays and 

weekends. 

Prices in future years are forecast for each of four periods (peak and off-peak for summer and 

winter) in the following way:  

 
256  https://www.eia.gov/outlooks/archive/aeo19/ (Last accessed: February 24, 2020). 
257 Some rate schedules contain additional periods (e.g., partial-peak pricing). These periods are not included in the 
Calculator. 

https://www.eia.gov/outlooks/archive/aeo19/
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• The ratio of peak to off-peak pricing is determined for each utility and use sector. 

• The peak to off-peak price ratio is multiplied by the applicable flat-rate Commission 

forecast.258 The annual escalation in electricity prices is also used to forecast demand 

charges in years past 2030. 

For projects outside the three IOUs, the Calculator uses a statewide weighted average based on 

the electricity usage in each of the IOU planning areas. 

Table A-31:  Representative Time-of-Use Electric Retail Rates259 

IOU 

End-Use 

Sector 

TOU Rate 

Schedule Justification for Selection 

PG&E 

Residential E-TOU-C3 
Popular rate: 400,015 MWh and 64,638 customers 
according to 2018 FERC Form 1. Featured on PG&E 
website. No weekend/weekday distinction. 

Commercial A-1 
For <75 kW customers. Popular rate: 1,062,816 MWh 
and 46,613 customers according to FERC Form 1. 
Featured on PG&E website. No demand charges. 

Industrial  A-10 
For 75-499 kW customers. Popular rate: 8,431,271 
MWh and 43,336 customers according to FERC Form 
1. 

SDG&E 

Residential TOU-DR1 Default TOU rate. Featured on SDG&E website. 

Commercial TOU-A 
Two periods (peak and off-peak). Seasonal differences 
consistent with standard summer/winter options. 

Industrial AL-TOU 
Simplest rate structure available for industrial 
customers with demand charges. 

SCE 

Residential 
TOU-D-4-
9PM 

Peak period hours more similar to other IOU rates. 
Featured on SCE website. 

Commercial TOU-GS-1E For <20kW customers. No demand charges. 

Industrial TOU-GS-3D 
For 200-500 kW customers. Lower rates than other 
options provide conservative estimate of savings. 

Instructions for Updating 

The Calculator includes several data inputs that can be updated on an annual basis. Each of 

these is identified below.  

• The Calculator can be updated with more recent data on fuel and electricity price 

projections, and time-of-use (TOU) electricity rate schedules. Cells highlighted in pale 

green indicate areas where data were collected from external sources and can therefore 

be updated. If price data are updated, the reference year for the price units (fields 

highlighted in orange, as completed user inputs) should also be updated as needed.  

 
258 Industrial and agricultural use sectors use the commercial TOU schedule. For these use sectors, the ratio of peak to 
off-peak pricing for the commercial TOU is multiplied by the applicable flat-rate Commission forecast. 

259 Representative rates are only used for industrial customers in the Electricity Reduction/Load Shifting module. These 
rates are excluded from the Net Metering module because they include demand charges.  
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• Electricity and natural gas price forecast data are located in the “Costs” worksheet. 

Updated price forecasts from the latest IEPR can be obtained from the Energy 

Assessments division of the Commission. 

• Diesel, gasoline, and propane price forecasts are also located in the “Costs” worksheet. 

Updated price forecasts should be obtained from the latest version of the Annual 

Energy Outlook on the EIA website, in Table 3 (“Energy Prices by Sector and Source”) for 

the reference case.260  

Data on representative TOU electricity rate schedules can be found in the “Costs” worksheet. 

These data include TOU electricity rates for various rate periods (peak and off-peak), and the 

parameters establishing when such rates are in effect (specific hours of the day and months of 

the year). Information about current rates is available online for PG&E,261 SCE,262 and SDGE.263 

Select representative rates based on simplicity of pricing structure (e.g., no demand charges, 

and fewer exceptions to hourly and seasonal patterns) and number of customers. Data on the 

number of customers for each rate schedule is available from IOU Form 1 filed with the Federal 

Energy Regulatory Commission.264 Note that the data series for annual CPI-U was provided by 

the Commission for use in this Calculator and does not need to be updated. Values for the 

annual CPI-U up to 2018 are actual values, published by the U.S. Bureau of Labor Statistics (BLS). 

Values beyond 2018 are forecasted values. This data series is located in the CPI-U data series 

table on the CPI worksheet in the Calculator. 

Data Guidance 

Groundwater Elevation 

A key factor in determining groundwater pumping energy is the elevation change for the 

groundwater, also known as pumping head. Groundwater elevations can vary significantly 

depending on local geology, hydrology, climate, and groundwater use. The California 

Department of Water Resources (DWR), the California State Water Resources Control Board 

(SWRCB) and the U.S. Geological Survey (USGS) maintain some data on groundwater 

elevations.265,266,267 Data availability and accuracy differ by locality. Grantees/applicants should 

provide the pumping depth in feet using local data (where possible) or provide an educated 

estimate. 

Pump Efficiency 

 
260 https://www.eia.gov/outlooks/aeo/ 
261 Simplified plan information for PG&E residential customers is available at: 
https://www.pge.com/en_US/residential/rate- plans/rate-plan-options/time-of-use-base-plan/time-of-use-plan.page. 
Detailed rate schedules are listed at: https://www.pge.com/tariffs/index.page 

262 Simplified plan information for SCE residential customers is available at: 
https://www.sce.com/residential/rates/Time-Of-Use-Residential-Rate-Plans. Detailed rate schedules are available at: 
https://www.sce.com/regulatory/tariff-books/rates-pricing-choices 

263 Simplified plan information for SDGE residential customers is available at: https://www.sdge.com/whenmatters. 
Detailed rate schedules are listed at: https://www.sdge.com/rates-and-regulations/current-and-effective-tariffs. 
Summaries of total electric rates are available at: https://www.sdge.com/total-electric-rates 

264 FERC provides a downloadable Form 1 database as well as custom Form 1 Viewer software: 
https://www.ferc.gov/docs-filing/forms/form-1/viewer-instruct.asp. Some older Form 1 filings have been collected on 
the California Public Utilities Commission’s website: https://www.cpuc.ca.gov/General.aspx?id=6442454550 

265 https://water.ca.gov/Programs/Groundwater-Management/Data-and-Tools 
266 https://www.waterboards.ca.gov/resources/data_databases/groundwater.html 
267 https://waterdata.usgs.gov/ca/nwis/gw/ 

https://www.eia.gov/outlooks/aeo/
https://www.pge.com/en_US/residential/rate-%20plans/rate-plan-options/time-of-use-base-plan/time-of-use-plan.page
https://www.pge.com/tariffs/index.page
https://www.sce.com/residential/rates/Time-Of-Use-Residential-Rate-Plans
https://www.sce.com/regulatory/tariff-books/rates-pricing-choices
https://www.sdge.com/whenmatters
https://www.sdge.com/rates-and-regulations/current-and-effective-tariffs
https://www.sdge.com/total-electric-rates
https://www.ferc.gov/docs-filing/forms/form-1/viewer-instruct.asp
https://www.cpuc.ca.gov/General.aspx?id=6442454550
https://water.ca.gov/Programs/Groundwater-Management/Data-and-Tools
https://www.waterboards.ca.gov/resources/data_databases/groundwater.html
https://waterdata.usgs.gov/ca/nwis/gw/
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Overall pump efficiency is a relative measure of how well the pumping system converts the 

chemical energy input as fuel into mechanical work (i.e., groundwater pumping). Overall pump 

efficiency is affected by motor efficiency, horsepower, discharge pressure, flow rate, total 

dynamic head, and other factors, including pump age. Overall pump efficiency can range from 0 

percent to 80 percent, while typical values fall between 40 percent and 70 percent. 

For more information on pumping efficiency for groundwater pumping in California, see: 

Burt, C., Howes, D., and Wilson, G. (2003) California Agricultural Water Electrical Energy 

Requirements: Irrigation Training and Research Center (ITRC) Report No. R 03-006. 

California Polytechnic State University (Cal Poly), San Luis Obispo. URL: 

http://agwaterstewards.org/wp-content/uploads/2016/08/EnergyReqs.PDF. Last accessed: 

March 18, 2020.  

Friction Losses  

One way a project may achieve energy savings is by reducing friction losses during pumping. 

When pumping groundwater through a pipe, some of the energy is lost along the way due to 

friction in the pipe, which decreases the energy efficiency of groundwater pumping. To achieve 

a desired flow rate and discharge pressure for pumping, additional energy must be added to 

the system to overcome the energy lost due to friction; this lost energy is referred to as 

“friction losses.” Decreasing friction losses improves energy efficiency and can contribute to 

energy savings.  

The GWB Calculator accounts for friction losses as an additional height that needs to be 

overcome. If no data is available, the tool will assume the friction losses are zero.  

The change in pressure due to friction losses along a pipe of length depends on numerous 

factors, especially flow rate, pipe geometry, and pipe material. The Hazen-Williams equation 

can be used to calculate the major friction losses 𝑆𝑆𝑝𝑝, where 𝑆𝑆𝑝𝑝 is defined as the ratio of the head 

loss 𝑃𝑃𝑑𝑑 (in feet) due to friction losses along a pipe of length 𝐿𝐿: 268,269  

𝑆𝑆𝑝𝑝 =
𝑃𝑃𝑑𝑑
𝐿𝐿

=
4.73 𝑄𝑄1.852

2.31 𝐶𝐶1.852 𝐼𝐼4.8704 

Where: 

• 𝑆𝑆𝑝𝑝 are the major friction losses of the system (unitless) 

• 𝑃𝑃𝑑𝑑 is the head loss in the pipe (feet) 

• 𝐿𝐿 is the length of pipe (feet)  

• 𝑄𝑄 is the flow rate of water through the pipe (cubic feet per second),  

• 𝐼𝐼 is the inside pipe diameter (feet) and  

• C is the pipe roughness coefficient (unitless). 

 
268 Lamont, P.A. (1981) Common pipe flow formulas compared with the theory of roughness. Journal of the American 
Water Works Association, 73 (5): pp. 274 – 280. 

269 The head loss 𝑃𝑃𝑑𝑑 and pipe length 𝐿𝐿 are in units of feet, while the friction losses 𝑆𝑆𝑝𝑝 are unitless. 

http://agwaterstewards.org/wp-content/uploads/2016/08/EnergyReqs.PDF
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The pipe roughness coefficient is an empirically determined constant that depends on the pipe 

slope and type of material. Typical values of C is the pipe roughness coefficient can range 

between 60 (corrugated pipe) and 140 (very smooth, straight pipe). 270,271  

 

Benefits and Metrics Unique to Disadvantaged Communities 

Value of Increased Equity in DACS and Low-Income Communities 

Introduction 

Purpose of Tool 

This approach was developed by Industrial Economics, Inc. (IEc) under contract to the California 

Energy Commission (CEC) in 2020. It allows a user to measure the economic utility (value) of 

increasing energy equity in disadvantaged communities (DACs) and low-income communities in 

the State of California. These impacts result from Electric Program Investment Charge (EPIC) 

grants that have produced on-bill savings for consumers in DACs or low-income communities.  

This tool is intended for projects that have been implemented in households in a DAC or low-

income community as defined for California Climate Investments. The definition of low-income 

households in this tool is consistent with AB 1550’s definition, “those with household incomes 

at or below 80 percent of the statewide median income.” 272 

Equity weighting, or distributional weighting, is a well-established economic concept that a 

dollar has more utility to a household that has limited resources than to a wealthier household. 

Income-dependent weighting factors can be used to estimate the added economic utility 

associated with improving the distribution of resources across the economy. This concept is 

also reflected in policies such as graduated income taxes. Economists have long agreed that the 

value of money, viewed in terms of its utility to the person holding it, depends at least in part 

on the person’s income. In other words, an extra dollar has more utility (e.g., ability to purchase 

something of immediate use) and is therefore more “valuable” to someone who earns $1,000 a 

month than to someone who makes $10,000 a month and already has accrued all necessities. 

This suggests that monetary benefits of EPIC programs may be “worth” more (i.e., have higher 

utility) if they accrue to low-income/DAC residents and households than to others. Indeed, the 

requirement to invest a certain percentage of EPIC program funds in DACs and other low-

income communities can be viewed as an acknowledgment of and response to this dynamic.  

While equity weighting is widely understood and accepted as a concept, it is not often 

implemented by the U.S. government. Currently, the UK’s official document on benefit-cost 

analysis guidance recommends equity weighting.273 In addition, the World Bank applied 

distributional weighting to project analysis, but eventually phased out the practice in the 1990s 

 
270 National Fire Protection Association. (2013). Standard for the Design of Sprinkler Systems (2013 ed.). Quincy, 
National Fire Protection Association. 

271 Urquhart, W. J. (2012). Chapter 3: Hydraulics. In Engineering Field Handbook (Part 650, 210–VI–EFH, pp. 3-1 – 3-112). 
Washington, D.C.: U.S. Department of Agriculture Natural Resources Conservation Service. 

272 Assembly Bill No. 1550: GHGs: Investment Plan: Disadvantaged Communities.” September 14, 2016. Available at: 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160AB1550 

273 HM Treasury (2003) “The Green Book, Appraisal and Evaluation in Central Government,” London, HM Treasury. 

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160AB1550
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due to organizational issues with subjectivity, practicality, and efficiency.274 These factors are 

summarized below, and are not relevant to conducting analyses for EPIC grants: 

• First, World Bank staff determined that “the use of distributional weights requires a 

judgment about the value of marginal increases in income to different members of 

society,” and were reluctant to make that judgment.275 One could argue not applying 

distributional weights also makes a value judgment on individuals’ relationship to 

income, as it intentionally ignores wealth disparities. The tool addresses this concern 

by relying on a literature value built on an expansive survey process and by limiting the 

application of the equity weighting to a separate estimate of equity impacts that is not 

fully additive with other benefits.276  

• Second, the World Bank found the “task of identifying who actually benefitted from a 

project” overwhelming in their context, which is characterized by large-scale, multi-year 

regional investments. In contrast, the Commission has information about specific 

households affected by EPIC-funded projects, and this tool clearly lays out assumptions 

and steps to identify and characterize impacts to these energy consumers.  

• Finally, the World Bank used equity weighting for project selection, which emphasizes 

comparison of the value of different projects. In contrast this tool is designed to 

characterize the equity impact of existing EPIC-funded projects. 

Limitations 

This tool does not determine the elasticity of marginal utility specific to California residents; it 

uses national-level estimates for the U.S. 277 We are not aware of any estimates of this figure for 

California specifically, and to develop one could require significant time and effort.  

Calculation Methodology 

This tool measures the increased equity in DACs and low-income communities from EPIC 

projects that have produced on-bill savings for households in those communities. The following 

steps detail how the tool arrives at the value of increased equity: 

1. The primary input for the tool is the total on-bill savings to residents across all relevant 

households in the project for each DAC/low-income geographic area of interest. This 

must first be calculated (e.g., using the On-Bill Energy Savings Calculator). 

2. Using the median household income associated with the geographic boundary (e.g., 

census tract, zip code, city, or county) of the accrued on-bill savings, the equity 

weighting tool calculates a distributional weight multiplier for that geographic area 

using the following equation: 

Distributional Weight Multiplier = 

 
274 Devarajan, S.; Squire, L.; Suthiwart-Narueput, S. (1995) “Reviving Project Appraisal at the World Bank,” Policy 
Research Working Paper, 1496. 

275 Ibid. 
276 Layard, R.; Mayraz, G.; Nickell, S. (2008) “The Marginal Utility of Income,” Journal of Public Economics, 92, 1849-1857. 
Available at: https://doi.org/10.1016/j.jpubeco.2008.01.007. 

277 Ibid.  

https://doi.org/10.1016/j.jpubeco.2008.01.007
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(1/[Median Household Income of Geographic Area of 

Interest/Low-Income Threshold of 80% of California’s Median 

Income])^1.26 

This 1.26 value reflects the elasticity of marginal utility with respect to income. This 

represents the rate of change in the relationship between income and utility at different 

levels of income. A low (inelastic) number would indicate that an extra unit of income 

(an extra dollar) would have approximately the same benefit regardless of income level 

(e.g., moving from $10,000 to $10,001 would have roughly the same benefit as moving 

from $100,000 to $100,001). A high (elastic) number means that an extra unit of income 

would produce a more substantial benefit at lower incomes than at higher ones. The 

precise number determines the strength of this effect. An academic review by Layard et 

al. analyzed several large cross-sectional surveys of happiness from over 50 countries 

between 1972 and 2005.278 The estimated elasticity based on all six studies ranged from 

1.19 to 1.34, with a combined estimate of 1.26.  

Specifically, this 1.26 figure determines the relative value of distributing savings to 

households at or below 80 percent of the statewide median income. Because the 

distributional weight multiplier is exponential, the value of distributing savings is not 

linear – the equity effect increases as household income decreases. In contrast, the 

equity effect of on-bill savings allocated to households above 80 percent of the 

statewide median income is less than one, resulting in a lower-equity weight value than 

the initial on-bill savings because on-bill savings in high-income areas do not improve 

equity. 

3. Some on-bill savings occur in multi-family homes that are not sub-metered. As a result, 

the landlord, as opposed to the family, experiences the on-bill savings and may or may 

not pass them through to the resident. The calculator therefore eliminates on-bill 

savings associated with multi-family homes that are not sub-metered, based on user 

inputs. In other words, this tool calculates only the on-bill savings, distribution-weighted 

to include utility benefits, for families in low-income communities and DACs that 

directly accrue the on-bill savings. If the user does not know the metering status of 

individual buildings, the tool provides default values for the proportion of sub-metered 

units on a census tract, zip code, city, and county level. 

4. After identifying the on-bill savings accruing directly to metered households, the 

calculator then multiplies the distributional weight multiplier by the total annual on-bill 

savings accrued to households located in low-income communities and DACs. The 

resulting product represents the total on-bill savings distribution weighted for equity. 

Note that this tool is intended for projects that occurred in a DAC or low-income community as 

defined for California Climate Investments. Users are instructed to visit CARB's Priority 

Population Map (available here: 

https://ww3.arb.ca.gov/cc/capandtrade/auctionproceeds/communityinvestments.htm) to 

determine if the project of focus occurred in a DAC or low-income community. 

 
278 Ibid. 

https://ww3.arb.ca.gov/cc/capandtrade/auctionproceeds/communityinvestments.htm
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In cases where a location’s median household income is lower than 80 percent of the statewide 

median income, the equity-weighted value of the on-bill savings will be higher, reflecting the 

added utility of distributing savings to lower-income households. The effect is stronger (i.e., the 

multiplier is higher) as household income gets lower.  

The tool does allow users to input on-bill savings for a location, regardless of their DAC or low-

income status, however, the equity weight will be less than one for areas where median 

household income is higher than 80 percent of the statewide median income, resulting in a 

lower-equity weight value than the initial on-bill savings. In addition, users can arrive at a lower-

equity weight value than the initial on-bill savings if a significant portion of the on-bill savings 

are not directly accrued to families (i.e., on-bill savings are accrued in non-sub-metered multi-

family homes where the landlord directly experiences the on-bill savings and may or may not 

pass them through to the resident). 

This methodology assumes the following: 

• Single family houses are separately metered and tenants are directly billed. 

• Multi-family buildings built before 1982 are not sub-metered and tenants are not 

directly billed. 

• Multi-family buildings built after 1982 are sub-metered and tenants are directly 

billed.279  

Data Sources 

The tools relies on data from the sources listed in the following table. These sources were 

selected as they are routinely updated to reflect current, annual median household income, 

population, and housing ages for California communities. 

Variable Provider Notes 

Screening tool to 
determine low-income 
communities and DACs 

California Air 
Resources Board 

Screening tool publicly available here: 
https://ww3.arb.ca.gov/cc/capandtrade/au
ctionproceeds/communityinvestments.htm 

List of California 
communities with 
corresponding census 
tract, zip code, city, and 
county information 

California Office of 
Environmental 
Health Hazard 
Assessment 

Data publicly available here: 
https://oehha.ca.gov/calenviroscreen/repor
t/calenviroscreen-30 

Housing age for 
California buildings, 
broken out by census 
tract 

U.S. Census Bureau 
Data publicly available here:  
https://www.census.gov/topics/housing.ht
ml 

Median household 
income, broken out by 
census tract 

IPUMS NHGIS 
Data publicly available here:  
https://data2.nhgis.org/main 

 
279 Southern California Edison, “Rates and Reading Your Meter,” 2019. Available at: 
https://www.sce.com/es/residential/rates/multi-family Note that there are possibly residential buildings that have 
submetering but tenants are not directly billed for utilities costs; the tool does not account for this complexity.   

https://ww3.arb.ca.gov/cc/capandtrade/auctionproceeds/communityinvestments.htm
https://ww3.arb.ca.gov/cc/capandtrade/auctionproceeds/communityinvestments.htm
https://oehha.ca.gov/calenviroscreen/report/calenviroscreen-30
https://oehha.ca.gov/calenviroscreen/report/calenviroscreen-30
https://www.census.gov/topics/housing.html
https://www.census.gov/topics/housing.html
https://data2.nhgis.org/main
https://www.sce.com/es/residential/rates/multi-family
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Variable Provider Notes 

On-bill savings Commission Staff 

Reported on-bill savings can be calculated 
using the “On-Bill Energy Savings 
Calculator” developed by IEc for the 
Commission  

How to Use and Interpret Results 

On-bill savings weighted for equity is not additive to the on-bill savings accrued as the 

perceived value of “benefits” resulting from use of distributional weights is not the same as a 

factual dollar value of a benefit. Weighted benefits are therefore most readily useful as a 

separate indicator of the societal impact of improving equity, and not as a fully implemented 

adjustment to total portfolio-level benefits estimates. For instance, if on-bill savings is reported 

to be $100,000 for a certain project but the on-bill savings weighted for equity is estimated to 

be $300,000, the Commission cannot report that total on-bill savings is $300,000. Instead, the 

Commission could report that the project produced on-bill savings of $100,000 and produced a 

total utility value of $300,000 because the project was implemented in a DACs/low-income 

community where a dollar saved produces a more substantial benefit than a dollar saved in a 

non-DACs/high-income community.  

On-bill savings weighted for equity can be added together across different projects. For 

instance, if project A produces an on-bill savings of $100,000 and an on-bill savings weighted 

for equity of $300,000 and project B produces an on-bill savings of $50,000 and an on-bill 

savings weighted for equity of $200,000, the Commission could report that projects A and B 

combined produced an on-bill savings of $150,000 ($100,000 from project A + $50,000 from 

project B) and a total utility value of $500,000 ($300,000 from project A and $200,000 from 

project B). 

Instructions for Updating 

This tool requires annual updates to reflect current median household income, population, and 

housing ages for California communities to determine the increased equity in DACs and low-

income communities from EPIC grants that have produced on-bill savings for successive years. 

The “By Census Tract”, “By Zip Code”, “By City”, and “By County” gray references tabs will have 

to be updated with the latest data by undertaking the following steps:  

1. Using the source from IPUMS NHGIS, which lists current median household income by 

census tract, and the source from the U.S. Census Bureau, which lists current housing 

age for California buildings by census tract, the Commission should enter the latest 

median household income, housing age, and population data into the gray reference 

sheet labeled “By Census Tract” for each census tract. For efficiency, this can be 

achieved by using a simple “vlookup” function in Excel.  

2. The “By Census Tract” already has corresponding zip codes, cities, and county 

information for each census tract. Using the updated data in the “By Census Tract” tab, 

the Commission would have to average median household income by zip code, by city, 

and by county and update the “By Zip Code”, “By City” and “By County” gray reference 
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sheets respectively with the updated median household income information. For 

efficiency, this can be achieved by using a simple “averageif” function in Excel.  

3. The average median household income by zip code, city, and county should be weighted 

by population. The weighted average of median household income by population can be 

calculated using the same embedded formulas for previous years. 

4. Finally, the distributional weight multiplier for each census tract, zip code, city, and 

county will need to be updated based on updated median household income and 

population data. The multiplier can be calculated using the same embedded formulas 

for previous years. 
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Appendix B: 
Final Documents 

The table below displays the list of final documents included in Appendix B. 

Analysis Associated Document Titles and Descriptions 

Network Analysis of the 

Growth of EPIC Grantee 

Connections 

• Growth of grantee connections and CEC EPIC funding 

received between 2014-2020. PowerPoint of Growth of 

grantee connections and Commission funding received 

between 2014 - 2020 results. 

Effects of EPIC Support 

on Investments and 

Growth of California 

Cleantech Companies 

• Method Documentation and Results for: Increased 

Investors and Investments in Clean Technology / 

Increased Private or Public Investment in Technology 

(i.e., Leverage of the Commission’s Investment). Explains 

method application and results in detail. 

EPIC Program Regional 

Economic Impact 

Analysis 

• EPIC Regional Economic Impact Analysis. Explains 

method application and results in detail. 

Building Energy 

Efficiency Technologies 

and Market Adoption 

Analysis 

• Building Energy Efficiency Savings Workbook 

Methodologies and Results. Explains the detailed 

methodology for developing the forecasted gross and net 

cumulative energy savings based on the Delphi Panel 

process. 

• California Energy Commission EPIC Benefits: Building 

Energy Efficiency. The Commission EPIC Benefits for 

Building Energy Efficiency includes the gross benefits 

where EPIC contribution is not isolated from the benefit 

estimates. Consolidates across multiple analyses. 

• Projecting On-bill Energy Savings from EPIC-funded 

Energy Efficiency Projects. Explains the inputs and 

assumptions for projecting on-bill energy savings based 

on the Delphi Panel process related to first cost estimates. 

DACs/LMI Benefits from 

Building Energy 

Efficiency Technology 

Market Adoption 

• Methodology for Estimation of Benefits to Residents of 

DACs and Low-Income Communities Explains the 

detailed methodology for developing the forecasted 

benefits to residents of DACs and LI communities. 
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Analysis Associated Document Titles and Descriptions 

• California Energy Commission EPIC Benefits: Benefits 

Accrued to Disadvantaged Communities and Low-

income Communities. This document includes the gross 

benefits where EPIC contribution is not isolated from the 

benefit estimates. Consolidates across multiple analyses. 

RGI Technologies 

Market Adoption 

Analysis 

• California Energy Commission EPIC Benefits: Renewable 

Energy Generation. The Commission EPIC Benefits for RGI 

includes the gross benefits where EPIC contribution is not 

isolated from the benefit estimates. Consolidates across 

multiple analyses. 

VGI Technology Market 

Scenario Analysis 

• California Energy Commission EPIC Benefits: Vehicle-

Grid Integration. The Commission EPIC Benefits for VGI 

includes the gross benefits where EPIC contribution is not 

isolated from the benefit estimates. Consolidates across 

multiple analyses. 

• Methodology Summary for Estimating Potential VGI 

Technology Market Adoption and Associated Benefits.  

Explains the detailed methodology and results for 

developing the forecasted gross savings based on the 

scenario estimates. 

 

  


	California Energy Commission
	Edmund G. Brown Jr., Governor
	PREFACE
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	EXECUTIVE SUMMARY
	CHAPTER 1:  Introduction and Project Purpose
	EPIC Overview
	Project Purpose
	Benefits Taxonomy
	Portfolio-Level Logic Model
	Core Benefits
	Report Roadmap

	CHAPTER 2: Project Approach
	Who is Performing These Analyses?
	Approach to Addressing Measurement Challenges

	CHAPTER 3: Benefit Assessment Methods and Tools
	Method Format

	CHAPTER 4: Market Adoption Analyses
	Building EE and RGI Market Adoption Approach
	Vehicle Grid Integration (VGI) Technology Market Adoption

	CHAPTER 5: Grantee Benefits Data Collection Approach
	Benefits Assessment Approach with Streamlined Data Collection
	Knowledge Benefits, Technology Readiness, and Market Readiness
	Customer On-Bill Savings Benefits
	Environmental and Health Benefits
	Grid Reliability and Resiliency Benefits
	Benefits that Accrue to the Electricity Sector
	Water Utility, Industry, Agribusiness Benefits
	Benefits and Metrics Unique to DACS: Value of Community Capacity Building

	Data Collection Format and User Design
	Design Elements
	Data Consolidation

	Adaptable Grantee Benefit Data Collection Questionnaire
	QA/QC and Data Fidelity Efforts

	CHAPTER 6: Results of Implemented Analyses
	CHAPTER 7: Assessing Benefits to Disadvantaged and Low-Income Communities
	CHAPTER 8: Future of EPIC Impact Measurement
	Crosswalk of Method/Tools, Grant Types, and Research Areas
	GLOSSARY
	REFERENCES

	APPENDIX A: Method and Tool Documentation
	Knowledge Benefits, Technology Readiness, and Market Readiness
	CEC Citations Application
	User Creation

	Social Network Analysis of the Growth of EPIC Grantee Connections
	Process Implemented
	Grantee Network Analysis Process – Step by Step Instructions

	Network Innovation Analyzer (EIN Social Network Analysis Tool)
	Technology, Manufacturing, & Commercialization Readiness Level Calculator
	Introduction
	Purpose of Calculator
	Limitations

	Calculation Methodology
	Data Sources
	Instructions for Updating

	Effects of EPIC Support on Investments and Growth of California Cleantech Companies
	Adaptation Approach
	Metrics
	Data Requirements
	Format of Method
	Description of Method
	Level of Effort for IEc Team to Prepare for the Commission (low/med/high)
	Level of Effort for the Commission to Implement (low/med/high)
	Limitations of Method
	Alternatives to Method

	Instructions to Replicate the Analysis of Increased Investors and Investments in Clean Technology; Increased Private or Public Investment in Technology
	Purpose of this Document
	1. Collecting Data on EPIC-Backed Companies
	2. Collecting Data on Cleantech Companies, Investments/Investors, and Exits
	Data from PitchBook
	Data on Public Funding / Government Grants
	Data on State-wide Investments

	3. Organizing and Analyzing Data
	Organization of the Workbook
	Investors Worksheet
	Acquirers Worksheet
	Deals Worksheet
	Companies Worksheet
	Investors Matching Worksheet
	State-wide Investments
	Results Worksheet
	Federal Funding Data Collection
	Excluded Columns Tab
	Excluded Investors, Acquirers Companies, Deals Worksheets
	Cleantech Taxonomy
	CPI Worksheet



	Technological Learning Calculator
	Introduction
	Purpose of Tool
	Limitations

	Calculation Methodology
	Data Sources
	Instructions for Updating

	Site Selection and Permitting Soft Costs Savings Calculator
	Introduction
	Purpose of Calculator
	Limitations

	Calculation Methodology
	Data Sources
	Instructions for Updating


	Customer On-Bill Savings Benefits
	On-Bill Energy Savings Calculator
	Introduction
	Purpose of Calculator
	Limitations

	Calculation Methodology
	Fuel Reduction
	Net Metering
	Electricity Reduction/Load Shifting

	Data Sources
	Fuel Prices
	Electricity Prices
	Instructions for Updating
	Other


	DER+Storage On-Bill Savings Calculator
	Introduction
	Purpose of the Calculator
	Recommended Use
	Limitations

	Overview of Worksheets
	Readme Worksheet
	Input Worksheets
	Summary Worksheet
	Benefits Calculations
	Reference Worksheets

	Inputs and Model Defaults
	Main Inputs
	Sector Profiles Inputs

	Methodology
	Daily and Monthly Electricity Purchases
	Annual Electricity Purchases
	Price Adjustments
	Benefits Summary

	Data Sources and Guidance
	Electricity Price Forecasts
	Seasonal and Time of Use Rate Schedules
	Instructions for Updating
	Other Data Sources


	Water System Savings Calculator
	Introduction
	Purpose of Calculator
	Use and Limitations

	Methodology
	Overview
	Model Organization
	Benefits Calculations
	Benefits: Embedded Energy Cost Savings
	Price Adjustments
	Benefits Summary

	Data Sources
	Water System
	County Data, Water Use and Water Rates
	Consumer Price Index



	Environmental and Health Benefits
	Emissions Calculator
	Introduction
	Purpose of Calculator

	Data Sources
	EIA NEMS Projections
	Imports (EPA IPM and EIA AEO)
	EPA eGRID
	Other Data Sources (EVs, other EFs, etc.)

	Calculation Methodology
	Fuel Mix
	Energy Efficiency
	Load Shifting
	Peak Load Reduction
	Electrification
	Limitations


	Social Cost of Carbon Calculator
	Purpose of Calculator
	Methodology
	Tool Inputs
	Tool Outputs
	Use and Limitations

	Air Quality Health Benefits Calculator
	Purpose of Calculator
	Methodology
	Tool Inputs
	Tool Outputs
	Use and Limitations

	Wildfire Risk Reduction Screening Analysis
	Analysis Summary
	Background
	Software and Data Required
	GIS Analysis
	Spreadsheet Analysis
	Data Citations
	Vegetation Index



	Grid Reliability and Resiliency Benefits
	Grid Reliability Benefits Tool
	Introduction
	The ICE Calculator
	The Grid Reliability Benefits Tool
	Overview
	Pre-Analysis Worksheet
	Reliability Worksheet
	ICE Worksheet
	Benefits Worksheet
	CPI Worksheet

	ICE Calculator Tutorial
	Overview
	The ICE Calculator
	Grid Reliability
	Model Inputs
	Required Inputs
	Optional Inputs
	1. Model Setup
	2. Initial Model Run
	3. Initial Model Results
	4. Optional Adjustments
	5. Final Model Results

	Grid Reliability Indices
	Overview
	Data Availability
	Selection of Indices


	Reduced Oil Imports
	Introduction
	Purpose of Tool
	Limitations

	Calculation Methodology
	Data Sources
	Instructions for Updating

	Reduced Natural Gas Imports
	Introduction
	Purpose of Tool
	Limitations

	Calculation Methodology
	Data Sources
	Instructions for Updating

	Public Safety Benefits Calculator: Adapted FEMA Method
	Introduction
	Purpose of Calculator
	Use and Limitations

	Methodology
	Overview
	Hospital Services
	Emergency Medical Services (EMS)
	Fire Services
	Police Services
	Water Supply
	Wastewater Treatment
	Community Shelters and Other (Additional) Services

	Data Sources
	Standard Values and Equations from FEMA
	Hospital Data- Emergency Department (ED) Visits
	Updating the ED Visits Data
	Crime Rates Data
	Updating the Crime Rates Data
	Consumer Price Index
	Updating the Consumer Price Index



	Benefits that Accrue to the Electricity Sector
	System-Level Savings Calculator
	Introduction
	Purpose of Calculator
	Limitations

	Calculation Methodology
	Data Sources
	Instructions for Updating
	Marginal cost data
	Event-based default data

	Methodology Applied to RGI Delphi Panel, and Usage and Limitations

	Demand Response Impact Calculator
	Renewable Energy Hedging Capability Benefits Calculator
	Introduction
	Purpose of Calculator
	Limitations

	Calculation Methodology
	Data Sources and Instructions for Updating

	Levelized Cost of Electricity Calculator
	Introduction
	Purpose of Tool
	Limitations

	Calculation Methodology
	Energy Storage – A Special Case
	Data Sources
	Instructions for Updating

	Levelized Cost of Storage Calculator
	Introduction
	Purpose of Calculator
	Limitations

	Calculation Methodology
	Analysis Inputs
	Data Sources


	Water Utility, Industry, Agribusiness Benefits
	Groundwater Benefits Calculator
	Introduction
	Purpose of Calculator
	Use and Limitations

	Methodology
	Overview
	Energy and Cost Savings Formulas
	Fuel Rates

	Price Adjustments
	Benefits Summary

	Data Sources
	Energy Prices
	Seasonal and Time of Use Prices
	Instructions for Updating

	Data Guidance
	Groundwater Elevation
	Pump Efficiency
	Friction Losses



	Benefits and Metrics Unique to Disadvantaged Communities
	Value of Increased Equity in DACS and Low-Income Communities
	Introduction
	Purpose of Tool
	Limitations

	Calculation Methodology
	Data Sources
	How to Use and Interpret Results
	Instructions for Updating



	Appendix B: Final Documents

