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Abstract 

An Evaluation of the Consumer Costs and Benefits of Energy Efficiency 

Resource Standards 

 

 

Of the modern-day policies designed to encourage energy efficiency, one with a 

significant potential for impact is that of Energy Efficiency Resource Standards 

(EERS).  EERS policies place the responsibility for meeting an efficiency target on the 

electric and gas utilities, typically setting requirements for annual reductions in 

electricity generation or gas distribution to customers as a percentage of sales.  To 

meet these requirements, utilities typically implement demand-side management 

(DSM) programs, which encourage energy efficiency at the customer level through 

incentives and educational initiatives.  In Maryland, a statewide EERS has provided 

for programs which save a significant amount of energy, but is ultimately falling 

short in meeting the targets established by the policy. 

This study evaluates residential DSM programs offered by Pepco, a utility in 

Maryland, for cost-effectiveness.  However, unlike most literature on the topic, 

analysis focuses on the costs-benefit from the perspective of the consumer, and not 

the utility.  The results of this study are encouraging: the majority of programs 

analyzed show that the cost of electricity saved, or levelized cost of saved energy 

(LCSE), is less expensive than the current retail cost of electricity cost in Maryland. 

A key goal of this study is to establish a metric for evaluating the consumer cost-

effectiveness of participation in energy efficiency programs made available by EERS.  

In doing so, the benefits of these programs can be effectively marketed to 

customers, with the hope that participation will increase.  By increasing consumer 

awareness and buy-in, the original goals set out through EERS can be realized and 

the policies can continue to receive support.  
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Chapter 1 - Introduction 

Of the modern-day policies designed to encourage energy efficiency, one with a 

significant potential for impact is that of Energy Efficiency Resource Standards 

(EERS).  EERS policies place the responsibility for meeting an efficiency target on the 

electric and gas utilities by reducing electricity generation or natural gas distribution 

[1].  To meet these requirements, utilities typically implement demand-side 

management (DSM) programs, which encourage energy efficiency at the customer 

level through incentives and educational initiatives.  To pay for these programs, the 

utility can impose a slight rate increase, much like it would recoup the cost of 

building a new power plant.  This type of “Ratepayer-funded Efficiency” program 

enables all users of electricity in a utility’s region to share in the upfront costs of 

energy efficiency measures. 

While EERS has become an increasingly popular state-level solution to addressing 

energy efficiency, customer participation is critical to its success.  Advocates of EERS 

programs often use Cost of Saved Energy (CSE) to present their economic viability, 

demonstrating that the implementation cost per kilowatt hour (kWh) saved by 

efficiency programs is less expensive than the cost per equivalent kWh of electricity 

produced from a new power plant.  However, this metric only addresses a utility’s 

cost-benefit, and can be difficult for a consumer to conceptualize when deciding 

whether or not to participate in a DSM program.  Further, opponents of EERS claim 

that the cost-effective opportunities for meeting annual efficiency targets have been 

exhausted, stifling participation and putting the future of EERS programs at risk. 

It is critical to start thinking about EERS from a consumer perspective, as utility 

customers are both the beneficiaries of these programs and the stakeholder who 

pays for their implementation costs, either in the form of systems benefits charges 

or direct rate increases.  By increasing the clarity of these programs and improving 
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consumer awareness of its benefits, support for the continuation of EERS programs 

can be maintained and greater customer participation can be achieved, ultimately 

leading to greater energy savings. 

The aim of this research is to establish an evaluation criterion understandable at 

the consumer level for evaluating the cost-benefit of EERS. More specifically, this 

research will use customer-focused metrics to evaluate individual DSM programs 

within Maryland’s EERS, and determine whether, and which programs are cost-

effective.  This metric will be based on the concept of cost of saved energy, however 

the key innovation of this research is that the inputs and analysis conducted will be 

representative of a consumer’s costs and benefits as opposed to a utility’s.  CSE is 

already a well-established metric used by utilities; if calculated using consumer-

related data and presented properly, it can effectively demonstrate the cost per kWh 

of participation and be compared to a customer’s cost of purchasing energy. 

The study evaluates DSM programs offered to residential customers in Maryland 

within the Pepco electric utility service territory.  The nature of these programs 

breaks customers into three general classes: participants for new homes, 

participants for existing homes who make comprehensive efficiency improvements, 

and participants for existing homes who make a single efficiency improvement. 

Participation costs, deemed as the incremental cost incurred by a consumer to take 

part in a DSM program, are calculated using a combination of existing research and 

retail prices observed in the market.  Participation benefits, defined as electricity 

savings, are determined through energy simulation, existing research, and product 

technical data. 

As opposed to a simple CSE metric, which would divide the program participation 

costs by the electricity savings, recent studies have used a Levelized Cost of Saved 

Energy (LCSE) to account for the time value of money by discounting the value of 

future energy savings over the estimated measure life.  Thus, this research also 



3 

 

applies a levelized CSE; however, customer-relevant economic inputs are used to 

better appeal to a consumer's financial decision-making. These include the discount 

rate, study period, and utility incentives offered.  In addition to levelized CSE, net 

present value (NPV) calculations are provided for each program type to give an 

additional metric by which consumers can evaluate their economic viability. 

This study finds that the consumer cost of participating in the majority of 

Maryland’s EERS programs for residential electric customers ranges from less than 

$0.01 to around $0.10 per kWh, well below the state’s average electricity rate of 

$0.136 per kWh.  This suggests that opting in to these programs should be, in most 

cases, an attractive financial decision – the consumer cost of energy efficiency, 

measured in terms of cost per kWh not consumed, is significantly less expensive 

than its retail cost. 

While the results of this study demonstrate the economic viability of energy 

efficiency resource standards for residential customers of one utility in one state, it 

hardly provides a comprehensive view of the policy’s attractiveness nationwide.  

Further research is needed across a matrix of program conditions, including 

customer type, fuel type, and state.  A larger dataset across a wide variety of 

program types and states will enable a robust collection of CSE values and give a 

more accurate depiction of the value of EERS across the United States. 
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Chapter 2 - Literature Review 

Energy consumption in the United States is a growing problem.  As a nation, the 

U.S. is responsible for approximately 100 quadrillion Btu (quads) of energy 

consumption per year, 90% of which comes from non-renewable, carbon emitting 

sources [2].   And while renewable sources of energy will undoubtedly continue to 

increase in its share of electricity generation as infrastructure costs decrease and the 

awareness of its benefits increase, the cleanest source of energy will always be the 

energy not consumed at all.  By implementing energy efficiency measures as a 

nation, the U.S. will continue to curb its energy use and reduce its overall 

dependence on electricity generation.  This will have a number of significant positive 

social impacts, including decreased greenhouse gas (GHG) emissions, decreased 

dependence on volatile, fossil sources of energy, and will ultimately pave the way for 

renewable sources of electricity generation to become more dependable and have a 

significant impact. 

One political strategy to help encourage energy efficiency is through the use of 

an Energy Efficiency Resource Standard, or EERS.  As noted previously, EERS policies 

place the responsibility for meeting an efficiency target on the electric and gas 

utilities, typically setting requirements for reductions in electricity or gas generation 

for customers as a percentage of sales.  For example, the EERS in Massachusetts 

requires electric utilities to make a nearly 2.5% reduction in energy consumption 

annually [3].  

While still a relatively new concept, EERS have become a popular energy 

efficiency policy among U.S. states; as of the time of this report, 26 states have 

active utility efficiency programs [4].   However, with increased popularity, EERS 

have also come under heavy fire in a number of states, where opponents claim that 

the cost-effective opportunities for meeting annual efficiency targets have been 
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exhausted.  This debate became highly polarized in the State of Ohio, where in June 

2014 SB 310 was passed by the legislature and signed into law, effectively freezing 

the state EERS and Renewable Portfolio Standard (RPS) until 2017 [5].  A flurry of 

similar state legislative actions has been seen other states across the country. 

2.1  A Brief Overview of Energy Efficiency Resource Standards 

EERS initiatives provide the opportunity to develop measurable, enforceable 

efficiency goals managed at the utility level.  EERS begin as a policy objective at the 

state level to reduce its consumption of fossil fuels while still meeting the energy 

needs of its constituents.  In most cases, the natural overseer of the EERS program 

is the Public Utility Commission (PUC), which is already responsible for the reliability, 

infrastructure, and rate monitoring for utilities in the state.  As such, the PUC is in an 

excellent position to track a utility’s progress toward meeting EERS targets as review 

proposals for energy conservation programs which require rate increases, as part of 

its ongoing utility monitoring requirement, and report its progress to the state. 

Another key policy concept which makes EERS viable options is the ability for 

utilities to assess small rate increases in order to pay for the programs necessary to 

meet EERS requirements.  Utility efficiency programs which focus on driving energy 

efficiency at the customer side of the meter, often referred to as DSM programs, are 

effective, yet expensive methods for utilities to generate significant energy savings. 

Residential DSM programs can range from simple incentives for switching 

conventional light bulbs to more efficient models, to more complex weatherization 

and home retrofit programs, or even include ratepayer energy efficiency marketing 

campaigns.  Typically, if a utility can justify to a PUC that particular DSM programs 

will save energy and be cost-effective, they can recoup all of the costs through 

ratepayer surcharges.  However, since investor-owned utilities have large customer 

bases, DSM programs which cost millions of dollars can equate to fractions of a 

penny per kilowatt hour (kWh) in customer surcharges. 



6 

 

Regardless of the true cost of an EERS program to consumers, the increase in 

electric rate represents a move toward community-funded energy efficiency, which 

ultimately becomes an indirect benefit of EERS.  As the cost of electricity rises, even 

if modestly due to an EERS program, its consumption and waste becomes dis-

incentivized.  This idea can be summarized by the polluter pays principle, a concept 

which dictates that consumers be “taxed” at a rate proportional to resource 

consumption to raise the funds necessary to mitigate said resource consumption.  

Between the fact that increasing the cost of energy will make it more beneficial to 

use less, and that the vast majority of the funds raised in EERS programs go right 

back into programs which directly benefit consumers, the modest increase in energy 

costs should be viewed as a benefit, and not a drawback, to EERS programs. 

2.2  EERS in Maryland 

On April 24, 2008, the Maryland State Legislature passed the EmPower Maryland 

Energy Efficiency Act, which established a 15% EERS target for the state to meet by 

2015 [6].  Utilities were expected to use consumer-focused DSM programs to meet a 

5% reduction by 2011, 10% reduction by 2015, and the state make up the 

remaining 5% through other efficiency measures.  In addition to this per-capita 

reduction, the state also required that utilities reduce peak demand by 15%, 

demonstrating a 5% reduction every 2 years beginning in 2013. 

As part of the EmPower Maryland Act, utilities are required to consult with 

Maryland’s state energy office, the Maryland Energy Administration (MEA), every 

three years on DSM program design and implementation.  Following these 

consultations, the utilities must submit plans to the Maryland PUC, who completes an 

evaluation based on projected energy savings and cost-effectiveness analyses.  As 

part of these cost-effectiveness analyses, the utility can determine an overall 

program cost, and based on projected future sales can request approval from the 

PUC for a rate increase in order to recoup the program costs. 
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In the latest MEA report on EmPower Maryland [7], published in 2013, utility 

efficiency programs through 2011 were saving Marylanders approximately 2.0 million 

megawatt-hours (MWh) per year and reduced peak demand by 1,000 megawatt 

(MW), saving customers $250 million per year.  While these savings are significant, 

they ultimately represented a 3% reduction in per capita energy savings, missing the 

5% target.  Further, projections for 2015 indicated energy savings of 8.3% per 

capita – which is also a significant reduction – but misses the 15% target.  For the 

Empower Maryland targets to be realized, by 2015 consumers would be saving 1.86 

MWh per capita from the 2007 baseline of 12.38 MWh per capita; projections from 

the MEA report place consumer savings closer to 1.03 MWh per capita, or 11.35 MWh 

in per capita electricity use. 

It is important to consider that there are a number of factors outside of the state 

utilities’ or MEA’s control that have implications on energy consumption and 

efficiency in Maryland, such as weather extremities and economic conditions.  

Further, although it is likely that the state will miss its energy efficiency target by the 

end of 2015, all of the social and economic benefits associated with cutting energy 

use will still be realized as a result of EmPower Maryland, albeit at a lesser scale.  

Recognizing this, MEA recommended the continuation of EmPower Maryland through 

at least 2020, suggesting that an annual reduction in electricity use per capita of 

1.01% would achieve the 15% target by that time.  In 2014, MEA began working 

with utilities to develop their 2015-2017 energy efficiency program cycles, which are 

currently in effect and will help the state reach its goal.  Many of Pepco’s initiatives in 

this plan are evaluated from a consumer cost-effectiveness perspective in the 

following sections of this report. 

2.3  Recent Evaluations of EERS Programs 

In March 2014, the American Council for an Energy-Efficient Economy (ACEEE) 

published a report entitled The Best Value for America’s Energy Dollar: A National 
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Review of the Cost of Utility Energy Efficiency Programs [8],   which found that, at a 

levelized cost of saved energy (LCSE) of $0.028/kWh, energy efficiency programs 

provide the most cost-effective “source” of new energy in the U.S.  In addition to the 

average cost of utility energy efficiency programs, the study attempted to test the 

hypothesis that increasing the size of an EERS, in terms of overall efficiency target, 

would not increase the cost per kWh of such a program.  If true, this would refute a 

common argument against EERS in states that they have picked the “lowest-hanging 

fruit” in terms of efficiency programs and that the continuation of the programs are 

not cost-effective.  The study found only a weak correlation between utility efficiency 

program size and cost per kWh saved, with a Pearson coefficient of +0.27. 

In a similar study entitled The Program Administrator Cost of Saved Energy for 

Utility Customer-Funded Energy Efficiency Programs [9], published by the Lawrence 

Berkeley National Laboratory (LBNL) in March 2014, a matrix of utility efficiency 

programs were analyzed to find an average LCSE of $0.021/kWh.  The LBNL study 

differs from the ACEEE report in its design; where ACEEE evaluated energy efficiency 

program portfolios on a state-by-state basis, LBNL evaluated programs measure-by-

measure and sector-by-sector.  The design of the LBNL study accommodates a 

further drilldown into data relevant to this study: residential programs were found to 

have a savings-weighted LCSE of $0.018/kWh, which was heavily influenced by 

lighting rebate programs accounting for 44% of the gross savings. The median 

measure LCSE of residential programs was approximately $0.040/kWh. 

2.4  Contribution of Thesis Research 

The ACEEE and LBNL studies effectively demonstrate that energy efficiency 

programs – particularly those made possible by an EERS – provide cost-effective 

options for utility resource planning by a significant margin.  These reports however, 

and the majority of literature which evaluate EERS, tend to frame their benefits from 

the supply-side perspective only.  This is no coincidence, as utilities are the ultimate 
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decision-makers when it comes to determining which energy efficiency programs to 

provide to its ratepayers and the amount of funding to commit, as well as for 

evaluating the cost-benefit of these programs.  It is critical, however, to start 

thinking about EERS from a consumer perspective, as they are the beneficiaries of 

these programs as well as the stakeholders who pay for them, either in the form of 

systems benefits charges or direct rate increases.  It is therefore necessary to 

increase the clarity of these programs in an attempt to improve consumer awareness 

in order to maintain support for the continuation of EERS programs, as well as to 

encourage greater consumer participation. 

This report evaluates a number of residential energy efficiency programs 

currently offered in Pepco’s demand-side management portfolio for customers in 

Maryland.  However, the economic and energy use inputs used in this analysis are 

meant to resemble the decision-making process of the consumer considering 

participation in a measure, and not of the utility considering offering it.  The goal of 

this research is to spark the conversation about energy efficiency programs using 

metrics for cost-effectiveness that are relevant to the customer, which in turn would 

provide a deeper understanding of the availability of these programs and the benefits 

of participation.  Demonstrating and marketing customer cost-effectiveness will help 

increase participation, further lowering the cost of energy efficiency measures and, 

more importantly, drive energy savings and the effectiveness of EERS in all states 

throughout the country. 
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Chapter 3 - Methodology 

3.1  Background 

3.1.1  Customer Class: New Homes 

As part of its DSM portfolio, Pepco offers homebuilders a rebate of $1,250 for 

new single family homes built to ENERGY STAR v3.1, which can be assumed to be 

passed on to the homebuyer in the form of a lower home sales price. 

ENERGY STAR for new homes is an above-code program managed by the U.S. 

Environmental Protection Agency (EPA) designed to recognize, and provide market 

value to, homes that meet a prescribed level of energy efficiency.  ENERGY STAR 

v3.1 was designed specifically for states which implement the most current model 

building energy code as established by the U.S. Department of Energy (DOE), that 

being the 2012 edition of the International Energy Conservation Code (IECC).  In 

developing ENERGY STAR v3.1, EPA conducted a cost-effectiveness analysis study 

[10] comparing the standard to the 2012 IECC in each U.S. climate zone, using the 

same home characteristics in the energy models as those used by DOE in its own 

analysis of code-to-code changes. 

The majority of the State of Maryland, including the entirety of Pepco’s service 

territory, falls into U.S. climate zone 4.  In the EPA analysis, St. Louis, MO was 

selected as the representative city for this climate zone, for which the cooling degree 

days (CDD) and heating degree days (HDD) data used in the energy simulation were 

drawn from.  Additionally, the study uses a model home with an unheated basement, 

while the more common foundation in Maryland is a heated basement.  The 

remaining features of the model used are consistent with the preferred model to be 

used for new construction statewide. 

The methodology for this study uses the incremental changes in energy costs, as 

well as construction costs, for the models used by EPA in its evaluation of ENERGY 

STAR v3.1.  While not a perfect representation of new homes, this methodology 
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offers a relatively accurate home-to-home comparison in a similar climate condition 

and construction type.  This is preferable to modeling the conditions from scratch, as 

would otherwise be necessary, and would rely on a separate set of assumptions. 

3.1.2  Customer Class: Existing Homes 

In addition to programs for new homes, Pepco also offers a variety of rebates 

available for homeowners of older, existing homes to make energy efficiency 

improvements.  The most comprehensive of these programs is the utility’s support 

for Home Performance with ENERGY STAR (HPwES), which provides the participant 

with a whole home weatherization option if desired.  The program requires that 

customers have an energy audit performed by a registered contractor at a 

discounted rate of $100.  Following the audit, the homeowner can make 

improvements through air sealing, increased insulation, window upgrades, and duct 

sealing; Pepco will provide a rebate for 50% of the costs up to $2,000.  As part of 

HPwES, the participant can also upgrade their HVAC unit and receive the same 

rebate as the individual-component participant (discussed below). 

For participants wishing to make energy efficiency improvements through 

upgrades to individual appliances, as opposed to pursuing whole-home 

weatherization, Pepco provides rebates to offset these costs as well.  For appliances 

that meet ENERGY STAR standards, or are an improvement over existing minimum 

efficiency standards, the following schedule of incentives is offered [11, 12]: 
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Table 3-1. Residential DSM Rebates offered by Pepco 

Appliance Required Standard Rebate 

Central Air Conditioner SEER≥16 and EER≥13* $500 

Central Air Conditioner SEER≥18 and EER≥13* $1,000 

Air Source Heat Pump SEER≥16, EER≥13 and HSPF≥9.0* $750 

Air Source Heat Pump SEER≥18, EER≥13 and HSPF≥9.5* $1,250 

Geothermal Heat Pump EER≥17.1 and COP≥3.6 $1,800 

Heat Pump Water Heater EF≥2.0 (≤55 gal. capacity)* $500 

Heat Pump Water Heater EF≥2.2 (>55 gal. capacity) $500 

Refrigerator ≥15% + Federal Standards $100 

Refrigerator ≥20% + Federal Standards $150 

Clothes Washer IMEF≥2.76 or IWF≤3.5* $75 

Clothes Washer IMEF≥2.92 or IWF≤3.2* $100 

Clothes Dryer ENERGY STAR Certified* $50 

Lighting ENERGY STAR CFL* $3 

Lighting ENERGY STAR LED* $7 

Lighting Fixture ENERGY STAR CFL/LED $10 

* Indicates customer incentive modeled in this analysis 

3.2  Estimating Measure Energy Savings 

3.2.1  New Homes 

3.2.1.1  Baseline Model 

For new home participants, the baseline home in this analysis is assumed to meet 

the 2012 IECC, which is the current energy code in Maryland.  Among other details 

as specified in analyses conducted by DOE [13] and EPA, the analyzed home is 2 

stories in height with 2,400 square feet of conditioned space, 8.5 foot floor to ceiling 

height and a 15% window to wall ratio, with the fenestration evenly distributed on all 

four sides of the home.  The heating system modeled is an electric air-source heat 

pump which meets federal minimum equipment standards.  While the majority of 

homes in Maryland use natural gas as its source for space heating, the use of an 

electric heat pump is necessary for the baseline model for this study as only electric 

efficiency programs are analyzed. 

The ENERGY STAR v3.1 cost-effectiveness report presents the energy 

consumption of the baseline home in terms of cost as opposed energy use.  

However, the report indicates that a national average electricity cost of $0.113/kWh 

was used, therefore allowing for the calculation of the modeled energy use.  To make 
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the results more relevant to Maryland, the average electricity cost ($0.136/kWh in 

2014) can be used. 

As an example, the EPA report estimates the energy use of a home modeled to 

the above parameters to be $2,451/year.  Dividing this estimate by the modeled 

energy cost of $0.113/kWh yields an estimated annual energy use of 21,690 

kWh/year.  Using the Maryland-specific average energy price of $0.1362/kWh, this 

home can be estimated to have $2,954/year in energy costs. 

3.2.1.2  Participant Model 

The participant model for new homes is assumed to meet the same parameters 

as described above, with the additional energy efficiency features required to be in 

compliance with ENERGY STAR v3.1.  The EPA report estimates the average annual 

energy cost of this home, which in the same manner as above, can be used to 

calculate energy consumption in kWh/year as well as in energy cost based on 

average electricity prices in Maryland. 

The EPA report estimates incremental construction costs to meet ENERGY STAR 

v3.1 on a component-by-component basis, using a number of sources for products 

and building practices.  For the purposes of this study, it is assumed that national 

average construction costs are also representative of those in Maryland, as the 

construction cost factor for the state, obtained from the RSMeans residential 

construction cost database, is approximately 1.0.  This incremental cost, minus the 

Pepco rebate of $1,250, is used as the participant cost for new homes. 

3.2.2  Existing Homes 

3.2.2.1  Baseline Model 

The Building Energy Codes Program at DOE uses homes which meet the 2006 

IECC in terms of energy efficiency features as the baseline home for evaluating 

improvements in future energy codes.  While the median home age in Maryland is 

over 30 years, predating the implementation of the 2006 IECC as a mandatory 

energy code in the state, it is necessary to use a consistent and reasonable baseline 
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for the energy performance of existing homes.  Using the 2006 IECC as a baseline 

for existing homes in Maryland, while perhaps overestimating the existing energy 

performance of homes in the state, will establish a relatively conservative baseline 

for estimating energy efficiency improvements while also assuming that customers 

that make these improvements own a home that is at least nine years old. 

Due to its straightforward interface for modeling residential energy efficiency 

measures in single family homes, BEopt software, published by the National 

Renewable Energy Laboratory, is used to model the baseline existing home for this 

study.  The simulation engine used to run the energy analysis in these models is 

EnergyPlus, which is maintained by DOE.  The DOE Building Energy Codes Program 

models baseline homes directly in EnergyPlus, which required the development of 

new baseline models for this study as opposed to using those made available on the 

DOE website.  However, all of the energy-impact features and architectural 

characteristics used in the DOE prototype models were mimicked in BEopt, where 

possible and applicable, with two exceptions. The two deviations in this baseline 

model from DOE’s 2006 IECC prototype model concerns window performance and air 

infiltration. 
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Table 3-2. Baseline Model Configuration 

Architectural Characteristics 

Total Floor Area 1,200 ft2 

Building Form 30’ x 40’ 

Above-grade Stories 2 

Below-grade Stories 1 

Floor-to-ceiling Height 8’6” 

Window-to-floor Ratio 15% 

Window Orientation Equally distributed among walls 

Window Shading None 

Wall Construction Wood-frame, 2x4 Studs 16” on center 

Wall Elements 1” Stucco, Building Paper, 5/8” OSB, 1/2” Drywall 

Roof Construction Asphalt Shingles 

Roof Slope 4:12 

Building Orientation North 

Key Energy-impact Characteristics 

Window Thermal Conductivity u-0.39 

Window SHGC 0.53 

Above-grade Wall Insulation R-13 

Below-grade Wall Insulation R-13, whole wall 

Attic Insulation R-38 

Duct Insulation R-8 

Duct Leakage 15% 

Air Infiltration 10 ACH @50 Pa 

Heat Pump Efficiency SEER 13, 7.7 HSPF 

Domestic Hot Water Efficiency 0.92 EF 

Interior Lighting 34% CFL, 66% Incandescent 

Occupancy Characteristics 

Occupants 3 

Thermostat Set Points 72˚F Heating, 75˚F Cooling 

 

In BEopt, there is no window selection available in the building component library 

which directly corresponds with the window requirements contained in the 2006 

IECC.  The windows selected for the baseline model are non-metal frame, double 

pane with an air-filled gap, and a corresponding u-value and SHGC of 0.39 and 0.53, 

respectively.  This is the worst-available window in BEopt that still meets the 

requirements of the 2006 IECC, and is assumed to be the most reasonable window 

chosen in the construction of a home in order to do so.  Additionally, the 2006 IECC 

does not require a specific air infiltration rate, so the DOE prototype model assumes 
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an air infiltration rate of 8 air changes per hour (ACH) at 50 pascals of air pressure.  

However, research from Lawrence Berkeley National Laboratory [14] conservatively 

estimates that most existing homes have an infiltration of 10 ACH50, so this metric 

was used in the baseline model for this study as well. 

3.2.2.2  Participant Models 

Utility customers in existing homes have the option to participate in efficiency 

programs through the purchase of above-federal minimum standard appliances 

and/or home weatherization.  The performance of upgrades which rely on the 

reduction of heating and cooling loads or more efficient HVAC equipment are 

dependent on existing  space conditioning loads, internal gains, and other home 

design characteristics; these programs are modeled using energy simulation in BEopt 

by making edits to the baseline model.  Others, which are not significantly 

dependent on home characteristics, are modeled more simply by comparing the 

product-to-product energy performance. 

For example, the energy savings potential of an upgraded air conditioner is 

dependent on the design of a home and a number of other building-specific 

characteristics.  By contrast, the energy savings resulting from a more efficient 

washing machine will be the same in any home. 

Table 3-3. Energy Savings Estimation Protocols 

Component Energy Analysis Type 

Weatherization Energy Simulation 

Central Air Conditioners Energy Simulation 

Air Source Heat Pump Energy Simulation 

Heat Pump Water Heaters Energy Simulation 

Clothes Washers Product-to-product Comparison 

Clothes Dryers Product-to-product Comparison 

Lighting Product-to-product Comparison 

 

Because household appliances have a marginal impact on internal gains, and 

their energy performance is not impacted by climate factors, the benefits of 

improving these appliances can be compared on a product-by-product basis.  
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However, since these appliances use specific standards for measuring energy 

performance, each requires a separate methodology to compare the energy savings 

resulting from customer participation in a utility rebate program. 

3.2.2.2.1  Home Performance with ENERGY STAR 

The baseline model is modified in BEopt an attempt to realistically simulate a 

home weatherization project.  Using the design optimization tool available in the 

BEopt software, the most cost-effective improvements which are eligible as part of 

the Pepco rebate program are selected, up to a total estimated cost of $4,000.  The 

resulting model is simulated in the BEopt interface and used to compare the energy 

savings to the baseline. 

3.2.2.2.2  Central Air Conditioner, Air Source Heat Pump, and Heat 
Pump Water Heater Upgrades 

In order to estimate the energy savings resulting from customer improvements 

to air conditioners, heat pumps, and water heaters, a new simulation model is 

created from the baseline for each iteration.  In BEopt, the tested appliance is 

replaced with the new, improved appliance, while keeping all other house 

characteristics consistent.  Each model is simulated and the resulting estimated 

energy consumption for each appliance iteration compared to the baseline. 

The product library available in BEopt does not contain air source heat pumps 

which meet the exact efficiency specifications required for consumer participation.  

In this analysis, the most reasonable heat pump available in BEopt is selected for 

energy simulation and cost estimation purposes following the table below. 

Table 3-4. Air Source Heat Pumps used in Energy Simulation 

Measure Specification Heat Pump used in Simulation 

SEER 14/HSPF 8.0 SEER 14/HSPF 8.2 

SEER 16/HSPF 9.0 SEER 16/HSPF 8.6 

SEER 18/HSPF 9.5 SEER 18/HSPF 9.3 
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3.2.2.2.3  Clothes Washer Upgrades 

Federal energy efficiency standards for clothes washers [15] measure energy 

performance using an Integrated Modified Energy Factor (IMEF) metric, which 

divides the clothes washer capacity by the energy consumption per wash cycle and 

the energy consumption in standby mode: 

IMEF = Drum Capacity / (Energy per Wash Cycle + Standby Energy) 

The DOE Compliance Certification Database provides a listing of every clothes 

washer available on the market, including their drum capacity and rated IMEF, but in 

this study annual energy use must be estimated. 

Given drum capacity and IMEF, an approximate value for energy use during a 

wash cycle as well as the standby power consumed between cycles can be calculated 

algebraically.  For the purposes of this study, this calculated value shall be referred 

to as the energy use per cycle.  However, there is a direct relationship between 

laundry load volume and energy consumption per wash cycle, the calculated energy 

use per cycle is normalized for drum capacity in order to allow for a consistent 

comparison between clothes washers of varying capacity.  Since the clothes washers 

analyzed in this study range from approximately 4 to 5 cubic feet in drum capacity, 

the energy use cycle is normalized to 4.5 cubic feet of drum capacity: 

Energy Use per Cycle = 4.5 / IMEF 

DOE estimates that U.S. households run 295 wash cycles per year on average.  

Using this estimate, the total energy consumed by washing machines can be 

estimated. 

3.2.2.2.4  Clothes Dryer Upgrades 

Federal test procedures for clothes dryers [16] measure energy performance 

using an Energy Factor (EF) metric, which divides a standard load weight by the 

energy consumption per drying cycle and the energy consumption in standby mode.  

For all electric dryers with a capacity of 4.4 cubic feet or greater, the tested clothing 

load weight is 8.45 pounds: 
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EF = 8.45 / (Energy per Drying Cycle + Standby Energy) 

Similar to clothes washers, the DOE Compliance Certification Database provides a 

listing of all clothes dryers available for purchase in the United States, and the 

energy consumption per drying cycle can be estimated algebraically: 

Energy Use per Cycle = 8.45 / EF 

DOE estimates that U.S. households run 283 drying cycles per year on average.  

Using this estimate, the total energy consumed by clothes dryers can be estimated. 

3.2.2.2.5  Lighting Upgrades 

The energy savings resulting from changing out an incandescent light bulb for a 

compact fluorescent (CFL) or light emitting diode (LED) bulb can be calculated by 

comparing the rated wattage of each.  Using the EPA-established standard of 3 hours 

of use per day [17], the estimated energy savings resulting from the change out can 

be calculated on an annual basis. 

3.3  Estimating Incremental Costs 

3.3.1  New Homes 

The EPA ENERGY STAR v3.1 report does not estimate the construction costs of 

ENERGY STAR and non-ENERGY STAR homes individually, rather it presents only the 

incremental costs of making the necessary improvements to the home’s design.  For 

the purposes of this study, the incremental costs presented in the EPA report is 

assumed to be the cost of customer participation in Pepco’s New Homes DSM 

program.  While not a perfect representation of these costs, the data used in the EPA 

report is a reasonable representation of home construction in Maryland and its use is 

preferable to the development of a separate cost methodology. 

3.3.2  Existing Homes 

Incremental measure costs for participants in existing homes are estimated using 

a combination of cost data available in BEopt software and research of product costs 

available for purchase from retail stores.  When using retail prices, the least 

expensive available products are chosen which meet the required efficiency ratings 

and which are consistent in non-energy related characteristics that may also impact 
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cost (e.g. brand name or special features).  The methodology used to estimate 

incremental costs can be broken into five categories: 

3.3.2.1.1  Home Performance with ENERGY STAR 

The costs of home weatherization measures necessary to participate in the 

HPwES program are difficult to model, as the costs of materials and labor vary widely 

from store to store and contractor to contractor.  Therefore, the estimated costs for 

these measures use the same costs as those estimated by BEopt for the baseline 

model developed in the software. 

3.3.2.1.2  Central Air Conditioner and Heat Pump Upgrades 

Common central air conditioners and heat pump condensers are not generally not 

available for individual purchase at “big box” retail stores, and manufacturer 

websites do not include suggested retail costs.  Rather, these components are 

typically purchased directly from the installer, prior to which a customer receives a 

quote for parts and labor.  Since this method is not possible for this study, air 

conditioner and heat pump costs are estimated using the BEopt database. 

BEopt estimates that the baseline existing home, as well as subsequent homes 

modeled with upgraded equipment, requires a 3.85 ton air conditioner or heat pump 

in order to satisfy the heating and cooling loads.  The database contains estimates 

for fixed costs and variable costs, based on unit capacity, for heat pumps and air 

conditioners of common efficiencies.  The incremental costs are determined through 

the observations of differences in cost between SEER 14, 16, and 18 units modeled 

in BEopt. 

3.3.2.1.3  Heat Pump Water Heater Upgrades 

Residential water heaters, including rebate-qualifying heat pump water heaters, 

are available for purchase directly from big box retailers.  For this study, the cost of 

purchasing a 50 gallon heat pump water heater with an EF of 2.0 will be compared to 

the purchase of the least expensive available electric water heater from the same 



21 

 

manufacturer and with a similar capacity, which also meets Federal minimum 

equipment standards. 

3.3.2.1.4  Clothes Washer and Clothes Dryer Upgrades 

Like water heaters, residential clothes washers and dryers are also available 

directly from big box retailers.  For this study, washer and dryer costs are researched 

on these retailer websites, and using the DOE Compliance Certification Database, 

product numbers are used to determine their corresponding IMEF or EF.  The 

incremental costs of purchasing a washer or dryer which qualifies for utility rebates is 

drawn from this research, and every effort is made to compare products of the same 

manufacturer, load capacity, and special features offered. 

3.3.2.1.5  Lighting Upgrades 

This study will model the cost-effectiveness of 60 watt-equivalent CFL and LED 

bulbs, as they generally the most commonly purchased bulb by consumers.  Because 

60 watt incandescent light bulbs do not meet Federal minimum standards and 

therefore are no longer manufactured in the United States, this study assumes that a 

participant in the lighting program purchases a new bulb to replace a working, 

existing incandescent one, and therefore bears the full (as opposed to incremental) 

cost.  The cost of CFLs and LEDs is determined through research on big box store 

prices. 

The lighting efficiency program offered by utilities in Maryland provides an 

“instant” rebate of $3 and $7 for CFLs and LEDs, respectively, and this rebate is 

reflected in their retail price.  Therefore, the economic analysis used in this study 

does not apply the rebate to the estimated retail prices for lighting. 

3.4  Evaluating Measure Cost-effectiveness 

To evaluate the cost-benefit of electing to participate in a utility energy efficiency 

program, compared to purchasing homes or products which meet baseline energy 

efficiency standards, this study uses two key metrics discussed later in this section: 

levelized cost of saved energy (LCSE) and net present value (NPV).  Using the 
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incremental costs and energy savings of each measure, as well as common financial 

analysis tools, both metrics can be calculated. 

3.4.1  Common Variables 

A cost-effective analysis is conducted for Pepco’s DSM incentive programs listed 

earlier in this report.  Each analysis uses the following variables, which are explained 

below: 

Table 3-5. Economic Analysis Variables 

Incremental Measure Cost Varies 

Adjusted Measure Cost Varies 

Incremental Annual Energy Savings Varies 

Study Period 5-10 years 

Discount Rate 3% 

Discounted Total Energy Savings Varies 

Average Cost of Electricity $0.136/kWh 

 

3.4.1.1.1  Incremental Measure Cost 

The incremental measure cost is the difference in consumer cost between an 

energy efficiency incentive-eligible product or home, and one which meets only 

minimum efficiency standards.  Incremental measure cost is calculated using the 

methodology described in the previous section. 

3.4.1.1.2  Adjusted Measure Cost 

Adjusted measure cost is the incremental measure cost minus the available utility 

rebate.  It is designed to represent the actual cost of a measure to the consumer. 

3.4.1.1.3  Incremental Annual Energy Savings 

Incremental annual energy savings is the difference in estimated energy savings 

between an incentive-eligible measure and one which only meets minimum efficiency 

standards.  Incremental annual energy savings is calculated using the methodology 

described in the previous section. 

3.4.1.1.4  Study Period 

The study period is the time-boundary to which the economic analysis is 

constrained, and therefore the length in time for which estimated energy savings will 

be accounted for.  For most of the measures in this analysis, the study period is 5 



23 

 

years, which is chosen to represent a reasonable amount of time for which a 

consumer would be willing to track and recoup upfront costs through energy savings.  

However, the study period is extended to 10 years for new home and home 

weatherization participants, as these measures make more permanent 

improvements to the home and it is assumed that the customer has a higher 

tolerance for length of cost recovery. 

Study period is not to be confused with measure life, which implies an analysis 

period of the average functional life of a measure. 

3.4.1.1.5  Discount Rate 

Discount rate allows the economic analysis to account for the time value of 

money, which infers that capital in the present is worth more than an equal amount 

of capital at a later date.  In this study, discount rate allows the analysis to account 

for a consumer’s opportunity cost of investing in an efficiency upgrade as opposed to 

another investment which would presumably result in some form of capital gain (or 

avoided loss).  A discount rate of 3% is used for this study, which is the same rate 

used by DOE Appliance Standards program to represent “the rate at which society 

discounts future consumption flows to their present value”. 

3.4.1.1.6  Discounted Total Energy Savings 

Discounted total energy savings is the present value (PV) of the cumulative 

estimated energy savings over the length of the study period.  Much like a common 

annuity calculation seen in economic accounting, annual energy savings are treated 

as future annuities over the course of the study period, which are discounted when 

expressed in present terms in order to account for the time value of money. 

3.4.1.1.7  Average Cost of Electricity 

The average electricity price paid by customers in Maryland in 2014 was 

$0.136/kWh.  This figure serves as a basis of comparison for LCSE, and as a variable 

when calculating NPV. 
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3.4.1.2  Replacement of Functional Appliances 

Many of the existing home efficiency rebates evaluated in this study assume that 

the consumer is making a purchase out of need for a new measure or appliance (e.g. 

the replacement of a non-functional clothes washer).  However, in the evaluation of 

air conditioners, heat pumps, and water heaters, this study assumes that the 

customer is replacing an existing appliance prior to its end-of-life; these appliances 

tend to have considerably higher useful lives as well as upfront costs, and this study 

attempts to account for a consumer who wishes to take advantage of an appliance 

rebate before its expiration. 

To model the economic reality of purchasing a new appliance prior to the date 

one is needed, this study calculates the present value of the purchase and 

installation costs of a new appliance which meats federal minimum standards, using 

the previously-established discount rate and an estimate for the remaining life of 

each existing appliance.  Using the PV of the adjusted measure cost considers the 

opportunity cost of purchasing the new appliance in the present day as opposed to at 

the necessary time in the future. 

The cost database in BEopt estimates a useful life for each measure, and this 

study will assume an average useful life remaining for each appliance as one half of 

the life estimated by the software. 

3.4.2  Evaluation Criteria 

3.4.2.1  Levelized Cost of Saved Energy 

Cost of saved energy (CSE) is a metric designed to treat energy efficiency as a 

resource in the same terms as electricity generation.  By dividing the cost of a 

measure or program by its projected energy savings, CSE effectively creates a metric 

which evaluates the cost of energy efficiency in cents per kilowatt hour (kWh) of 

energy saved, which can be directly compared to the cost of generating electricity 

from another source.  The application of CSE has traditionally been used by utilities 

to determine the least-cost options to meeting energy demand, but the metric be 
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conceivably used by consumers when determining the cost-benefit of participation in 

an energy efficiency program.  

This study evaluates energy efficiency programs using levelized cost of saved 

energy (LCSE) as a primary metric, which is based on the concept of CSE, but with 

three key differences: 

1. Discounted (or levelized) Energy Savings: As noted previously, energy 

savings – which have a direct capital value in this study – are treated as 

an annuity and therefore the present value of the cumulative savings are 

impacted by the discount rate.  This allows for the metric to account for 

the time value of money. 

2. Study Period: Utilities tend to use the useful life of a measure to claim 

energy savings and as such, use the total estimated energy saved over 

that time span when calculating a CSE or LCSE.  This study, however, will 

only consider the energy savings which accrue over the first 5-10 years of 

the measure’s implementation, implying a maximum amount of time for 

which a consumer would expect the measure to become cost-effective. 

3. Customer Costs and Benefits: Rather than calculating a utility’s costs of 

program implementation and the source energy savings seen as a result, 

this study will take into account the costs incurred by the consumer and 

the energy savings occurring at the building site.  Instead of comparing 

the resulting LCSE to other sources for energy production, a measure is 

deemed cost-effective if it has a LCSE less than the retail price of 

electricity, as the utility customer would pay for the additional electricity 

consumed at this rate if the energy efficiency measure were not 

implemented. 
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3.4.2.2  Net Present Value 

While LCSE is useful tool for demonstrating the cost-effectiveness of a given 

measure relative to the retail price of electricity, it is difficult to use the metric to 

evaluate the magnitude of upfront costs or the total energy savings potential.  For 

this reason, net present value (NPV) is calculated for each measure using the same 

financial parameters identified earlier.  By multiplying the energy savings of a given 

measure by the retail cost of electricity, the cumulative value of participating in an 

efficiency program is expressed in present dollars. 

As the retail price of electricity is the baseline for comparison when using the 

LCSE metric, any measure with an LCSE less than the retail price of electricity will 

imply profitability and have a positive NPV, and any measure with an LCSE greater 

than the retail price of electricity will have a negative NPV. 

3.4.3  Sensitivity Analysis 

To demonstrate the sensitivity and variability of the LCSE and NPV of the 

analyzed measures, a one-way sensitivity analysis is conducted for four key variables 

affecting cost-effectiveness: incremental cost, incremental savings, study period, and 

discount rate.  The tested high and low values for each variable is summarized in the 

table below. 

Table 3-6. Tested Variations for One-way Sensitivity Analysis 

Variable Low Variation High Variation 

Incremental Cost Incremental Cost – 20% Incremental Cost + 20% 

Incremental Annual Energy Savings Incremental Savings – 30% Incremental Savings + 30% 

Study Period (5 year base) 2 years 10 years 

Study Period (10 year base) 5 years 20 years 

Discount Rate 0% 7% 

 

To assist in the visualization of variable sensitivities, a tornado chart is provided 

for each sensitivity analysis, ranked in descending order of the impact in variation on 

the measure LCSE.  The base value is indicated with a vertical black line, and the 
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threshold for cost-effectiveness (LCSE of $0.136/kWh) is indicated with a dashed 

vertical gray line. 

In this study, sensitivity analyses are limited to measures which are calculated to 

have a base LCSE of $0.200 or lower.  Measures which have a LCSE of greater than 

$0.200 are assumed to be not cost-effective for reasons other than sensitivity to the 

variables above, and therefore would not benefit from the review of a sensitivity 

analysis.  Further discussion is covered in the Analysis Section. 
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Chapter 4 - Analysis and Results 

4.1  New Homes 

Data from the EPA ENERGY STAR v3.1 report indicated an incremental cost of 

$1,670 for new homes built to ENERGY STAR in climate zone 4 and an annual 

incremental energy savings of 4,858 kWh.  The cost-effectiveness analysis 

determined a LCSE of $0.010/kWh and a NPV of $5,216. 

Table 4-1. ENERGY STAR for New Homes Economic Analysis 

Incremental Construction Cost $1,670 

Utility Rebate $1,250 

Actual Upgrade Cost $420 

National Average Electricity Cost $0.113 

Baseline Annual Energy Cost $2,451 

Baseline Annual Energy Use (kWh) 21690 

Upgrade Annual Energy Cost $1,902 

Upgrade Annual Energy Use (kWh) 16832 

Incremental Energy Savings (kWh) 4858 

Study Period (years) 10 

Total Energy Savings (kWh) 48584 

Discount Rate 3% 

Discounted Energy Savings (kWh) 41443 

Levelized Cost of Saved Energy $0.010 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $661 

Net Present Value $5,216 

 

Sensitivity analysis determined the most sensitive variables to be incremental 

cost, which demonstrated a range in LCSE of $0.002/kWh to $0.018/kWh, and study 

period, which demonstrated a range in NPV of $2,606 to $9,410. 

Table 4-2. ENERGY STAR for New Homes Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $1,336 $0.002 $5,550 3401 $0.014 $3,525 5.0 $0.019 $2,606 0.0% $0.009 $6,187 

Base $1,670 $0.010 $5,216 4858 $0.010 $5,216 10.0 $0.010 $5,216 3.0% $0.010 $5,216 

High $2,004 $0.018 $4,882 6316 $0.008 $6,907 20.0 $0.006 $9,410 7.0% $0.012 $4,221 

Range $668 $0.016 $668 2915 $0.007 $3,382 15.0 $0.013 $6,804 7.0% $0.004 $1,967 

 



29 

 

 

Figure 4-1. ENERGY STAR for New Homes Tornado Chart. Variables are ordered top to bottom 
from most sensitive to least sensitive. Corresponding minimum and maximum values tested 

for each variable are depicted at either end of the bar. 

4.2  Existing Homes: Home Performance with ENERGY STAR 

4.2.1  Comprehensive HPwES 

Simulating the baseline model home in using optimization mode in BEopt within 

the evaluation parameters yielded the following set of upgrades as cost-effective 

upgrades as optimal: air sealing to 6 ACH50, installation of R-60 ceiling insulation, 

and installation of R-8 duct insulation.  BEopt calculates the upfront costs of these 

improvements to be $3,894.  Annual energy savings resulting from these 

improvements is estimated to be 2,298 kWh.  The cost-effectiveness analysis 

indicates a LCSE of $0.104/kWh and a NPV of $619 for customers who participate in 

the HPwES program. 
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Table 4-3. HPwES Economic Analysis 

Home Checkup $100 

Incremental Cost $3,894 

Utility Rebate $1,947 

Actual Upgrade Cost $2,047 

Baseline Annual Energy Use (kWh) 22474 

Upgrade Annual Energy Use (kWh) 20176 

Incremental Energy Savings (kWh) 2298 

Study Period (years) 10 

Total Energy Savings (kWh) 22980 

Discount Rate 3% 

Discounted Energy Savings (kWh) 19602 

Levelized Cost of Saved Energy $0.104 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $313 

Net Present Value $619 

 

Sensitivity analysis determined the most sensitive variable to be study period, 

which demonstrated a range in LCSE of $0.060/kWh to $0.195/kWh and a range in 

NPV of -$616 to $2,603. 

Table 4-4. HPwES Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $3,115 $0.085 $1,008 1609 $0.149 -$181 5.0 $0.195 -$616 0.0% $0.089 $1,078 

Base $3,894 $0.104 $619 2298 $0.104 $619 10.0 $0.104 $619 3.0% $0.104 $619 

High $4,673 $0.141 -$107 2987 $0.080 $1,419 20.0 $0.060 $2,603 7.0% $0.127 $148 

Range $1,558 $0.057 $1,115 1379 $0.069 $1,600 15.0 $0.135 $3,218 7.0% $0.038 $930 
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Figure 4-2. HPwES Tornado Chart. Variables are ordered top to bottom from most sensitive to 
least sensitive. Corresponding minimum and maximum values tested for each variable are 

depicted at either end of the bar. 

4.2.2  Air Sealing Only 

In addition to a comprehensive home weatherization measure, customers who 

choose to make only improvements to air tightness is also analyzed, as air sealing 

was found to be the most cost-effective of the options available in HPwES.  BEopt 

calculates the upfront costs of air sealing to 6 ACH50 to be $2,256.  Annual energy 

savings resulting from these improvements is estimated to be 2,146 kWh.  The cost-

effectiveness analysis indicates a LCSE of $0.067/kWh and a NPV of $1,262 for 

customers who complete only the air sealing measure. 
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Table 4-5. HPwES (Air Sealing Only) Economic Analysis 

Home Checkup $100 

Incremental Cost $2,256 

Utility Rebate $1,128 

Actual Upgrade Cost $1,228 

Baseline Annual Energy Use (kWh) 22474 

Upgrade Annual Energy Use (kWh) 20328 

Incremental Energy Savings (kWh) 2146 

Study Period (years) 10 

Total Energy Savings (kWh) 21460 

Discount Rate 3% 

Discounted Energy Savings (kWh) 18306 

Levelized Cost of Saved Energy $0.067 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $292 

Net Present Value $1,262 

 

Sensitivity analysis determined the most sensitive variable to be study period, 

which demonstrated a range in LCSE of $0.038/kWh to $0.125/kWh and a range in 

NPV of $109 to $3,114. 

Table 4-6. HPwES (Air Sealing Only) Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $1,805 $0.055 $1,487 1502 $0.096 $515 5.0 $0.125 $109 0.0% $0.057 $1,691 

Base $2,256 $0.067 $1,262 2146 $0.067 $1,262 10.0 $0.067 $1,262 3.0% $0.067 $1,262 

High $2,707 $0.079 $1,036 2790 $0.052 $2,008 20.0 $0.038 $3,114 7.0% $0.081 $822 

Range $902 $0.025 $451 1288 $0.044 $1,494 15.0 $0.086 $3,005 7.0% $0.024 $869 
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Figure 4-3. HPwES (Air Sealing Only) Tornado Chart. Variables are ordered top to bottom from 
most sensitive to least sensitive. Corresponding minimum and maximum values tested for 

each variable are depicted at either end of the bar. 

4.3  Air Conditioners 

4.3.1  SEER 16 Air Conditioner Upgrade 

To model air conditioner upgrades, the baseline model is revised to include a 

natural gas furnace and air conditioner unit which meet federal equipment minimum 

standards.  BEopt calculates the upfront cost of replacing the existing air conditioner 

with SEER 14 and SEER 16 rated models to be $4,727 and $4,974, respectively.  

Annual energy savings resulting from the improvement is estimated to be 1,061 

kWh.  The cost-effectiveness analysis indicates a LCSE of $0.153/kWh and a NPV of -

$82 for customers who replace their existing air conditioner with a SEER 16 model. 
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Table 4-7. SEER 16 Air Conditioner Economic Analysis 

Baseline Cost $4,727 

Useful Life Remaining (years) 8 

Present Value of Min Replacement $3,732 

Upgrade Cost $4,974 

Incremental Upgrade Cost $1,242 

Utility Rebate $500 

Adjusted Upgrade Cost $742 

Baseline Annual Energy Use (kWh) 14751 

Upgrade Annual Energy Use (kWh) 13690 

Incremental Energy Savings (kWh) 1061 

Study Period (years) 5 

Total Energy Savings (kWh) 5305 

Discount Rate 3% 

Discounted Energy Savings (kWh) 4859 

Levelized Cost of Saved Energy $0.153 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $144 

Net Present Value -$82 

 

Sensitivity analysis determined the most sensitive variable to be discount rate, 

which demonstrated a range in LCSE of -$0.048/kWh to $0.396/kWh and a range in 

NPV of -$1,131 to $974. 

Table 4-8. SEER 16 Air Conditioner Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $994 $0.102 $167 743 $0.218 -$280 2.0 $0.366 -$466 0.0% -$0.048 $974 

Base $1,242 $0.153 -$82 1061 $0.153 -$82 5.0 $0.153 -$82 3.0% $0.153 -$82 

High $1,491 $0.204 -$330 1379 $0.118 $117 10.0 $0.082 $488 7.0% $0.396 -$1,131 

Range $497 $0.102 $497 637 $0.101 $397 8.0 $0.284 $955 7.0% $0.444 $2,106 
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Figure 4-4. SEER 16 Air Conditioner Tornado Chart. Variables are ordered top to bottom from 
most sensitive to least sensitive. Corresponding minimum and maximum values tested for 

each variable are depicted at either end of the bar. 

4.3.2  SEER 18 Air Conditioner Upgrade 

BEopt calculates the upfront cost of replacing the existing air conditioner with a 

SEER 18 rated model to be $5,220.  Annual energy savings resulting from the 

improvement is estimated to be 1,275 kWh.  The cost-effectiveness analysis 

indicates a LCSE of $0.084/kWh and a NPV of $306 for customers who replace their 

existing air conditioner with a SEER 18 model. 
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Table 4-9. SEER 18 Air Conditioner Economic Analysis 

Baseline Cost $4,727 

Useful Life Remaining (years) 8 

Present Value of Min Replacement $3,732 

Upgrade Cost $5,220 

Incremental Upgrade Cost $1,488 

Utility Rebate $1,000 

Adjusted Upgrade Cost $488 

Baseline Annual Energy Use (kWh) 14751 

Upgrade Annual Energy Use (kWh) 13476 

Incremental Energy Savings (kWh) 1275 

Study Period (years) 5 

Total Energy Savings (kWh) 6375 

Discount Rate 3% 

Discounted Energy Savings (kWh) 5839 

Levelized Cost of Saved Energy $0.084 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $173 

Net Present Value $306 

 

Sensitivity analysis determined the most sensitive variable to be discount rate, 

which demonstrated a range in LCSE of -$0.080/kWh to $0.281/kWh and a range in 

NPV of -$758 to $1,374. 

Table 4-10. SEER 18 Air Conditioner Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $1,191 $0.033 $603 893 $0.120 $67 2.0 $0.200 -$157 0.0% -$0.080 $1,374 

Base $1,488 $0.084 $306 1275 $0.084 $306 5.0 $0.084 $306 3.0% $0.084 $306 

High $1,786 $0.135 $8 1658 $0.064 $544 10.0 $0.045 $991 7.0% $0.281 -$758 

Range $595 $0.102 $595 765 $0.055 $476 8.0 $0.155 $1,147 7.0% $0.360 $2,132 
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Figure 4-5. SEER 18 Air Conditioner Tornado Chart. Variables are ordered top to bottom from 
most sensitive to least sensitive. Corresponding minimum and maximum values tested for 

each variable are depicted at either end of the bar. 

4.4  Heat Pumps 

4.4.1  SEER 16/HSPF 9.0 Heat Pump Upgrade 

In the baseline existing home, BEopt calculates the upfront cost of replacing the 

existing heat pump with SEER 14/HSPF 8.2 and SEER 16/HSPF 8.6 rated models to 

be $5,162 and $5,452, respectively.  Annual energy savings resulting from the 

improvement is estimated to be 1,378 kWh.  The cost-effectiveness analysis 

indicates a LCSE of $0.099/kWh and a NPV of $231 for customers who replace their 

existing air conditioner with a SEER 16/HSPF 9.0 model. 
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Table 4-11. SEER 16/HSPF 9.0 Heat Pump Economic Analysis 

Baseline Cost $5,162 

Useful Life Remaining (years) 8 

Present Value of Min Replacement $4,075 

Upgrade Cost $5,452 

Incremental Upgrade Cost $1,377 

Utility Rebate $750 

Adjusted Upgrade Cost $627 

Baseline Annual Energy Use (kWh) 22474 

Upgrade Annual Energy Use (kWh) 21096 

Incremental Energy Savings (kWh) 1378 

Study Period (years) 5 

Total Energy Savings (kWh) 6890 

Discount Rate 3% 

Discounted Energy Savings (kWh) 6311 

Levelized Cost of Saved Energy $0.099 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $187 

Net Present Value $231 

 

Sensitivity analysis determined the most sensitive variable to be discount rate, 

which demonstrated a range in LCSE of -$0.067/kWh to $0.300/kWh and a range in 

NPV of -$929 to $1,397. 

Table 4-12. SEER 16/HSPF 9.0 Heat Pump Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $1,102 $0.056 $507 965 $0.142 -$26 2.0 $0.238 -$268 0.0% -$0.067 $1,397 

Base $1,377 $0.099 $231 1378 $0.099 $231 5.0 $0.099 $231 3.0% $0.099 $231 

High $1,652 $0.143 -$44 1791 $0.076 $489 10.0 $0.053 $972 7.0% $0.300 -$929 

Range $551 $0.087 $551 827 $0.066 $515 8.0 $0.184 $1,240 7.0% $0.367 $2,326 
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Figure 4-6. SEER 16/HSPF 9.0 Heat Pump Tornado Chart. Variables are ordered top to bottom 
from most sensitive to least sensitive. Corresponding minimum and maximum values tested 

for each variable are depicted at either end of the bar. 

4.4.2  SEER 18/HSPF 9.0 Heat Pump Upgrade 

In the baseline existing home, BEopt calculates the upfront cost of replacing the 

existing heat pump with a SEER 18/HSPF 9.3 rated model to be $5,743.  Annual 

energy savings resulting from the improvement is estimated to be 2,222 kWh.  The 

cost-effectiveness analysis indicates a LCSE of $0.041/kWh and a NPV of $966 for 

customers who replace their existing air conditioner with a SEER 18/HSPF 9.5 model. 
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Table 4-13. SEER 18/HSPF 9.5 Heat Pump Economic Analysis 

Baseline Cost $5,162 

Useful Life Remaining (years) 8 

Present Value of Min Replacement $4,075 

Upgrade Cost $5,743 

Incremental Upgrade Cost $1,668 

Utility Rebate $1,250 

Adjusted Upgrade Cost $418 

Baseline Annual Energy Use (kWh) 22474 

Upgrade Annual Energy Use (kWh) 20252 

Incremental Energy Savings (kWh) 2222 

Study Period (years) 5 

Total Energy Savings (kWh) 11110 

Discount Rate 3% 

Discounted Energy Savings (kWh) 10176 

Levelized Cost of Saved Energy $0.041 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $302 

Net Present Value $966 

 

Sensitivity analysis determined the most sensitive variable to be discount rate, 

which demonstrated a range in LCSE of -$0.060/kWh to $0.163/kWh and a range in 

NPV of -$250 to $2,180. 

Table 4-14. SEER 18/HSPF 9.5 Heat Pump Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $1,334 $0.008 $1,299 1555 $0.059 $551 2.0 $0.098 $160 0.0% -$0.060 $2,180 

Base $1,668 $0.041 $966 2222 $0.041 $966 5.0 $0.041 $966 3.0% $0.041 $966 

High $2,002 $0.074 $632 2889 $0.032 $1,381 10.0 $0.022 $2,160 7.0% $0.163 -$250 

Range $667 $0.066 $667 1333 $0.027 $830 8.0 $0.076 $2,000 7.0% $0.224 $2,430 
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Figure 4-7. SEER 18/HSPF 9.5 Heat Pump Tornado Chart. Variables are ordered top to bottom 
from most sensitive to least sensitive. Corresponding minimum and maximum values tested 

for each variable are depicted at either end of the bar. 

4.5  Heat Pump Water Heater 

In the baseline existing home, research determined that the upfront cost of 

replacing the existing water heater with a new, standard water heater and a heat 

pump water heater to be $335 and $1,164, respectively.  Annual energy savings 

resulting from the improvement is estimated to be 1,471 kWh.  The cost-

effectiveness analysis indicates a LCSE of $0.057/kWh and a NPV of $533 for 

customers who replace their existing water heater with a heat pump water heater. 
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Table 4-15. Heat Pump Water Heater Economic Analysis 

Baseline Cost $335 

Useful Life Remaining (years) 6 

Present Value of Min Replacement $281 

Upgrade Cost $1,164 

Incremental Upgrade Cost $883 

Utility Rebate $500 

Adjusted Upgrade Cost $383 

Baseline Annual Energy Use (kWh) 22412 

Upgrade Annual Energy Use (kWh) 20941 

Incremental Energy Savings (kWh) 1471 

Study Period (years) 5 

Total Energy Savings (kWh) 7355 

Discount Rate 3% 

Discounted Energy Savings (kWh) 6737 

Levelized Cost of Saved Energy $0.057 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $200 

Net Present Value $533 

 

Sensitivity analysis determined the most sensitive variable to be study period, 

which demonstrated a range in LCSE of $0.031/kWh to $0.136/kWh and a range in 

NPV of -$1 to $1,323. 

Table 4-16. Heat Pump Water Heater Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $707 $0.031 $709 1030 $0.081 $258 2.0 $0.136 -$1 0.0% $0.045 $671 

Base $883 $0.057 $533 1471 $0.057 $533 5.0 $0.057 $533 3.0% $0.057 $533 

High $1,060 $0.083 $356 1912 $0.044 $808 10.0 $0.031 $1,323 7.0% $0.073 $379 

Range $353 $0.052 $353 883 $0.038 $550 8.0 $0.106 $1,324 7.0% $0.028 $292 
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Figure 4-8. Heat Pump Water Heater Tornado Chart. Variables are ordered top to bottom from 
most sensitive to least sensitive. Corresponding minimum and maximum values tested for 

each variable are depicted at either end of the bar. 

4.6  Lighting 

4.6.1  CFL Upgrade 

Research determined that the cost of replacing a 60 watt incandescent bulb with 

a new, 13 watt CFL bulb to be $1.95.  Annual energy savings resulting from the 

improvement is estimated to be 51 kWh.  The cost-effectiveness analysis indicates a 

LCSE of $0.008/kWh and a NPV of $30 for customers who purchase a new CFL. 
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Table 4-17. CFL Economic Analysis 

Cost $1.95 

Usage (hours/day) 3.00 

Baseline Wattage 60 

Baseline Annual Energy Use (kWh) 66 

Upgrade Wattage 13 

Upgrade Annual Energy Use (kWh) 14 

Incremental Energy Savings (kWh) 51 

Study Period (years) 5 

Total Energy Savings (kWh) 257 

Discount Rate 3% 

Discounted Energy Savings (kWh) 236 

Levelized Cost of Saved Energy $0.008 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $7 

Net Present Value $30 

 

Sensitivity analysis determined the most sensitive variable to be study period, 

which demonstrated a range in LCSE of $0.004/kWh to $0.020/kWh and a range in 

NPV of $11 to $58. 

Table 4-18. CFL Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $1.56 $0.007 $30 36 $0.012 $20 2.0 $0.020 $11 0.0% $0.008 $33 

Base $1.95 $0.008 $30 51 $0.008 $30 5.0 $0.008 $30 3.0% $0.008 $30 

High $2.34 $0.010 $30 67 $0.006 $40 10.0 $0.004 $58 7.0% $0.009 $27 

Range $0.78 $0.003 $1 31 $0.005 $19 8.0 $0.015 $46 7.0% $0.002 $6 
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Figure 4-9. CFL Tornado Chart. Variables are ordered top to bottom from most sensitive to 
least sensitive. Corresponding minimum and maximum values tested for each variable are 

depicted at either end of the bar. 

4.6.2  LED Upgrade 

Research determined that the cost of replacing a 60 watt incandescent bulb with 

a new, 8.5 watt CFL bulb to be $3.73.  Annual energy savings resulting from the 

improvement is estimated to be 56 kWh.  The cost-effectiveness analysis indicates a 

LCSE of $0.014/kWh and a NPV of $31 for customers who purchase a new CFL. 
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Table 4-19. LED Economic Analysis 

Cost $3.73 

Usage (hours/day) 3.00 

Baseline Wattage 60 

Baseline Annual Energy Use (kWh) 66 

Upgrade Wattage 8.5 

Upgrade Annual Energy Use (kWh) 9 

Incremental Energy Savings (kWh) 56 

Study Period (years) 5 

Total Energy Savings (kWh) 282 

Discount Rate 3% 

Discounted Energy Savings (kWh) 258 

Levelized Cost of Saved Energy $0.014 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $8 

Net Present Value $31 

 

Sensitivity analysis determined the most sensitive variable to be study period, 

which demonstrated a range in LCSE of $0.008/kWh to $0.035/kWh and a range in 

NPV of $11 to $62. 

Table 4-20. LED Sensitivity Table 

 Incremental Cost Incremental Savings Study Period Discount Rate 

Variation  LCSE NPV  LCSE NPV  LCSE NPV  LCSE NPV 

Low $2.98 $0.012 $32 39 $0.021 $21 2.0 $0.035 $11 0.0% $0.013 $35 

Base $3.73 $0.014 $31 56 $0.014 $31 5.0 $0.014 $31 3.0% $0.014 $31 

High $4.48 $0.017 $31 73 $0.011 $42 10.0 $0.008 $62 7.0% $0.016 $28 

Range $1.49 $0.006 $1 34 $0.010 $21 8.0 $0.027 $51 7.0% $0.003 $7 
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Figure 4-10. LED Tornado Chart. Variables are ordered top to bottom from most sensitive to 
least sensitive. Corresponding minimum and maximum values tested for each variable are 

depicted at either end of the bar. 

4.7  Clothes Washers 

4.7.1  CEE Tier II Clothes Washer 

Research determined that the incremental cost of purchasing a CEE Tier II 

(IMEF≥2.76) clothes washer, compared to one which meets federal minimum 

standards, to be $200.  Annual energy savings resulting from the improvement is 

estimated to be 27 kWh based on a comparison of product IMEFs and drum 

capacities.  The cost-effectiveness analysis indicates a LCSE of $1.011/kWh and a 

NPV of -$108 for customers who purchase a CEE Tier II clothes washer. 
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Table 4-21. CEE Tier II Clothes Washer Economic Analysis 

Incremental Cost $200 

Utility Rebate $75 

Actual Upgrade Cost $125 

Baseline Annual Energy Use (kWh) 501 

Upgrade Annual Energy Use (kWh) 474 

Incremental Energy Savings (kWh) 27 

Study Period (years) 5 

Total Energy Savings (kWh) 135 

Discount Rate 3% 

Discounted Energy Savings (kWh) 124 

Levelized Cost of Saved Energy $1.011 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $4 

Net Present Value -$108 

 

4.7.2  CEE Tier III Clothes Washer 

Research determined that the incremental cost of purchasing a CEE Tier III 

(IMEF≥2.92) clothes washer, compared to one which meets federal minimum 

standards, to be $500.  Annual energy savings resulting from the improvement is 

estimated to be 46 kWh based on a comparison of product IMEFs and drum 

capacities.  The cost-effectiveness analysis indicates a LCSE of $1.889/kWh and a 

NPV of -$371 for customers who purchase a CEE Tier II clothes washer. 

Table 4-22. CEE Tier III Clothes Washer Economic Analysis 

Incremental Cost $500 

Utility Rebate $100 

Actual Upgrade Cost $400 

Baseline Annual Energy Use (kWh) 501 

Upgrade Annual Energy Use (kWh) 455 

Incremental Energy Savings (kWh) 46 

Study Period (years) 5 

Total Energy Savings (kWh) 230 

Discount Rate 3% 

Discounted Energy Savings (kWh) 211 

Levelized Cost of Saved Energy $1.899 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $6 

Net Present Value -$371 
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4.8  Clothes Dryer 

Research determined that the incremental cost of purchasing an ENERGY STAR 

clothes dryer, compared to one which meets federal minimum standards, to be $100.  

Annual energy savings resulting from the improvement is estimated to be 34 kWh 

based on a comparison of product EFs.  The cost-effectiveness analysis indicates a 

LCSE of $0.321/kWh and a NPV of -$29 for customers who purchase an ENERGY 

STAR dryer. 

Table 4-23. ENERGY STAR Clothes Dryer Economic Analysis 

Incremental Cost $100 

Utility Rebate $50 

Actual Upgrade Cost $50 

Baseline Annual Energy Use (kWh) 641 

Upgrade Annual Energy Use (kWh) 607 

Incremental Energy Savings (kWh) 34 

Study Period (years) 5 

Total Energy Savings (kWh) 170 

Discount Rate 3% 

Discounted Energy Savings (kWh) 156 

Levelized Cost of Saved Energy $0.321 

Maryland Average Electricity Cost $0.136 

Incremental Energy Cost Savings $5 

Net Present Value -$29 
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Chapter 5 - Findings and Discussion 

5.1  Summary of Findings 

The majority of energy efficiency measures available to consumers represent 

cost-effective options when considering all customer costs and benefits resulting 

from participation.  With the exception of clothes washers and dryers, every measure 

category tested in this analysis provides a customer with cost-effective options.  Of 

these options, all but an air conditioner upgrade to a SEER 16 unit (LCSE of 

$0.153/kWh) were found to be cost-effective.  Most of these options are significantly 

cost-effective; light bulb replacements and ENERGY STAR for New Homes are 

determined to have an LCSE of less than $0.02/kWh, and the remaining measures 

ranged from around $0.04-$0.10/kWh, all well below Maryland’s average cost of 

electricity of $0.136/kWh. 

The calculated Net Present Values of each measure varies widely and is indicative 

of the significant differences in upfront costs and energy savings over the course of 

each improvement’s measure life.  ENERGY STAR for New Homes yields the highest 

NPV by far – which is to be expeted given its comprehensive nature – at over 

$5,000.  HPwES also yields relatively high NPVs, also due to a considerable energy 

efficiency investment, ranging from around $600 to $1,200.  Appliance upgrades also 

see high variation ranging from -$82 to nearly $1,000.  NPVs of light  bulbs are 

calculated on a per-bulb basis, and both measures have an NPV of around $30.  

Clothes washers and dryers, which have substantially expensive LCSE values 

demonstrate NPVs of only -$108 to -$29 due to their relatively low upfront 

incremental costs. 
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Figure 5-1. LCSE of each Measure Compared to Average Electricity Cost. Blue bars indicate 
measures which are cost-effective, and yellow bars indicate measures which are not cost-
effective. For illustrative purposes, the y-axis is capped at $0.20. 

 

Figure 5-2. NPV of each Measure. Blue bars indicate measures which are cost-effective, and 
yellow bars indicate measures which are not cost-effective. For illustrative purposes, the y-
axis is capped at $2,000. 
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To visualize the relationship between LCSE and NPV, the two calculations are 

plotted against one another in Figure 5-3.  This exercise helps to identify which 

measures demonstrate a high level of cost-effectiveness based on total energy saved 

per dollar spent, as well as in total value of participation in today’s dollars.  While 

there is obvious codependence between these two outcomes, some measures do 

perform better in one metric than the other based on other variables such as initial 

costs and study period. 

In addition to LCSE and NPV, the total adjusted incremental cost for each 

measure is represented by the size of each bubble.  Visualizing the incremental cost 

helps to provide additional insight as to why a measure might perform better in 

terms of LCSE and NPV.  Additionally, since the adjusted incremental cost is 

consumer proxy for the consumer’s upfront cost in any of the analyzed measures, 

observing this variable assists in evaluating the tolerance or ease a consumer may 

experience in participation, as well as the relative risk of the investment required. 

In order to visualize the data with relative ease, the LCSE axis uses a maximum 

of $0.20 and the NPV axis uses a maximum of $2,000; measures which cross these 

maximums actually have a larger value than represented in the plot.  Additionally, 

rather than a different size for each measure bubbles are grouped into the following 

incremental cost ranges: $0-$99, $100-$249, $250-$499, $500-$999, $1,000-

$1,499, and $1,500+. 
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Figure 5-3. LCSE vs. NPV vs. Adjusted Incremental Cost for each Measure. As bubbles are 
plotted toward the top and right boundaries of the figure, the measures they represent 

demonstrate greater financial attractiveness. For illustrative purposes, the x-axis is capped at 
$0.20 and the y-axis is capped at $2,000. 

The sensitivity analyses conducted for each measure identify a number of energy 

efficiency improvement options that are particularly sensitive to changes in the input 

variables.  SEER 16 air conditioners, SEER 16/HSPF 9.0 heat pumps, and 

comprehensive HPwES improvements go from cost-effective to not cost-effective (or 

vice versa) in 3-4 of the variables tested in the one-way sensitivity analysis.  By 

contrast, ENERGY STAR for New Homes, air sealing HPwES improvements, and light 

bulb replacements are cost-effective for the entire range of each variable tested, 

implying a high level of confidence of cost-effectiveness. 
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Table 5-1. Matrix of Variables which Cross Cost-effectiveness Threshold in Sensitivity Analysis 

and Break-even Values 

Measure 
Incremental 

Cost 
Incremental 

Savings 
Study Period Discount Rate 

ENERGY STAR New Homes     

HPwES Comprehensive  ($4,566)  (1,764 kWh)  (7.4 years)  

HPwES Air Sealing Only     

SEER 16 AC  ($1,161)  (1,192 kWh)  (5.7 years)  (2.7%) 

SEER 18 AC    (3.0 years)  (4.0%) 

SEER 16/HSPF 9.0 HP  ($1,608)  (1,007 kWh)  (3.6 years)  (3.7%) 

SEER 18/HSPF 9.5 HP     (6.1%) 

HP Water Heater    (2.0 years)  

CFL Lighting     

LED Lighting     

 

5.2  Recommendations 

5.2.1  Highly Cost-effective Measures 

A number of measures analyzed remained cost-effective options through the 

entirety of the one-way sensitivity analysis.  These measures include ENERGY STAR 

for New Homes, Home Performance with ENERGY STAR making improvements to 

only air sealing, compact fluorescent light bulb replacements, and light emitting 

diode bulb replacements. 

That these measures are “always” cost-effective, for the purposes of this 

analysis, implies a low level of risk of participating in a program and experiencing a 

negative cash flow.  At least in average economic conditions, every consumer that 

has the option to participate in these measures should be incentivized to do so.  

Utilities and the state should continue to look for ways to market the cost-

effectiveness of these programs to consumers to encourage greater participation, 

and yield greater energy savings and constituent satisfaction with Maryland’s EERS 

policy. 

The ENERGY STAR for New Homes incentive program is by far the most cost-

effective DSM program in Pepco’s residential portfolio, and the most important of its 

energy savings programs for residential buildings.  Due to the ability of homebuilders 

to meet ENERGY STAR requirements at a reasonable cost, and the significant energy 
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savings that will accrue over the occupancy of the home, the incentive program 

allows homeowners to see very cost-effective energy savings and significant return 

on investment at a reasonable initial cost. 

Air sealing the sources of leakage from a home, which is often recognized as one 

of the most effective ways to decrease energy use, also offers significantly cost-

effective savings through participation the Home Performance with ENERGY STAR 

program.  However, due to the high cost of comprehensively sealing a home post-

occupancy, only half of which is subsidized by the utility, makes the measure a less 

attractive option than purchasing a new ENERGY STAR home from an energy savings 

cost-effectiveness perspective.  The juxtaposition between energy efficiency 

improvements pre- and post-occupancy is discussed in the following sub-section. 

Incandescent light bulb change-outs for CFLs and LEDs demonstrate cost-

effective energy savings in all scenarios analyzed, and are the most palatable 

programs for consumers to participate in due to their minimal incremental cost.  For 

this reason, light bulb change-outs demonstrate a low CSE and high NPV given the 

upfront consumer investment, but comparatively low NPVs when observing other 

cost-effective measures due to magnitude of the measures.  Consequently, a 

customer who participates in a large-scale change out, perhaps for all of the bulbs in 

an entire home, would start to yield a higher NPV at the same LCSE. 

5.2.2  New Construction vs. Existing 

While both the ENERGY STAR for New Homes and Home Performance with 

ENERGY STAR programs yielded cost-effective results, the differences in cost-

effectiveness makes a strong case for utilities to provide additional support for new 

construction programs.  It is commonly accepted that making energy efficiency 

improvements to a building during its design and construction process is more cost-

effective than making upgrades during a retrofit process, but the results from this 

analysis can help to further promote the concept.  The results for ENERGY STAR for 
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New Homes yields LCSE values of 6 to 10 times lower than HPwES programs, and 

NPV values 4 to 9 times higher, while also having a significantly lower upfront cost of 

participation. 

Additional utility support for new construction can vary and include both 

programmatic and policy-focused initiatives.  Policy initiatives could support making 

the baseline for new construction more stringent in terms of energy efficiency 

through building energy codes or green building programs; a utility’s role could be in 

supportive analysis through an update process, or in providing additional resources 

to the design and construction community either directly or through a municipal 

building department.  Programmatic initiatives could expand rebates to include 

programs which achieve even greater savings than ENERGY STAR for New Homes, 

such as the more stringent achievable levels in LEED. 

5.2.3  Discount Rate in Major Appliance Measures 

In all of the major appliance rebate measures modeled in this analysis, discount 

rate had a considerable impact on cost-effectiveness and in each one-way sensitivity 

analysis, examination of discount rate caused the measure to cross the cost-

effectiveness line.  This is due in part to the way that this study accounts for the 

replacement of existing, functional equipment; the present value of the minimum 

replacement equipment at the estimated time of existing appliance failure is used in 

determining incremental cost, and the cost-effectiveness calculation is reliant on the 

same discount rate used to determine savings over the course of the measure.  As 

the methodology for estimating major appliance upgrade cost-effectiveness is 

dependent on the discount rate for determining both the incremental cost and 

savings, it is highly sensitive to changes in the variable. 

In theory, any measure which assumes the replacement of an appliance or home 

feature prior to the end of its useful life would be highly sensitive to discount rate 

using the methodology in this analysis.  However, it is important to consider that the 
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incentivized replacement of residential HVAC equipment is designed for this type of 

customer participation.  Changes in market conditions that alter a consumer’s 

perceived discount rate could have more dramatic effects on the cost-effectiveness 

of major appliance measures than in other programs. 

5.2.4  Clothes Washers and Dryers 

While the majority of measures analyzed in this study were found to be cost-

effective, clothes washers and dryers were calculated to be decidedly not cost-

effective, with LCSEs ranging from $0.321/kWh to $1.899/kWh.  That these 

measures are not cost-effective is a reflection on the progress made in federal 

standards for energy consumption by washers and dryers, the most recent of which 

took effect in 2015.  As the standards for these appliances have become more 

stringent, the incremental energy savings potential resulting from upgraded 

equipment decreases, making the increase in cost for top-of-the-line appliances 

more difficult to justify from an energy perspective. 

While this barrier to consumer cost-effectiveness for clothes washers and dryers 

may exist, the upfront incremental cost to participation is actually relatively low.  

Many customers may choose to participate in the measure to take advantage of 

other features offered in the higher quality appliances.  Additionally, this analysis did 

not account for water efficiency, which may make participation in the clothes washer 

measures more cost-effective than represented in the Results section.  Ultimately 

however, a commercialized breakthrough technology which dramatically increases 

efficiency, and larger customer rebates to accommodate the likely increase in cost 

are necessary to achieve the energy savings and cost-effectiveness needed to justify 

participation in clothes washer and dryer measures from both the supply and 

demand sides. 
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Chapter 6 - Conclusion 

The findings from this study demonstrate that participation in available energy 

efficiency programs by residential customers is, in most cases, a cost-effective option 

to meeting energy demand.  The majority of options evaluated were found to provide 

electricity savings to customers in Maryland at a cost considerably less than the 

current retail price of electricity in the state offering consumers a sustainable 

alternative to meeting energy needs both from a financial and an environmental 

perspective.  As the cost of electricity is only expected to increase over time, the 

benefits resulting from participation in energy efficiency programs will only become 

more attractive.  Further, this study did not consider the social benefits of energy 

efficiency as part of the calculations for consumer cost-effectiveness.  If a metric 

such as the Social Cost of Carbon were included in this analysis, the calculated 

values for levelized cost of saved energy would be even lower, demonstrating a 

greater consumer benefit. 

While the results of this study exhibit the potential consumer benefit of energy 

efficiency resource standards, additional data and analysis is necessary to provide a 

more complete evaluation.  The boundary of this study limited research to only 

residential programs covering electricity consumption, research which considers the 

commercial and industrial sectors, and which covers natural gas efficiency programs, 

can further bolster the discussion around the consumer cost-effectiveness of EERS.  

Furthermore, Maryland is one of 26 states that has implemented an EERS – and 

many utilities in even more states offer some form of energy efficiency incentives – 

investigations into consumer offerings in other states will give a more complete 

picture of the potential benefit of utility efficiency programs at a national scale.  

Finally, as data availability regarding measure cost, energy savings, and variable 
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sensitivity increases, studies such as these can better take advantage of simulation 

techniques and can be improved for accuracy. 

In addition to supplemental analysis to make the arguments demonstrated in this 

report more defensible, the results of this study pose topics of interest where further 

research can demonstrate additional consumer benefit resulting from the 

implementation of EERS.  One area for supplementary research would explore the 

connection between financing of residential energy efficiency projects and consumer 

cost-effectiveness.  In the commercial sector, Energy Service Performance Contracts 

(ESPCs) are a popular mechanism for securing upfront capital for energy 

improvement projects, based largely on the predication of guaranteed energy 

savings, which are used in part to repay a financial loan.  This practice is not 

commonplace in the residential sector, but the cost-effectiveness potential of the 

observed measures provide a ripe opportunity for the securitization of energy 

savings.  Greater availability of this type of financing could ease the implementation 

of residential efficiency programs and increase participation, especially in low-income 

housing. 

A key goal of this study is to establish a metric for evaluating the cost-

effectiveness of demand-side management programs enabled by EERS, with an 

emphasis on the benefit to the end user.  As seen in Maryland, the financial incentive 

for customer participation is real, but the goals established by the states’ EERS has 

not fully been realized.  In order to further drive customer participation and meet 

targets set out for energy efficiency, a change in mentality is necessary; it is critical 

to expand the conversation about the cost-effectiveness of programs established by 

an EERS to the consumer level. Marketing these benefits will yield greater 

participation in energy efficiency programs and increased consumer understanding of 

the energy consumption and the importance of efficiency, which will pave the way to 

a more sustainable future. 
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Appendix A - BEopt Optimization Results for HPwES 

 

Figure A-1. Scatterplot of all feasible HPwES Combinations. Option is selected for further 
analysis which is the most cost-effective given the metrics used in this analysis, and which 
meets intended energy savings. 

 

Figure A-2. Electricity consumption of the Baseline Existing Model and the Analyzed HPwES 
Model.  Electricity consumption is aggregated by end use. 
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Figure A-3. Initial Cost of Each Upgrade in the Analyzed HPwES Model. Blue boxes represent 

the Analyzed HPwES model options, dark grey boxes represent the Baseline Existing model 

options, and light grey boxes depict the array of total available options. 
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Appendix B - BEopt Incremental Cost and Energy Savings Results for Air 

Conditioners 

 

Figure B-1. Electricity consumption of the Baseline Existing Model and the Air Conditioner 
Upgrade Models.  Electricity consumption is aggregated by end use. 

 

Figure B-2. Incremental Cost of each Air Conditioner Upgrade Model.  Incremental costs are 
depicted in the top row, simulated energy savings are depicted in the bottom row, and relative 
energy savings is depicted by the green stripe. 
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Appendix C - BEopt Incremental Cost and Energy Savings Results for Heat 

Pumps 

 

Figure C-1. Electricity consumption of the Baseline Existing Model and the Heat Pump Upgrade 
Models.  Electricity consumption is aggregated by end use. 

 

Figure C-2. Incremental Cost of each Heat Pump Upgrade Model.  Incremental costs are 

depicted in the top row, simulated energy savings are depicted in the bottom row, and relative 
energy savings is depicted by the green stripe. 

  



66 

 

Appendix D - BEopt Energy Savings Results for Water Heaters 

 

Figure D-1. Electricity consumption of the Baseline Existing Model and the Heat Pump Water 
Heater Upgrade Model.  Electricity consumption is aggregated by end use. 
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Appendix E - Incremental Cost Estimates for Product-to-product 

Comparisons 

Table E-1. Heat Pump Water Heater Cost Comparison 

 Minimum Standard HPWH 

Cost $335 $1,164 

Incremental Cost - $829 

Manufacturer Rheem Rheem 

Model XE50T06ST45U0 HB50ES 

Source Home Depot Home Depot 

 

Table E-2. Clothes Washer Cost Comparisons 

 Minimum Standard CEE Tier 2 CEE Tier 3 

IMEF 2.65 2.80 2.92 

Cost $899 $1,099 $1,399 

Incremental Cost - $200 $500 

Manufacturer GE GE GE 

Model GFWS1700HWW GFWS2600FWW GFWR4805FRR 

Source Home Depot Home Depot Home Depot 

 

Table E-3. Clothes Dryer Cost Comparison 

 Minimum Standard ENERGY STAR 

EF 3.73 3.93 

Cost $799 $899 

Incremental Cost - $100 

Manufacturer Samsung Samsung 

Model DV48H7400EW DV48J7700EW 

Source Home Depot Home Depot 

 

Table E-4. Lighting Cost Comparisons 

 Baseline Existing CFL LED 

Cost (1) $0.00 $2.24 $4.97 

Incremental Cost (1) - $2.24 $4.97 

Manufacturer (1) - Philips Philips 

Source (1) - Home Depot Home Depot 

Cost (2) $0.00 $1.66 $2.48 

Incremental Cost (2) - $1.66 $2.48 

Manufacturer (2) - Philips Utilitech 

Source (2) - Lowe's Lowe's 

Avg. Incremental Cost - $1.95 $3.73 
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Appendix F - Energy Savings Estimates for Product-to-product Comparisons 

Table F-1. Clothes Washer Energy Consumption Comparisons 

 Minimum Standard CEE Tier 2 CEE Tier 3 

IMEF 2.65 2.80 2.92 

Energy/cycle (kWh) 1.70 1.61 1.54 

Cycles/year 295 295 295 

Consumption (kWh) 501 474 455 

Annual Savings (kWh) - 27 46 

 

Table F-2. Clothes Dryer Energy Consumption Comparison 

 Minimum Standard ENERGY STAR 

EF 3.73 3.93 

Energy/cycle (kWh) 2.27 2.15 

Cycles/year 283 283 

Consumption (kWh) 641 608 

Annual Savings (kWh) - 33 

 

Table F-3. Lighting Energy Consumption Comparisons 

 Baseline Existing CFL LED 

Wattage 60.0 13.0 8.5 

Hours/year 1095.0 1095.0 1095.0 

Consumption (kWh) 65.7 14.2 9.3 

Savings (kWh) - 51.5 56.4 

 


