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Program Admin Expertise
Residential Solar PV in Connecticut

22

A SOLAR HOME PRODUCES…

Utilities required to enter 
into 15-year Master 
Purchase Agreement 
(MPA) with the Green 
Bank to purchase the 
stream of SHRECs 
produced (i.e., pay for 
performance) helping 
utilities comply with 
their clean energy goals 
(i.e., Class I RPS).

The Green Bank provides 
upfront or ongoing 
performance-based 
incentives (including for 
LMI) to homeowners or 
TPO’s using application 
platform (i.e., Power Clerk) 
and collects SHRECs 
produced from the solar PV 
system in return (i.e., 
revenue grade meter) per 
statute (i.e., PA 15-194).

Electricity

Solar Home 

Renewable 

Energy 

Credits

Public policy target to 
deploy 350 MW of new 
solar PV by 2022 (i.e., 
program to reach about 
45,000 homes) with the 
policy objectives of 
economic development
(i.e., support local solar PV 
industry) and
environmental protection 
(i.e., reduce GHGs 
emissions)

The Green Bank monitors 
system performance 
through real-time and 
online platform (i.e., 
Locus).  Green Liberty 
Bonds are secured by 
expected SHREC revenues 
and purchased  by investors 
(e.g., citizens).  Bond capital 
supports near-term and 
ongoing program incentive 
and admin costs.

Green Bank is an efficient and effective administrator of incentive 

programs for high volume, expensive, and technical residential measures
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Program Admin Impact
Societal Benefits from Residential Solar PV

INVESTMENT
ECONOMIC 

DEVELOPMENT
ENVIRONMENTAL 

PROTECTION

$150.6 MM $1.2 B

$31.4 MM

$10.8 MM

15,400 direct, indirect, and 
induced job-years

43,800+

84 million 1.1 million

$192 to $433 

TAX REVENUES ENERGY BURDEN & EQUITY PUBLIC HEALTH SAVINGS

REFERENCES
PowerClerk export data as of 1/4/2021.

5.6 million tons of CO2

51% Above AMI

49% Below AMI

vulnerable communities
parity in 2020



Guidehouse’s fundamental analysis informed the Green Bank’s residential 
battery storage program design proposal.

Regional Best Practice Program 
Benchmarking
• Review key attributes of residential battery 

storage programs
• Focus on Northeast programs: PSEG LI, Green 

Mountain Power, ConnectedSolutions
• Estimated peer program participant NPV

Cost Effectiveness Analysis
• Robust analysis of benefits/costs for LMI and 

non-LMI participants using multiple cost tests 
(PACT, PCT, SCT, TRC, RIM)

• Iterative approach to ensure program design 
met cost effectiveness targets

• Analysis of Eversource and Avangrid customers

Primary Market Research – Customer Survey
• Online survey to assess customer interest and 

willingness to pay for residential battery storage
• Identified aspects of storage that are most 

valuable to customers
• Informed program incentive structure, program 

design and cost-benefit analysis 

Methodology
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Guidehouse benchmarked similar battery storage programs, with an emphasis on 
programs offered in the Northeast, to inform the Green Bank’s strategy for the 
proposed program design.

• To benchmark battery storage programs, 
Guidehouse estimated peer program 
participants’ net present value (NPV). The 
analysis includes the following factors, as 
appropriate for the given peer program:

• Availability of the Federal Investment 
Tax Credit

• Availability of financing or lease 
programs for participants

• Upfront incentives offered by the 
program

• Performance based incentives offered 
by the program

• Standardized storage system costs

Benchmarked Programs from Peer Program 

Administrators

Methodology
Regional Best Practice Programs
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Survey respondents were asked if they 
would be willing to pay (WTP) for 
battery storage assuming an $11,000 
system cost and a randomly-selected 
starting upfront incentive level of 
$3,000, $4,000, $5,000 or $6,000. The 
respondent was shown a hypothetical 
starting purchase price for the storage 
system, including the incentive discount, 
and asked if they would be interested in 
purchasing a battery storage system at 
that price. 

Based on the willingness to pay at the 
starting price, customers were asked 
about a second, and potentially third, 
scenario, as described in the figure to 
the right.

The analysis assumes all respondents 
who are willing to pay a given price are 
also willing to pay at a lower price. The 
number of respondents willing to pay is 
then used to calculate the percent of all 
respondents who would be willing to pay 
at each price. 

Starting Price

Willing to Pay

Propose 
Higher

Purchase Price

Willing to Pay

Propose 
Highest

Purchase Price

Willing to PayNot Willing to 
Pay

Not Willing to 
Pay

Not Willing to 
Pay

Propose Lower
Purchase Price

Willing to Pay
Not Willing to 

Pay That Much

What amount 
willing to pay?

Not willing to 
pay anything

Example of scenarios proposed to customer assuming $11,000 battery storage 

system cost, a proposed $4,000 starting upfront incentive, and, therefore, a 

$7,000 starting purchase price.

$7,000

$6,000$8,000

$9,000

WTP = 

$8,000

WTP = 

$9,000

WTP = 

$7,000

WTP = 

$6,000

WTP = $0 - $5,000

WTP = $0

Note: Bold WTP values represent the maximum amount a 

customer would be willing to pay, and the WTP curves 

presented assume a customers is willing to pay at any price up 

to their maximum WTP value.

Methodology
Customer Surveys
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Upfront and performance-based incentive levels were determined using primary 
market research (a customer survey) and data-driven analyses to validate customer 
adoption within a cost-effective incentive structure.

37%

33%

28%

24%
21%

19%
17%

12%

5%

2%

44%
41%

37%

31%

27%

23%
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Customer Out of Pocket Cost w/ Upfront Incentive

LMI (<100% AMI)… Non LMI (>100% AMI)…

NYSERDA + PSEG LI

NPV: $6,800

Green Mountain Power BYOD 

Program

NPV: $8,500- $8,900

MA Statewide NPV: 

-$200

Green Mountain Power 

Lease/Purchase Program

NPV: $2,800

Note: Respondents who reported needing more information before deciding how much they are willing to pay are counted as not willing to pay at any price. 
The WTP curves presented assume a customer is willing to pay at any price up to their maximum WTP value.

Findings – Incentive Design
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Program Design



Structure
Solarize Storage Proposal

99

Deploy 50 MW of battery storage in combination with 
behind the meter residential solar PV by the end of 2025 

(i.e., 50 MW by 2025)

[Flexibility and scalability in structure…
and consideration to C&I and standalone systems]



Structure (cont’d)
Incentive Structure and Level

1010

Incentive 
Step

Capacity 
Block
(MW)

Estimated 
# 
of 

Participants

1 2.0 400

2 3.5 700

3 6.5 1,300

4 13.0 2,600

5 25.5 5,000

Total 50.0 10,000

Est. Average
Ongoing 

Performance 
Based 

Incentive 
($/system)

$11,250

$11,250

$11,250

$11,250

$11,250

Est. Average 
Non-LMI 

One-Time
Upfront 

Incentive
($/system)

Est. Average 
LMI

One-Time
Upfront 

Incentive
($/system)

$3,750 $7,500

$3,250 $6,500

$2,750 $5,500

$2,250 $4,500

$1,750 $3,500

Upfront declining incentive (i.e., $/kWh) administered by Green Bank 

and ongoing performance incentive (i.e., $/kW) administered by EDCs 

to deploy 50 MW of battery storage with solar PV on 10,000 homes 



Structure (cont’d)
Ownership and Control

1111

CGB supports an Operation Control Model owned by the EDCs to 

ensure the safe, secure and reliable operation of the electric grid

Battery
Ownership

Several options for battery ownership 
and leasing:

1. Participant purchases and owns 
Energy Storage system (ESS)

2. Participant leases the ESS from 
Third Party Owner (TPO)

3. Participant leases the ESS from 
Electric Distribution Company 
(EDC)

Passive Dispatch

Connecticut Green Bank provides up-
front incentive; requires “Set it and 
forget it” dispatch programming

The incentive is received by either:

• The customer, who purchases and 
owns the battery

• The TPO or EDC who owns the 
battery and leases it to the 
participant

Active Dispatch

Participants opt-in to active dispatch 
program administered by the EDCs. 
The EDCs pays participant or TPO 
based on performance. 

The program design proposed the deployment of 50 MW of battery storage in 
combination with behind the meter residential solar PV by the end of 2025 (i.e., 50 
MW by 2025) and includes three main elements:



Benefit-Cost Analysis

Overview 



Program

Administrator

Cost

Test 1

Are program 

administrators better 

off?

Participant

Cost

Test

Are participants better 

off?

Societal

Cost

Test

Is the state of 

Connecticut better off?

Total

Resource

Cost

Is this a positive cash 

investment?

Rate

Impact

Measure

Is this likely to reduce 

costs to electric 

ratepayers?

Benefit Cost Analysis
A systematic approach to 

assessing cost-effectiveness 

across multiple, key perspectives

1. AKA Utility Cost Test, for programs administered solely by utilities. This analysis 

considers the PACT for three perspectives: the passive dispatch portion of the Program, 

the active dispatch portion of the Program, and the combined active + dispatch 

Program.
Source: NESP, National Standard Practice Manual for Benefit-Cost 

Analysis of Distributed Energy Resources, August 2020

Connecticut has traditionally 

focused on the UCT (or PACT) and 

TRC, in accordance with the 

Connecticut General Assembly’s 

Energy Efficiency & Conservation 

Programs in Connecticut, Jan 2009

Primary BCA 
Test by State
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B-C Stream Applicability
Benefit and costs are considered for each cost test as specified by the 

National Standard Practice Manual

Benefit/Cost Stream PACT PCT SCT TRC RIM

Utility System Impacts 1 Benefit Benefit Benefit Benefit

Societal Impacts 2 Benefit

Non-Energy Impacts 3 Benefit Benefit

Participant Avoided Outages Benefit

Participant Bill Savings Benefit Cost

Program Incentives Cost Benefit Cost

Program Administration Cost Cost Cost Cost

Incremental DER Costs Cost Cost Cost

1. Includes: Avoided Energy; Avoided Generation, Transmission, and Distribution Capacity; Reliability; 

DRIPE Energy and DRIPE Capacity; Cross-DRIPE; Market Revenue; Avoided Ancillary Services

2. Includes: Non-Embedded Emissions; Job Creation

3. Impacts applied to participant and/or society as appropriate

Monetary impacts may 

appear as a benefit or as a 

cost, or not at all, depending 

on the tests’ perspective

Monetization methods vary 

by benefits/cost stream, and 

are discussed in the next slide
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Benefit/Cost Stream Valuation Method

Utility System Impacts AESC 2018

Societal Impacts AESC 2018

Non-Energy Impacts Assumed negligible

Participant Avoided Outages Revealed preference

Participant Bill Savings TOU Electric Rates

Program Incentives N/A

Program Administration N/A

Incremental DER Costs N/A

Monetization of Benefits
Estimated savings are monetized per standard Connecticut practice

Avoided 

Energy 

Supply 

Costs in 

New 

England

Avoided 

Outages

Electric 

Rates

Projects marginal energy supply costs 

across all six New England states

Funded by New England electric and 

gas utilities, including Eversource and UI

Used to monetize utility system impacts in 

the Conservation and Load 

Management Plans

Eversource TOU Tariff Rate 7 (7.05-01-

18) and UI TOU Tariff Rate RT (CPUCA 

No. 997), escalated at 2.61%/yr nominal

Estimates the value to customers of 

avoided outages through a back-up 

generator at $400 per kW-ESS

15



Benefit-Cost Model Inputs & 

Assumptions



Program Participation
Participation is projected to increase in each year of the program, 

resulting in a total of 10,000 participants and 50 MW over five years

0

2,000
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n

tsYear
Number of 

Participants1

Installed 

MW

2021 400 2.0

2022 700 3.5

2023 1,300 6.5

2024 2,600 13.0

2025 5,000 25.0

Total 10,000 50.0

1. Assumes the average ESS capacity is 5 kW.
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Project Type Breakdown
Participants are distributed across 

16 different project types

Note: Project parameters assumed to be statistically independent, 

except for 1:

1. Assumes all LMI customers Lease

2. Based on Survey Results of ownership preference

Eversource
80%

UI
20%

Third-Party Owned
31%Customer Owned

69%

Retrofit
70%

New ESS + PV
30%

Non-LMI
95%

LMI
5%

EDC
Eversource 80%

UI 20%

Install Type

New ESS + PV 30%

Retrofit ESS to Existing 

PV
70%

Ownership 

Model1,2

Customer Owned 69%

Lease 31%

Income Level
Non-LMI 95%

LMI 5%
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Type Parameter Value1 Escalation2,3

Typical 

Energy 

Storage 

System

System Size 5 kW x 13.5 kWh -

Round-Trip Efficiency 92% -

Installed Cost $11,000 -3% per yr.

Retrofit Cost Adder4 $500 -3% per yr.

Annual O&M Cost $225 per yr. -5% per yr.

Lifetime 10 yr. -

Annual Degradation5 2.0% per yr. -

Typical 

Solar PV

System Size 8 kW-DC -

Installed Cost $28,240 -3% per yr.

Annual O&M Cost $75 per yr. +1% per yr.

Lifetime 20 yr. -

Annual Degradation5 0.5% per yr. -

Parameter Value

ESS Charge Source Solar PV

ESS Capacity Reserve 20%

Customer Rate TOU

Seasonal Average 

Hourly Home Demand

Eversource 

Profile 

Segments

Seasonal Average 

Hourly PV Generation

NREL 

PVWatts

Use Case Assumptions

Technology Specifications Use Case Specifications

Sources: RSIP program data, vendor discussions, 

Guidehouse estimates, Electric Supplier Information in 

Connecticut from Eversource, NREL’s PVWatts

1. Average value in 2020; dollar values are 2020$

2. Nominal through 2025, i.e., inclusive of inflation

3. O&M escalates by install year, not year of tech. life

4. Additional to installed cost for sites with existing PV

5. Degradation applied to assumed savings as a 

proxy

19

https://www.eversource.com/content/ct-c/about/about-us/doing-business-with-us/energy-supplier-information/electric-connecticut
https://pvwatts.nrel.gov/


Benefit-Cost Analysis Results



Research (cont’d)
Develop Benefit-Cost Model

2121

There is a science behind B-C models to estimate B-C ratios (i.e., ≥1) 

for participants, program administrators, ratepayers, and society

Green Bank to make model open and available within Docket.



Costs

Benefits

PACT: CT Green Bank

PACT Results for the Upfront Incentive Program

Capacity Block PACT Ratio

2.0 0.63

5.5 1.08

12.5 1.57

25.0 2.28

50.0 3.14

Program Level 2.14

BCR   =

22



Benefits

PACT: EDCs

PACT Results for the Performance Incentive Program

Note: Because the EDCs administer the performance-based incentive program, the PACT is technically also a UCT. For consistency, this is 

considered a PACT as it examines the active dispatch/performance based incentive program and is combined with the upfront incentive program 

PACT to calculate a program-level, or combined, PACT

BCR   =

Costs

Program Year PACT Ratio

2021 0.24

2022 0.46

2023 0.60

2024 0.68

2025 1.50

2026 1.73

2027 2.60

2028 3.31

2029 3.83

2030 3.37

Program Level 2.45
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Participant Cost Test
Program-Level PCT

BCR   =
Benefits

Costs

Capacity Block PACT Ratio

2.0 1.13

5.5 1.00

12.5 0.99

25.0 0.99

50.0 0.98

Program Level 1.00
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Ratepayer Impact Measure Test
Program-Level RIM

BCR   =

Benefits

Costs

Capacity Block PACT Ratio

2.0 1.07

5.5 1.50

12.5 1.83

25.0 2.24

50.0 2.55

Program Level 2.15
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Research (cont’d)
Develop Benefit-Cost Model
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There is a science behind B-C models to estimate B-C ratios (i.e., ≥1) 

for participants, program administrators, ratepayers, and society

Green Bank to make model open and available within Docket.



Accelerated Deployment 

Timeline

Inclusion of C&I and 

standalone ESS  

Prioritization of LMI, 

medical hardship, grid-

edge customers, and 

critical facilities

Residential C&I

2022-2024 50 MW 50 MW

2025-2027 100 MW 100 MW

2028-2030 140 MW 140 MW

Refinement of program 

administration costs based 

on clarified responsibilities

and coordination with all 

program administrators

Evaluating program cost 

impacts of C&I and

standalone systems and 

new program objectives

Reconsidering incentive 

levels given additional 

program objectives and 

targeted customers

Updates to the B-C Analysis
The Straw Proposal and new program considerations will require 

updates to the benefit-cost model

New Program Design Aspects Evolving Markets & Policies Refining Program Costs

Extension of the Investment 

Tax Credit

ESS cost volatility and 

uncertainty associated with 

nascent market

Understanding customer 

needs and preferences for 

ESS capacity and 

operation
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Thank You

Connecticut Green Bank

845 Brook Street, Rocky Hill

300 Main Street, 4th Floor, Stamford

(860) 563-0015

www.ctgreenbank.com

www.greenbondsus.com

http://www.ctgreenbank.com/
http://www.greenbondsus.com/
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Incentive Program Design

Research



Research
Customer Interest in Solar + Battery Storage

3131

Over 75% of customers with solar PV (nearly 90% without 

solar PV) are interested in battery storage



Research (cont’d)
Customer Motivations for Interest in Battery Storage

3232

Customers want battery storage primarily for backup power 

and secondarily for energy independence



Research (cont’d)
Customer Expectations of Battery Storage

3333

Customer expectations when it comes to battery storage varies 

in terms of what they want it to power when the grid is down



Research (cont’d)
Customer Reasons for Not Purchasing Battery Storage

3434

In order to achieve PURA's targets at the residential level, the 

availability of appropriate upfront incentive will be crucial



Research (cont’d)
Customer Survey and Regional Benchmarks
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Customer Out of Pocket Cost w/ Upfront Incentive

LMI (<100% AMI)… Non LMI (>100% AMI)…

NYSERDA + PSEG LI

NPV: $6,800

Green Mountain Power 

BYOD Program

NPV: $8,500- $8,900

MA Statewide 

NPV: -$200

Green Mountain Power 

Lease/Purchase Program

NPV: $2,800

Determining upfront and performance-based incentive levels 

using market research and data-driven analyses
REFERENCES
Note: Respondents who reported needing more information before deciding how much they are willing to pay are counted as not willing to pay at any price. 
The WTP curves presented assume a customer is willing to pay at any price up to their maximum WTP value.

Solarize Storage

NPV: $4,000



Structure (cont’d)
EM&V and Reporting – Guidehouse

3636

▪ Data Review and Setup – data 
management, QA-QC, reporting and 
dashboards at program and project level

▪ Survey Design and Analysis – program 
participant and contractor surveys

▪ Performance Evaluation and Cost-
Effectiveness Analysis – review and analysis 
of installation, performance, and financial 
data to metrics (e.g., peak demand savings)

▪ Reporting – annual report of evaluation 
findings

EM&V can measure the actual B-C ratio of the Program to validate 

with real data the B-C ratios (i.e., ≥1) for participants, program 

administrators, ratepayers, and society – transparency is key!


