Creating sustainable and actionable energy
solutions for the State of Connecticut
POST-SIMULATION REPORT

Executive Summary
The two-day Energy Smart Solutions megacommunity simulation, sponsored by the Housing
Development Fund (HDF) and Booz Allen Hamilton (Booz Allen), took place on March 6-7, 2012 in
Hartford, Connecticut. Leaders from a range of government, industry, business, and civic organizations
with a crucial stake in working towards increased residential energy efficiency were key participants.
This strategic simulation found that while many of the strategies for paving the path toward residential
energy efficiency already exist, all stakeholders need to better understand the constraints facing the
consumer and how solution sets could be tailored to increase adoption and scaleable implementation.
Figure 1 highlights the mechanisms for promoting energy efficiency upgrades that were identified in the
simulation. These mechanisms will be further discussed in the body of this document.
Figure 1: Mechanisms for Promoting Energy Efficiency Upgrades in Connecticut
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Solutions developed by the simulation
participants were founded on several key
themes:














Engage in consistent and standardized
marketing and outreach with emphasis
on educating and ―selling‖ consumers on
energy efficiency, establishing confidence
in its value and building a trusted
relationship between consumers and
other stakeholders (e.g., vendors,
suppliers, etc.);
Provide easy and feasible financing
options and mechanisms. These
mechanisms include on-bill financing
and/or linking repayment to a meter to
help consumers better manage up-front
costs for energy efficiency upgrades;
Provide needed confidence to residents
by independently certifying contractors
to address the hurdle to increased uptake
of residential energy efficiency. Many
consumers lack confidence in contractors
who they do not know in performing
energy efficiency upgrades.
Develop and manage a larger, better
trained, and independently certified
workforce necessary for meeting energy
efficiency targets and build a trusted and
qualified pool of professionals for
consumers.
Consider using a third-party
adminstrator for the scale needed and to
manage an efficiency program, build trust
among consumers and serve as a conduit
for engaging the community.
Align incentives to engage energy
suppliers in energy efficiency programs
(e.g., decoupling utilities)
Offer easy-to-understand energy
efficiency upgrade packages that can be
easily priced and have a relatively
standard expected amount of savings.
This will allow consumers to more clearly
understand the process for achieving

energy efficiency improvements and its
benefits.
Using these team recommendations along with
baseline energy data, an energy smart solutions
model assessed and gauged the impacts of
identified solutions on energy efficiency
upgrades, consumption, expenditures, and
emissions. Solutions from this simulation could
yield significant improvements in Connecticut‘s
energy landscape:








A solution was developed to finance
weatherization and energy efficiency
upgrades at a scale of 10,000 homes per
year through 2030 at an initial
investment or financing pool of $200
million per year through 2020. While the
mechanics of the pool are yet to be
determined, loan repayments would
help fund the pool in the outyears.
These energy solutions were calculated
to provide a 22% reduction in residential
consumption (therms) by 2030.
By 2030, residential energy costs were
estimated to be reduced by 16% of the
2011 level to $3.58 billion.
From 2015-2023, year-over-year
emissions savings was calculated to
1.2% per year. After 2023 (when most
weatherizations would be completed in
the model), emissions decrease at a
year-over-year rate of 0.5%.

A compendium of identified challenges and
suggested solutions for tackling the adoption
and implementation of energy efficiency
measures for Connecticut residents follows. This
is not a complete solution set, but rather, an
initial blueprint for a way forward for key energy
stakeholders in Connecticut.

The Simulation
The State of Connecticut is facing an energy
crisis. Residents endure electric rates that are the
second highest in the nation and reportedly
more than 300,000 families cannot afford their
annual home energy bills. Connecticut‘s low-to-2-

moderate-income and senior residents need a
long-term plan to create sustainable energy
solutions that are accessible, affordable, and
reduce their monthly energy needs. Capturing
these opportunities require collaborative efforts
from all stakeholders in the government,
industry, business, and civic sectors.
The megacomunity simulation was created to
provide the collaborative environment in which
government, industry, business and civil society
participants could explore options to fully
capture the value of energy efficiency (e.g.,
energy savings, increased real estate value,
reduced need for more power generation
facilities) for Connecticut‘s homeowners, renters,
and other stakeholders‘ benefit. Given the fact
that 59 percent of Connecticut‘s homes were
built before 1970 (and there is minimal new
construction), the focus of the simulation was on
existing housing stock where there was
tremedous opportunity for energy savings.
The simulation was designed to generate
actionable insights and explore the following key
questions:







How can energy use in existing homes
be reduced?
What financing mechanisms can be
made available to assist? How do we
unlock the capital needed?
How do we better align incentives for all
stakeholders to make energy
improvements?
How do we develop a comprehensive
communications strategy to achieve
these objectives and proper operational
alignment?

The Scenario
The simulation addressed one of the most
challenging energy issues for Connecticut—
reducing residential energy consumption. The
scenario placed participants in an initial 20122015 timeframe as the economy is recovering
slowly within a highly-constrained, conservative
lending environment.

Participants were organized into six teams—five
of which represented key stakeholders necessary
for creating and implementing energy efficiency
programs, products, and services (nonprofits,
Connecticut State agencies, Home Energy
Solutions vendors, energy suppliers, private
financing) and a sixth as the residents who
provided feedback on the proposed solutions.
Figure 2: Teams in the Simulation

These teams had to address dilemmas, barriers,
and choices facing decision makers in the real
world. They needed to develop and reach
agreement with needed partners to the solutions
(e.g., teams could not simply declare that they
had obtained resources or permissions). The
source or approving authority had to be
contacted and authorization or commitment
obtained. They communicated with other teams
using social media tools (e.g., Twitter and
Evernote) in addition to face-to-face sidebars as
needed to facilitate those conversations and
reach closure on ―deals.‖
In the first ―move‖ or scenario, participants were
asked to work collaboratively and negotiate
―deals‖ (find the win-win positions) amongst
themselves to implement energy efficiency
programs, products, or services that represented
not just ideas, but rather concepts or solutions
that could be packaged and ―bought‖ by the
residents. Each team had to answer the following
questions about their program, product, or
service:


What is the product or service?
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Which organizations are involved in the
delivery? What does each provide?
Who are the target residents?
What is the cost to the resident? How
can it be financed (if needed)?
Why should the resident ―buy‖ it? (e.g.,
home comfort, energy savings, and peer
validation)
When will the program launch?
What is the timeline?

After being briefed by the other teams, the
residents team—acting as the homeowners and
renters— assessed each proposed solution
against criteria they developed:








Will this make me more comfortable?
What are the health benefits and/or
risks?
Is the contractor trustworthy and
competent? Will contracting be an easy
process?
Does the message motivate me?
Is there affordable financing available, if
needed?
Will this reduce my energy costs? How
much will it cost me up front?

In the two subsequent moves, teams refined
their programs, products, and services and
further
considered
the
barriers
to
implementation and adoption by consumers. In
Figure 3, examples of team interactions are
provided.
Figure 3: Examples of Team Interactions

Observations and Recommendations
During plenary briefings to the entire audience,
teams reported on their proposed programs,
products, and services. They also shared their
experiences and challenges in developing these
solutions. Participants from other teams were
allowed to ask clarifying questions or provide
feedback. It became clear that many of the
strategies for paving the path toward residential
energy efficiency already existed—the key was
to better understand the constraints facing the
consumer and how various solutions could be
tailored to address barriers to adoption. Some of
the specific lessons learned from creating these
programs, products and services are included
the following broad observations:
Understanding consumer needs and
preferences is critical to “selling” energy
efficiency
The value of energy efficiency continues to be
elusive for most consumers. Many do not
understand the language associated with
residential energy efficiency or the opportunities
for cost savings. For those consumers with some
understanding of energy efficiency, the process
for implementing energy efficiency upgrades
was viewed as cumbersome.
Vendors, suppliers, and nonprofit teams had
greater success convincing residents to consider
energy efficiency when they provided specifics
(e.g., buy this, save that, finance it this way) to
their proposals and communicated it in a way
that was easy to understand. Many participants
also noted it was important to address consumer
motivations and behavior and create messaging
that resonates with the target audience.
Building trust was a key issue among all
stakeholders, especially among consumers
Many participants recognized that the
simulation brought some key stakeholders
together for the first time. They observed a
disconnect among efficiency programs,
consumers, and vendors regarding available
financing and other topics; limited
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understanding of a supplier‘s efficiency
initiatives; limited engagement of residents in
the shaping of programs; and questions about
the capacity of nonprofits to administer
programs. These observations highlighted a
need for greater collaboration among
Connecticut stakeholders on energy efficiency to
build trust and foster partnerships.
Because of their limited understanding of energy
efficiency, residents were vocal about the need
for building trust between vendors and
consumers. They also wanted greater guarantees
for the energy savings (which initially in the
simulation no one wanted to provide). They
sought to engage a third-party, whether a
nonprofit or some type of government
organization, to assist them through the energy
efficiency process, validate the savings, and
serve as a trusted adviser.
Financing is essential to making large scale
energy efficiency upgrades happen in the
Connecticut market. A variety of financing
options may be needed by residents especially
those mechanisms available through the
energy bill, preferably tied to the meter
(rather than homeowner) would increase
access
Certain residents, particularly seniors or low- to
middle-income families, need to be able to
access financing easily. Residents positively
received payment for financing through their
electricity bill or tied to the meter of a home.
Both options have benefits for lenders and
consumers. On-electricity bill payment eases
payments for consumers and lower delinquency
rates for the utilities. Financing associated with
the meter lowers the risk for the lender and
retains the cost of the home energy efficiency
upgrade with the house rather than the owner.
Financing could be provided via secured and
unsecured options based on a state pool of
money (Combined Benefits Fund) administered
through intermediaries—e.g., Connecticut
Energy Efficiency Fund (CEEF) and Clean Energy
Finance Investment Authority (CEFIA). This pool

is currently generated through a small fee and is
paid through residential electricity bills; CEEF
allocates a portion to energy efficiency. [Note:
The legislature authorized investments in all
cost-effective efficiency in Public Act 07-242,
however implementation by DEEP, PURA or
other agencies is still pending at this time.]
The two financing options for energy efficiency
upgrades include: 1) on-electricity-bill
(unsecured) which would be financed by the
state pool, or 2) direct loan (possibly secured as
part of a first or second mortgage, see details
below) or a loan paid through the electricity bill
and financed by a combination of pool funds
and private capital. The loan amount and
duration would be chosen by the resident and
depend on extent of the energy efficiency
upgrades.
One means to increase the pool of money
available would utilize $50 million of the
Combined Benefits Fund to leverage $150
million of additional private capital from
financing institutions as part of a loan originator
network. The total pool size considered in the
simulation was $200 million per year for five
years (i.e., $1 billion over the years 2016 to
2020). In the simulation calculations, this amount
was used to finance more than 240,000 loans.
Homeowners could obtain a secured loan
directly from an institution in the network. For
example, the financing could be up to $20,000
and be folded into a mortgage at the time of
purchase or refinance. Alternately, homeowners
could obtain an unsecured loan of up to $10,000
with a tiered interest approach that would be
payable through the electricity bill. This loan
would be tied to the meter, which means that, in
the event of a change in home ownership, a new
owner would assume payment.
Independently certified contractors provide
needed confidence to residents.
One hurdle to increased uptake of residential
energy efficiency is the lack of confidence that
residents can have in contractors that they do
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not know. One solution to address this issue is
to have an independent-third party evaluate and
certify contractors to participate in the program.
A nonprofit or state organization could develop
a certification approach that would include
evaluating the performance of contractors over
time and certifying the quality of their work.
Contractors would be allowed to participate in
the program with minimal oversight once they
are certified, but periodic quality assurance of
their work would be required to maintain their
certification and participation in the program.
Customers would have the opportunity to
provide feedback or rate the contractor through
a form or online system. All these approaches
would be intended to increase consumer
confidence of contractor quality and reliability.
A large and well-trained workforce is
essential to achieving energy efficiency goals
The Vendors Team performed a ―back of the
envelope‖ analysis of the number of worker
hours necessary to achieve the yearly energy
efficiency upgrade goals for the state—and
calculated that the State would require 1,200
well-trained workers to deliver upgrades to
100,000 homes per year. The key to success is
for the state or program administrator to
establish training standards and work with
existing training institutions within the state to
increase the number of certified workers. The
state or program administrator can draw on
standards developed by Department of Energy
or other similar state programs to reduce
implementation time. The State or program
administrator should work with the existing
contractor base through HPACT to ensure that
any subsequent training program targeted
workers are more likely to be hired by
contractors. This could include outreach to
construction workers who already have a strong
understanding of the basics for energy efficiency
upgrades in homes. Another strategy to quickly
increase the pool of certified workers would be
to reach out to businesses operating in adjacent
states who are performing home energy
efficiency upgrades, although this may not result

in as high of an employment increase within
Connecticut.
Third-party administrators were viewed
favorably for building trust among consumers
and serving as a focal point for engaging the
community
Program administrators are often charged with
administering funds and managing energy
efficiency programs. Typically, these entities are
government organizations or utilities. Program
administers can provide services directly to
consumers, partner with other organizations to
deliver them jointly, or hire a specific program
implementer to perform services on their behalf.
These partners and/or implementers can be
nonprofits (e.g., Efficiency Vermont) or a private
company.
Program Administrators can provide a range of
services (e.g., outreach, energy evaluations, etc.)
and financial incentives directly to the consumer.
Because these organizations are seen as a
neutral party (in the case of a nonprofit) and
may have close connections to the state, other
local community groups, or directly to the
consumer (in the case of the utility), they are
viewed as a credible and knowledgeable source
for energy efficiency information and for
engaging consumers at a local level. The
simulation especially highlighted that nonprofits
could play a critical role in conducting outreach
to consumers or managing the entire energy
evaluation to energy efficiency upgrade process
for the consumer. For this reason, the idea of a
―one-stop-shop‖ for consumers to access all
energy efficiency upgrade information was
popular with the simulation participants (e.g.,
Rutland County, Vermont‘s Neighborworks
H.E.A.T Squad). This one-stop-shop could be
managed by the program administrator and
serve as means to reduce confusion and increase
consumer trust and confidence in the entire
process of obtaining a home energy efficiency
upgrade.
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Aligning incentives is critical to getting
suppliers involved
While the suppliers have the most experience
working with customers—and the residents
expressed trust with the suppliers—the Suppliers
Team was slow in taking advantage of these
existing relationships. The Suppliers team
devoted substantial time to discussing past or
existing efforts early in the simulation.
Moreover, there was little motivation for
proactive collaboration on other opportunities
such as data sharing or upgrade financing. This
was especially evident in the early moves in the
game where there was little inertia to change
from the ‗business-as-usual‘ operating model. In
an environment where incentives are not
properly aligned, it is not unexpected for the
suppliers to not take the initiative on these
opportunities. This highlights the importance of
aligning incentives. For example, regulating
utilities so they operate with a ―decoupling plus‖
business model (which uses performance targets
to create an inverse relationship between sales
and revenue) may help create motivation for the
suppliers to be more proactive in developing
energy efficiency solutions.

could simply achieve an approximate savings of
25 percent. The second package combined more
complex and costly fixes, such as HVAC
replacement, and could achieve an additional 10
percent savings. The combination of the first two
packages could achieve the State of
Connecticut‘s goals of 35 percent reduction in
home energy use. The Vendors Team
recognized that many older homes often have
structural (e.g., water leaks) or health and safety
issues (e.g., mold) that need to be addressed
first so that energy efficiency measures can be
more effective. The Health and Safety Package
cost would vary by home and would not, by
itself, result in energy savings. The Vendor team
created one final package to include any
renewable opportunities, such as solar or
geothermal. These were combined as they often
are more sophisticated packages to assemble
and prices and energy reductions will vary much
more widely. These packages were appealing to
the Residents Team because they were easy-tounderstand, provided a variety of improvement
and financing options, and addressed the most
basic needs of the consumer.
Figure 4: Energy Efficiency Upgrade Vendor
Packages

Easy-to-understand home energy efficiency
packages were popular with consumers
For homeowners to take on energy efficiency
upgrades, the process for upgrades needs to be
easily communicated and understood. One way
to simplify the process is to offer a few
―standard‖ packages that can be easily priced
with an associated level of expected savings.
Connecticut‘s Home Energy Solutions (HES)
program is one such program that combines an
energy evaluation with some easy energy
efficiency improvements such as sealing gaps.
For the simulation, the Vendor Team created
four energy efficiency package types (Figure 4).
The first package, the Comfort Package, was
based on the desire to have a package that
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Energy Smart Solutions Modeling:
The Impact of Team Interactions
The State of Connecticut has 1.2 million
residential homes—15 percent of which are unweatherized and 50 percent which are heated by
oil. Achieving Connecticut‘s energy efficiency
goals requires a significant effort. Therefore,
simulation teams developed a solution to
address the scale of this problem by creating a
$1 billion financing pool (investing $200 million
per year for at least the initial five years).

becomes available and home energy efficiency
solutions are adopted by the state‘s residents—
starting early 2016—energy consumption is
reduced at a rate of roughly one percent
annually.
The chart below describes this trend (in blue)
and compares it to the 2011 baseline level (grey
dashed line). Ultimately, the energy solutions
from the simulation translate to a 22% savings
by 2030.

This investment—originating from both the state
and private sector—created a fund to weatherize
homes, convert fuel heated homes to natural
gas, and upgrade home energy efficiency based
on four levels (definitions for these upgrades can
be found in the modeling appendix):



Weatherized: Un-weatherized to Average
level of energy efficiency

Energy Expenditures

Efficient: Upgrade from Average to Efficient

The State of Connecticut spent $3.8 billion on
residential energy consumption in 2011. And
based on the Energy Information Agency‘s (EIA)
forecasts of residential home energy prices,
these expenditures are expected to rise to $4.3
billion in 2030. This trend is depicted by the grey
line in chart below. This represents ‗business as
usual‘, that is, if no action is taken to become
more energy efficient.

level


Highly Efficient: Upgrade from Efficient to
Highly Efficient level



Conversion: Fuel Oil to Natural Gas upgrade

In our calculations, starting in 2016,
weatherization upgrades are implemented at the
rate of 21,000 homes per year, but then taper to
10,000 in 2022 and continue at that rate until
most of the un-weatherized stock is converted.
Natural gas conversions start at 2,000 in 2016
and then increase to 4,000 in 2030. In the same
manner, upgrades increase from 1,000 per year
to 4,000 homes per year.

However, by 2030, at the end of the energy
efficiency upgrade campaign, this spending is
estimated to be cut by 22% of the 2011 level to
$3.36 billion.

These upgrades contribute to Connecticut‘s
goals of reducing energy consumption,
expenditures, and carbon emissions. The
following energy consumption, expenditures,
and carbon emissions charts describe the
progress to achieving these three goals via the
above energy efficiency upgrade strategy.
Energy Consumption
In 2011, at the start of the simulation,
Connecticut residents consumed approximately
987 therms of energy in aggregate. As financing
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Energy Emissions
The EIA reported 8.3mmt of carbon dioxide was
attributed to Connecticut energy consumption in
2011. The diffusion of energy efficiency
technology will cut this amount 21% in 2030.

accelerated, and emissions decrease at a yearover-year rate of 1.4%.

In the chart below, during the period from 20152023 year-over-year emissions savings is about
1.7% per year. This benefit is mostly attributed
to the upgrades of un-weatherized homes. After
2023, once most of the un-weatherized homes
have been upgraded, then conversions are
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Appendix – Modeling Assumptions
Residential Efficiency Types
There are four residential efficiency types used in
this model, which is defined as:
Highly Efficient – Follows advanced building
standards, super insulation, and minimal heating
requirement
Efficient – New or Energy Star, Acceptable
insulation, efficient equipment
Average – Air infiltration, inadequate insulation,
inefficient equipment
Un-weatherized – Substantial air infiltration,
minimal or no insulation, inefficient equipment,
These efficiency types are as defined in
Environment Northeast‘s (ENE) February 9, 2012
―Connecticut Home Heating Facts Cost,
Economics and Environmental Choices‖ Report.
Housing Stock
Housing stock data came primarily from the
American Community Survey (ACS). For the
purposes of the simulation, only housing
structures with 4 or less units were considered
(81.5% of the total units reported). The
remaining units (i.e., 5+, mobile homes, boat, RV,
vans) were not included in the analysis.
These housing units were then distributed across
residential efficiency categories (rows) and
heating types (columns). The distribution of
housing units by heating types is reported by
the EIA. The distribution across efficiency types
was determined by making assumptions based
on the EIA unit age distribution (i.e., older homes
are assumed to be generally less energy
efficient), and then making adjustments so that
the expenditures from this distribution matches
the aggregate residential energy expenditures
for the state of CT.
Existing Housing Units
by Energy Efficiency and Primary Heating Type
Wood
Electricity
Fuel Oil
Propane Natural Gas
10,932

35,978

2,019

22,851

72,759

Efficient

6,156

61,170

201,320

11,298

127,867

407,811

Average

9,069

81,113

266,960

14,983

169,558

541,683

Un-weatherized

3,013

26,954

88,710

4,978

56,344

180,000

19,217

180,170

592,968

33,278

376,620

1,202,253

Total

Wood

Electricity

$ 264.01

$

0.17

Fuel Oil

$

Propane

3.00

$

NonHeating
Elec

Natural
Gas

3.03

$

14.93

$

0.17

Energy Cost per Existing Housing Type (Thousands US$)
Heating
Wood

Fuel Oil

Propane

Natural Gas

Non-Heating
Electricity

Total

768 $ 10,741 $

25,448 $

1,634 $

7,565 $

28,324 $

74,479

Efficient

$ 11,280 $ 140,301 $

332,257 $

21,328 $

98,845 $

370,858 $

604,012

Average

$ 23,736 $ 265,739 $

629,193 $

40,396 $ 187,208 $

703,467 $

1,146,273

Un-weatherized

$ 11,831 $ 132,459 $

313,656 $

20,138 $

350,641 $

571,398

Highly Efficient

Total

$

Electricity

$ 47,615 $ 549,240 $ 1,300,554 $

93,314 $

83,496 $ 386,932 $

$ 3,821,128

1,453,290

Consumption
The consumption table is backward computed
by dividing out the annual home unit cost by EIA
energy prices.
Heating
Wood

Electricity

Fuel Oil

Propane

Natural Gas

Non-Heating
Electricity

Tons

KWh

Gals

Gals

Therms

kWh

Highly Efficient

4

5,779

236

267

22

2,289

Efficient

8

13,492

550

623

52

5,347

Average

12

19,271

786

890

74

7,635

Un-weatherized

18

28,907

1,179

1,335

111

11,453

Emissions
Carbon multipliers by efficiency and heating
type from ENE‘s paper are used to compute an
annual statewide emissions table. These
multipliers are adjusted so that they are
calibrated to the annual state emissions reported
by EIA.
Emissions (Annual CO 2 Equivalent Tons)
Wood

Electricity

Fuel Oil

Propane

Natural Gas

Total

Highly Efficient

3,132

30,500

75,914

3,675

34,962

148,182

Efficient

45,955

397,605

994,521

48,129

457,764

1,943,974
3,689,777

Average

96,631

753,544

1,882,066

91,095

866,442

Un-weatherized

48,196

375,473

937,667

45,404

432,157

1,838,897

Total

193,913

1,557,122

3,890,167

188,302

1,791,325

7,620,830

Total

979

Highly Efficient

Expenditures
Annual expenditures for Connecticut residential
energy are reported by EIA. This information,
along with cost per household by efficiency and
heating type (as identified by ENE) and energy
prices (EIA) are used to construct the annual
expenditures table.
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Forecasts
The forecasts of the consumption, expenditures,
and emission efficiency measures from
residential upgrades are very sensitive to the
deployment assumptions. For example, a
deployment scenario that optimally targets
homes that would benefit the most from
upgrades could potentially lead to 25% in
efficiency, while a more conservative
deployment scenario could yield only 15% in
efficiency. The deployment used in this report
constrains the number of high-yielding upgrades

each year that ultimately produces a slightly
conservative efficiency estimate.
Forecasts for the business-as-usual case use
price data from the EIA prices
(ref2011.d020911a).
The cost of a residential upgrade was assumed
to be $3k for upgrading un-weatherized homes,
and $8k for all other upgrades based on
assumptions in the crafting of the energy
efficiency packages in the simulation.
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