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EXECUTIVE SUMMARY  

Purpose of Report 

The purpose of this report is to present the results of evaluation, measurement and verification (EM&V) 

activities related to the Hawai’i Energy Conservation and Efficiency Programs (Hawai’i Energy programs) 

for program year 2017 (PY17). It covers program activity from July 1, 2017 through June 30, 2018 (the 9 th 

year of operation) and all EM&V research activities conducted by the EM&V Contractor (first, Opinion 

Dynamics, and later, AEG) during calendar year 2018 (CY18).  A further intent of this report is to summarize 

the most important findings from the PY17 and CY18 EM&V activities, with a focus on implications for the 

Hawai’i Energy programs. 

The EM&V work conducted for PY17 and CY18 contributes to three overarching “core” research objectives: 

• Verification of accomplishments: Verifying Hawai’i Energy’s PY17 impacts, as well as verifying the 

contributions from across the state to Hawaii’s EEPS goals. 

• Robustness of savings approaches: Updating and improving approaches used to estimate savings for 

Hawai’i Energy’s programs and measures. 

• Program planning: Using results from energy efficiency potential modeling along with findings from 

other research to inform future program planning. 

The EM&V-related research activities for PY17 and CY18 were determined in consultation with the Hawaii 

Public Utilities Commission (HPUC) and the Energy Efficiency Manager (EEM) and are as follows:  

• Verification of impacts for Hawai’i Energy’s PY17 program portfolio. 

• Technical Reference Manual (TRM) updates and related research.  

• Development of a TRM Framework document.  

• Energy Efficiency Portfolio Standard (EEPS) research, including update to the 2014 Statewide Energy 

Efficiency Potential Study1 and support for the Report to Legislature.2  

• Planning for a statewide baseline study and additional market research to be fielded in CY19 .  

Approach 

The EM&V Contractor used a variety of research and analysis methods to carry out the PY17 and CY18 

EM&V work. Table ES-1 summarizes the primary methods employed for each EM&V research activity. 

                                                
1 Applied Energy Group (dba EnerNOC Utility Solutions Consulting), State of Hawaii Energy Efficiency Potential Study, Prepared for the 

Hawaii Public Utilities Commission, 2014. 

2 State of Hawaii Public Utilities Commission, Report to the 2019 Legislature on Hawaii’s Energy Efficiency Portfolio Standard, Issued 

Pursuant to Section 269-96 Hawaii Revised Statutes, December 2018. 
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Table ES-1. Summary of EM&V Research Activities and Methods for PY17 and during CY18 

EM&V Research 

Activity 
Research and Analysis Methods 

Verification 

• Documentation review 

• Program tracking system review and analysis 

• Sample design, selection and extrapolation 

• Engineering desk review 

• Site visits 

• Participant surveys 

TRM Updates and 

Related Research 

• Best practices research 

• Documentation review 

• Program tracking system review and analysis 

• Benchmarking 

• Measure characterization 

• Simulation modeling 

• Load shape analysis 

• Sample design and selection 

TRM Framework 
• Documentation review 

• Benchmarking  

• Interviews with stakeholders 

• Framework development 

EEPS Review 

Research 

• Documentation review 

• Program tracking system review and analysis 

• Analysis of electricity sales and PV installations 

• In-depth interviews  

• Analysis of codes and standards 

• Modeling of savings potential 

Market Research 

• Documentation review 

• Utility customer data review and analysis 

• Customer segmentation 

• Sample design and sample sizes 

• Research design 

• Survey development and testing 

Key Findings and Implications 

Hawai’i Energy had several PY17 performance targets related to resource acquisition, customer equity, 

market transformation, and customer satisfaction. The PY17 verification results indicate that Hawai’i Energy 

made substantial efforts to achieve their performance targets. All but one target (peak demand reduction) 

was met or exceeded. Figure ES-1 shows the percent of target met for the resource acquisition and 

customer equity performance goals. Based on the results, the Verification Team calculated Hawai’i Energy’s 

performance incentive payment at 99% of the maximum, or $970,078. 

Figure ES-1. Achievement of Performance Targets for PY17 

 

Table ES-2 summarizes key results and findings from all of the EM&V work done for PY17 and during CY18 

and their outcomes and implications for the Hawai’i Energy programs.  
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Table ES-2. Key Research Findings and Their Implications/Outcomes 

EM&V Research Activity Key Result/Finding Implication/Outcome 

Verification 

Core Objective: 

Verification of 

Accomplishments 

Hawai’i Energy met resource acquisition targets for first-year 

energy savings and total resource benefit and met 96.4% of its 

target for peak demand reduction. Realization rates for net 

program impacts at the sector level hovered right at the 100% 

mark, ranging from 99.2%-100.4% for the residential sector 

and 99.8%-102.4% for the business sector. 

• Programs are successful. 

• Realization rates are high. 

• Hawai’i Energy is effectively using the TRM for prescriptive 

measures and following sound engineering approaches for 

custom measures. 

Lighting measures continued to dominate energy and peak 

demand impacts. For example, in the residential sector, PY17 

prescriptive lighting projects accounted for 78% of lifetime 

savings. In the business sector, PY17 prescriptive lighting 

projects accounted for 50% of lifetime savings. Custom 

lighting projects contribute additional savings. 

• Due to success of market transformation efforts, cost and 

technology improvements, and Energy Independence and 

Security Act (EISA) regulations scheduled to take effect in 

2020 (EISA Tier 2), lighting impacts (especially due to screw 

base omnidirectional bulbs) will decline in the future. 

Roughly three-quarters of the energy and demand impacts for 

PY17 projects comes from prescriptive measures and the 

remaining one-quarter comes from custom measures. In 

addition, much of the savings for custom measures is due to 

lighting projects, for which impacts are estimated using 

partially deemed savings estimation approaches. 

• TRM deemed savings values and approaches have a large 

influence on program results. 

• Since the verification process simply verifies correct usage 

of the TRM and does not include a full ex post evaluation, it 

is very important that the deemed values and approaches in 

the TRM estimate savings reasonably well.  

Hawai’i Energy met island-equity targets by spending over 13% 

of incentive funding in the Counties of Maui (14.8%) and 

Hawaii (13.4%). Hawai’i Energy met targets for economically 

disadvantaged markets in terms of number of customers 

served and verified energy savings. 

• Programs successfully bring energy efficiency to islands 

other than Oahu, to underserved business markets, and to 

economically disadvantaged residential customers. 

Hawai’i Energy met market transformation targets. Although 

these Market Transformation activities may lead to future gains 

in energy efficiency and conservation, Hawai’i Energy does not 

have direct energy savings goals for Market Transformation. 

• There is no formal guidance for how to measure, track, or 

report energy and demand savings impacts from market 

transformation activities. 

• Such guidance could be provided in a future version of the 

TRM Framework.  

Hawai’i Energy met customer satisfaction targets. The current 

system to solicit customer feedback emphasizes measuring 

general satisfaction ratings via email surveys at the time a 

customer receives a rebate. The Verification Team recommends 

that Hawai’i Energy consider adding questions to target 

• Programs have high customer satisfaction (overall 

satisfaction rating of 9.2 out of 10 on average). 

• There are opportunities to reach more customers and gain 

additional insights by modifying the customer satisfaction 

survey process. 
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EM&V Research Activity Key Result/Finding Implication/Outcome 

specific program delivery experiences, surveying customers 

with modes other than just email, and soliciting feedback at 

different times during the project timeline.   

TRM Updates and 

Related Research 

Core Objectives: 

Robustness of Savings 

Approaches; Verification 

of Accomplishments; 

Program Planning 

PY17, PY18, and PY19 TRM updates resulted in revised savings 

estimation approaches for multiple measures, including 20 

comprehensive measure updates for PY19. 

• Updates lead to improved accuracy of savings estimates. 

• Requires some changes to implementation processes.3 

Opinion Dynamics researched baseline assumptions and the 

effective useful life (EUL) for LEDs to assess how EISA 

legislation affects lifetime savings calculations. In addition, AEG 

reviewed and updated EULs across all measures for the PY19 

TRM update, and revised baselines for measures with recent or 

expected changes to baseline conditions due to codes and 

standards. 

• Affects lifetime energy savings. 

• Some measures now have dual baseline, which will require 

Hawai’i Energy to make some changes to implementation 

processes. 

Opinion Dynamics researched best practices for analyzing 

savings decay rates for behavior-based programs similar to 

Hawai’i Energy’s Peer program and then selected a sample of 

Peer program participants to be used in a “stoppage of 

treatment” study. 

• The research is helping to guide a “stoppage of treatment” 

study that is currently underway. 

• Findings from the study will inform future updates to 

savings for Peer program participants. 

AEG performed end-use load shape analysis using residential 

and commercial building prototypes modelled with Hawaii-

specific weather, building codes, and system peak period. 

• Coincidence factor (CF), equivalent full load hours (EFLH), 

and interactive effects (IE) values are customized for Hawaii. 

• Updates lead to improved accuracy of savings estimates. 

• Requires Hawai’i Energy to make some changes to 

implementation processes. 

The EEM worked with AEG to update system loss factor (SLF) 

values using current transmission and distribution (T&D) loss 

data from Hawaiian Electric Companies. 

• T&D losses are now listed in the PY19 TRM by island. 

• Updates represent a significant reduction in the SLF values, 

which affects system-level savings (see System Loss Factors). 

Opinion Dynamics researched best practices for establishing 

baselines and net-to-gross (NTG) ratios to inform net savings 

approaches for Hawai’i Energy programs. AEG expanded upon 

the research and updated the NTG ratio for the Business Hard 

to Reach (BHTR) program in the PY19 TRM and proposed an 

NTG update for the residential solar water heater measure. 

• Updates lead to improved accuracy of savings estimates. 

• Potentially affects net savings significantly. 

• Requires Hawai’i Energy to make some changes to 

implementation processes. 

                                                
3 Specifically, changes will need to be made to the IT processes Hawai’i Energy currently uses to determine and track claimed s avings. 
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EM&V Research Activity Key Result/Finding Implication/Outcome 

AEG recommends conducting primary NTG research in the 

future, beginning with investigating free ridership and spillover 

for the residential solar water heater measure. 

• Requires NTG-focused surveys as supplements to upcoming 

baseline study. 

• May affect net savings. 

AEG/EEM recommendation to update avoided costs for PY19 

are pending HPUC approval. The team also recommends 

updating future avoided costs once new estimates are 

available from the Hawaiian Electric Companies’ Integrated 

Resource Plan process. 

• If avoided costs are lowered, future year performance 

targets will need to be reevaluated.  

• Future cost-benefit analyses may consider different metrics, 

including time and locational value of energy and non-

energy benefits. 

TRM Framework 

Core Objectives: 

Robustness of Savings 

Approaches; Verification 

of Accomplishments; 

Program Planning 

The framework serves to articulate the processes related to 

guiding the development, maintenance, and application of the 

TRM. 

• Ensures continued improvement of savings estimation 

approaches, a shared understanding of roles and 

responsibilities associated with the TRM, and robust change 

management procedures. 

The framework provides a revised timeline for verification 

activities that begins in February and ends in November of 

each year.  

• Allows better integration of implementation and 

verification, thereby mitigating risks for the program 

administrator and providing fast feedback for mid-year 

program improvements.  

EEPS Review Research; 

Potential Study Update 

Core Objectives: 

Verification of 

Accomplishments; 

Program Planning 

Interim EEPS goal through PY17 has been achieved. • State of Hawaii appears to be on track to meet the 2020 

interim EEPS goal. 

Hawai’i Energy contributed majority of savings toward EEPS 

goal. 

• Hawai’i Energy programs have been and continue to be 

successful. 

Lifetime cost of saved energy ranging from 1.3 to 3.1 

cents/kWh. Including costs borne by program participants, the 

lifetime cost of saved energy is estimated to be approximately 

7-8 cents/kWh.4 

• Hawai’i Energy programs have been and continue to be 

cost-effective. 

Lighting measures appear to have historically accounted for a 

very large share of the EEPS energy and peak demand impacts. 

• Due to success of market transformation efforts, cost and 

technology improvements, and as EISA Tier 2 standards and 

other federal lighting regulations are adopted, savings 

attributable to the lighting program will likely decline. 

Business-as-usual approach to EEPS after 2020 may not be 

sufficient to achieve the EEPS goal of cumulative energy 

savings of 4,300 GWh by 2030. However, results from the 

• Programs may have to adapt strategically to secure enough 

cumulative savings by 2030, including greater targeting of 

other end uses besides lighting, which may increase cost of 

saved energy in the future.  

                                                
4 AEG used the calculation method in the following report to estimate the lifetime cost of saved energy: Hoffman, Ian, et al. The Cost of Saving Electricity Through Energy Efficiency Programs 

Funded by Utility Customers: 2009–2015, Lawrence Berkeley National Laboratory, June 2018. 
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EM&V Research Activity Key Result/Finding Implication/Outcome 

preliminary potential study suggest that cost-effective savings 

are still available to achieve the EEPS goal by 2030. 

Market Research 

Planning 

Core Objectives: 

Robustness of Savings 

Approaches; Program 

Planning 

AEG completed the research and sample design and 

developed, programmed, and tested the core baseline study 

surveys. 

• Surveys are ready to launch in 2019. 

• Results will inform upcoming potential study and future 

TRM updates. 
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LIST OF ACRONYMS 
 

AC: Air Conditioning IE: Interactive Effects  

AEG: Applied Energy Group iDSM: Integrated Demand Side Management 

AV: Adjusted Volume IRP: Integrated Resource Plan 

BEEM: Business Energy Efficiency Measures ISR: In-Service Rate 

BESM: Business Energy Services and Maintenance KIUC: Kauai Island Utility Cooperative  

BHTR: Business Hard to Reach kW: Kilowatt 

CBEEM: Custom Business Energy Efficiency Measures kWh: Kilowatt-Hour 

CF: Coincidence Factor LED: Light-Emitting Diode 

CFL: Compact Fluorescent Lamp LF: Linear Fluorescent 

CREEM: Custom Residential Energy Efficiency Measures MECO: Maui Electric Company 

DEEM: Database of Energy Efficiency Measures MFDI: Multifamily Direct Install 

DEER: Database of Energy Efficiency Resources NTG: Net-to-Gross 

DER: Distributed Energy Resources OCR: Optical Character Recognition 

DOE: U.S. Department of Energy PBFA: Public Benefits Fee Administrator 

EE: Energy Efficiency PF: Persistence Factor 

EEM: Energy Efficiency Management Team PV: Photovoltaic 

EEPS: Energy Efficiency Portfolio Standard PY: Program Year 

EER: Energy Efficiency Ratio REEM: Residential Energy Efficiency Measures 

EISA: Energy Independence and Security Act of 2007 RESM: Residential Energy Service and Maintenance 

EFLH: Equivalent Full Load Hours RHTR: Residential Hard to Reach  

EM&V: Evaluation, Measurement, and Verification ROB: Replace on Burnout 

EMS: Energy Management System RUL: Remaining Useful Life 

ER: Early Replacement SBDIL: Small Business Direct Install Lighting 

EUL: Effective Useful Life SEM: Strategic Energy Management 

GEMS: Green Energy Market Securitization SLF: System Loss Factor 

HCEI: Hawaii Clean Energy Initiative T&D: Transmission and Distribution 

HECO: Hawaiian Electric Company TAG: Technical Advisory Group 

HELCO: Hawaii Electric Light Company TRB: Total Resource Benefit 

HID: High Intensity Discharge TRM: Technical Reference Manual 

HOU: Hours of Use VFD: Variable Frequency Drive 

HPUC: Hawaii Public Utilities Commission VRF: Variable Refrigerant Flow 

HVAC: Heating, Ventilating, and Air Conditioning WH: Waste Heat Factor 
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1 

INTRODUCTION 

Purpose of Report 

The purpose of this report is to present the results of evaluation, measurement and verification (EM&V) 

activities related to the Hawai’i Energy Conservation and Efficiency Programs (Hawai’i Energy programs) 

for program year 2017 (PY17). It covers program activity from July 1, 2017 through June 30, 2018 (the 9th 

year of operation) and all EM&V research activities conducted during calendar year 2018 (CY18). The 

EM&V-related research activities for PY17 and CY18 were determined in consultation with the Hawaii Public 

Utilities Commission (HPUC) and the Energy Efficiency Manager (EEM) and are as follows: 

• Verification of impacts for Hawai’i Energy’s PY17 program portfolio (see Chapter 2). 

• Technical Reference Manual (TRM) updates and related research (see Chapter 3). 

• Development of a TRM Framework document (see Chapter 4). 

• Energy Efficiency Portfolio Standard (EEPS) research, including update to the 2014 Statewide Energy 

Efficiency Potential Study5 and support for the Report to Legislature6 (see Chapter 5). 

• Planning for a statewide baseline study and additional market research to be fielded in CY19 (see 

Chapter 6). 

A further intent of the report is to summarize the most important findings from PY17 and CY18 EM&V 

activities, with a focus on implications for the Hawai’i Energy programs (see Chapter 7).  

Program Overview 

Background 

Hawai’i Energy is the brand name for the ratepayer-funded program portfolio offered in the Hawaiian 

Electric Companies’ service territories of Hawaii, Maui, and Honolulu counties. Within the service 

territories, the program portfolio is funded via a Public Benefits Fee collected to fund efforts to promote 

the development of programs and services that increase energy efficiency, reduce electricity consumption 

and peak demand, and ultimately decrease Hawaii’s dependence on imported fossil fuels. The program 

portfolio is administered by a third-party Public Benefits Fee Administrator (PBFA), who was selected by 

the HPUC through a competitive bidding process. Leidos Engineering, LLC (Leidos) has administered the 

Hawai’i Energy programs under contract to the HPUC since 2009, at which time Hawai’i Energy took over 

management of the state’s energy efficiency programs from Hawaiian Electric Companies. In its PBFA role 

with Hawai’i Energy, Leidos serves as the state’s program implementation contractor, and works with a 

number of subcontractors to implement the programs.7  

Hawai’i Energy provides a variety of energy efficiency programs that are designed to achieve immediate 

energy and peak demand savings for residential and business customers. Hawai’i Energy also pursues 

                                                
5 Applied Energy Group (dba EnerNOC Utility Solutions Consulting). State of Hawaii Energy Efficiency Potential Study. Prepared for the 

Hawaii Public Utilities Commission. 2014. 

6 State of Hawaii Public Utilities Commission, Report to the 2019 Legislature on Hawaii’s Energy Efficiency Portfolio Standard, Issued 

Pursuant to Section 269-96 Hawaii Revised Statutes, December 2018. 

7 For more detail on the PBFA role, the related contract between HPUC and Leidos may be downloaded from the Hawai’i Energy site at 

http://www.hawaiienergy.com/information-reports. This report and other reports and resources can also be found there.   

http://www.hawaiienergy.com/information-reports
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initiatives focused on transforming the market in Hawaii with a forward-looking view to achieving energy 

and peak demand impacts over time.  

Hawai’i Energy has a technical advisory body referred to as the Technical Advisory Group (TAG). The TAG 

provides expertise and technical guidance and consists of the HPUC; the PBFA contract managers, fiscal 

agent and contract evaluator; and local energy stakeholders. 

Program Summary 

Hawai’i Energy implemented four residential and four business programs in PY17. The residential and 

business sector budgets were $10,794,660 and $13,333,182, respectively.8 Additionally, Hawai’i Energy 

allocated $1,750,000 for transformational services and initiatives and $3,746,527 for tax on non-incentives 

and the performance award for Leidos.  

Resource Acquisition 

Table 1-1 presents a summary of each of the residential and business resource acquisition programs.9 

                                                
8 Annual Plan, Program Year 2017, Prepared by Leidos on behalf of Hawai’i Energy, Prepared for Hawaii Public Utilities Commission, pg. 28. 

9 Ibid, Figure 5. 
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Table 1-1. Summary of Hawai’i Energy Resource Acquisition Programs and Measures 

Sector Program Type Measures 

Residential 

Residential Energy Efficiency 

Measures (REEM) 

Program 

Communication 
• Behavioral Energy Awareness/Responsibility 

Upstream 

• High Efficiency Lighting 

• Scheduling & Control Systems 

• High Efficiency Electronics 

Traditional Retail 

• High Efficiency Appliances 

• High Efficiency HVAC 

• High Efficiency Water Pumping 

Online Retail • Energy Savings Kits 

Trade Ally 

Provided 

• High Efficiency Water Heating 

• High Efficiency HVAC 

• Scheduling & Control Systems 

Residential Hard to Reach 

(RHTR) 

Program Direct 

Install 

• Multifamily Direct Install (MFDI), Schedule R 

• Appliances 

Residential Energy Service 

and Maintenance (RESM) 

Trade Ally 

Provided 
• Maintenance/Tune-Up 

Custom Residential Energy 

Efficiency Measures (CREEM) 

Trade Ally 

Provided 
• Custom Residential Measures 

Business 

Business Energy Efficiency 

Measures (BEEM) 

Midstream • High Efficiency Lighting 

Trade Ally 

Provided 

• High Efficiency Lighting 

• High Efficiency HVAC 

• High Efficiency Motors 

• High Efficiency Water Heating 

• High Efficiency Water Pumping 

• Envelope Improvements 

• Scheduling & Control Systems 

• High Efficiency Equipment & Appliances 

• Refrigeration Improvements 

Traditional Retail • High Efficiency Equipment & Appliances 

Custom Business Energy 

Efficiency Measures (CBEEM) 

Trade Ally 

Provided 

• High Efficiency Lighting 

• High Efficiency HVAC 

• High Efficiency Custom Measures 

Business Energy Services and 

Maintenance (BESM) 

Trade Ally 

Provided 

• Behavioral Energy Awareness/Responsibility 

• High Efficiency HVAC 

• Energy Study Grant 

• Commissioning/Recommissioning 

Business Hard to Reach 

(BHTR) 

Trade Ally 

Provided 
• Kitchen Equipment 

Traditional Retail • Combination Oven 

Program Direct 

Install 

• G, J or P Scheduled MFDI 

• Small Business Direct Install (SBDIL) 

• Appliance Opportunities 
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Market Transformation 

Table 1-2 presents a summary of Hawai’i Energy’s market transformation programs and initiatives.10 

Table 1-2. Summary of Hawai’i Energy Market Transformation Programs and Initiatives 

Sector Program Initiative 

Residential 

Behavior Modification 

• Workshops and Presentations, Energy Literacy  

• Gamification Campaigns/Competitions, Projects 

• Digital Engagement, Followers/Subscriptions 

• Community Education Support 

Professional 

Development and 

Technical Training 

• Clean Energy Ally Support  

• Targeted Ally Training Opportunities  

• Targeted Participant Training Opportunities  

• Educator Training and Grants  

• Energy Industry Workforce Development  

Energy in Decision 

Making 
• Strategic Energy Management (SEM) 

Codes and Standards 
• Codes Training, Technical Support, Advocacy  

• Residential Energy Code Support 

Clean Energy 

Collaboration 

• Utility Collaboration  

• Coordinated Engagement with Customers  

• Innovation and Emerging Technologies 

• Leveraging External Funding Sources 

Business 

Behavior Modification 

• Workshops and Presentations, Energy Literacy  

• Gamification Campaigns/Competitions, Projects  

• Digital Engagement, Followers/Subscriptions  

• Community Education Support, Events 

Professional 

Development and 

Technical Training 

• Clean Energy Ally Support  

• Targeted Ally Training Opportunities  

• Targeted Participant Training Opportunities  

• Educator Training & Grants  

• Energy Industry Workforce Development 

Energy in Decision 

Making 

• SEM, Customer Engagement  

• SEM, Remote Targeting & Benchmarking 

Codes and Standards 
• Codes Training, Technical Support, Advocacy  

• Commercial Energy Codes Support 

Clean Energy 

Collaboration 

• Utility Collaboration  

• Innovation and Emerging Technologies 

 

  

                                                
10 Ibid, Appendix E. 
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Research Objectives 

The EM&V work conducted for PY17 and CY18 contributes to three overarching “core” research objectives: 

• Verification of accomplishments: Verifying Hawai’i Energy’s PY17 impacts, as well as verifying the 

contributions from across the state to Hawaii’s EEPS goals. 

• Robustness of savings approaches: Updating and improving approaches used to estimate savings for 

Hawai’i Energy’s programs and measures. 

• Program planning: Using results from energy efficiency potential modeling along with findings from 

other research to inform future program planning. 
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2 

VERIFICATION OF IMPACTS 
This chapter summarizes the PY17 verification of impacts for the Hawai’i Energy programs. More detailed 

information on the verification can be found in the PY17 Verification Report. 11 

Purpose 

The purpose of the verification effort was to provide an independent review of Hawai’i Energy’s 

performance relative to the PY17 Annual Plan performance targets. The targets span a range of 

performance indicators, including energy and demand savings, financial benefits to Hawaii, targets for 

customer equity and market transformation, and customer satisfaction. Successfully meeting the 

performance targets leads to a performance incentive award for Hawai’i Energy. 

For resource acquisition performance targets, the verification effort verified whether incented measures 

were appropriately recorded in the program tracking database and whether the underlying savings values 

and related adjustments stipulated in the PY17 TRM were correctly applied for calculating resource 

acquisition performance. The verification work did not include an explicit review of the validity of the 

TRM’s stipulated savings or adjustment factors, nor did it include making modifications to any of the 

TRM’s deemed values in determining the verified impacts. However, findings from the verification effort 

did lead to recommendations that informed the PY19 TRM update (see Chapter 3). 

Approach 

The Verification Team12 utilized several methods to arrive at verified savings and performance results: 

• Tracking System Review. The Verification Team received an initial set of project details from Hawai’i 

Energy in July 2018. This initial database was reviewed across all programs to assess the close-to-final 

aggregate savings and inform the verification plan. It was also used to inform the options for 

verification methods and their applicability for each program. A final database was provided to the 

Verification Team in late October 2018. Projects and savings tracked in this database are what the 

Verification Team used to assess final claimed savings and what should be used by Hawai’i Energy in 

their PY17 Annual Report. 

• Tracking System Verification. For measures that utilized the PY17 Hawai’i Energy TRM to establish 

savings, the Verification Team developed a spreadsheet that incorporated the TRM savings values and 

algorithms to develop independent savings calculations, verifying the initial and final databases’ 

claimed savings in comparison to the TRM’s savings. The approach was applied to a census of the 

measures for each program that utilized TRM savings, with CBEEM and CREEM being the exception. 

For Small Business Direct Install Lighting (SBDIL) measures, the final database included data that 

allowed for verification of custom savings, with the Verification Team utilizing this data for the purpose 

of verifying SBDIL measures. 

• Desk Review Verification. For the CBEEM and CREEM programs, engineering desk reviews were used 

to verify installations and savings for a sample of projects. While a typical verification method, these 

desk reviews were a key activity in verifying the Hawai’i Energy savings, as the tracking database did 

                                                
11 Hawai’i Energy PY2017 Verification Report, prepared by Applied Energy Group and Tetra Tech, prepared for Hawaii Public Utilities 

Commission, February 2019. 

12 The Verification task was led by Tetra Tech under the direction of AEG. 
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not record the underlying data used to calculate savings. For measures recorded in the BEEM and 

REEM programs, projects were sampled for engineering desk reviews to verify whether the tracking 

data accurately reflected the supporting documentation. Desk reviews for the Peer Comparison Group 

program (Peer program) included an analysis of program documentation, comparing the results to 

those recorded in the tracking databases. Market transformation initiatives and customer satisfaction 

performance also used a desk review method to analyze information based on the available 

documentation provided by Hawai’i Energy for the purpose of verifying performance relative to PY17 

goals.  

Across these programs, the Verification Team received a variety of documentation from Hawai’i Energy 

to support the desk review verification process. The nature of the documentation spanned project-

specific calculators, invoices, applications, and equipment specification sheets. In the case of the Peer 

program desk reviews, verification included documentation of individual program participants and 

their tenure in the program, as well as when Home Energy Reports were mailed. For market 

transformation initiatives, the Verification Team received training and event sign-in sheets and other 

material related to the specific initiatives. For customer satisfaction results, the survey outcomes and 

methods were shared with the Verification Team. 

• Site Visit Verification. The Verification Team conducted site verification for a total of 31 PY17 

participants—20 of these site visits were completed for CBEEM and 11 were completed for BEEM. For 

CBEEM, the results were used to inform desk reviews and adjustments that affected extrapolating 

CBEEM verified results to the program population. For BEEM, the site visits were used to make 

adjustments only to the projects that were visited, with qualitative results informing considerations 

and recommendations for the program. The site visits verified installation and documentation 

accuracy, with CBEEM site visits also verifying key parameters used in the calculation of custom 

savings. 

• Total Resource Benefit (TRB) Analysis. Using the results from the tracking system verification, desk 

review verification, and site visit verification, the Verification Team developed program and portfolio 

realization rates,13 along with their associated TRBs. To calculate the TRBs, the Verification Team utilized 

the deemed factors presented in the PY17 TRM and applied those criteria to each program, sector, 

and the Hawai’i Energy portfolio for purposes of verifying TRB performance achievement relative to 

the PY17 goals. 

Resource Acquisition 

Hawai’i Energy’s performance targets have been heavily weighted to resource acquisition targets. The 

resource acquisition targets include first-year net program-level savings for energy (kWh) and peak 

demand (kW), as well as TRBs that reflect the value of energy and demand savings over the life of the 

measures that make up the Hawai’i Energy portfolio. Table 2-1 summarizes these targets. 

Table 2-1. Resource Acquisition Goals 

Key Focus Areas 100 Percent Target Metric 
Percent of Incentive 

Award 

First Year Energy Reduction 130,144,871 kWh 15% 

Peak Demand Reduction 21,640 kW 15% 

Total Resource Benefit $327,453,747 $ 40% 

                                                
13  The Realization Rate is the ratio of verified savings to claimed savings. 



Evaluation of the Hawai‘i Energy Conservation and Efficiency Programs  |Verification of Impacts 

 

Applied Energy Group • www.appliedenergygroup.com | 8 

Table 2-2 summarizes the sampling and verification methods used for each Hawai’i Energy program to 

verify performance toward the resource acquisition targets. 

Table 2-2. Resource Acquisition Sampling and Methods 

Sector Program 
Tracking System 

Review 

Desk Review Sample 

Size 
Site Visits 

Residential 

REEM14 Yes 96 measures - 

RHTR Yes - - 

RESM Yes - - 

CREEM N/A 3 projects  

Residential Total Yes 99 - 

Business 

BEEM Yes 50 11 

CBEEM N/A 25 20 

BHTR Yes - - 

BESM Yes - - 

Business Total Yes 75 31 

 Total PY17 Yes 177 31 

 

Within the REEM, BEEM, and CBEEM programs, different strata were used for each program to sample 

projects for desk reviews. Within BEEM and CBEEM, site visits were conducted within a nested sample of 

the desk review sample, meaning that any site visits would also have received a desk review.  

To calculate realization rates, programs that only received a tracking system review had the entirety of 

their tracking system projects analyzed and verified for TRM compliance. In the case of REEM, BEEM, and 

CBEEM desk reviews, the desk reviews provided an additional source of verification to the sampled strata. 

The results of the desk reviews were applied at the strata level, weighted by project kWh savings as 

needed, with adjustments made to savings exclusive of those already developed via the tracking system 

review. In addition, projects receiving site verification had their savings adjusted by the site visit results in 

the following manner: 

• BEEM site visit adjustments were made only to the specific project and not extrapolated to the 

program stratum they represented. 

• CBEEM site visits were used to complete the desk review, with final project level savings (combining 

desk review and site visit results) extrapolated to the stratum-level savings. In all cases, stratum-level 

verifications were weighted by their relative contribution to program kWh savings. 

Customer Equity  

Customer Equity is a key element of Hawai’i Energy’s PY17 performance goals. A tracking system analysis 

was performed to verify Hawai’i Energy’s performance relative to the goals. The performance goals, 

metrics, and verification methods are summarized in Table 2-3. 

                                                
14 Due to its program design, Peer program savings were verified through a different desk review process and not included in the  total. 
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Table 2-3. Customer Equity Performance Targets and Verification Methods 

Key Focus Areas 100 Percent Target Metric Verification Approach 

Economically 

Disadvantaged 

Small Business Direct Install: 

625 

6,900,000 

Multifamily Direct Install: 

4,300 

1,300,000 

 

Customers served 

kWh 

 

Customers served 

kWh 

Database review 

Documentation review 

Verified savings 

 

Database review 

Verified savings 

Island Equity 

County of Hawaii:  

13% 

County of Maui:  

13% 

City & County of Honolulu:  

74% 

Target spend; Hawaii 

and Maui counties 

must have their target 

spends met 

Database review 

 

In addition to the tracking-system review, Hawai’i Energy provided the Verification Team with an 

explanation and documentation on the approach to calculating the share of program spending associated 

with each of the three counties. 

Market Transformation  

To verify PY17 performance relative to market transformation, the Verification Team utilized 

documentation provided by Hawai’i Energy. Additionally, the Verification Team sent a survey to attendees 

for which email addresses could be obtained from the available documentation using optical character 

recognition (OCR) software. Table 2-4 presents a summary of market transformation performance 

elements, metrics, and verification methods. 
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Table 2-4. Market Transformation Performance Targets and Verification Methods 

Key Focus Areas Market Transformation Factor Target and Metric Verification Approach 

Behavior 

Modification 

Workshops and Presentations 

 

Gamification Campaigns and 

Competition 

Social Media and Mobile 

Messaging 

Transformational Videos 

2,100 participant-hours of 

training 

200 participants 

 

3,250 followers/subscribers 

 

3 videos produced 

Review Hawai’i Energy 

documentation 

Verify follower and 

subscriber counts 

Professional 

Development & 

Technical Training 

Clean Energy Ally Support 

Targeted Ally Training 

Opportunities 

Targeted Participant Training 

Opportunities 

Educator Training and Grants 

Energy Industry Workforce 

Development 

8,370 hours of participant 

training across all categories 

Review Hawai’i Energy 

documentation 

 

Web survey with census 

of participants with 

tracked email addresses 

Energy in Decision 

Making 
Strategic Energy Management 2 cohort participants 

Review Hawai’i Energy 

documentation 

Codes and 

Standards 

Code Adoption – County Level 

Code-Related Training and 

Compliance 

Leading Edge Technologies 

and Strategies 

9 advocacy events 

70 hours of participant 

training 

4 stakeholder meetings;  

1 report 

Review Hawai’i Energy 

documentation 

Clean Energy 

Collaboration 
iDSM Pilot Project 1 pilot project 

Review Hawai’i Energy 

documentation 

 

Customer Satisfaction  

To verify customer satisfaction performance relative to PY17 targets, the Verification Team received 

satisfaction scores from Hawai’i Energy. These scores were developed by a contractor via email surveys of 

program participants. Background documentation on the survey practices and questions were also 

provided by Hawai’i Energy, further expanding the verification effort and informing considerations and 

recommendations. 
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Results 

Resource Acquisition 

Hawai’i Energy presents savings at three levels: 

• Customer-level savings – Measure savings without respect to system line losses or net effects. In the 

TRM, these savings are described as “gross customer level.” 

• System-level savings – Customer-level savings that are adjusted by a “system loss factor” to account 

for transmission and distribution (T&D) line losses, reflecting savings at the power plant busbar. 

• Program-level savings – System-level savings that are adjusted by an NTG ratio, reflecting gross 

savings that are realized by the program while accounting for free-ridership. Hawai’i Energy’s resource 

acquisition performance targets are based on program-level savings. 

All savings calculations began with the customer-level first-year savings, were adjusted to account for 

system line losses to determine system savings, and then were adjusted again to net savings to reflect 

total net program impacts. Table 2-5 summarizes the Verification Team’s findings for Hawai’i Energy’s 

resource acquisition goals at the net program-level. 

Table 2-5. Resource Acquisition Verified Performance 

Key Focus Areas Metric 
Net Program-Level 

Claimed Results 

Claimed 

Results 

Percent of 

Target 

Net Program-Level 

Verified Results 

Verified 

Results 

Percent of 

Target 

First-Year Energy 

Reduction 
kWh 136,600,252 105.0% 136,619,053 105.0% 

Peak Demand 

Reduction 
kW 20,726 95.8% 20,863 96.4% 

Total Resource 

Benefit 
$ $333,848,273 102.0% $335,480,042  102.5% 

Residential 

In PY17, Hawai’i Energy implemented the following four programs targeted at the residential sector: 

• Residential Energy Efficiency Measures (REEM) 

• Residential Hard to Reach (RHTR) 

• Residential Energy Services and Maintenance (RESM) 

• Custom Residential Energy Efficiency Measures (CREEM) 

The verified net program-level results for the residential programs are illustrated in Figure 2-1 and 

presented in Table 2-6. Residential energy and demand impacts were dominated by the REEM program, 

which included a diverse set of energy initiatives. Most of the verified net program-level impacts stemmed 

from REEM. REEM accounted for 94% of the first-year peak demand reduction, 95% of first-year energy 

savings, and 97% of lifetime energy savings. The REEM program included an upstream initiative, a behavior 

program that issued periodic Home Energy Reports to participants (referred to as the Peer program), 

downstream prescriptive programs, and an online marketplace. The other three programs enhanced 

Hawai’i Energy’s services to the residential sector with program-installed measures (RHTR), custom 

measures (CREEM), and home maintenance measures (RESM).  
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Figure 2-1. Residential Verified Net Program-Level Impacts by Program and End-Use 

 



Evaluation of the Hawai‘i Energy Conservation and Efficiency Programs  |Verification of Impacts 

 

Applied Energy Group • www.appliedenergygroup.com | 13 

Table 2-6. Residential Program Verification Results: Net Program-Level Impacts and Realization Rates 

Program 

Verified Net 

First-Year 

Peak Demand 

Savings (kW) 

First-Year kW 

Realization 

Rates 

Verified Net 

First Year 

Energy 

Savings 

(MWh) 

First-Year 

MWh 

Realization 

Rates 

Verified Net 

Lifetime 

Energy 

Savings 

(MWh) 

Lifetime 

MWh 

Realization 

Rates 

REEM 10,416 99.1% 53,568 99.4% 612,477 100.3% 

RESM 252 102.1% 1,400 101.7% 3,759 100.6% 

RHTR 451 100.0% 1,600 100.0% 17,333 100.0% 

CREEM 6 89.0% 44 82.4% 622 245.2% 

Total 11,125 99.2% 56,612 99.5% 634,191 100.4% 

Measure categories across the programs consist of lighting, HVAC, appliances, solar water heaters, and 

an “other” category that includes the Peer program, solar water heater tune-ups, pool pump variable 

frequency drives (VFDs), low flow faucet aerators and showerheads, etc. Across the residential programs, 

lighting measures accounted for 42% of the net program-level first year peak demand reduction, 59% of 

the net program-level first year energy savings, and 78% of the net program-level lifetime energy savings. 

 

Business 

In PY17, Hawai’i Energy operated the following programs targeted at the business sector:  

• Business Energy Efficiency Measures (BEEM) 

• Business Hard to Reach (BHTR) 

• Business Energy Services and Maintenance (BESM) 

• Custom Business Energy Efficiency Measures (CBEEM) 

Business energy and demand savings were dominated by the BEEM program, though CBEEM and BHTR 

also contributed substantial savings. The business programs delivered a diverse set of programs, enabling 

business sector customers to participate in several ways. These included prescriptive rebates, buy -down 

incentives with lighting distributors, direct-install measures, and custom measures.  

The verified net program-level results for the business programs are illustrated in Figure 2-2 and presented 

in Table 2-7. A significant portion of the business sector’s verified net program-level impacts are 

attributable to BEEM, with BEEM providing 46% of the first-year peak demand reduction, 56% of first year 

energy savings, and 60% of the lifetime energy savings. 

Measure categories across the business programs consist of lighting, HVAC, “custom,” and an “other” 

category that includes appliances, kitchen equipment, building envelope measures, pumps and motors, 

etc. For PY17, the “custom” category consisted of a large share of lighting projects, as well as solar water 

heating and miscellaneous custom projects. Therefore, there is overlap between the “custom” category 

and the other measure categories, particularly lighting. 
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Figure 2-2. Business Verified Net Program-Level Impacts by Program and End-Use 
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Table 2-7. Business Program Verification Results, Program Level 

Program 

Verified First-

Year Net 

Savings (kW) 

First-Year kW 

Realization 

Rates 

Verified Net 

First Year 

MWh 

First-Year 

MWh 

Realization 

Rates 

Verified 

Lifetime Net 

Savings MWh 

Lifetime 

MWh 

Realization 

Rates 

BEEM  4,468  99.7%  44,982  100.0%  680,125  99.4% 

CBEEM  3,482  102.4%  23,432  101.6%  290,456  100.9% 

BHTR  1,786  109.5%  11,588  99.4%  161,711  99.5% 

BESM 1 100.0%  6  100.0%  6  100.0% 

Total  9,738  102.4%  80,008  100.4% 1,132,300 99.8% 

 

Customer Equity 

Hawai’i Energy’s performance goals are meant to ensure that program services and benefits are equitably 

allocated across eligible geographies and underserved demographics. These performance targets require 

that 13% of program spending occurs on each of Hawaii and Maui counties and that a minimum number 

of accounts are served by the multifamily and small business direct install programs, with a minimum 

amount of first year kWh savings for each group. 

Based on the combination of economically disadvantaged customers and the geography of incentive 

spending, the Verification Team was able to verify Hawai’i Energy’s PY17 performance. Table 2-8 

summarizes the verification results and shows Hawai’i Energy met all of the equity performance targets.  

Table 2-8. Customer Equity Results Summary 

Key Focus Areas 
Measurement 

Category 

100 Percent 

Target 

Claimed 

Result15 

Claimed 

% of 

Target 

Verification 

Result 

Verified 

% of 

Target 

Economically 

Disadvantaged 

Small Business Direct 

Install Customers 

Served 

625 769 123.0% 769  123.0% 

Small Business Direct 

Install kWh Savings 
6,900,000 9,637,280 139.7% 9,577,813  138.8% 

Multifamily Direct 

Install Customers 

Served 

4,300 5,964 138.8% 5,970  138.8% 

Multifamily Direct 

Install kWh Savings 
1,300,000 1,728,292 132.9% 1,723,262 132.6% 

Island Equity 

Incentive 

Spending 

County of Hawaii:          

13% 
13.0% 13.4% 103.1% 13.4% 103.1% 

County of Maui:           

13% 
13.0% 14.8% 113.8% 14.8% 113.8% 

                                                
15  Economically disadvantaged claimed savings were based on the final tracking database supplied by Hawai’i Energy to the Verification 

Team. Island Equity Incentive spending claimed results were based on the Hawai’i Energy PY17 draft Annual Report title d, “PY17 AR 

10.19.18_DRAFT.docx,” with verified results developed from a combination of the final tracking database and June 2017 monthly report 

year-to-date incentive spending results “Hawai’i Energy PY17 Monthly Report June v0.pdf.” 
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Market Transformation 

Hawai’i Energy’s Market Transformation activities seek to identify and overcome market barriers that 

prevent residential and business customers from becoming energy efficient by engaging in energy saving 

behavior or investing in energy saving equipment. Market Transformation activit ies are categorized into 

five categories, including: (1) Behavior Modification, (2) Professional Development & Technical Training, (3) 

Energy in Decision-making, (4) Codes and Standards, and (5) Clean Energy Collaboration. Activities 

categorized as Clean Energy Collaboration include iDSM pilot programs, which attempt to increase energy 

savings by providing a portfolio of various customer-focused demand-side management programs. 

Although these Market Transformation activities may lead to future gains in energy efficiency and 

conservation, Hawai’i Energy does not have direct energy savings goals for Market Transformation, though 

they do receive a performance bonus for activities successfully conducted under this category.  

In addition to reviewing Hawai’i Energy documentation and social media platforms to verify PY17 Market 

Transformation activities and achievements relative to the program year’s performance target categories 

and metrics, the Verification Team issued its own survey of PY17 professional training attendees. The 

participant survey, which was administered as a web survey via an embedded email link, served two 

primary purposes: (1) it provided a secondary mechanism by which to verify participation in trainings, and 

(2) elicited qualitative information about Hawai’i Energy’s professional development offerings. In total, 408 

unique customers participating in 11 

different professional development 

events were recruited via email to 

complete the survey. Survey recruits 

were identified using event sign-in 

sheets provided by Hawai’i Energy; 

participants’ email addresses were then 

harvested from these documents, if 

email addresses were recorded. Email 

harvesting was limited to email 

addresses that were typed (i.e. not 

handwritten). In total, 91 respondents, 

approximately 22% of participants 

recruited, completed the survey.16 Figure 

2-3 illustrates participant satisfaction 

with the training attended.  

Overall, survey respondents rated their satisfaction with Hawai’i Energy’s professional development 

offerings highly. Twenty-eight of 65 respondents said they were “very satisfied” with the training they 

attended, and an additional 26 respondents said they were “satisfied.” Only two respondents said they 

were either “dissatisfied” or “very dissatisfied” with the training attended. Both participants, who attended 

the Customized Lighting training and the Innovation Symposium, respectively, felt that the events were 

too basic, and did not cover any new concepts or practices.  

Based on review of the documentation and the participant survey, the Verification Team determined that 

Hawai’i Energy achieved all its Market Transformation target metrics related to the performance award. 

Table 2-9 shows each category area, the target metrics within each category, and the verified outcome 

for each metric. 

  

                                                
16  The Verification Team received 97 responses across the survey. The response rate is based on the count of unique emails and responses. 

Figure 2-3. Participant Satisfaction with Professional 

Development Training Attended 
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Table 2-9. Market Transformation Performance Metrics, and Verified Performance  

Key Focus Areas 
Market Transformation 

Factor 

Performance Indicator 

Target 
Verified Performance 

Met 

Target 

Behavior 

Modification 

Workshops and 

Presentations 

2,100 participant-hours of 

training 

4,039 participant hours of 

training 
Y 

Gamification 

Campaigns and 

Competition 

200 participants 3,535 participants Y 

Social Media and 

Mobile Messaging 

3,250 

followers/subscribers 

9,632 

followers/subscribers* 
Y 

Transformational 

Videos 
3 videos produced 3 videos produced Y 

Professional 

Development & 

Technical Training 

Clean Energy Ally 

Support 

8,370 hours of participant 

training across all 

categories 

 

Y 

Targeted Ally Training 

Opportunities 
 

Targeted Participant 

Training Opportunities 

10,403 participant-hours 

of training 

Educator Training and 

Grants 
 

Energy Industry 

Workforce 

Development 

 

Energy in Decision 

Making 

Strategic Energy 

Management 
2 cohort participants 2 cohort participants Y 

Codes and 

Standards 

Code Adoption – 

County Level 
9 advocacy events 10 advocacy events Y 

Code-Related Training 

and Compliance 

70 participant-hours of 

training 

987 participant-hours of 

training 
Y 

Leading Edge 

Technologies and 

Strategies 

4 stakeholder meetings; 1 

report 

4 stakeholder meetings; 1 

report 
Y 

Clean Energy 

Collaboration 
iDSM pilot project 1 pilot project 1 pilot project Y 

* Includes subscribers/followers on Facebook, Twitter, and Instagram as of November 1, 2018. As the verification activities d id not 

start until after PY17 ended, verification of total social media subscribers may include some new subscribers in PY18. 
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Customer Satisfaction 

Hawai’i Energy has an annual target of achieving an overall satisfaction score of 8.5 or greater (out of a 

possible 10) on overall customer satisfaction. The Verification Team received documentation from Hawai’i 

Energy that described their customer satisfaction feedback system, with output results from their customer 

experience management tool, Medallia. When a customer receives a rebate from Hawai‘i Energy, Medallia 

sends this customer an automated email survey soliciting feedback on their experience with a variety of 

program interaction elements. These included field service experience satisfaction, satisfaction with the 

rebate process, and overall willingness to recommend Hawai‘i Energy’s programs. According to program 

documentation and subsequent discussions with Hawai’i Energy staff, Medallia sent 3,158 surveys to 

customers in PY17, of which 27% responded to the survey. Medallia compiled an overall satisfaction rating 

of 9.2 out of 10 on average by compiling satisfaction scores across all categories queried, satisfying the 

target performance metric.  

Recommendations 

Through the verification process, the Verification Team had opportunities to engage with Hawai’i Energy 

and review the PY17 TRM, program tracking data, and other documentation. Through that process, the 

Verification Team developed several broad recommendations for Hawai’i Energy to consider on a going-

forward basis. These recommendations capture many of the elements that led to the final verification 

results, which if addressed, could potentially streamline or clarify approaches or methods for savings 

verification or mitigate potential sources of verification risk. Table 2-10 summarizes the recommendations. 

Table 2-10. PY17 Verification Recommendations 

Area Recommendation 

Peer Program 

For the Peer program, consider tracking claimed savings and organizing data in manner 

that facilitates claiming those savings. Additionally, consider updating the TRM to account 

for sub-annual savings claims. 

Use of TRM 

For fully deemed measures, Hawai’i Energy should use the savings values from the TRM 

directly, rather than algorithm-based calculations, to prevent errors. Examples of two types 

of errors observed during the PY17 verification are as follows: 

- For many measures, rounding effects caused a minor shift in realization rates, but 

with potentially large aggregate effects. 

- In one case, the double counting of interactive effects for a large number of 

commercial lighting projects resulted in a more significant error.  

Documentation 

Continue to collect and retain the documentation for each business sector project. The 

practices employed by Hawai’i Energy to store business sector project records in the 

program data was robust and facilitated the verification. The Verification Team found very 

little variance from project documentation and the data tracking system metrics. 

Customer Satisfaction 

Consider expanding the timing and methods for gathering customer satisfaction results. 

Midstream end-use customers (in BEEM) appear to be effectively excluded from the email 

customer satisfaction system. Additionally, customers who have only experienced a portion 

of the program (perhaps an energy audit) may never be surveyed for satisfaction or would 

be asked to reflect on an experience occurring sometime in the past. 

Tracking Systems 

Consider how programs and delivery methods are aligned, potentially updating tracking or 

project information to facilitate programmatic goals. For example,  

- Multifamily master metered direct install projects were recorded in both RHTR and 

BHTR programs, and the NTG ratio for these programs differs 

- Custom projects and rebates were found throughout non-custom programs 
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Area Recommendation 

Tracking Systems 

Hawai’i Energy should consider updating the data tracking system to differentiate between 

different forms of measure quantities recorded at the rebate or measure level. The 

Verification Team found the tracking data’s “quantity” field served many purposes, 

depending on the measure. 

TRM Updates 

Findings from the verification process should be used to inform TRM updates. Examples 

include the following: 

- Approach for solar water heating  

- Baseline for chillers 

- Use of an in-service rate 

- Expansion of refrigerator measure to include freezers 

- Review of avoided costs 

Methods for Calculating 

Performance 

For performance targets associated with customer equity, market transformation, or 

customer satisfaction, document the methods for calculating performance, along with data 

sources and data tracking expectations. The verification team found inconsistencies with 

data quality, tracking, and documentation across metrics. As customer satisfaction, market 

transformation, and/or customer equity performance targets are updated from year to year 

or new metrics are developed, Hawai’i Energy and other stakeholders will benefit from 

having clear and transparent approaches to identifying and verifying the performance. 
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3 

TRM UPDATES AND RELATED RESEARCH 
This chapter summarizes the review and update of Hawai’i Energy’s TRM and related research activities 

conducted in CY18. 

Purpose 

The purpose of the TRM review and update process and related research was to address the following: 

• Investigate specific research topics relevant to the measures and key parameters in the TRM: 

o Savings for Peer Comparison Group program (Peer program) 

o NTG ratios and baselines 

o LED lifetime savings 

• Develop updated TRMs for PY17 and PY18 

• Conduct a comprehensive review and update for the PY19 TRM with a focus on the following:  

o Align baselines with current market conditions and codes and standards changes 

o Benchmark algorithms against industry best practices 

o Incorporate newer, more applicable data to estimate values for key parameters 

o Modify or add measures to reflect program design changes since the last major review  

Peer Program Incremental Savings Approach 

Energy savings from Hawai’i Energy’s Peer program have been evaluated using a static deemed savings 

approach since 2011. Through discussions between Hawai’i Energy, the EEM, the EM&V Contractor 

(Opinion Dynamics), and other stakeholders in Fall 2017, the decision was made to investigate an updated 

empirical savings approach rather than continue to rely on the original deemed savings value in future 

program years. The program has reached virtually all of Hawaii’s residential population, so no 

comparison/control group is available for this analysis. Rather, the group of stakeholders collectively 

agreed to a selective stoppage of treatment approach, whereby home energy reports would no longer be 

sent to a stratified random sample of current program participants starting July 1, 2018 , and the resulting 

decay rate of savings would be used to estimate the savings from continuing treatment for program 

participants. This work consisted of a literature review of home energy reports program evaluations that 

have empirically measured persistence/decay rates of savings, as well as a research design for selective 

stoppage of treatment to a stratified random sample of 22,500 households in Hawai i that have previously 

received Peer reports. The literature review and associated memorandum summarized the methods and 

findings of pre-existing studies, providing context and a recommended approach for the future evaluation 

of Hawai’i Energy’s Peer program consistent with best evaluation practice for similar program designs.17 

The research design for selective stoppage of treatment for a sample of program participants beginning 

in PY18 used a randomized control trial (RCT) design and stratified random sampling by cohort. It included 

                                                
17 Literature Review of Decay Rates from Home Energy Report Programs, Memorandum, Prepared by Opinion Dynamics Corporation, 

Prepared for Steve Schiller, Energy Efficiency Manager, June 15, 2018. 
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power analysis to identify the minimum sample size at which the presence of a decay rate signal should 

be detected with statistical confidence. The memorandum accompanying the sample design also 

described how the savings decay rate is to be used in calculating program savings. 18 

NTG and Baseline Approach  

The purpose of this study was to develop a white paper and associated framework for how Hawaii can 

best select and apply baseline energy usage measurement methods, as well as the related measurement 

of net program savings relative to that baseline.19 The white paper and associated framework provide 

guidance for measuring, applying, and periodically updating baseline energy usage and NTG ratios as 

important metrics for characterizing forward movement in Hawaii’s energy efficiency markets. The study 

featured a literature review to define and characterize common practices for baseline determination across 

jurisdictions in the U.S., including consideration of regulatory context, program goals, program 

intervention strategy, and other considerations. The literature review also focused on defining and 

describing terms and common practices associated with NTG measurement, as well as the policy context 

in terms of why NTG is measured, how NTG adjustment factors are typically applied, and its purpose in 

energy efficiency program evaluation and planning. Based on findings and characterizations from the 

literature review, the memorandum and framework were then used to provide recommendations for how 

Hawaii can best select, apply, and periodically update baseline measurement methods and NTG methods 

going forward, taking account of the interrelationship between these factors.  

LED Lifetime Savings 

The EM&V Contractor (Opinion Dynamics) conducted research and developed a memorandum on the 

EUL of LEDs and how this informs lifetime energy savings calculations for LEDs in a selection of TRMs and 

other high-level guidance documents in the U.S.20 Opinion Dynamics reviewed six TRMs from a variety of 

regions across the U.S. as a convenience sample, selected to represent disparate geographic array of U.S. 

states. Opinion Dynamics also reviewed and summarized guidance on LED EUL from the U.S. Department 

of Energy’s (DOE’s) Uniform Methods Project. The review covered adoption of the EISA 2012-2014 and 

2020 standards as the baseline conditions for general service LEDs in residential settings. The review and 

characterization also covered specialty LED lamp types and screw-in LEDs in commercial applications. The 

purpose of the research and memorandum was to help inform Hawaii’s treatment of lifetime savings 

calculations for screw-in LEDs. 

PY17 and PY18 TRM Update 

The purpose of the PY17 and PY18 Hawai’i Energy TRM update was for the EM&V Contractor (Opinion 

Dynamics) to review TRM changes proposed by Hawai’i Energy. Opinion Dynamics reviewed a series of 

proposed updates for the PY17 TRM, and through discussions with Hawai’i Energy, the EEM and the HPUC, 

worked with Hawai’i Energy to incorporate some of the updates into the PY17 TRM and others into the 

PY18 TRM. The PY17 TRM updates included mostly editorial and formatting updates, as well as minor 

corrections and clarifications to select measures. The PY18 TRM updates included more substantive 

                                                
18 Hawaii Peer Comparison Program Stoppage of Treatment Study Sample Selection, Memorandum, Prepared by Opinion Dynamics 

Corporation, Prepared for Steve Schiller, Contract Manager, June 18, 2018.  

19 Hawaii Baseline and Net-to-Gross Framework, Memorandum, Prepared by Opinion Dynamics Corporation, Prepared for Steve Schiller, 

Contract Manager, June 27, 2018. 

20 Hawaii PUC LED Baseline Memo, Memorandum, Prepared by Jeremy Eddy and Bill Norton, Opinion Dynamics, Prepared for Steve Schiller, 

Contract Manager, April 9, 2018. 
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updates, including change in methods and assumptions for several measures, and updates to parameter 

inputs for other measures.  

This work involved the development of several memoranda, to communicate to Hawai’i Energy and others 

the exact recommendations for updates.  21,22,23 Hawai’i Energy then used these memoranda to update the 

applicable version of the Hawai’i Energy TRM, and Opinion Dynamics approved or suggested additional 

modifications based on a final review of the TRM(s). This task resulted in final versions of the PY17 and 

PY18 Hawai’i Energy TRM documents. 

Comprehensive PY19 TRM Update 

In Fall of 2018, the EM&V Contractor (AEG) conducted a comprehensive review of the PY18 TRM and made 

a variety of updates for the PY19 TRM.24 The review and update process had five main steps, as illustrated 

in Figure 3-1. The following sections describe each step. 

Figure 3-1. Summary of TRM Review and Update Process 

 

  

                                                
21 Recommended Updates for PY2017 TRM, Memorandum, Prepared by Opinion Dynamics Corporation, Prepared for Steven Schiller, Energy 

Efficiency Manager, April 11, 2018. 

22 Updates for the PY2018 Hawaii TRM, Memorandum, Prepared by Opinion Dynamics Corporation, Prepared for Steven Schiller, Energy 

Efficiency Manager, May 2, 2018. 

23 Review of Proposed Updates to PY2017-PY2018 for the PY2018 TRM, Memorandum, Prepared by Opinion Dynamics Corporation, 

Prepared for Steven Schiller, Energy Efficiency Manager, May 21, 2018. 

24 State of Hawaii EM&V: Summary of PY19 TRM Update, Memorandum, Prepared by Kelly Parmenter, AEG, Prepared for the EEM, HPUC, 

and Hawai’i Energy Teams, January 7, 2019. 
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Prioritization 

AEG’s approach for prioritizing TRM measures and general information for review and update was as 

follows: 

• Reviewed TRM update issues identified by various entities involved in the TRM update process, 

including Hawai’i Energy, the EEM team, HPUC staff, Tetra Tech, Opinion Dynamics, and other TAG 

stakeholders.   

• Reviewed Hawai’i Energy’s PY17 tracked 

measure data and mapped data to TRM 

measure names. 

• Applied the criteria listed in Figure 3-2 to 

designate “high-priority” measures. The 

criteria were used to score each PY18 TRM 

measure to allow for a priority ranking. AEG 

used a five-point scale for scoring, with 5 = 

Highest Priority and 1 = Lowest Priority.  

• Selected the top 20 measures with the highest 

scores to be reviewed and updated (see Figure 

3-3 for the selected measures and scores).25 

• Identified a variety of additional, cross-cutting 

metrics, factors, and general information items for review and update: 

o Effective Useful Life (EUL) of Measures 

o Equivalent Full Load Hours (EFLH) and Hours of Use (HOU) 

o Coincidence Factors (CFs) 

o Interactive Effect (IE) Factors 

o Net-to-Gross (NTG) Ratios 

o System Loss Factors (SLF) 

o Avoided Energy and Capacity Costs 

o Other general information updates 

• Delivered the prioritized list to the EEM, HPUC, and Hawai’i Energy for review and comment. 

• Generated an Issues Log to track review and update of high-priority measures and general 

information related to PY19 TRM development.  

                                                
25 The highest possible score was 100% (20 total points), meaning that all four criteria received a score of 5 on a five-point scale. The lowest 

possible score was 20% (4 total points), meaning that all four criteria received a score of 1 on the f ive-point scale. All measures with a 

priority score of 25% or greater (5+ total points) were selected for review and update. The remaining 42 measures not selected each had 

the minimum score of 20% (4 total points); these should be reprioritized along with  any new TRM measures during the next TRM update. 

Figure 3-2. TRM Measure Prioritization Criteria 

  

High Savings Impact
Updates Required by 

EM&V Results

Codes and Standards 

Compliance 

Requirements

Opportunities for 

Improvement in 

Rigor

TRM Measure 

Prioritization 

Criteria



Evaluation of the Hawai‘i Energy Conservation and Efficiency Programs| TRM Updates and Related 

Research 

 

Applied Energy Group • www.appliedenergygroup.com | 24 

Figure 3-3. High Priority Measures Included in the TRM Review and Update  

  

TRM Review  

In general, the TRM review process consisted of comparing 

the measure details (particularly baseline and efficient case 

definitions), analysis approaches, and values and 

assumptions related to key parameters and metrics with 

industry best practices for similar measures and programs; 

this process is referred to as benchmarking. AEG performed 

detailed benchmarking review and analysis for each priority 

measure and metric. In many cases, the analysis extended 

to more detailed Hawaii-Specific Analysis, as described in 

the next section. The subsections below summarize the approach used to benchmark two prior ity metrics: 

effective useful life (EUL) and net-to-gross (NTG) ratios. Results from other measure-specific benchmarking 

are summarized in the TRM Update section. 

Effective Useful Life 

Approach 

AEG’s approach for reviewing the EUL values in the PY18 

TRM involved first comparing EULs for all measures to 

DEER2020 EULs.26 Then, for the set of priority measures, AEG 

conducted further EUL benchmarking analysis using AEG's 

DEEM (Database of Energy Efficiency Measures)27 tool and 

                                                
26 California Public Utilities Commission, Database of Energy Efficiency Resources, 2020 update, (DEER2020), READI v.2.5.0, Ex Ante 

Database Support Table Export, EUL_basis, created on 8/24/2018, available here: www.deeresources.com/index.php/homepage. 

Spreadsheet. 

27 AEG's Database of Energy Efficiency Measures and supplementary data is a comprehensive database of energy efficiency measure data from 

public-domain datasets across North America, ranging from the U.S. Department of Energy to statewide technical reference manuals (TRMs) and 

other sources. 
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additional research of TRMs and best practices. In all, AEG referred to over 30 resources during the EUL 

review and update process. 

For all priority measures, AEG used the median value of sources reviewed as the new PY19 updated EUL.28 

For other non-priority measures for which there was an EUL in DEER2020, AEG used the DEER2020 value 

as the new PY19 updated EUL. 

Results 

Results of the EUL analysis are summarized 

below and in Figure 3-4. 

• EULs for 58 measures did not change 

• EULs for 13 measures were lowered 

• EULs for nine measures were increased 

• EULs for 14 lighting measures were 

changed to variable based on hours of use 

(HOU) and building type 

• One EUL was changed to custom 

(distribution transformer) 

• Four missing measures were added to the list (residential occupancy sensors, freezer replacement, and 

freezer recycling in two places) 

AEG used the EULs to develop lifetime savings for all of the priority measures reviewed and updated. 

Net-to-Gross 

Approach 

AEG built upon the methodology used by Evergreen Economics to benchmark the NTG ratios of similar 

programs in the U.S. with the Hawaii NTG ratios that are currently being used (or are planned for PY19).29 

Evergreen used comparison programs from Wisconsin, California, Massachusetts, and NYSERDA. The 

comparison programs were similar in terms of target market sector (Residential, C&I, etc.), measures, and 

delivery. Since the Evergreen research was several years old, AEG researched the same programs to 

determine if the NTG ratios from these programs had been updated. AEG found updated NTG data fo r 

Wisconsin (2017),30 some California programs (2019),31 and Massachusetts (C&I: 2013, MF: 2018, SF: 2019).32 

The NYSERDA NTG ratios had not been updated since the Evergreen report, so that data was not included 

in the benchmarking analysis.  

                                                
28 The median was used in most cases, except for when the average value appeared most representative.  

29 Evaluation of the Hawai’i Energy Conservation and Efficiency Programs, Program Year 2011, Evergreen Economics, June 20, 2013, Appendix 

D: Net-to-Gross Assessment Memo. NTG benchmarking analysis covered four resources: Wisconsin Focus on Energy (2011), California Public 

Utilities Commission DEER (2006-2007), Massachusetts Energy Efficiency Advisory Council (2010), and NYSERDA (2011-12). 

30 Wisconsin Focus on Energy, NTG data, 2017. 

31 California Public Utilities Commission, Database for Energy Efficient Resources (DEER), 2020, Ex Ante Database Support Table Export, 

Support Table Group: cpCostEff, Support Table: NTG2020, file created on 9/20/2018, www.deeresources.com. 

32 Massachusetts NTG Study, 2013. Massachusetts MF NTG and Impact Study, 2018. Massachusetts Home Energy Assessment LED NTG 

Study, 2019. Massachusetts Products NTG Study, 2019. Massachusetts Res HVAC NTG & Market Effects Study, 2019. Massachusetts Res New 

Construction Attribution Assessment, 2019. 

 

Figure 3-4. Results of EUL Benchmarking Analysis 
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AEG also drew on research conducted by Opinion Dynamics (the prior EM&V Contractor), identifying 

similar programs that could be used for NTG comparison research.33 Based on the programs identified in 

Opinion Dynamics' research, AEG benchmarked the most recent NTG ratios being used by Com Ed (2018)34 

and Ameren Illinois (2017).35 

In addition, AEG used additional NTG data directly from Opinion Dynamics' research findings for two other 

utilities: Xcel Energy (2012) and Rocky Mountain Power (2014). This data is older, but still informative for 

benchmarking a couple of the measures. 

Lastly, AEG paid special attention to the NTG ratios for two measures because of their important 

contributions to Hawai’i Energy's programs: Residential LEDs and Solar Water Heaters. For the Residential 

LED measure, AEG carried out additional benchmarking of baselines and NTG ratios beyond the sources 

cited above. The current NTG ratio planned for the Residential LED measure (NTG=0.5) was reviewed along 

with baseline assumptions and verified to be reasonable, so no change was made for PY19.36 For the Solar 

Water Heater measure, there were no comparable solar water heater programs to benchmark the Hawai’i 

Energy program against, particularly since the new construction codes and the marketing and promotion 

of solar water heaters are unique to Hawaii. Therefore, AEG used findings from the PY17 Verification to 

develop a Hawaii-specific algorithm for the NTG ratio and presented the recommended algorithm to the 

EEM, HPUC, and Hawai’i Energy for consideration. 

Results 

The benchmarking analysis found that, overall, the Hawai’i Energy NTG ratios fall within the range of the 

ratios used by the comparison programs. This is particularly true at the program-funding level, although 

there are a few exceptions at the measure level. Therefore, AEG recommended that all but two NTG ratios 

used by Hawai’i Energy remain unchanged until primary research in Hawaii is completed, or unless there 

is a desire by stakeholders to estimate net savings more granularly (e.g., by measure type). For the 

remaining two cases, AEG recommended the following changes: 

• Lowering the NTG ratio for the Business 

Hard to Reach (BHTR) program from 0.99 

to 0.91, which is the median of the 

comparison programs (see Figure 3-5).  

• Using an algorithm to determine the NTG 

ratio for Residential Solar Water Heaters. 

The algorithm would account for the PY17 

Verification finding that one-third of 

retrofit solar water heaters in the program 

replaced a pre-existing electric water 

heater, while two-thirds replaced a pre-

existing solar water heater. Upon review of 

the algorithm with the EEM, HPUC, and 

Hawai’i Energy, the decision was made to 

                                                
33 Hawaii Baseline and Net-to-Gross Framework, Memorandum, Prepared by Opinion Dynamics Corporation, Prepared for Steve Schiller, 

Contract Manager, June 27, 2018.  

34 Com Ed, Final NTG Ratios for 2018. 

35 Ameren Illinois PY9 Evaluation Summary, 2017. 

36 The median value from five comparison sources was NTGmedian=0.48, which is close to the current NTG=0.5. 

Figure 3-5. Results of NTG Benchmarking Analysis 
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leave the NTG ratio for Residential Solar Water Heaters unchanged due to lack of definitive information 

to support a change.  

Hawaii-Specific Analysis 

AEG’s Hawaii-specific analysis focused on key metrics that apply to Hawaii’s climate and Hawaiian Electric 

Company’s electric power infrastructure. These metrics include equivalent full load hours (EFLH), hours of 

use (HOU), coincidence factors (CF), lighting/cooling interactive effects (IE), energy and capacity avoided 

costs, and system loss factors (SLF).  

AEG also made extensive use of Hawai’i Energy program data, as well as prior Hawaii-specific research 

studies, to inform measure updates. For example, historic program data was used to calculate weighted 

averages of key metrics (including EFLH, HOU, CF, and IE) for the commercial sector in order to specify 

values for an “Average Commercial Building.” In addition, AEG leveraged results from the previous baseline 

study conducted by Evergreen Economics37 and the previous potential study conducted by AEG38 to assess 

other Hawaii-specific metrics including the share of homes with air conditioning, share of floorspace by 

commercial building type, etc. 

Equivalent Full Load Hours and Hours of Use  

Approach 

AEG analyzed hourly load profiles specific to Hawaii weather stations and IECC Zone 1A building 

prototypes from the U.S. DOE OpenEI Data Catalog.39 “Unadjusted” equivalent full load hours (EFLH) were 

determined by dividing the total annual energy consumption for the end-use by the maximum demand 

over the whole year. 

For water heating, the maximum demand was used as a proxy for full load demand, with no further 

adjustments. Therefore, the resulting unadjusted EFLH values reflect the number of hours that the end-

use equipment is expected to operate at full load.  

For space cooling, the unadjusted EFLH values were adjusted by dividing by 1.25 to account for the fact 

that HVAC systems tend to be oversized.40 This adjustment was necessary since the simulation models 

essentially “right-size” the systems, resulting in greater operating hours than would be expected in actual 

buildings.  

Since lighting is very modular and distributed, the DOE OpenEI prototypes tend to understate maximum 

demand and result in overstated “EFLH” values for lighting. Therefore, for lighting measures, AEG used 

benchmarking to verify the hours of use (HOU). The primary source for HOU data was DEER2016/2020. 41 

                                                
37 Evergreen Economics, Baseline Energy Appliance, Equipment and Building Characteristics Study Report, Prepared for the State of Hawaii 

Public Utilities Commission, February 26, 2014. 

38 Applied Energy Group (dba EnerNOC Utility Solutions Consulting), State of Hawaii Potential Study, Prepared for the State of Hawaii 

Public Utilities Commission, 2014. 

39 Commercial and Residential Hourly Load Profiles for all TMY3 Locations in the United States, OpenEI Datasets, Office of Energ y 

Efficiency and Renewable Energy (EERE), Department of Energy (DOE), last website update: Oct/Nov 2014, <https://openei.org/doe-

opendata/dataset/commercial-and-residential-hourly-load-profiles-for-all-tmy3-locations-in-the-united-states>. 

40 AEG verified the 25% oversizing estimate using several sources, including the following: Oversizing of HVAC System: Signatures and 

Penalties, University of Idaho, Integrated Design Lab-Boise, October 2010, available here: 

<http://www.idlboise.com/pdf/papers/ENB_3018_RTU_Measurement_accepted.pdf>.  

41 California Public Utilities Commission, DEER2016, Interior Lighting Hours-of-Use (HOU), Peak Period Coincident Demand (CDF), and 

HVAC Interactive Effects for San Diego, CA, Updated May 27, 2015, available here: http://www.deeresources.com. (There were no  additional 

updates to interior lighting HOU, CDF, and IE factors in DEER2020.) 
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Results 

The EFLH analysis resulted in unadjusted values 

by end-use, building type, and for three 

weather stations (Honolulu International 

Airport, Kahului Airport, and Keahole-Kona 

International Airport). AEG subsequently 

mapped the DOE building types to the building 

types used by the Hawai’i Energy programs 

when updating the TRM. In addition, AEG 

adjusted the cooling and lighting values using 

the approaches described above. Figure 3-6 

shows an example of EFLH results. It compares 

PY18 and PY19 TRM EFLH values for the cooling 

end-use by business building type. 

 

Coincidence Factor 

Approach 

For the CF analysis, AEG analyzed the same U.S. DOE OpenEI hourly load profiles used for the EFLH 

analysis, again using Hawaii weather stations and IECC Zone 1A building prototypes. Values for CF were 

determined by: 

1. Averaging the hourly demand values for the end-use across the defined system peak period of 5-9 

PM on the average non-holiday42 weekday.  

2. Dividing the average peak period demand by the maximum demand for the end-use over the whole 

year to get an unadjusted CF. 

3. Applying adjustments as appropriate depending on the end-use. 

No adjustments were made for water heating. The maximum demand for the end use over the whole year 

was used as a proxy for the full load demand in the CF calculations. 

For cooling, the unadjusted CF values were adjusted by dividing by 1.25 using the same logic as described 

above for the EFLH calculations to account for the fact that HVAC systems tend to be oversized.  

As noted in the EFLH section above, since lighting is very distributed, the DOE OpenEI prototypes tend to 

understate maximum demand and overstate EFLH for lighting, resulting in overstated CF values. Therefore, 

AEG used the benchmarking findings for HOU for lighting and then adjusted the CF values from the 

OpenEI analysis accordingly to account for the HOU values: (CF adj = CFOpenEI*(HOUbench/EFLHOpenEI).  

The only exception to this approach was for residential lighting. For residential lighting, AEG used the 

BEopt simulation modeling discussed below, coupled with HOU values from benchmarking, to determine 

CF values for military and non-military homes. 

                                                
42 Where holidays are defined as the same set of eight holidays listed in the PY18 TRM for the Energy Advantage measure: New Year’s Day, 

Martin Luther King Day, President’s Day, Memorial Day, Independence Day, Labor Day, Thanksgiving Day, and Christmas Day. 

Figure 3-6. EFLH Results: Cooling by Building Type 
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Results 

The CF analysis resulted in unadjusted 

values by end-use, building type, and for 

three weather stations (Honolulu 

International Airport, Kahului Airport, and 

Keahole-Kona International Airport). When 

updating the TRM, AEG subsequently 

mapped the DOE building types to the 

building types used by the Hawai’i Energy 

programs; in addition, AEG adjusted the 

cooling and lighting CF values as described 

above. Figure 3-7 shows an example of CF 

results. It compares PY18 and PY19 TRM CF 

values for linear lighting fixtures by 

business building type. 

 

Interactive Effects: Residential Lighting/Cooling  

Approach 

The PY18 version of the TRM did not include lighting/cooling interactive effects (IE) for residential 

buildings. To evaluate the lighting/cooling IE factors for the residential LED measure, AEG completed 

building energy simulations of single-family home prototypes in BEopt™ with EnergyPlus v8.8 as the 

simulation engine.43 Using this publicly available software for energy simulations allowed for hourly results 

that could be easily and independently replicated. AEG developed a prototype home and simula ted these 

homes in Honolulu.  

The prototype was developed based on a mixture of assumptions from Evergreen Economics’ 2014 State 

of Hawaii Baseline Report,44 Building America House Simulation Protocols,45 and building characteristics 

from a convenience sample of suburban Honolulu homes in Google Maps. Homes were simulated with a 

variety of HVAC systems (central AC, room AC, and air-source heat pump, all with federal standard 

minimum efficiencies) and four different lighting consumption levels (1,250, 1,000, 750, and 500 kWh/yr). 

House leakage was also varied to vary the efficiency of the home. The IE factors for each set of iterations 

were calculated as the difference in cooling (annual consumption or peak demand) divided by the 

difference in lighting (annual consumption or peak demand). The IE factors were averaged across envelope 

parameters and lighting levels for each HVAC system type. Finally, weighted averages, based on HVAC 

system types, were developed using data from the Evergreen baseline report.  

Results 

The residential IE results are as follows: 

• Lighting/Cooling Demand Interactive Effects Factor, IEC,D = 1.30 

                                                
43 National Renewable Energy Laboratory, Building Energy Optimization (BEopt) Software, Version 2.8.0.0, U.S. Department of Energy, 

January 2018, Available at: https://beopt.nrel.gov/.  

44 Evergreen Economics, Baseline Energy Appliance, Equipment and Building Characteristics Study Report, Prepared for the State of Hawaii 

Public Utilities Commission, February 26, 2014. 

45 Wilson, E. et. al., 2014 Building America House Simulation Protocols. National Renewable Energy Laboratory, March 2014, Available at: 

https://www.nrel.gov/docs/fy14osti/60988.pdf.   

Figure 3-7. CF Results: Linear Lighting by Building Type 
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• Lighting/Cooling Energy Interactive Effects Factor, IEC,E = 1.35 

Interactive Effects (IE): Commercial Lighting/Cooling  

Approach 

For IE factors to capture the decreased cooling annual energy load and peak demand requirements due 

to commercial lighting improvements, AEG started with DEER IE factors for San Diego by lighting type 

(CFL, HID, LF)46 and building type from DEER2016/2020.47 Then, these values were adjusted for Hawaii's 

climate zone using data from the following paper:  

• Sezgen, A. O., Y. J. Huang, Lawrence Berkeley Laboratory, "Lighting/HVAC Interactions and Their Effects on 

Annual and Peak HVAC Requirements in Commercial Buildings," ACEEE Summer Study, 1994. 

Results 

The analysis yielded two sets of demand and energy IE factors. One set is applicable to omnidirectional, 

directional, and reflective lamps, while the other is applicable to high bay, linear, u-bend, and troffer 

lighting. As an example, Figure 3-8 shows results for that latter category of lighting.  

Figure 3-8. Results for Interactive Effects: High Bay, Linear, U-Bend, Troffer Lighting by Building Type 

 

Avoided Costs 

The review of avoided costs for the PY19 TRM was still in progress at the time this report was developed. 

System Loss Factors 

Energy savings at the customer level are equivalent to even greater savings at the power plant busbar  

(where the electrons enter the grid) due to T&D energy losses. The system loss factor (SLF) is defined as 

                                                
46 CFL=Compact Fluorescent Lamp (used as a proxy for all omnidirectional, directional, and decorative bulbs). HID=High Intensity Discharge 

lamps. LF=Linear Fluorescent lamps. 

47 California Public Utilities Commission, DEER2016, Interior Lighting Hours-of-Use (HOU), Peak Period Coincident Demand (CDF), and 

HVAC Interactive Effects (IE) for San Diego, CA, Updated May 27, 2015, available here: http://www.deeresources.com. (There were no 

additional updates to interior lighting HOU, CDF, and IE factors in DEER2020. ) 
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marginal electricity losses from the busbar to the customer meter – expressed as a percent of meter-level 

savings. Each island in Hawaii has a different SLF due to differences in infrastructure. SLF values are derived 

using island-level loss data published for HECO, MECO, and HELCO. The customer-level electricity savings 

are multiplied by (1+SLF) to get the system-level savings, or savings at the power plant busbar. 

Approach 

Updated values for the PY19 TRM were derived using the following approach:48 

1. Obtaining data on "Losses and Unaccounted for Energy" from Hawaiian Electric Company's website .49 

Note that the published losses include “…amount of energy that is lost as heat or through other means 

(such as theft) or used by the Company between the point where energy generated at power plants 

enters the grid to the point of measurement at customer’s meters.” 

4. Calculating average loss factors from the data in Step 1 for each island for the last five years (2014-2018). 

5. Adjusting the loss factors in Step 2 to remove losses due to theft and the utility's own electricity 

consumption in its building and facilities, so that the losses only reflect T&D losses. An engineering estimate 

of 0.1% off of each of the values from Step 2 was used for the adjustment. 

Results 

Table 3-1 and Table 3-2 compare the previous SLF values with the final adjusted SLF values updated for 

the PY19 TRM. Relative to the previous values, the updated values decrease by 30% to 62% depending on 

location. 

  

TRM Update and Delivery  

Approach 

Once the review for a given measure or general information item was completed, AEG updated the 

corresponding tab of the TRM. Prior to delivery of the TRM for review and approval by the EEM team, the 

HPUC, and Hawai’i Energy, AEG carried out a three-level “By/Check/Approve” QA/QC process for all 

updated measures. In the “By/Check/Approve” process, three engineers from AEG’s TRM team carefully 

reviewed each of the measure updates. At each level of review, any identified questions, comments, or 

issues were discussed and addressed. 

                                                
48 Recommendations for PY19 System Loss Factors (SLF) for Hawai‘ i Energy Programs Goals and Reporting, Memorandum, Prepared by 

Steve Schiller, EEM team, Prepared for Ashley Norman and Dave Parsons, HPUC, January 4, 2019.  

49 Key Performance Metrics, available here: <https://www.hawaiianelectric.com/about-us/key-performance-metrics/power-supply-and-

generation.> 

Table 3-1. PY18 TRM System Loss Factors  

County System Loss Factors 

Hawaii 9.00% 

Maui 9.96% 

Oahu 11.17% 

 

Table 3-2. PY19 TRM System Loss Factors  

Island System Loss Factors 

Hawaii 6.3% 

Lanai 4.3% 

Maui 5.0% 

Molokai 8.5% 

Oahu 4.2% 
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Summary of Measure Level Results 

Table 3-3 (residential) and Table 3-4 (business) list the prioritized measures reviewed and updated for the 

PY19 TRM. The tables include a short description of the key changes for each measure, and an indication 

of whether the resulting changes have a high, medium, or low impact on energy and demand savings. 

Table 3-3. PY19 TRM: Key Updates and Relative Effects on Impacts – Residential Measures 

Residential 

Measure 
Key Updates 

Relative Effect on Impacts 

First Year 

Demand 

Savings 

First Year 

Energy 

Savings 

Lifetime 

Energy 

Savings 

LED 
New: Dual baseline, IE, semi-prescriptive calculator 

Modified: CF, EUL 
High Med Med 

Occupancy Sensor 
New: Dual baseline, ISR, IE, semi-prescriptive calculator 

Modified: Reduction in runtime, CF 
High Low Med 

Solar Water Heater 

New: Semi-prescriptive calculator 

Modified: Baseline equipment, daily hot water use, EFLH, 

CF, EUL, NTG ratio  

Med Low Low 

Solar Water Heater 

Tune Up 
New: Persistence Factor (PF) High High High 

Ductless Split System 

New: Measure name and definition, semi-prescriptive 

calculator 

Modified: Baseline, demand savings algorithm, EFLH, CF 

High 

Med  

(<2 ton)  

Med  

(<2 ton) 

Med  

(2+ ton) 

Med  

(2+ ton) 

Refrigerator 
New: Semi-prescriptive calculator 

Modified: Baseline, algorithms, EUL 
Med Low 

Med-

High 

Variable Frequency 

Drive Pool Pump 

New: Additional equipment categories 

Modified: Baseline, algorithms, hours of operation, CF 
High High High 

 

Legend: 

 Decrease in savings 
Varies with equipment 

or building type 
Increase in savings → 

High Med Low Varies Low Med High 
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Table 3-4. PY19 TRM: Key Updates and Relative Effects on Impacts – Commercial Measures 

Commercial 

Measure 
Key Updates 

Relative Effect on Impacts 

First Year 

Demand 

Savings 

First Year 

Energy 

Savings 

Lifetime 

Energy 

Savings 

General Lighting  

New: ISR 

Modified: Some wattages, IE, HOU, CF, EUL, NTG for 

Business Hard to Reach (BHTR) 

Varies Low-High 
Low-

High 

Dimmable (Non-

linear LED) 

New: Dual baseline, ISR 

Modified: Some wattages, percent savings from 

dimming, IE, HOU, CF, EUL, NTG for BHTR 

Varies  Low-High High 

Stairwell Bi-Level 

Lighting 
Modified: Fraction of time dimmed, EUL Varies Varies High 

Refrigerated Case 

Lighting 

New: Dual baseline for early replacement (ER), single 

baseline for replace on burnout (ROB), specification of 

refrigeration type (medium or low temperature), 

lighting/refrigeration waste heat (WH) factor 

Modified: Wattages, algorithms, lighting/AC IE, CF, EUL, 

NTG for BHTR 

Varies 

(ROB) 

Varies 

(ROB) 

Med-High 

(ROB) 

Low  

(ER) 

Med  

(ER) 

Med-High 

(ER) 

Occupancy Sensor 
New: ISR, IE 

Modified: Reduction in runtime, HOU, CF 
Varies Varies Varies 

Guest Room Energy 

Management System 
Modified: Savings approach High Low Low 

Chiller and Chiller 

Worksheet 

Modified: Baseline, high efficiency equipment, demand 

savings approach, calculator, EFLH, CF, EUL 
High High High 

Variable Refrigerant 

Flow AC 

Modified: Baseline, high efficiency equipment, demand 

savings approach, calculator, EFLH, CF, EUL 
Med-High Med-High Med-High 

Variable Frequency 

Drive Water Pump 

New: Semi-prescriptive calculator 

Modified: Operating hours, CF 
Varies Varies Varies 

Variable Frequency 

Drive Booster Pump 
Modified: Savings algorithms 

Low 

(Reduce HP) 

Low 

(Reduce HP) 

Low 

(Reduce HP) 

Low 

(VFD) 

Low 

(VFD) 

Low 

(VFD) 

Variable Frequency 

Drive Pool Pump 

New: Savings for four categories of horsepower 

Modified: Baseline, high efficiency equipment, savings 

algorithms, hours per day, CF, EUL 

High High  High 

Solar Water Heating 

New: Semi-prescriptive calculator 

Modified: Baseline equipment, savings algorithms, CF, 

EUL 

Varies Varies Varies 

 

Legend: 

 Decrease in savings 
Varies with equipment 

or building type 
Increase in savings → 

High Med Low Varies Low Med High 
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Recommendations 

Table 3-5 lists recommendations for future updates to the TRM. These recommendations should be 

considered along with other review and update priorities following the process described in the TRM 

Framework.  

Table 3-5. Recommendations for Future TRM Updates 

Area Recommendation 

Residential Solar Water 

Heaters 

The program should consider targeting homes with existing electric storage water heaters 

(instead of existing solar water heaters) to maximize program influence and minimize free-

ridership. 

Residential LED 
Verify the 1.5 factor used to adjust the lighting hours of use (HOU) for military homes to 

ensure it is still accurate. 

Residential 

Refrigerator/Freezers 

Update the energy-use values for the two refrigerator/freezer turn-in measures with 

Hawaii-specific data on the types and ages of units removed through the program. 

Determine average adjusted volume (AV) of units installed/removed through the Hawai’i 

Energy program to improve accuracy of deemed values. 

Residential HVAC 

Savings Calculator  

Extend the new residential AC worksheet calculator to include central and room AC 

measures, in addition to the ductless systems added for PY19. 

Commercial Lighting 

General 

Conduct simulation modeling of commercial building types using new Hawaii baseline data 

to estimate Hawaii-specific interactive effects and other factors. 

Commercial Non-Linear 

Dimmable Lighting 

Due to newer building codes, an increasing share of the baseline lamps are likely to be 

dimmable or otherwise controlled. The baseline and efficient case should be updated 

accordingly. 

Commercial 

Refrigerated Case 

Lighting 

Update EERs using data representative of Hawaii refrigerated case efficiencies obtained 

from market research. 

Commercial Solar 

Water Heater 

Investigate the cost-effectiveness of replacing a heat pump water heater with a solar 

system. 

Commercial HVAC 

Savings Calculator  
Extend the new VRF worksheet calculator to include commercial AC/Heat Pump measures. 

Overall 
Use market research from the new baseline study to update other metrics that are currently 

informed by the previous Evergreen baseline study. 

Net to Gross Ratios 
During the new baseline study, survey program participants to assess free-ridership and 

participant spillover and survey non-participants to assess non-participant spillover. 

Avoided Costs 
Update avoided costs once HECO’s new estimates are available from Integrated Resource 

Plan process. Consider use of time- and location-based values. 

Incremental Cost 

Assumptions 

Review incremental cost assumptions and consider publishing along with the TRM savings 

approaches.  

Water Saving Measures 

Investigate the value of including embedded energy savings in algorithms for water saving 

devices; embedded energy savings comprise the energy and demand savings realized by 

reduced need for water and wastewater pumping and treatment.  
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4 

TRM FRAMEWORK 
This chapter summarizes the development of the Hawai’i Energy TRM Framework.50  

Purpose 

The purpose of developing the TRM Framework was to have a mechanism for formally documenting the 

roles and responsibilities and processes needed to guide the ongoing development, maintenance, and 

application of the TRM. It is vital for all parties to have a shared understanding of these processes and of 

the TRM content that is used help to measure program success. 

Approach 

The following key activities were completed to help inform development of the TRM Framework:  

• In-depth interviews with key entities involved with the Hawai’i Energy programs, as well as other 

stakeholders. 

• Benchmarking of TRM Framework-type documents from other areas of the country. 

In-Depth Interviews 

The TRM Framework Team51 interviewed representatives from Hawai’i Energy, HPUC, HECO, and the 

Department of Commerce and Consumer Affairs to solicit feedback on a variety of topics related to 

development of the TRM framework. Table 4-1 reflects questions asked during the in-depth interviews.  

Table 4-1. In-Depth Interview Questions 

Interview Questions 

Please describe your responsibilities or role regarding the program. 

How do you currently use/interact with the TRM?  

Do you have other staff that use/interact with the TRM? If yes, how? 

What works well about the TRM currently? 

What about the TRM, or the TRM process, how could it be improved? 

Do you have thoughts on who should be responsible for document control, including responsible/accountable parties, 

and respective stakeholder roles? 

What is/should be the process for maintaining/updating the TRM contents and selecting measures to update? 

Do you have suggestions for when measures should be assessed with deemed values, deemed calculations, and/or 

custom EM&V approaches?  

Do you have suggestions in determining when measures should be deemed vs. custom? 

What about prioritization of measures – do you have thoughts on how to select measures to update? 

How often do you think the TRM should be updated? 

What about level of rigor?  

                                                
50 Hawai‘i Energy Technical Reference Manual Framework, Version 1.0, April 2019.  

51 The TRM Framework task was led by Tetra Tech under the direction of AEG. 
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Interview Questions 

When do you think Hawaii-specific data should be used versus other data sources from other States? 

Who, or which stakeholders, should be allowed either to request measures be added to the TRM and/or to provide 

input in the TRM? 

Are there any issues related to particular measures currently in the TRM that should be addressed as part of the PY19 

update exercise? 

Are there measures or technologies that are not currently included in the TRM that you think should be?  

Do you think there should be more specificity around how peak demand and the peak demand period are defined in 

the TRM? If so, how? What about peak demand reductions – do you think how peak demand reductions are 

calculated should be clarified? 

How do you think NTG ratios should be specified (e.g. by sector, measure, etc.)? Do you have suggestions for 

determining NTG ratios? How often should they be updated?  

What do you see as future challenges to the Hawai’i Energy program that could be addressed through the TRM 

Framework?  

What about recommendations on EULs or baselines? How often should they be updated?  

Have you noticed any systematic issues (across measures) with baseline definitions or EULs in the past TRMs? If yes, do 

you have thoughts on how to improve clarify/consistency/etc. within the context of the TRM Framework? 

What are your thoughts on DER and carbon metric topics? For example, GHG emission reduction metrics (e.g., 

refrigerant measures, fossil fuel use) or time and locational metrics for impacts? 

Is there anything related to the TRM or TRM Framework we haven’t discussed that you would like to comment on?  

The TRM Framework Team summarized the feedback in a summary memorandum for the EEM and HPUC 

and incorporated the findings within the TRM framework document. 52 

Best Practices Review 

The TRM Framework Team reviewed TRM framework type documents from around the country, best 

practices from industry guides, the current Hawai’i Energy TRM, and past evaluation reports and memos 

related to the Hawai’i Energy programs to inform development of the TRM Framework . Based on findings 

from these reviews the team assessed which framework guiding principles and content should be 

addressed in the Hawai’i Energy TRM Framework. A listing of the documents reviewed and a mapping of 

framework content to the benchmarked documents was included in a summary memorandum for the 

EEM and HPUC.53 

Overview of the TRM Framework 

The resulting TRM Framework describes the common understanding all involved parties and stakeholders 

share regarding the process and assumptions Hawai’i Energy and the Verification Team use in determining 

the impacts of the Hawai’i Energy programs. As such, the TRM Framework addresses guiding TRM 

principles, the TRM update process, and how to apply the TRM. Specifically, the TRM Framework is 

designed to: 

• Define the roles and responsibilities of all entities involved in TRM development, maintenance, and 

use. 

• Specify the format of the TRM and the type of information to be provided in the TRM. 

                                                
52 TRM Framework Benchmarking Summary, Memorandum, Prepared by Sue Hanson, Prepared for Ashley Norman, Steve Schiller, and Ted 

Pope, November 16, 2018. 

53 Ibid. 
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• Guide how impacts of individual measures and services that result directly in energy and/or demand 

savings are calculated in the TRM.  

• Provide a process for periodically updating and maintaining TRM records that involves identification 

and prioritization of substantial data gaps that can be addressed through future research, evaluation 

efforts, and/or other targeted end-use studies.  

• Preserve a clear record of which TRM is in effect at what times to facilitate program planning, 

implementation, and verification. 

• Explain how the TRM is to be applied to determine gross customer-level and net program-level 

impacts. 

• Include guidance on other program categories and activities to be covered in the TRM in the future, 

namely market transformation activities, which provide for energy savings indirectly, and codes and 

standards initiatives that warrant attributing a portion of savings from codes and standards 

compliance to the program.  

Recommendations 

The TRM Framework recommends a few key changes to TRM processes: 

• TRM Administrator: Starting with the PY19 TRM, the TRM Administrator is a role delegated by the 

HPUC to the EM&V Contractor Team. 

• TRM Update Process: TRM update requests need to be submitted to the TRM Administrator, who 

carries out the following review and update steps: 

o Annually reviews and prioritizes the list in consultation with the EEM, TAG and HPUC. 

o Researches and develops first draft TRM updates for needs identified through the prioritization 

process. 

o Identifies changes, gathers input, prepares the draft TRM. 

o Reviews the draft TRM with the EEM, HPUC and Hawai’i Energy. 

o Addresses feedback and submits the final TRM to the HPUC for approval. 

• Schedule Changes: The TRM is used prospectively for planning and implementation purposes and 

retrospectively for verification activities. This helps ensure that the annual verification activities use 

the same TRM that was used for program planning and implementation for any given program year. 

To ensure TRM updates take full advantage of verification activities, the verification process should 

begin mid-way through the program year, and annual TRM updates should be completed in time to 

allow for more accurate program planning. Recommended schedule changes include the following: 

o Verification process will begin sooner than usual, with a draft report being submitted to the EEM 

by November 30th.  

o The updated TRM for the upcoming program year will be submitted for review by the TRM 

Administrator to the EEM, HPUC, and Hawai ’i Energy by November 30th, and then submitted for 

approval by the HPUC by January 15th. 

o Measure additions and other proposed changes to the current TRM can be submitted mid-

program year by Hawai’i Energy or TAG members, but changes must first be reviewed and 

approved by the TRM Administrator, EEM, and HPUC. 
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The TRM Framework is intended to be a living document that will be updated as the Hawai’i Energy 

programs and processes for estimating program impacts evolve. The TRM Framework update schedule 

and procedure should be determined through collaboration among the TRM Administrator, EM&V 

Contractor, EEM, HPUC, and Hawai’i Energy.  
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5 

EEPS RESEARCH 
This chapter summarizes the EEPS review research conducted in CY2018. More information on the research 

can be found in AEG’s EEPS Review Research Report.54 

Purpose 

The purpose of the EEPS review research was to support the evaluation of progress toward EEPS goals in 

the First EEPS Performance Period (2009–2015) and the associated report to Legislature.55 While the 

majority of the EEPS savings has historically been provided by the Hawai’i Energy portfolio, other entities 

also contribute to achieving the EEPS goals. Therefore, AEG’s research included evaluating savings from 

two categories of contributors to the EEPS goals: Commission Regulated Entities 56 and Non-Regulated 

Entities.57 

Approach 

AEG’s approach to quantifying savings for the two categories of entities is summarized below. 

• Commission Regulated entities included Hawai’i Energy and Kauai Island Utility Cooperative (KIUC): 

o For the analysis related to Hawai’i Energy, AEG reviewed publicly available documents and reports 

including Annual Reports, Annual TRMs, and Annual Verification reports.  

o For KIUC, AEG conducted an interview with KIUC representatives to discuss their program savings 

and reviewed publicly available reports and filings.  

• Non-Regulated entities included state and federal agencies, Green Energy Market Securitization 

(GEMS) financing program, and federal, state and local appliance standards: 

o For local, state, and federal agencies and the GEMS program, AEG conducted interviews with 

representatives of each entity to discuss their program savings and reviewed publicly availab le 

reports when appropriate.  

o To estimate savings from historical and future codes and standards, AEG completed a partial 

update to the 2014 Potential Study.58  

                                                
54 EEPS Review Research Report, Prepared by Applied Energy Group, Prepared for the Hawaii Public Utilities Commission, February 2019. 

55 Pursuant to Hawaii Revised Statute (HRS) § 269-96 and the EEPS Framework, there are four “performance periods” during the EEPS 

implementation timeline (January 1, 2009-December 31, 2030) and five “evaluation reports” are required. The first report was submitted to 

the Legislature in January 2014 to report on the development and start-up of PBFA programs and the EEPS Framework. The next four 

evaluation reports (reports two through five) are due to the Legislature following each of the four performance periods.  
56 Commission Regulated Entity savings include savings from utility administered and third party administered energy efficiency programs. 

The bulk of these savings are anticipated to be provided by Hawai’i Energy and Kauai Island Utility Cooperative (KIUC). 

57 Non-Regulated Entity savings include savings from legislative mandates, non-profits, other coordinated programs, building codes, and 

federal, state, and local appliance standards. 

58 A full potential study will be conducted in 2019. 
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Key Findings 

State Progress Toward EEPS Goal 

Figure 5-1 illustrates progress by the Commission Regulated and Non-Regulated entities toward the EEPS 

first year GWh savings goal. Table 5-1 lists the first year and lifetime savings for Hawai’i Energy, specifically, 

and shows the percentage of total first year savings contributed by Hawai’i Energy. For the purposes of 

EEPS reporting, verified savings presented in this figure and table are at the system level and also include 

avoided power station use and T&D losses, but do not account for NTG adjustments. As can be seen, 

Hawai’i Energy has accounted for a significant share of savings since 2009. Each year since 2009, Hawai’i 

Energy delivered between 147 GWh and 180 GWh of first year energy savings to program participants, 

with the most recent years, 2016 and 2017, achieving 180 GWh and 170 GWh of first year and 1,714 and 

1,807 GWh of lifetime energy savings, respectively.  

 

Figure 5-1. Progress Toward EEPS Goal: 1st Year Energy Savings    

 

Hawai’i Energy continues to be a very cost-effective energy resource in Hawaii. Hawai’i Energy costs are a 

fraction of electricity prices in Hawaii. Since 2013, Hawai’i Energy’s direct program expenditures have 

maintained a lifetime energy savings cost of between 1.8 and 3.2 cents/kWh, a fraction of the avoided cost 

of energy supply. Including costs borne by program participants, the lifetime cost of saved energy is 

estimated to be approximately 7-8 cents/kWh.59 This cost is well below the “wholesale” cost of electricity 

in Hawaii, including recent power purchase agreements for utility-scale solar PV, and compares very 

favorably to average retail rates, which ranged from 26 to 33 cents/kWh during the same period. 60 

                                                
59 Hoffman, Ian, et al. The Cost of Saving Electricity Through Energy Efficiency Programs Funded by Utility Customers: 2009–2015, Lawrence 

Berkeley National Laboratory. June 2018. 

60 https://files.hawaii.gov/dbedt/economic/data_reports/energy-trends/Monthly_Energy_Data.xlsx 
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Table 5-1. Hawai’i Energy Savings 

PY 
1st Year  

(GWh) 

% of 

Total 1st 

Year 

(GWh) 

Lifetime 

Savings 

(GWh) 

2009 154 72% 980 

2010 147 70% 1,039 

2011 178 71% 1,093 

2012 159 55% 1,109 

2013 162 42%* 1,362 

2014 148 36%* 1,175 

2015 158 57% 1,372 

2016 180 65% 1,714 

2017** 170 67% 1,807 

*Share is smaller because there were large 

contributions from Solar PV. Pursuant to HRS 

269-91, solar PV savings after 2014 count 

towards the Renewable Portfolio Standard. 

**Reported 
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Future Savings Estimates 

Figure 5-2 illustrates results from the preliminary forecast of energy efficiency potential. The forecast 

shows that, under business-as-usual (BAU) assumptions, the EEPS program appears to be on track to meet 

interim goals through 2020, but not between 2020 and 2030. However, preliminary results of the economic 

potential indicate that the available, untapped, economic energy efficiency resource in Hawaii exceeds the 

EEPS goal of a cumulative 4,300 GWh in 2030. These preliminary findings suggest that the EEPS goal is 

achievable, but requires strategic adaptation to current programs and initiatives, possible increases in 

energy efficiency program budgets, and continued innovation in program design.  

Figure 5-2. Total Future Cumulative Savings Potential, Preliminary Outlook  

 

To date, Hawai’i Energy has cost-effectively contributed the majority of the EEPS savings while also 

expanding its efforts to serve lower income and other hard-to-reach customers. For example, Hawai’i 

Energy’s residential lighting program has been a big success and a dominant factor during the First EEPS 

Performance Period. While the savings resulting from Hawai’i Energy’s substantial contribution to the 

transformation of the lighting market will continue to count toward the EEPS goal in the form of codes 

and standards savings, this program success requires Hawai’i Energy to rebalance its portfolio in order to 

maintain similar program impact levels in the future. Rebalancing with different efficiency measures are 

expected to increase future cost of saved energy, especially in combination with the increased emphasis 

on non-resource, transformation programs that address lower income and other hard-to-reach customer 

equity.61 Thus, the business-as-usual funding and approach to the Hawai’i Energy portfolio will likely not 

sustain that dominant level of contributions to the EEPS goals between 2020 in 2030 .62 

 

                                                
61 Despite these rising costs, the Hawai’i Energy portfolio should continue to be very cost effective compared to other energy resources.   

62 Some of the shortfall depicted in the graph may be captured by future codes and standards adoptions and other market effects.  
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6 

MARKET RESEARCH 
This chapter summarizes the primary market research work conducted in CY18 and planned for CY19 . 

Purpose 

AEG is conducting a baseline study and other types of primary market research to support TRM updates, 

EEPS implementation, EEPS EM&V, and program planning for the Hawai’i Energy program portfolio. The 

baseline study focuses primarily on capturing descriptive information about homes and businesses. 

Hawai’i Energy relies on baseline data for program design each year and to support continuous refinement 

throughout each implementation cycle. Baseline data are also direct inputs for the upcoming statewide 

potential study and ongoing modeling efforts. AEG’s market research efforts in calendar year 2018 (CY18) 

consisted of developing the baseline study research design and preparing for fielding the surveys. The 

customer surveys, data analysis, and final reporting will be carried out during CY19. 

Summary of Work Completed 

Market research work conducted in CY18 centered on designing and preparing for the baseline study. The 

baseline design tasks are summarized in Table 6-1. The design work was documented in a report submitted 

to the HPUC.63 

Table 6-1. Baseline Study Design Tasks 

Task Description 

Prepare baseline sample universe 

files 

AEG worked with Hawai‘i Energy to review files of the universe of Hawaiian 

Electric residential and nonresidential customers. AEG conducted extensive 

analysis of the data to determine how best to sort the customers for survey 

design purposes and to evaluate the type of information available for sample 

design. The analysis included discussions of the relevant sample universes and 

recommendations for the treatment of the different customer groups identified.  

Review and draw lessons learned 

from prior relevant market research 

The work in this task focused on ensuring that relevant prior reports were 

analyzed and their implications for the current baseline study were identified. 

Finalize objectives, information 

requirements, analysis plans, and 

reporting requirements for study 

The primary goal in this task involved identifying the information content that 

should be included in the baseline study surveys, as well as identifying key 

implications for analysis and reporting.  

Recommend research designs 

Research design typically refers to the types of surveys that are used (e.g., 

phone surveys vs. mail surveys), and the goal of this task was to outline AEG’s 

recommendations on research design. 

Recommend sample sizes and 

designs 

The overall goal of this task was to ensure that sample designs and sample 

sizes for each survey were appropriately evaluated and vetted by the team, 

and that final recommendations were made. 

Prepare summary of recommended 

approach for the Baseline Study 

The purposed of this task was to document AEG’s final Baseline Study design 

recommendations. 

                                                
63 Research and Sample Design Plan for the 2018 Hawaii Baseline Study, Report, Prepared by Applied Energy Group, Prepared for Hawaii 

Public Utilities Commission, September 2018. 
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AEG also began developing and testing survey questionnaires for four separate data collection efforts 

that will launch during the first quarter of 2019: 

• Nonresidential Mail/Online survey: Will mail out 10,000 survey 

invitations with a target of 1,000 completed interviews. 

• Nonresidential Phone Audit survey: Targeting 400 completed 

interviews with 200 appliance nameplate pictures. 

• Residential Phone/Audit survey: Targeting 400 completed 

interviews with 200 appliance nameplate pictures. 

• Large customer survey: Targeting 100 completed interviews, 

primarily on-site, but some will be done by phone. Sample will 

include large, privately owned businesses with 1 million kWh+ 

in annual usage, as well larger government, military, and other 

businesses that typically do not respond to traditional survey 

methods. 

Work Planned for 2019 

With the research design and field preparation steps completed in 

CY18, AEG will proceed with implementing the surveys and 

analyzing and documenting the findings during CY19. Specifically, 

this will include the following types of activities: 

• Mailing invitations and reminders for the nonresidential 

mail/online survey and compiling responses from the 

completed online surveys. 

• Conducting 400 telephone interviews in each customer class using the appropriate phone/audit 

survey and compiling the responses. 

• Conducting approximately 100 large customer interviews via in-person interviews or telephone. 

• Generating data tables for each dataset that will make it 

possible to clean and validate the data. 

• Generating and applying sample weights as appropriate. 

• Creating appropriate market research reporting materials . 

In addition to the “core” surveys planned for baseline study, AEG is 

currently working with the EEM and HPUC to explore the option of 

adding supplemental surveys to answer other market research 

questions of interest, including research to capture insight about 

attitudinal and/or behavioral issues relevant to understanding 

customer actions on EE-related issues.  

 

 

 

 

 

In addition to writing the 

questionnaires, AEG conducted 

other field preparation tasks, 

including programming and 

testing survey questionnaires, 

developing survey invitations 

for mailing, and preparing 

fielding guidelines that provide 

standards for customer contact 

and survey process 

implementation. 

The goals of the work in this 

next phase are to launch the 

surveys and then complete the 

targeted numbers of surveys of 

each type, consistent with the 

sample and research plans. 

A potential supplemental survey 

option that came out of a 

recommendation from the PY19 

TRM Review and Update 

process would be to conduct 

primary net-to-gross research 

to assess free-ridership and 

spillover associated with Hawai’i 

Energy’s residential solar water 

heater measure. 
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7 

KEY FINDINGS AND IMPLICATIONS 
Hawai’i Energy had several PY17 performance targets related to resource acquisition, customer equity, 

market transformation, and customer satisfaction. The PY17 verification results indicate that Hawai’i Energy 

made substantial efforts to achieve their performance targets. All but one target was met or exceeded. 

The one target not quite met—verified PY17 peak demand reduction—reached 96.4% of the target. Figure 

7-1 shows the percent of target met for the resource acquisition and customer equity performance goals. 

Based on the results, the Verification Team calculated Hawai ’i Energy’s performance incentive payment at 

99% of the maximum, or $970,078. 

Figure 7-1. Achievement of Performance Targets for PY17 

 

 

Figure 7-2 illustrates the verified net program-level results for the portfolio of residential and business 

programs. Peak demand savings were slightly larger for the residential sector (53%) than business sector 

(47%), while energy savings were larger for the business sector (59% vs. 41% for first year energy savings 

and 64% vs. 36% for lifetime energy savings). Lighting measures accounted for most of the peak demand 

reduction and energy savings. The “custom” category also represented a significant share, and much of 

the “custom” projects consisted of lighting measures. 
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Figure 7-2. Portfolio Verified Net Program-Level Impacts by Sector and End-Use for PY17 
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In parallel with the PY17 verification, the EM&V Contractor carried out four additional types of EM&V 

research activities: 

• TRM updates and related 

research.  

• Development of the first of its 

kind TRM Framework document 

for Hawaii. 

• EEPS Review research, including 

update to the 2014 Statewide 

Energy Efficiency Potential Study 

and support for the Report to 

2019 Legislature. 

• Planning for a statewide baseline 

study and additional market 

research to be fielded in CY19.  

All the additional activities support 

the Hawai’i Energy programs—as 

well as support energy efficiency 

efforts across the State of Hawaii as 

a whole—and contribute to meeting 

three core objectives: delivering 

comprehensive verification of 

accomplishments, increasing the 

robustness of approaches to 

estimate savings, and providing 

information for program planning. Figure 7-3 depicts how the EM&V research activities meet core 

objectives and are interrelated. These interrelationships between the EM&V research activities and core 

objectives are discussed in greater detail below. 

• Verification: Verification activities help meet the objective of verification of accomplishments. Results 

from the PY17 verification also fed into the PY19 TRM review and update process and the EEPS review 

research. 

• TRM Related Work: Development of the TRM Framework and updates to the TRM—including research 

into specific measures and key parameters used to estimate savings—help meet the objective of 

robustness of savings approaches. The TRM work also contributes to the verification of 

accomplishments and program planning objectives. While verification results and other research led 

to TRM updates, those updates will now affect future year verification work. In addition, savings and 

other metrics prescribed in the PY19 TRM will feed into the full potential study planned for 2019 and 

have also led to recommendations (e.g., primary NTG research for residential solar water heater 

measure) that may impact market research in 2019.  

• EEPS Research: EEPS research of historic savings achieved helps meet the objective of verification of 

accomplishments, while EEPS forecast work contributes to the program planning objective. Previous 

year verification results for Hawai ’i Energy fed into the EEPS review research, which then supported 

the initial update of the 2014 Potential Study and will ultimately support the full potential study.  

Figure 7-3. EM&V Research Activities Meet Core Objectives and 

are Interrelated   
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• Market Research: Baseline studies and other market research help meet two core objectives: 

robustness of savings approaches and program planning. Work in CY18 focused on planning for the 

2019 market research and, when results are available, they will feed into the full potential study and 

future TRM updates. 

Table ES-2 summarizes key results and findings from all of the EM&V work done for PY17 and during CY18 

and their outcomes and implications for the Hawai’i Energy programs. 
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