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Preface 
The Office of Strategic Programs within the U.S. Department of Energy’s (DOE’s) Office of 
Energy Efficiency and Renewable Energy initiated a multi-year project called Cities Leading 
through Energy Analysis and Planning (Cities-LEAP). The project aims to enable cities to lead 
clean energy innovation and integrate strategic energy analysis into decisions by providing 
standardized, localized energy data and analysis. Cities-LEAP informs the implementation of 
city-sponsored, data-driven energy policies, programs, and projects that have the potential to 
impact the national energy landscape. Through Cities-LEAP, cities will be able to:  

 Set data-informed climate or energy goals  
 Prioritize and implement energy strategies 
 Understand the potential impacts of climate or energy action plans 
 Learn from peers about city energy planning best practices 
 Get access to credible data and transparent, usable analytic methodologies 
 Make data-driven energy decisions.  

The initial Cities-LEAP technical report, “City-Level Energy Decision Making: Data Use in 
Energy Planning, Implementation, and Evaluation in U.S. Cities” (Aznar et al. 2015), explores 
how a sample of cities incorporates data into making energy-related decisions. Building on the 
needs identified in the initial Cities-LEAP report, the DOE and the National Renewable Energy 
Laboratory developed the City Energy Profile tool.1 The profiles in the tool provide estimates 
and actual data on city-level energy use metrics, including electricity use, natural gas use, vehicle 
fuel use, and vehicle miles traveled. These data allow city decision makers to better understand 
their energy landscape and make more strategic energy decisions. The following figure illustrates 
how the current report fits into the broader Cities-LEAP body of work. 

 
This report builds on the existing Cities-LEAP work by applying the findings from “City-Level 
Energy Decision Making” and data from the City Energy Profile tool to estimate the carbon 
abatement potential of city-led actions identified in “City-Level Energy Decision Making.” 

                                                 
1 The City Energy Profile tool can be accessed at http://apps1.eere.energy.gov/sled.  

http://apps1.eere.energy.gov/sled
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Executive Summary 
Cities are increasingly taking actions such as building code enforcement, urban planning, and 
public transit expansion to reduce emissions of carbon dioxide in their communities and 
municipal operations (Aznar et al. 2015; ICMA 2016). However, many cities lack the 
quantitative information needed to estimate policy impacts and prioritize city actions in terms of 
carbon abatement potential and cost effectiveness (Aznar et al. 2015). This report fills this 
research gap by providing methodologies to assess the carbon abatement potential of a variety of 
city actions. The methodologies are applied to an energy use data set of 23,458 cities compiled 
for the U.S. Department of Energy’s City Energy Profile tool.  

The analysis estimates the national carbon abatement potential of the most commonly 
implemented actions (Aznar et al. 2015) in six specific policy areas. The results of this analysis 
suggest that, in aggregate, cities could reduce nationwide carbon emissions by about 210 million 
metric tons of carbon dioxide (MMT CO2) per year in a “moderate abatement scenario” by 2035 
and 480 MMT CO2/year in a “high abatement scenario” by 2035 through these common actions 
typically within a city’s control in the six policy areas (Figure ES-1). The aggregate carbon 
abatement potential of these specific areas equates to a reduction of 3%-7% relative to 2013 U.S. 
emissions. At the city level, the results suggest the average city could reduce carbon emissions 
by 7% (moderate) to 19% (high) relative to current city-level emissions. City carbon abatement 
potential is sensitive to national and state policies that affect the carbon intensity of electricity 
and transportation. Specifically, the U.S. Clean Power Plan and further renewable energy cost 
reductions could reduce city carbon emissions overall, helping cities achieve their carbon 
reduction goals. 
 

 
Figure ES-1. Estimated national carbon abatement potential (MMT CO2/year) of city policy areas 
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In the context of U.S. climate commitments under the 21st session of the Conference of the 
Parties (COP21), the estimated national abatement potential of the city actions analyzed in this 
report equates to about 15%–35% of the remaining carbon abatement necessary to achieve the 
U.S. COP21 target (Figure ES-2).2 Additional city actions outside the scope of this report, such 
as community choice aggregation (city-level purchasing of renewable energy), zero energy 
districts, and multi-level governance strategies, could significantly augment the carbon 
abatement contributions of city actions toward national climate targets. The results suggest that 
cities may play a pivotal role in progress toward national climate targets. 

 
Figure ES-2. Carbon abatement potential of common city actions in the context of U.S. COP21 

targets (high abatement potential scenario) 
 
In addition to providing carbon and emissions estimates, this report estimates the national net 
economic impacts of policies for which cost and benefit data are available. Impact metrics 
include employment, worker earnings, and gross domestic product (GDP). For the policy areas 
studied, the economic analysis demonstrates that city carbon abatement may be achieved with 
only minimal and generally slightly positive economic impacts. Employment impacts range from 
0.04% to 0.13% of 2015 U.S. employment during implementation and zero to 0.1% thereafter. 
GDP estimates show net impacts of 0.02% to 0.07% of GDP during implementation and impacts 
from -0.02% to zero thereafter.  

This report quantitatively demonstrates the material impact of a limited set of local policy areas 
on national carbon abatement potential. The magnitude of estimated carbon reductions from city 
policies, a 3%–7% reduction relative to 2013 U.S. emissions by 2035, suggests an important role 
for city-led actions in reaching U.S. climate goals. Multi-level governance at the city, state, and 
national levels could augment the carbon abatement potential of city actions and make cities a 
key component of long-term U.S. climate strategies.  
                                                 
2 U.S. COP21 targets and emissions in the U.S. EPA greenhouse gas inventory are measured in terms of carbon 
dioxide equivalent, which includes other greenhouse gases such as methane and nitrous oxide not measured in 
this report. 
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1 Introduction 
Cities are increasingly acting to reduce energy costs and emissions of carbon dioxide and other 
greenhouse gases in their communities and municipal operations (Aznar et al. 2015; ICMA 
2016).3 Cities are well positioned to reduce carbon emissions through local actions such as 
building code enforcement, urban planning, and public transit that can result in reduced building 
and transportation energy use, reduced carbon intensity, or both4 (Erickson and Tempest 2014). 
However, many cities lack the quantitative information needed to estimate policy impacts and 
prioritize city actions in terms of carbon abatement potential and economic impacts (Aznar et 
al. 2015).  

Carbon abatement potential refers to the quantity of carbon dioxide (CO2) emissions that could 
be avoided by implementing a policy relative to a counterfactual situation where the policy is not 
implemented. Carbon emissions in the United States are generally projected to decline, 
especially in the electricity generation sector (EIA 2015). Carbon abatement potential is 
therefore the additional reduction achievable through carbon abatement policies (Figure 1). 

 
Figure 1. Conceptualization of carbon abatement potential estimation 

 
Some existing literature assesses city policies in terms of carbon abatement potential. Some 
studies assess a more inclusive group of greenhouse gases (e.g., carbon dioxide, methane, and 
nitrous oxide) while we analyze CO2 exclusively. To avoid confusion, we use the term carbon 
abatement potential throughout this report. Ramaswami et al. (2012) found that a mix of 
voluntary and regulatory city actions could reduce emissions from the building and 
transportation sectors by about 1% annually. The authors found that city regulatory actions were 
about five times more effective in terms of carbon abatement potential than voluntary programs. 
Erickson and Tempest (2014) found that city actions could reduce global carbon emissions by 

                                                 
3 The term “city” used for this analysis includes incorporated places as defined by the U.S. Census as well as minor 
civil divisions in New England states in order to include smaller cities and towns, and census-designated places in 
the State of Hawaii where there are no incorporated cities. 
4 Carbon intensity refers to the amount of emissions (total carbon dioxide or tCO2) per a unit of activity (e.g., MWh 
of electricity generation). 
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about 11% by 2050 relative to a 2050 business-as-usual projection. At the city level, they found 
that cities could reduce local carbon emissions by about 47% by 2050. Broekhoff, Erickson, and 
Lee (2015) developed a city policy role framework for assessing city actions based on cities’ 
various roles in policy creation and implementation. Under this framework, cities can most 
efficiently achieve their full abatement potential through a combination of city-level (crafted and 
implemented primarily at the city level) and multi-level governance strategies (Table 1).  

Table 1. City Policy Role Frameworka 

City Role Description 

Policy leader and architect Policies crafted and implemented primarily at the city level 

Critical implementer Policies adopted above the city level (e.g., state, national) that are 
primarily implemented at the city level 

Strategic partner Policies adopted at multiple levels of government involving cities as 
implementation partners 

a Broekhoff, Erickson, and Lee 2015 
 
No national estimate of the carbon abatement potential of city policies has yet been made. We 
address this research gap by developing methodologies to estimate the carbon abatement 
potential of actions that cities are already taking to reduce emissions. We apply the 
methodologies to the U.S. Department of Energy (DOE) City Energy Profile data set to estimate 
the national carbon abatement potential of the most common city actions (Aznar et al. 2015).5 
Further, we seek to provide cities with another critical metric with which to prioritize energy-
related actions: the economic impacts of local energy policies. Constrained by budgets, local 
governments weigh costs and benefits of policy implementation when constructing local 
sustainability (e.g., carbon-reducing) policies and program agendas; however, little information 
about the economic impacts of policies and programs, particularly city-to-city comparisons, 
exists (Aznar et al. 2015).  

The methodologies we developed are easily transferable to a city-level context, and they enable a 
city’s stakeholders to estimate the carbon abatement potential of various city policies given their 
city’s unique characteristics. Data-driven policy prioritization could result in an accelerated 
nationwide carbon reduction by informing cities on how to make the deepest achievable carbon 
reductions as soon as possible. National estimates of the carbon abatement potential of city 
policies may empower cities to sustain their leadership in energy and carbon-reducing activities 
by quantitatively estimating the impact of collective local action in addressing global climate 
change.   

City-level and national stakeholders may both be informed by this report. A national city action 
carbon abatement potential estimate will help national policymakers place city actions into a 
broader context of national climate policy options. This information is particularly timely after 
the Paris Climate Change Conference in November 2015 and given the potential contribution of 
cities to national carbon reduction targets. Federal agencies could create incentives for the city-

                                                 
5 The City Energy Profile tool can be accessed at http://apps1.eere.energy.gov/sled.  

http://apps1.eere.energy.gov/sled
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level uptake of the most cost-effective actions identified, or could partner with cities to 
coordinate intercity carbon reduction programs.  

Scope, Terminology, and Methods 
Building on the findings of Aznar et al. (2015), we developed six policy areas for analysis of 
national carbon abatement potential (Figure 2).6  The six policy areas encompass the most 
common actions that cities are already taking to reduce carbon emissions, but are not meant to be 
comprehensive or capture all actions a city could take. Importantly, the policy areas are limited 
to policies that are crafted and implemented primarily at the city level (i.e., policies that do not 
require significant support from other levels of government). Policies that could have significant 
abatement potential but require significant cooperation from other authorities, such as 
community choice aggregation and zero energy districts, are excluded. Literature suggests that 
multi-level governance strategies, outside the scope of this analysis, could significantly augment 
city carbon abatement potential (Broekhoff, Erickson, and Lee 2015). The estimates in this 
report, then, do not include important actions being taken by leading-edge cities, nor do they 
include actions being implemented at the utility, state, or federal levels. 

 
Figure 2. Policy areas with corresponding report sections 

Policy areas—rather than specific policies—are analyzed in order to estimate the policy impacts 
of incremental actions taken by cities at different stages of policy implementation. It is assumed 
all cities can take incremental actions to further reduce carbon emissions through a given policy 
area regardless of their current policy environment or progress toward carbon reduction goals. 
For example, cities with no existing public transit infrastructure may focus on new transit service 

                                                 
6 Findings from the NREL city action study (Aznar et al. 2015) were further corroborated with data from the (1) 
American Council for an Energy-Efficient Economy’s City Energy Efficiency Scorecard, (2) the DOE Clean Cities 
program, and (3) International City/County Management Association survey research (ICMA 2016). State-level, 
regional, or national-level assumptions were necessary where city-level data were unavailable; therefore, we do not 
present city-level estimates due to potential biases introduced from the use of supra-city level assumptions. The 
methodologies we developed may be applied at a local level with more complete city-level data. 
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development, while cities with advanced transit infrastructure may focus on increasing the 
utilization of existing services. 

The analysis for each policy is based on a specific methodology for a study period of 2020 to 
2035, described by the following general structure7: 

Baseline energy use 
(units of energy) × Policy impact 

 × 
Carbon intensity 
(units of carbon 

per units of energy) 
= 

Carbon 
abatement 
potential 

(units of carbon) 
       

 Baseline energy use: A projection of the magnitude of energy use (e.g., MWh, mmBtu, 
gallons of gasoline) that would have occurred in 2035 without the policy. The term 
“baseline” used throughout this report always refers to an estimate of some unit in 2035 
based on the 2035 reference case (see Appendix A.1).  

 Policy impact: A policy’s impact is generally measured as some percentage change 
(reduction) in energy use. In several cases this factor requires multiple inputs.  

 Carbon intensity: Converts the input from units of energy into units of carbon. 

Energy use data for the baselines are based on data for 23,458 cities from the DOE/NREL City 
Energy Profile tool (see Text Box 1).  

                                                 
7 The only exception to this structure is the solar PV analysis, which uses a slightly more complex methodology (see 
Section 6). 



5 

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

Text Box 1. The DOE City Energy Profile Tool Data 

Through the Cities Leading through Energy Analysis and Planning (Cities-LEAP) project, NREL has 
compiled energy use data on 23,458 cities for the City Energy Profile tool. The data set includes all 
incorporated places in the United States, with the addition of minor civil divisions for northeastern states—
Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode 
Island, and Vermont—and for counties in Hawaii (as there are no incorporated places). The data 
represent the energy use data of about 220 million city inhabitants, or about two-thirds of the U.S. 
population. The City Energy Profile tool data are publicly available, and may be obtained 
at http://apps1.eere.energy.gov/sled/. 

 
Figure 3. Geographic coverage of the City Energy Profile tool data 

 

Limitations 
This study has several limitations. First, the majority of the extant policy analysis literature 
provides state- or national-level estimates of the impacts of city policies on energy use. Due to 
this limitation, the policy impacts in this analysis are based on national-level assumptions, with 
state and regional adjustments where possible. The use of national-level assumptions applied to 
city-level data yields a valid output at the national level provided that estimation errors at the city 
level are not systematic.8 For this reason all results are presented at the national level. Future 
research on city-level estimates of the impacts of city policies on energy use is needed; 
additional research could build on our work by applying the methodologies at the city level with 
more precise city-level assumptions. 

                                                 
8 For example, building code updates yield a 10% reduction in energy use on average at the national level. Building 
code updates in some cities may yield a 5% energy use reduction, while updates in other cities may yield a 15% 
reduction.  

http://apps1.eere.energy.gov/sled/
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Second, the analysis assumes full and equal implementation by all cities. In other words, the 
analysis assumes that all cities will have fully implemented the policies by 2035. This 
assumption may not be practical nor efficient. Multi-level governance strategies could optimize 
city carbon abatement actions by prioritizing action in cities with greater abatement potential. 
Such a scheme could possibly achieve greater carbon emissions, even without full and equal 
implementation. 

Third, the analysis is limited in scope to actions that are currently being taken by cities; does not 
account for emerging policies; and does not take into account actions cities could take in 
combination with state, utility, or national policy implementers. Further the analysis assumes no 
interaction between policies. In general these limitations should result in a lower bound estimate 
of carbon abatement potential. 

Structure 
The paper is structured as follows. Sections 2–7 describe the carbon abatement potential in each 
of six policy areas: building energy codes, building energy incentives, smart growth policies, 
public transit expansion, solar photovoltaic (PV) policies, and municipal action policies. In 
Section 8, estimates of the economic impacts of the policy areas are provided. The paper 
concludes with a comparison of carbon abatement potential within each policy area, a discussion 
of the estimates in the context of the city policy role framework, and a preliminary discussion of 
city-level variability in carbon abatement potential. The appendixes provide supplementary 
materials, including data and methods used in the analysis (Appendix A) and economic impact 
analysis (Appendix B).
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2 Building Energy Codes 

 

Building energy codes are policies that directly 
reduce building energy use by requiring new 
construction and major renovations to use 
specific technologies or to achieve energy use 
targets. 

 
Building energy use—primarily electricity and natural gas consumption—accounts for about 
40% of U.S. greenhouse gas emissions (EPA 2015). Cities can reduce building-related emissions 
through the implementation of new building energy codes or through measures to maximize 
energy savings from existing building energy codes. Our analysis finds that city building energy 
code actions can reduce building-related carbon emissions by about 60-120 MMT CO2/year by 
2035, representing about 0.9%-1.9% of 2013 U.S. greenhouse gas emissions.9 It is important to 
note that the short-term carbon abatement potential of building energy codes is limited by the 
long life and slow turnover of building stock; however, the longer-term carbon abatement 
potential may be significantly greater (Schwartz et al. 2016). 

2.1 Summary of Current Building Energy Codes 
Building energy codes, which set minimum standards for energy consumption in new and 
renovated buildings, are the most common form of city-level building energy requirements. 
Building energy codes are a relatively cost-effective measure to improve building energy 
efficiency, given that the incremental cost of efficiency improvements is lowest during building 
design and construction (Schwartz et al. 2016). Cities are the primary enforcers of building 
codes, even if the building code is set at the state level (Misuriello et al. 2010; CEP 2014).  

Cities can reduce energy use through “beyond code” measures. “Beyond code” refers to a city 
policy that requires more stringent building energy measures than called for in either the state-
level code or the most current version of the applicable model building code. Twenty-one 
percent (13/61) of ACEEE Scorecard cities10 have implemented a “beyond code” measure 
(ACEEE [American Council for an Energy-Efficient Economy] 2016).  

Cities can also reduce energy use through building measures that increase energy savings from 
improved compliance with existing building codes. A large body of evidence suggests that 
under-compliance with building energy codes is prevalent (Stellberg 2013). However, the term 
compliance embodies many elements, including factors that do not have energy use implications, 
such as whether certain appliances are appropriately labeled (DOE 2015a). Further, the term 
compliance is used inconsistently in the literature (Schwartz et al. 2016). DOE has recently 

                                                 
9 Based on 2013 U.S. greenhouse gas emissions (EPA 2015). EPA emissions estimates include all greenhouse gases 
including those not contained in this report (e.g., methane, nitrous oxide). 
10 The American Council for an Energy Efficient Economy (ACEEE) documents city policies in 61 “scorecard” 
cities. These data are used throughout this report. 
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developed a methodology to measure the energy realization rates of residential buildings using 
sampled and modeled energy use intensity (EUI) rates. The new metric measures the fraction of 
potential energy savings from improved building energy codes that is actually realized in the 
code’s implementation. Preliminary results from the DOE field studies of new single-family 
homes suggest significant energy savings potential from improving the energy performance 
under existing building codes (DOE 2016a).  

Cities can take several measures to optimize energy savings from existing codes, including 
increased resources for compliance activities, conducting periodic compliance studies, and 
offering education and training to building designers (Schwartz et al. 2016). Third-party review 
policies require a private sector company to perform code compliance reviews on new 
construction. About 18% (11/61) of ACEEE Scorecard cities use a third-party compliance 
review for code enforcement. Cities may specify certain performance metrics that third-party 
reviewers must assess during compliance evaluation. Third-party reviews may provide more 
objective compliance evaluations and use city resources more efficiently (BCAP 2008; 
CEP 2014).  

2.2 Scenarios, Assumptions, and Methods for Estimating Carbon 
Abatement Potential of Building Energy Codes 

The moderate and high abatement scenarios for the carbon abatement potential of building 
energy codes are summarized in Table 2. This section describes the basis, assumptions, and 
methods for the two scenarios. 

Table 2. City Building Energy Code Scenarios 

Scenario Description 

Moderate abatement 
scenario 

Cities implement beyond code measures and improve energy realization 
rates by 10 percentage points 

High abatement scenario Cities implement beyond code measures and improve energy realization 
rates by 20 percentage points 

 
The carbon abatement potential of the city policy scenarios in Table 2 is modeled as a function 
of three factors: new construction and major renovation baseline energy use, energy realization 
rate change (policy impact), and the carbon intensity of displaced building energy use (Figure 4). 
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Figure 4. Method for carbon abatement potential estimation of building energy codes 

 
New Construction and Major Renovation Baseline Energy Use 
The quantity of new construction is the primary driver of the energy use reduction potential of 
building code updates (Kneifel 2014). The 2011 Buildings Energy Data Book estimates that the 
United States will increase the residential housing stock by about 16% and commercial floor 
space by about 15% from 2020 to 2035 (DOE 2012). Major retrofits and renovations generally 
comprise about 60% of all construction (McGraw Hill 2011). Extrapolating from projections for 
the residential and commercial building stocks, a rough estimate for major renovations equates to 
about 24% and 22.5% of existing residential and commercial building stock by 2035, 
respectively.11 Summing new construction and major renovations, total new residential and 
commercial construction is 40% and 37.5% of the existing residential and commercial building 
stocks, respectively.12 

New construction and major renovations generally use less energy than older buildings. This is 
in part due to higher energy efficiencies required by updated building codes. In general, the 
literature suggests that updated building codes reduce building energy use by about 10% on 
average (Figure 5) (see Section A.2 of Appendix A). About half of the residential and 
commercial building stock was constructed before 1980 (DOE 2012; EIA 2012). Given that 
several building code updates occur per decade, most new construction and major renovations 
are several codes out of date. Based on this literature, it is assumed that new construction and 
major renovations use 27% less energy than existing buildings in the baseline (i.e., before any 
additional city policy actions), the equivalent energy use reduction of three building code 
updates. Applying this assumption to assumed new construction and major renovation building 
stocks yields a baseline new construction and major renovation baseline energy use of about 28% 
of current building energy use.13 

                                                 
11 Assuming residential and commercial major renovations are 1.5 times new construction levels. Residential 
renovations=1.5 0.15=0.24, and commercial renovations=1.5 0.16=0.225. Assumes linear growth in new 
construction and major renovations from 2020 to 2035. 
12 Residential: 16% (new construction) + 24% (major renovations) = 40%. Commercial: 15% (new construction) + 
22.5% (major renovations) = 37.5%. 
13 Assuming new buildings and major renovations use 73% as much energy as existing buildings, baseline 
residential energy use is 0.73*0.40=0.29, and baseline commercial energy use is 0.73*0.375=0.27. 
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Figure 5. Reductions in site energy use intensity over building code vintages (commercial 

buildings) 
Based on data from Zhang et al. 2015 

Variable population growth rates across cities also affect the quantity of new construction and 
major renovations. Rapidly growing cities will see more new construction and major renovations 
and thus increased energy use in these new buildings. To capture some of this variation, the 
quantity of new construction and major renovations is adjusted in each city according to 
projections for future growth based on population growth rates between 2000 and 2010.14 

Building Code Energy Realization Rate Change 
Energy realization rate (ERR) refers to the percentage of potential energy savings that are 
actually achieved through a building code update. For the purposes of this section, energy 
realization rate is defined:15 

= 1 +  

Where ERR is the energy realization rate,  is the energy use intensity (EUI) required 
by the relevant building code, and  is the EUI actually achieved in the new building 
or renovation. If the new building or renovation uses more energy than required by the relevant 
building code, the energy realization rate is less than 100% because some energy savings have 
not been fully realized. If the new building or renovation uses less energy than required by the 
relevant building code, the energy realization rate is greater than 100%. 

Recent DOE field studies of new single-family home construction suggest that energy realization 
rates vary considerably across different building energy components (e.g., lighting, HVAC, 
windows) and geographically (DOE 2016a). Preliminary results suggest that aggregate home 
energy realization rates are close to full realization (i.e.,  =1). However, aggregate 
measurements are biased by over-compliant (ERR>1) building elements that effectively offset 
under-compliant (ERR<1) building elements. For example, a building that realizes 50% of the 
energy savings of a given code’s lighting standards and 150% of the savings of a given code’s 
HVAC standards may, in aggregate, achieve a 100% energy realization rate. However additional 
energy savings are still possible by bringing under-compliant elements up to code. 

                                                 
14 The adjustment factor is the percentage change in population according to U.S. Census data from 2000 to 2010, 
bounded at +/- 20%. 
15 Energy realization rate definitions may vary. The realization rate is defined this way for mathematical purposes in 
the methodology. 
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There are two ways to increase the energy realization rate with respect to a given building code. 
First, policies designed to improve compliance with the existing code can increase energy 
realization rates up to full compliance ( = 1). Second, “beyond code” measures designed to 
improve building energy efficiency above and beyond existing codes can effectively increase 
energy realization rates above full compliance ( > 1). 

In both abatement scenarios, baseline energy realization rates are assumed to be 90%.16 In the 
moderate abatement scenario, it is assumed that city policies to improve compliance with 
existing codes increase energy realization rates to full compliance ( = 1). In the high 
abatement scenario, it is assumed that city “beyond code” measures increase energy realization 
rates 10% beyond full compliance, consistent with an average building code update energy use 
reduction ( = 1.1). Assuming the applicable building code reduces building EUI by 10%, it 
can be shown that increasing the energy realization rate from 90% to 100% equates to a 9% 
reduction in building energy use, and increasing the energy realization rate from 90% to 110% 
equates to an 18% reduction in building energy use (see Appendix A.2 for a proof of this 
proposition). Assumed building energy use reductions are therefore 9% from improved building 
code compliance in the moderate abatement scenario and 18% from beyond code measures in the 
high abatement scenario.  

Carbon Intensity of Displaced Building Energy Use 
Based on the Pacific Northwest National Laboratory data, about 86% of building energy use 
reductions between code vintages are derived from reduced electricity use, while about 14% of 
reductions are derived from reduced natural gas use (PNNL 2013). The potential carbon 
reductions of displaced electricity consumption are a function of the carbon intensity of the local 
grid. Local grid carbon intensity is based on regional marginal emissions rates from the U.S. 
Environmental Protection Agency (EPA) Emissions and Generation Resource Integrated 
Database (eGRID) adjusted for U.S. Energy Information Administration (EIA) projections of 
reduced grid carbon intensity (see reference case in Section A.1 of Appendix A). For the sake of 
simplicity, a single emissions factor of 53.06 kilograms (kg) CO2/mmBtu is used for on-site 
natural gas consumption (EPA 2014).  

Summary of Assumptions 
The key assumptions for our analysis of the carbon abatement potential of building energy 
codes are: 

 Baseline new construction and major renovation energy use is 28% of current energy use.  

 New buildings are assumed to use 27% less energy than older buildings, the equivalent of 
about three building code updates, before any policy intervention. 

 In the moderate abatement scenario, city actions to improve energy savings with existing 
building codes increase energy realization rates by 10 percentage points. In the high 

                                                 
16 A baseline energy realization rate is assumed only for descriptive purposes. Ongoing DOE field studies suggest 
that realization rates vary significantly. Conceptually, the value of the baseline does not affect the outcome of the 
analysis. For example, if the true baseline realization rate is 80% and city actions in the moderate abatement 
scenario increase realization rates to 90%, the change remains 10 percentage points. 
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abatement scenario, city actions to improve energy savings through “beyond code” 
measures increase energy realization rates by 20 percentage points. 

 The carbon intensity of displaced electricity is determined by regional emissions factors; 
the carbon intensity of on-site natural gas consumption is 53.06 kg CO2/mmBtu. 

2.3 Results: Carbon Abatement Potential of City Building 
Energy Codes  

Our analysis suggests that cities could abate 59–117 MMT CO2/year by 2035 through code 
compliance improvement and beyond-code measures, or about 0.9%-1.9% of 2013 U.S. 
emissions. At the city level, the results suggest that an average city can reduce local emissions by 
3.1% (moderate) to 6.3% (high) relative to current city emissions. Figure 6 illustrates the 
distributions of city-level carbon abatement potential from building energy codes in the moderate 
and high abatement scenarios. 

 
Figure 6. City-level carbon abatement potential distribution of building energy codes 
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3 Building Energy Incentives 

 

Building energy incentives are policies that 
indirectly reduce building energy use by 
supporting investment in more energy efficient 
technology or building practices. 

 
A growing body of research suggests that city policies can incentivize private building owners 
and occupants to invest in energy efficient technologies that reduce building energy use. While 
the building energy codes analyzed in Section 2 apply only to new construction and major 
renovations, building energy incentives are more inclusive of existing buildings. Our analysis 
suggests that incentive policies regarding city building energy could abate about 40–110 MMT 
CO2/year, or about 0.6%-1.7% of 2013 U.S. emissions.17 The building energy incentive policies 
analyzed in this section represent only a subset of possible city actions that cities could take to 
incentivize the private uptake of building energy efficiency measures (Schwartz et al. 2016). 

3.1 Summary of City Building Energy Incentive Policies 
Currently Enacted 

Cities have developed a variety of policies to encourage building owners and occupants to use 
energy more efficiently. Aznar et al. (2015) found that direct grants for home weatherization 
upgrades were the most common building energy incentive (11.1% of city actions), followed by 
grants for home energy audits (6.4%), grants for home HVAC upgrades (5.5%), grants for 
energy efficient appliances (4.7%), and grants for business energy audits (4.2%).18 More 
recently, cities have used information and transparency policies such as building energy 
benchmarking that facilitate reductions in building energy use by making building energy use 
more evident. Building energy incentives in this analysis are organized into two categories: 
financial incentives (primarily residential) and building energy benchmarking (commercial). 

Financial Incentives 
Sixty-four percent (39/61) of ACEEE Scorecard cities offer some type of financial incentive for 
energy efficient building practices. Table 3 provides examples of direct financial incentives for 
building energy efficiency. 

  

                                                 
17 Based on 2013 U.S. greenhouse gas emissions (EPA 2015). 
18 These findings are based on ICMA (2010). The term “grant” is used for consistency with the language used in 
ICMA (2010), but may include other forms of compensation such as rebates. 
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Table 3. City Financial Incentives for Building Energy Efficiency 

Financial 
Incentive 

Percentage of ACEEE 
Scorecard Cities Example 

Low-interest 
finance 48% 

The Denver Energy Challenge low-interest loan is available for 
residential and commercial projects that achieve 15% energy 
efficiency savings. 

Tax 
incentive 16% New York City provides a one-year tax abatement worth $4.50 

per square foot of residential green roofs. 

Rebate 13% 
Cincinnati offers rebates of up to $750 for residential home 
energy improvements recommended by the Greater Cincinnati 
Energy Alliance. 

Grant 10% 
The Pittsburgh Home Rehabilitation Program provides grants 
of up to $2,500 for energy efficiency home improvements for 
income-qualified residents. 

Source: ACEEE 2016 
 
Building Energy Benchmarking 
Building energy benchmarking refers to the tracking and reporting of building energy 
consumption data and the comparison of building energy use metrics across buildings. The 
ENERGY STAR® Portfolio Manager is an example of a benchmarking tool. The Portfolio 
Manager tool assigns buildings a score of 1–100 based on energy performance relative to other 
buildings, where the score corresponds to the building’s percentile in the energy use distribution. 
For example, a score of 80 indicates that the building is more efficient than 80% of buildings. 
Twenty-six percent (16/61) of ACEEE Scorecard cities have implemented some form of building 
energy benchmarking requirement. 

A benchmarked building will not necessarily reduce building energy use. However, a growing 
body of research suggests that the provision of information alone can affect energy use behavior. 
Prospective buyers and tenants may be more confident in paying premiums for energy efficient 
buildings with more transparent information about building energy use. In turn, building owners 
and developers may be more willing to invest in energy efficiency if they are more confident 
their investment could be recouped through a sale or lease premium (Ciochetti and McGowan 
2010). Similarly, benchmarking allows building owners/occupants to make more certain 
estimates of future energy savings from investments in energy efficiency. Building 
owner/occupants tend to discount future energy savings at a relatively high rate to compensate 
for the risk that such savings will not materialize (Frederick, Loewenstein, and O'Donoghue 
2002). High discount rates for future energy savings reduce investments in energy-efficient 
equipment (Cox, Brown, and Sun 2013). Theoretically, benchmarking can reduce discount rates 
of future energy savings by making future savings more certain; lower discount rates for future 
energy savings would effectively reduce the up-front cost of energy efficiency investments 
relative to future savings and increase investments in energy efficiency (Coller and Williams 
1999; Cox, Brown, and Sun 2013). 
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Benchmarking policies may be coupled with other building energy policies. For example, the 
Boston Building Energy Reporting and Disclosure Ordinance requires medium and large 
buildings to benchmark and report energy and water use to the City of Boston. Every five years, 
medium and large buildings must complete an energy assessment or take an energy action. 
However, buildings may obtain an exemption from the energy assessment/action requirement by 
demonstrating progress through their benchmarked energy use. 

3.2 Scenarios, Assumptions, and Methods for Estimating Carbon 
Abatement Potential of Building Energy Incentives 

Table 4 summarizes the moderate and high abatement scenarios used to model the carbon 
abatement potential of building energy incentive policies. This section describes the basis, 
assumptions, and methods for the two scenarios. 

Table 4. City Building Energy Incentive Scenarios 

Scenario Description 

Moderate abatement scenario Four percent of residential customers reduce home energy use by 
10% through home energy efficiency incentive programs; 80% of 
commercial customers reduce building energy use by 5% by 
participating in required building energy benchmarking programs. 

High abatement scenario Sixteen percent of residential customers reduce home energy use 
by 17% through home energy efficiency incentive programs; 95% 
of commercial customers reduce building energy use by 10% by 
participating in required building energy benchmarking programs 

 
The carbon abatement potential of the city policy scenarios is estimated as a function of four 
factors: baseline building energy use, building energy use reductions, program participation 
rates, and the carbon intensity of displaced building energy use (Figure 7). 

 
Figure 7. Method for carbon abatement potential estimation of building energy incentives 

 
Baseline Building Energy Use 
Baseline building energy use is based on the reference case (see Section A.1 of Appendix). The 
reference case assumes a 16% increase in building energy use from 2015 to 2035 (DOE 2012). 
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Reduction of Building Energy Use 
The energy use impacts of building energy incentives at the national and utility levels have been 
well documented. Allaire and Brown (2012) found that the 12 most effective federal energy 
efficiency programs reduced U.S. annual carbon emissions by an average of about 30 MMT CO2 
from 2005 to 2009, or roughly 0.4% of annual U.S. carbon emissions. In a survey of six utility-
led building energy loan programs, Hayes et al. (2011) found that program participants achieved 
energy use savings of 5%–17%, with an average of 13% across the six programs. 

Alberini and Towe (2015) provided a more localized study of the effects of energy efficiency 
incentives. The authors studied the energy use impacts of a home energy audit program and a 
rebate for efficient air-source heat pumps in Maryland. Under various model assumptions, the 
authors found that participants in the home energy audit program reduced energy use by 2.5%–
5.4%, and that recipients of the heat pump rebate reduced energy use by 2%–6%.  

Cox, Brown, and Sun (2013) used the National Energy Modeling System (NEMS) to model the 
energy use impact of a commercial building energy benchmarking policy. The study assumed 
that information provided by benchmarking would reduce energy savings discount rates by 5%–
10%. The study found that the building energy benchmarking policy could result in a 2.2% 
reduction in building natural gas use and a 1.4% reduction in building electricity use from 2015 
to 2035. In a sensitivity analysis, projected building energy use reductions reached as high as 
10% by 2035 in a high electricity price scenario. 

Anecdotal evidence supports the notion that building energy benchmarking can reduce energy 
use. Table 5 summarizes findings from a few early studies. However, it is important to note that 
benchmarking programs are generally too new to estimate a precise program effect; in other 
words, the estimates in Table 5 do not differentiate between energy use reductions achieved 
through benchmarking and energy use reductions that were achieved through other means. This 
is partly because cities that have instituted benchmarking have typically paired that policy with 
other efforts directly aimed at incenting energy efficiency in commercial buildings. 

Table 5. Observed Energy Use Reductions in Benchmarking Programs 

Program Observed Energy Use Effect Study 

ENERGY STAR Use Portfolio 
Manager (nationwide) 7% energy use reduction (2008–2011) EPA (2012) 

New York City Benchmarking and 
Transparency Policy 5.7% energy use reduction (2010–2013) DOE (2015) 

San Francisco Existing Commercial 
Buildings Performance Ordinance 11.8% energy use reduction (2010–2014) Hooper et al. 

(2015) 

Seattle Energy and Reporting 
Program Benchmarking  

Flat energy use intensity from 2011 to 
2012, suggesting lower energy use due to 
higher building occupancy rates 

OSE (2014) 

 
Separate assumptions about energy use reduction were developed for residential and commercial 
buildings based on the literature. For residential buildings, Alberini and Towe (2015) found 
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targeted programs could achieve energy reductions of 2%–6%, while Hayes et al. (2011) found 
programs that are more expansive could achieve much higher energy use reductions of up to 
17%. It is assumed that home energy efficiency incentives targeting multiple energy efficiency 
upgrades could achieve home energy use reductions of 10% (moderate abatement scenario) to 
17% (high abatement scenario). Based on the modeled results in Cox, Brown, and Sun (2013) 
and documented energy use reductions in city benchmarking programs, we assume commercial 
building energy use reductions of 5% (moderate abatement scenario) to 10% (high abatement 
scenario) through building energy benchmarking programs. 

Program Participation Rates 
Building energy efficiency incentives are generally underutilized. Vine et al. (1994) found that 
the participation rate in eight utility-led programs ranged from 0.6% to 16.1%, with an average 
of 4%. Similarly, Hayes et al. (2011) found participation rates in building energy loan programs 
were about 2.4% on average across 12 programs. However, improved program designs could 
theoretically increase participation rates to above 50% (York et al. 2013). To capture both the 
range of observed participation rates and the possibility of higher participation through improved 
program design, total participation rates of 4% (moderate abatement scenario) to 16% (high 
abatement scenario) are assumed. 

Participation rates in building energy benchmarking programs have been relatively high. 
Programs in New York City, Philadelphia, San Francisco, and Seattle have reported participation 
rates of 84%, 87%, 80%, and 93%, respectively (C40 Cities 2015).19 Commercial building 
participation rates in benchmarking programs of 85% (moderate abatement scenario) to 95% 
(high abatement scenario) are assumed in the analysis.  

Carbon Intensity of Displaced Energy Use 
The potential carbon reductions of displaced electricity consumption are a function of the carbon 
intensity of the local grid. Local grid carbon intensity is based on regional marginal emissions 
rates from EPA’s eGRID-adjusted-for-EIA projections of reduced grid carbon intensity (see 
reference case in Section A.1 of Appendix A). For simplicity, a single emissions factor of 53.06 
kg CO2/mmBtu is used for on-site natural gas consumption (EPA 2014).  

Summary of Assumptions 
The key assumptions for our analysis of the carbon abatement potential of building energy 
incentives are: 

 Baseline building energy use in 2035 is equal to 116% of 2015 building energy use. 

 Residential participants in energy efficiency incentive programs reduce home energy use 
by 10% (moderate abatement scenario) to 17% (high abatement scenario). Commercial 
participants in building energy benchmarking programs reduce building energy use by 
5% (moderate abatement scenario) to 10% (high abatement scenario). 

 Participation rates for residential energy efficiency incentive programs are 4% (moderate 
abatement scenario) to 16% (high abatement scenario). Commercial building energy 

                                                 
19 These observed participation rates are generally for a subset of commercial buildings.  
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benchmarking program participation rates are 85% (moderate abatement scenario) to 
95% (high abatement scenario). 

The carbon intensity of displaced electricity is determined by regional emissions factors;
the carbon intensity of on-site natural gas consumption is 53.06 kg CO2/mmBtu  

 
3.3 Results: Carbon Abatement Potential of City Building 

Energy Incentives 
The results suggest that city building energy incentives could reduce carbon emissions by 40–
110 MMT CO2/year, or about 0.6-1.7% of 2013 U.S. emissions. At the city level, the results 
suggest that an average city can reduce local emissions by 1.6% (moderate) to 4.6% (high) 
relative to current city emissions. Figure 8 illustrates the distributions of city-level carbon 
abatement potential from building energy incentives in the moderate and high abatement 
scenarios. 

Figure 8. City-level carbon abatement potential distribution of building energy incentives 
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4 Smart Growth Policies 

 

Smart growth policies refer to city actions that 
aim to reduce personal vehicular travel through 
urban planning practices that facilitate 
alternative modes of transit (e.g., walking and 
biking). 

 
A body of literature has emerged on the relationship between urban form and travel. The general 
premise is that cities can reduce personal vehicular travel through urban planning practices that 
reduce trip lengths or incentivize alternative modes of transportation such as walking, biking, 
and public transit. The relationship between urban form and travel has motivated city planners to 
use development as a travel reduction strategy. For the purposes of this section, smart growth 
refers to the suite of policies aiming to reduce transportation-related carbon emissions through 
urban development strategies. The results suggest that city smart growth policies could reduce 
carbon emissions by about 30–80 MMT CO2/year nationwide, or about 0.4%-1.2% of 2013 U.S. 
emissions.20 It is worth noting that short-term emissions reduction potential is limited by the 
turnover of residential and commercial zones into new development. Thus, smart growth policies 
may have much more significant long-term emissions reduction potential. 

4.1 Summary of Smart Growth Policies Currently Enacted 
Smart growth is among the most common city-level transportation actions to reduce carbon 
emissions (Aznar et al. 2015), though smart growth policies may be implemented to achieve a 
variety of other objectives (e.g., improved walkability, connectivity, liveability). Cities have 
developed a variety of policies to promote smart growth that vary significantly in form and 
potential impact. Table 6 summarizes smart growth approaches identified in the literature.  

Table 6. Sample of City Smart Growth Policies 

Policy Description Example 

Affordable urban housing Affordable urban housing 
policies can incentivize urban 
rather than suburban 
residence, as suburban 
residents have higher carbon 
footprints than urban residents. 

New York City’s New Housing 
Marketplace Plan invested over 
$7 billion into the provision of 
low- and moderate-income 
urban housing. 

                                                 
20 Based on 2013 U.S. greenhouse gas emissions (EPA 2015). 
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Policy Description Example 

Bike and pedestrian 
infrastructure 

City policies that improve bike 
and pedestrian infrastructure 
can reduce carbon emissions 
by making biking and walking 
more attractive than driving. 

Developers in Pennsylvania are 
required to describe how new 
development accommodates 
bike and pedestrian facilities. 

Location-based fees Cities can levy development 
fees based on the costs of 
public service provision (e.g., 
refuse collection, public safety 
services), accounting for the 
distance from public 
infrastructure. 

Lancaster, California, charges 
development impact fees to any 
proposed development outside 
of the city core. 

Location-efficient 
development 

Cities can focus development in 
areas with available public 
infrastructure. 

Austin, Texas, uses a “Smart 
Growth Matrix” to evaluate 
development proposals. The 
city may provide incentives to 
proposals close to public 
services. 

Open space preservation Cities can protect certain areas 
within their jurisdiction from 
development. 

The State of Oregon requires 
cities to implement urban growth 
boundaries. 

Targeted investments Cities can target investments in 
city centers. 

Trenton New Jersey’s 
Transportation Master Plan 
focuses investments in the 
existing transportation network. 

Transit-oriented 
development 

Cities can concentrate 
development in areas with 
access to public transit. 

The Rosslyn-Ballston corridor in 
Arlington County, Virginia, is a 
three-mile long area developed 
around five Metrorail stations 
designed for walkability and 
transit access. 

Zoning code reform Cities can reform local zoning 
codes to explicitly allow mixed 
land use. 

Santa Barbara, California, 
amended its zoning code to 
allow residential uses in 
commercial zones. 

Sources: Kingsley and Williams 2007; Jones and Kammen 2014; Litman 2015a 
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4.2 Scenarios, Assumptions, and Methods for Estimating Carbon 
Abatement Potential of Smart Growth Policies 

Table 7 summarizes the moderate and high abatement scenarios used to model the carbon 
abatement potential of smart growth policies. This section describes the basis, assumptions, and 
methods for the two scenarios. 

Table 7. City Smart Growth Scenarios 

Scenario Description 

Moderate abatement scenario  Smart growth policies affect 50% of new development and reduce 
personal vehicular travel by 30%. 

High abatement scenario  Smart growth policies affect 80% of new development and reduce 
personal vehicular travel by 60%. 

 
The carbon abatement potential of the city smart growth policy scenarios is modeled as a 
function of four factors: new development baseline travel, the percentage of travel affected, 
travel reduction, and the carbon intensity of displaced travel (Figure 9).21 

 
Figure 9. Method for carbon abatement potential estimation of smart growth policies 

 
New Development Baseline Travel 
Vehicle miles traveled (VMT), which is defined as the number of miles driven by all vehicles 
within a defined area over some period, is the most common metric to measure quantities of 
vehicular travel. Total baseline VMT is based on the reference case, which assumes VMT 
growth of 1.04%/year from 2015 to 2035 (see Appendix A.1). We assume that smart growth 
policies will only affect travel in segments of the city undergoing development. It is assumed that 
annual residential development represents about 1.6% of the existing housing stock.22 Over a 
study period of 15 years, about 24% of the 2020 housing stock would classify as new 
development. Assuming that VMT in new development would be the same as VMT in existing 

                                                 
21 A potentially significant omitted factor is the impact of smart growth on home energy consumption. Impacts on 
home energy use were omitted to avoid duplication with building energy use reductions covered in Sections 5 and 6. 
22 Based on data from DOE (2012) 
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development in the absence of smart growth policies, it is assumed that VMT in new 
development zones is 30% of baseline VMT in 2035.23 

Percentage of Travel Affected 
Smart growth policies directly affect the travel of residents that live in or access employment and 
services in smart growth zones. Several previous studies have made assumptions about the 
potential percentage of new development that could follow smart growth principles; the range is 
from 25% to 90% (Table 8). 

Table 8. Sample of Smart Growth Assumptions 

Study Percentage of New Development that 
Followed Smart Growth Principles 

Ewing et al. (2008) 60%–90% 

Cambridge Systematics (2009) 64%–90% 

TRB (2009) 25%–75% 

 
Although assumptions that as much as 90% of new development could adhere to smart growth 
principles may appear optimistic, several trends suggest that demand for smart growth is 
increasing and will continue to increase. First, an aging U.S. population may demand less 
vehicular travel as the baby-boom generation enters retirement age (older drivers drive about 
40% less than younger drivers) (TRB 2009). Second, young adults entering the housing market 
have recently shown a preference for centralized urban areas (TRB 2009). Third, increased 
immigration could increase demand for smart growth, as immigrant populations generally 
reside in city centers and use alternative modes of transportation more than other groups do 
(TRB 2009). 

EPA has collected data on development in existing urban or suburban lots, a practice known as 
“urban infill.” Infill accounted for about 21% of new construction in 209 metropolitan regions 
between 2000 and 2009. Infill rates varied considerably across cities, ranging from 2% in 
Prescott, Arizona, to 80% in San Jose, California (EPA 2012).  

Based on the literature, it is assumed that city smart growth policies could affect 50% (moderate 
abatement scenario) to 80% (high abatement scenario) of new development.  

Travel Reduction 
Several studies have measured travel as a function of various urban form factors. The VMT 
differential between cities with various urban forms can serve as an estimate of the VMT 
reduction potential of policies that promote certain urban forms. Salon et al. (2012) inventoried 
37 studies that modeled travel as a function of 14 factors. Figure 10 illustrates travel reduction 
effect sizes, in terms of percentage change in VMT, for five categories of land use planning 
related to smart growth. The studies show a broad range of effect sizes ranging from slightly 
positive (i.e., travel increases) to greater than a 30% reduction in VMT. The effects provide 

                                                 
23 The product of the projected 2035 VMT as a percentage of current VMT (123%) and the new development 
percentage of 2035 VMT (24%). 
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plausible ranges of travel reductions under city policies that increase density, jobs-housing 
balance, land use mix, network connectivity, and regional accessibility.  

 
Figure 10. VMT reduction effect sizes from urban form studies 

(Salon et al. 2012) 

Each point represents a single study. Average effect sizes are plotted where studies reported multiple 
effects for several urban form factors. 

Two recent studies suggest that the relationship between VMT and population density is more 
nuanced than the findings of Salon et al. (2012) generally support. Jones and Kammen (2014) 
found a nonlinear relationship between population density and per capita carbon emissions. They 
found that increasing population density reduces per capita carbon emissions when moving from 
suburban to urban areas, but that increasing population density increases per capita carbon 
emissions when moving from rural to suburban areas. Gately, Hutyra, and Wing (2015) found a 
similar nonlinear relationship between transportation-related emissions and population density. 
They found that transportation-related emissions were strongly positively associated with 
increasing population density up to about 1,650 persons per square kilometer. These results 
suggest that population density per se does not have an absolutely negative effect on carbon 
emissions. 

The estimated influence of various land use factors on travel summarized in Salon et al. (2012) 
generally fall below a 20% reduction in VMT (Figure 10). However, the possibility of achieving 
multiple VMT reduction effects through smart growth policies that increase several factors in 
Figure 10 suggests that greater VMT reductions are possible. Further, previous analysts have 
assumed smart growth VMT reduction effects of 25%–60% (Ewing et al. 2008; Cambridge 
Systematics 2009; TRB 2009). Based on the literature, it is assumed that smart growth policies 
reduce VMT by 30% (moderate abatement scenario) to 60% (high abatement scenario) in smart 
growth zones. 
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Carbon Intensity of Displaced Travel 
Based on EIA forecasts for vehicle distributions in 2040,24 a weighted carbon intensity of 0.18 
kg CO2/mile is used for travel in 2035 (see Section A.3 of Appendix A). 

Summary of Assumptions 
The key assumptions for the analysis of the carbon abatement potential of smart growth 
policies are: 

 Baseline travel (VMT) in new development zones will be about 30% of current travel. 

 Smart growth policies will affect 50% (moderate abatement scenario) to 80% (high 
abatement scenario) of travel in new development zones. 

 Smart growth policies reduce travel in smart growth zones by 30% (moderate abatement 
scenario) to 60% (high abatement scenario). 

 The carbon intensity of displaced travel is 0.18 kg CO2/mile. 

 
4.3 Results: Carbon Abatement Potential of Smart Growth Policies 
The results suggest that city smart growth policies could reduce carbon emissions by 30–80 
MMT CO2/year, or about 0.4%-1.2% of 2013 U.S. emissions. Short-term emissions reduction 
potential is limited by the turnover of residential and commercial zones into new development. 
At the city level, the results suggest that an average city can reduce local emissions by 0.8% 
(moderate) to 2.5% (high) relative to current city emissions. Figure 11 illustrates the distributions 
of city-level carbon abatement potential from smart growth in the moderate and high abatement 
scenarios. 

 
Figure 11. City-level carbon abatement potential distribution of smart growth policies 

  

                                                 
24 A 2035 estimate was not available, the 2040 estimate is used as a close proxy. 
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5 Public Transit Expansion 

 

Public transit expansion policies are 
actions that increase the use of existing 
services or develop new public transit 
infrastructure. 

 
For the purposes of this analysis, public transit refers to any publicly funded form of 
transportation, including van and carpooling services. The results suggest that city actions to 
expand the use of public transit could reduce carbon emissions by about 60–110 MMT 
CO2/year, or about 0.9%-1.7% of 2013 U.S. emissions.25 It is important to note that the analysis 
assumes no interaction between public transit and smart growth policies (Section 4) in order to 
produce two independent results. However, significant interactions exist between these two 
policy areas, such that strong smart growth policies could significantly increase the carbon 
abatement potential of public transit policies and vice-versa.  

5.1 Summary of Public Transit Expansion Policies Currently Enacted 
Policies regarding expansion of public transit services were the fourth most common city action 
taken to reduce carbon emissions (Aznar et al. 2015). In 2013, U.S. passengers took 10.7 billion 
trips in public transit, amounting to 58.9 billion passenger miles (APTA 2015). About 45% of 
public transit vehicle miles occurred in buses, about 21% occurred by rail, and the remainder 
occurred in other transit services. Bus services were by far the most common public transit 
service offered by cities, followed by commuter bus and transit vanpool programs (Figure 12). 

 
Figure 12. Number of public transit programs, by transit services 

(APTA 2015) 

                                                 
25 Based on 2013 U.S. greenhouse gas emissions (EPA 2015). 
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Cities have developed a variety of policies to increase the use of existing services or provide new 
public transit services. Table 9 summarizes commonly enacted public transit policies. 

Table 9. Public Transit Expansion Policy Descriptions 

Policy Description 

Service development 
 

Service development is the implementation of new modes of public 
transit. Cities have developed a variety of public service transit 
services (see Figure 12), primarily bus and vanpooling programs. 
Some “commuter transit” programs are designed specifically 
around commuting patterns. More recently, some cities have 
developed bus-based mass transit systems or bus rapid transit 
(BRT) with established routes that maximize system efficiency. The 
type of service development is a function of city size; small or rural 
cities mostly offer bus programs, while some large cities can 
support rail programs. 

High-occupancy vehicle (HOV) 
facilities 

HOV facilities include lanes and roadways reserved for the use of 
transit, HOV travel (e.g., carpooling), or both. For example, an 
HOV lane in Seattle increased average vehicle occupancy on one 
freeway by 36%. 

Information and promotion These are policies that aim to increase ridership or retain existing 
riders through customer information services and active promotion. 

Routing and coverage changes These changes include the adjustment, extension, or creation of 
transit routes. 

Scheduling and frequency 
changes 

These changes include modifications to transit schedules and 
service frequencies to increase ridership. For example, 
enhancements of frequency and service hours in Santa Clarita 
Transit (Los Angeles) service resulted in a 120% increase in 
ridership. 

Sources: TRB 2013; APTA 2015; Aznar et al. 2015 
 
5.2 Scenarios, Assumptions, and Methods for Estimating Carbon 

Abatement Potential of Public Transit Expansion Policies 
Table 10 summarizes the moderate and high abatement scenarios used to model the carbon 
abatement potential of public transit expansion policies. This section describes the basis, 
assumptions, and methods for the two scenarios. 
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Table 10. Public Transit Expansion Scenarios 

Scenario Description 

Moderate abatement scenario  Public transit expansion measures reduce private vehicle 
passenger miles by 15%. 

High abatement scenario  Public transit expansion measures reduce private vehicle 
passenger miles by 30%. 

 
The carbon abatement potential of the two city policy scenarios is modeled as a function of three 
factors: baseline private vehicle travel, private vehicle travel reduction, and the carbon intensity 
differential of private and public transit (Figure 13). 

 
Figure 13. Method for carbon abatement potential estimation of public transit expansion policies 

Baseline Private Vehicle Travel 
Passenger miles, rather than more typical VMT, are generally used in comparisons of energy use 
and travel for different transportation modes. Passenger miles are the product of the number of 
passengers and the distance travelled in a given trip. For example, four passengers traveling 10 
miles equal 40 passenger miles. Baseline private vehicle travel is based on the reference case, 
which assumes VMT growth of 1.04%/year from 2015 to 2035 (see Section A.1 of Appendix 
A). To convert to passenger miles, an average private vehicle occupancy of 1.67 passengers per 
vehicle is assumed (Santos et al. 2009).  

Reduction of Private Vehicle Travel  
The significant recent growth of public transit use—about a 25% increase in passenger miles 
from 2000 to 2013 (BTS 2016a)—may be evidence of unmet demand for public transit services. 
To the extent that unmet demand exists, public transit expansion policies can reduce private 
vehicle travel by facilitating a mode switch to public transit. 

Estimates of the percentage of drivers that would mode switch because of public service 
expansion vary significantly. Litman (2015) suggested modest changes such as providing maps 
and schedules could cause a 10% reduction in private vehicle travel, while more complex public 
transit policies such as providing commuter financial incentives could cause a private travel 
reduction of up to 40% (Table 11). In a literature review, Arrington and Cervero (2008) found 
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that commuters in areas with improved access to public transit use public transit two to five 
times more than other commuters in their region do.  

Table 11. Private Vehicle Travel Reductions Associated with Transit Expansion (Litman 2015) 

Policy Private Vehicle Travel Reduction 

Special lanes for buses and high-occupancy vehicles, traffic 
signal preemption, faster loading systems 4%–30% 

Parking management (e.g., parking pricing and incentives for 
reduce parking space requirements) 10%–30% 

Commute trip reduction programs (e.g., commuter financial 
incentives, rideshare matching, and guaranteed rides home) 20%–40% 

Improved user information (e.g., schedules, maps, and 
wayfinding) 5%–15% 

 
Several studies have suggested public service expansion can result in significant reductions in 
private vehicle travel. A 2003 Transportation Research Board study found that several BRT 
programs achieved sustained ridership increases and mode switching from private vehicle travel 
(Levinson et al. 2003). For example, the Hartford BRT program reported that more than half of 
its passengers had mode switched, the Houston BRT program reported that more than 70% of its 
passengers had mode switched, and the Los Angeles BRT program reported that about one third 
of its passengers had mode switched. Similarly, Peak et al. (2005) found that between 24% and 
67% of passengers in BRT programs represented mode switches.  

A Transportation Research Board study (TRB 2013) examined passenger responses to different 
transit policies. Relevant findings from the study include the following: 

 The elasticity of ridership to route expansions is generally between 0.6 and 1 (i.e., 
a doubling of the number of available routes is generally associated with a 60%–100% 
increase in ridership), although a large portion of new ridership typically represents 
passengers that previously used other forms of transit. 

 The elasticity of ridership to frequency changes is about 0.5. 

 HOV facilities typically increase average vehicle occupancy by 5%–20%. 

 About half of vanpool passengers formerly commuted in a private vehicle. 

 Information and promotion programs can result in significant short-term increases in 
ridership; however, the long-term effects of transit information programs are generally 
unknown. 

 
Several counterarguments suggest that conservative assumptions may be merited. First, cities 
have already exploited some of the most viable public transit opportunities, and it is unclear 
whether future service expansion will have levels of success that are comparable to past 
expansion (DOT 2010). Further, research suggests that cities must achieve certain thresholds of 
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population density in order to implement cost-effective public transit programs. For example, 
Cervero and Guerra (2011) suggested that a population density of about 30 people per acre is 
necessary for a successful light rail program, although Godavarthy et al. (2014) suggested that 
different forms of public transit may be cost effective in small urban and even rural areas.  

Based on the literature, it is assumed that public transit expansion measures could reduce 
personal vehicular travel by 15% (moderate abatement scenario) to 30% (high abatement 
scenario). 

Change in Carbon Intensity from Mode Change 
The carbon abatement of mode changing from private vehicle travel to public transit is a function 
of the difference between the carbon intensity of the two modes. A common metric for 
comparing the carbon intensity of various transport modes is carbon per passenger mile traveled 
(PMT), measured in terms of kg CO2/PMT; it is calculated using Equation 1: 

 
Equation 1. Carbon intensity of passenger miles traveled (PMT) 

The metric of passenger mile carbon intensity normalizes the carbon intensity of travel with 
different numbers of passengers. For example, the passenger mile carbon intensity of a given 
vehicle is lower when that vehicle carriers more passengers. Based on Equation 1, the carbon 
abatement potential of public transit can be increased by increasing vehicle fuel efficiency or 
increasing vehicle occupancy. 

Improvements in fuel efficiency and the electrification of public transit vehicles are two 
approaches for lowering the passenger mile carbon intensity of public transit. However, an 
analysis of abatement potential must account for the increasing fuel efficiency and electrification 
of private vehicles, such that constant increases in the fuel efficiency and electrification of 
private vehicles could offset any potential gains from the increased fuel efficiency and 
electrification of public transit vehicles. Any carbon abatement from transit vehicle fuel 
efficiency improvements and electrification are assumed to be fully offset by concomitant carbon 
abatement from fuel efficiency improvements and the electrification of private vehicles. 

Increasing public transit vehicle occupancy is a second approach for lowering the passenger mile 
carbon intensity of public transit. The number of passengers in a public transit vehicle as a 
percentage of total possible occupancy is known as the vehicle’s load factor. High quality transit 
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designed to compete with automobile travel, which is offered in a few large urban areas, with 
high load factors generally reduce PMT carbon intensity (Litman 2015).  

Figure 14 summarizes the PMT carbon intensity of various transportation modes. In general, 
public transit lowers PMT carbon intensity relative to private vehicle travel due to high load 
factors. Off-peak buses are one notable exception. Most U.S. public transit provides basic 
mobility services to passengers who could not otherwise drive. Such basic mobility services are 
associated with relatively low load factors and thus high PMT carbon intensity (Litman 2015). 

 
Figure 14. Carbon intensity (kg CO2/PMT) of various transportation modes 

Assuming the private vehicle fleet is a mix of sedans and SUVs, the results in Figure 14 suggest 
that the potential PMT carbon intensity reduction from mode switching is on the order of 0.25 kg 
CO2/PMT, compared to an average of 0.12 kg CO2/PMT for the public transit options, or a 
difference of 0.13 kg CO2/PMT. For the purposes of this analysis, it is assumed that the carbon 
intensity of public transit is 0.13 kg CO2/PMT lower than it is for personal vehicular travel.26  

Summary of Assumptions 
The key assumptions for the analysis of the carbon abatement potential of public transit 
expansion policies are: 

 Baseline 2035 private vehicle travel (PMT) is 123% of current travel, and average vehicle 
occupancy is 1.67 passengers per vehicle. 

 Public transit expansion policies reduce private vehicle travel by 15% (moderate 
abatement scenario) to 30% (high abatement scenario). 

 The carbon intensity of public transit is 0.13 kg CO2/PMT lower than it is for private 
vehicle travel. 

                                                 
26 We did not attempt to quantify the carbon abatement potential of improved public transit fuel efficiency. Rather, 
we assume the fuel efficiency of public transit fleets will improve proportionally to fuel efficiency improvements in 
private vehicles. This assumption allows us to base the change in PMT carbon intensity on historical figures without 
projecting new private or public transit fleet compositions. 
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5.3 Results: Carbon Abatement Potential of Public Transit Policies 
The results suggest that public transit expansion measures could reduce carbon emissions by 
about 60–110 MMT CO2/year, or about 0.8%-1.7% of 2013 U.S. emissions. At the city level, 
the results suggest that an average city can reduce local emissions by 1.8% (moderate) to 3.6% 
(high) relative to current city emissions. Figure 15 illustrates the distributions of city-level 
carbon abatement potential from public transit expansion in the moderate and high abatement 
scenarios. 

 
Figure 15. City-level carbon abatement potential distribution of public transit expansion 
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6 Solar PV Policies 

 

Solar photovoltaic (PV) policies are city 
actions aimed at increasing the private 
deployment of rooftop or ground-
mounted utility-scale solar PV. 

 
Urban solar resources are largely untapped; cities have installed less than 1% of the technical 
potential of rooftop solar PV, and they have hardly begun to exploit urban solar resources at a 
utility scale.27 Cities already have much of the infrastructure required to host solar PV systems. 
Solar PV systems can be co-located with city loads, thereby reducing transmission and 
distribution losses and other inefficiencies resulting from transferring electricity over long 
distances. Further, urban solar PV systems entail lower environmental impacts and land use 
changes than solar PV systems sited outside of cities in undisturbed environments (Hernandez et 
al. 2015). The results suggest that city solar PV policies could reduce carbon emissions by about 
10–30 MMT CO2/year, or about 0.2%-0.4% of 2013 U.S. emissions.28 

6.1 Summary of Solar PV Policies Currently Enacted 
Solar energy policy is the most frequently codified type of municipal alternative energy policy. 
Cities use a variety of policies to increase urban solar PV deployment. City solar PV policies 
include financial incentives, local permitting, zoning codes, education and outreach, resource 
access, and direct investment.  

Financial Incentives 
About 8.8% and 7.6% of cities offer financial incentives for residential and commercial solar 
PV, respectively (ICMA 2016). Financial incentives include system rebates, low-interest loans, 
grants, and production-based incentives. Financial incentives are particularly effective city solar 
PV policies because they directly reduce the high costs of solar systems, one of the primary 
barriers to solar deployment (Li and Yi 2014). 

Local Permitting 
Cities can reduce the regulatory burden of solar PV project development by expediting or 
otherwise improving local permitting processes. Thirteen percent of respondents to a survey by 
the International City/County Management Association (ICMA) had implemented expedited 
permitting processes that simplify or shorten the permitting phase of project development (ICMA 
2012). Li and Yi (2014) found that five of the top ten solar deployment cities in their sample had 
expedited solar permitting (compared to 25% of programs in the research sample). Burkhardt et 
al. (2015) found that local permitting variation can cause price differences of up to $0.18/W 

                                                 
27 According to a sample of 47 cities from Gagnon et al. (2016), the average installed capacity of systems smaller 
than 1 megawatt (MW) was 0.4% of estimated technical rooftop solar PV capacity on average. More than half of the 
cities had no utility-scale (>1 MW) solar capacity, according to data from NREL’s OpenPV Project 
(https://openpv.nrel.gov/). 
28 Based on 2013 U.S. greenhouse gas emissions (EPA 2015). 

https://openpv.nrel.gov/
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across jurisdictions. Streamlined permitting processes can shorten process times by as much as 
24 days (Wiser and Dong 2013). 

Zoning Codes 
About 43% of cities have incorporated solar PV into city-level zoning codes (ICMA 2012). 
Cities can amend zoning laws to improve the process of solar PV project approval through a 
special permit, or they can allow solar PV projects to be more comprehensive as an “as-of-right” 
use within zoning districts. Some cities have amended codes to require that all new construction 
be “solar ready” with adequate infrastructure to host a system (e.g., Lancaster, California, and 
Tucson, Arizona). Some cities have amended zoning codes to facilitate solar installations on 
historic buildings (e.g., Ann Arbor, Michigan, and Madison, Wisconsin). 

Education and Outreach 
Twelve percent of ICMA survey respondents offered solar community outreach programs. 
Thirty-one percent of ICMA respondents had invested in a solar demonstration project for 
community education purposes (ICMA 2012). Some cities have developed consumer guides, 
permitting guides, solar maps, workshops, and other tools to assist potential solar customers 
(e.g., Ann Arbor, Michigan; Berkeley, California; Boston, Massachusetts; Knoxville, Tennessee; 
Madison, Wisconsin; San Diego, California; and San Francisco, California). Other cities provide 
guides or training for solar installers (e.g., Knoxville, Tennessee; Minneapolis, Minnesota; New 
Orleans, Louisiana; Orlando, Florida; Philadelphia, Pennsylvania; and Pittsburgh, Pennsylvania). 

Solar Access Policies 
Solar access policies protect solar customers’ use of the sunlight incident upon their systems. 
Solar access laws restrict the obstructions that may be built around a system that could affect 
solar production. Twelve percent of ICMA respondents had adopted a solar access ordinance 
(ICMA 2012). Conventional solar access zoning restricts the height of buildings surrounding a 
structure and specifies a setback. A solar “envelope” sets imaginary boundaries around a 
building based on the sun’s relative motion to ensure solar access during peak generation 
periods.  

6.2 Scenarios, Assumptions, and Methods for Estimating Carbon 
Abatement Potential of Solar PV Policies 

Table 12 summarizes the moderate and high abatement scenarios used to model the carbon 
abatement potential of city solar PV policies. This section describes the basis, assumptions, and 
methods for the two scenarios. 

Table 12. Solar PV Policy Scenarios 

Scenario Description 

Moderate abatement scenario City policies (e.g., permitting, codes, rebates) reduce solar PV 
system costs by $0.50/W 

High abatement scenario City policies reduce solar PV system costs by $1.00/W 
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The carbon abatement potential of the three city policy scenarios is estimated as a function of 
three factors: technical potential, the change in willingness to adopt solar, and the carbon 
intensity of displaced electricity use (Figure 16). 

 
Figure 16. Method for carbon abatement potential estimation of city solar PV policies 

Technical Potential of Solar PV 
The technical potential of solar PV is an estimate of the amount of energy that could be 
generated if PV were installed in all of the technically suitable area within a city.29 Estimates of 
the technical potential of urban rooftop solar PV range from 16% to 88% of the annual electricity 
consumption of a city, depending on rooftop characteristics, quality of the local solar resource, 
and quantity of consumption of both the residential and industrial sectors of a city (Gagnon et al. 
2016). The United States has approximately 25,000 km2 of urban space that is suitable for 
deployment of ground-mounted solar PV, which results in a potential of 1,218 gigawatts (GW) 
of capacity (Lopez et al. 2012).  

For the purposes of this report, technical potential for rooftop solar PV is based on city-level 
estimates developed for the City Energy Profile tool.30 Technical potential is limited to rooftop 
potential due to the predominance of rooftop PV in historical urban installations. Cities could 
increase their carbon abatement from solar PV beyond these estimates by encouraging the 
development of ground-mounted solar PV where appropriate. Module productivity (output in 
kilowatt-hours [kWh] per kilowatt [kW] of installed capacity) is influenced by the quality of the 
local solar resource as well as both the slope and direction of roof planes. We use NREL’s 
System Advisor Model31—with data from the Typical Meteorological Year data set (Wilcox and 
Marion 2008) and rooftop orientation trends from GIS and lidar-based analysis performed by 
NREL (Gagnon et. al. 2016)—to estimate the total potential energy generation from all suitable 
roof area in each of the cities in the analysis. 

Change in Willingness to Adopt Solar 
The impact of a city solar PV policy on solar PV deployment is modeled as a function of the 
policy’s effect on the willingness to adopt solar. Survey data (Sigrin and Drury 2014) are used to 

                                                 
29 Following the criteria laid out in Gagnon et. al. (2016), roof area was defined as suitable if it had a slope of less 
than 60 degrees, was not facing north, did not lose more than 30% of energy from shading, and was part of at least 
10 contiguous square meters of area. See Lopez et al. (2012) for urban PV suitability criteria. Technical potential 
does not account for economic viability. 
30 Based on suitable rooftop area in buildings with smaller than 5,000-square-foot footprint.  
31 The System Advisor Model (SAM) is a free publically available performance and economic model designed to 
facilitate decision making and analysis for renewable energy projects (Gilman and Dobos 2012). 
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build a willingness-to-pay curve, which represents the fraction of potential customers that would 
be willing to adopt solar PV for any given payback period (Figure 17). The willingness-to-pay 
curve illustrates that the fraction of customers willing to adopt is negatively correlated with the 
payback period (i.e., policies that effectively lower payback periods result in higher 
adoption rates). 

 
Figure 17. Residential solar PV willingness-to-pay curve 

(Based on data from Sigrin and Drury 2014) 

A set of residential rate tariffs from the Utility Rate Database32 is used to determine current solar 
PV payback periods for cities in the City Energy Profile data set.33 The payback period is then 
calculated for a representative residential PV system in every city served by one of these rates.34 
A solar PV system price of $3.12 per watt, direct current (Wdc) is used, which was the bottom-up 
modeled price for a 5-kW residential system quoted in 2015 (Feldman et. al. 2015). The resulting 
payback period for this representative investment produced an estimate of the fraction of 
customers willing to adopt solar PV under current economic conditions. 

The impact of a city solar PV policy on PV deployment is modeled as the change in willingness 
to adopt resulting from the modeled effects of rebates on payback periods.35 On average, the 
model results suggest that a $0.50/W rebate would reduce payback periods by 1.8 years and 

                                                 
32 See http://en.openei.org/wiki/Utility_Rate_Database.  
33 This simplified illustrative national analysis only analyzed residential rates and extends those results to all sectors. 
This assumes the responsiveness of the commercial sector would be approximately similar to that of the residential 
sector. Due to significant variation in the structure of commercial rates, which heavily influences the economics of 
solar PV, an analysis of the commercial rates available to businesses within a particular city is strongly encouraged 
in order to more thoroughly characterize local conditions. 
34 The model is based on a south-facing solar PV module tilted at 20 degrees, 14.08% system losses, 0.5%/year 
degradation, 95% inverter efficiency, and a DC to AC ratio of 1.4. Financing was through a 15-year, 5% APR loan 
with 80% debt fraction (modeled after a PACE loan), with 10% real discount rate. 
35 Solar PV rebates have the most direct effect on solar PV payback periods; however, city policies such as 
permitting and zoning can also have indirect impacts on system costs and thus payback periods. 

http://en.openei.org/wiki/Utility_Rate_Database
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increase solar PV adoption by 3.5%, while a $1.00/W rebate would reduce payback periods by 
3.7 years and increase PV adoption by 8.2% (Figure 18).36 

 
Figure 18. Modeled effects of city PV rebates on PV adoption 

Changes in solar PV adoption are then translated to changes in solar PV capacity according to 
city technical potential. Solar PV adopters do not necessarily procure the full technical potential 
of their rooftops. Technical potential is derated by 44% to account for the fact that customers 
typically utilize about 56% of their rooftop’s potential (see Section A.4 of Appendix A).  

Technology diffusion through customer adoption often occurs through an S-curve, with slow 
uptake by early movers followed by a period of mass diffusion and a final period of lagging 
diffusion (Bass 1969; Rogers 2003). An S-curve diffusion model fitted to the current rate of PV 
adoption projects that more than 99% of the customers who would be willing to adopt solar PV 
will have done so by 2035. Therefore, the results of this analysis are presented under the 
simplifying assumption that all customers who would be willing to adopt solar PV at a given 
payback period will have done so by 2035. 

Carbon Intensity of Displaced Electricity Use 
The final carbon reduction potentials are estimated by multiplying the energy generation from 
the increased deployment of distributed solar PV (in megawatt-hours per year) described in the 
previous section by the carbon intensity of the local grid (in megatons of CO2 per megawatt-hour 
of electricity produced). Local grid carbon intensity is based on regional marginal emissions 
rates from EPA’s eGRID adjusted for EIA projections of reduced grid carbon intensity (see 
reference case in Section A.1 of Appendix A).  

Summary of Assumptions 
The key analytical assumptions for the carbon abatement potential of city solar policies are: 

                                                 
36 These effects are assumed to apply equally to customers that lease systems or buy power from third-party owned 
systems installed on their roof. 
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 City PV technical potential is based on City Energy Profile data. 

 Customer PV adoption is a function of solar PV payback periods; therefore, city policies 
that effectively reduce PV payback periods induce customer solar PV adoption. 

 All potential customers who would be willing to adopt solar PV in the current economic 
conditions will have done so by 2035. 

 Local grid carbon intensity is based on regional grid marginal emissions rates. 

 
6.3 Results: Carbon Abatement Potential of City PV Policies 
The results suggest that city solar PV policies could reduce carbon emissions by about 10–30 
MMT CO2/year, or about 0.2%-0.4% of 2013 U.S. emissions. At the city level, the results 
suggest that an average city can reduce local emissions by 0.7% (moderate) to 1.6% (high) 
relative to current city emissions. Figure 19 illustrates the distributions of city-level carbon 
abatement potential from solar PV policies in the moderate and high abatement scenarios. 

 
Figure 19. City-level carbon abatement potential distribution of solar PV policies 
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7 Municipal Action Policies 

 

Municipal action policies are measures taken by 
cities to reduce the carbon emissions of their own 
operations. 

 
Municipal action policies allow cities to lead by example and often result in more directly 
quantifiable reductions in carbon emissions, as cities have more direct control over their own 
energy use than the energy use of the community at large (Aznar et al. 2015). The results suggest 
that municipal action policies could reduce carbon emissions by about 10–20 MMT CO2/year, or 
about 0.2%-0.3% of 2013 U.S. emissions.37 

7.1 Summary of City Municipal Action Policies Currently Enacted 
Figure 20 illustrates the top 10 planned municipal actions to reduce energy use in a sample of 20 
cities with climate or energy plans (Aznar et al. 2015). The three most common municipal 
actions all focus on reductions in building energy use. 

 
Figure 20. Common municipal actions 

Based on data from Aznar et al. 2015 

                                                 
37 Based on 2013 U.S. greenhouse gas emissions (EPA 2015). 
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Municipal Facility Energy Use Actions 
Cities can reduce energy use through energy efficiency measures in municipal buildings, 
waste/wastewater treatment facilities, and street lighting (DOE 2016), collectively referred to as 
“facilities.” Specifically for municipal buildings, building energy audits and energy efficiency 
measures are the most common municipal carbon reduction actions (Aznar et al. 2015).  

Some cities have taken further steps to reduce city building energy consumption through green 
building standards for city buildings. Green building standards refer to systems that certify that 
buildings meet certain energy efficiency standards (and in some cases, several non-energy 
metrics). Twenty-seven (27) of 61 ACEEE Scorecard cities have implemented a green building 
standard requirement for city-owned buildings. Twenty-three (23) of these cities use the U.S. 
Green Building Council’s Leadership in Energy and Environmental Design (LEED) certification 
system. 

Municipal Fleet Actions 
Cities can reduce city fleet emissions by lowering vehicle use (i.e., VMT), reducing the carbon 
intensity of fleet fuels (i.e., kg CO2/gallon), or increasing the efficiency of fleet vehicles (i.e., 
miles per gallon). Cities have predominantly pursued improvements in fleet fuel efficiency 
through the procurement of more fuel-efficient and hybrid vehicles (Aznar et al. 2015). City 
investments in electric vehicle charging infrastructure could drive carbon reductions in both 
municipal and private fleets. 

Municipal Solar Energy Actions 
Several barriers, including ineligibility to use federal tax incentives directly and unsupportive 
state policies, have prevented most cities from using the direct procurement of solar energy as a 
means to reduce carbon emissions (Farrell and Grimley 2015). Nonetheless, about 18% of ICMA 
survey respondents had installed solar panels on a government facility (ICMA 2016). 

7.2 Scenarios, Assumptions, and Methods for Estimating Carbon 
Abatement Potential of Municipal Action Policies 

The carbon abatement potential of municipal actions is estimated for three categories: facilities, 
fleet, and solar power procurement. This list of actions is not comprehensive but covers the bulk 
of commonly implemented municipal actions (see Figure 20). Table 13 summarizes the scenarios 
for municipal actions. 
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Table 13. Municipal Action Policy Scenarios 

Scenario Description 

Moderate abatement scenario Facilities: Cities make multiple energy efficiency upgrades to city 
facilities (e.g., building, wastewater treatment, street lighting), 
employ building energy management systems that collectively 
reduce city building energy use by 20% 
 
Fleet: Cities hybridize 50% of city fleets 
 
Solar: Cities deploy 50% of technical potential solar PV on city-
owned buildings 

High abatement scenario Facilities: Cities make multiple energy efficiency upgrades to city 
facilities, employ building energy management systems, and 
implement green building code standards for new construction 
and major renovation that collectively reduce city building energy 
use by 40% 
 
Fleet: Cities hybridize 75% of city fleets 
 
Solar: Cities deploy 90% of technical potential solar PV on city-
owned buildings 

According to data provided by ICLEI, municipal electricity use is about 1.5% of total city 
electricity use, on average (ICLEI 2016). This heuristic is applied to estimate municipal energy 
use as a proportion of total city energy use for the purposes of this analysis. 

Facilities 
Scenarios of carbon abatement potential from municipal facilities actions are developed as a 
function of three factors: baseline facility energy use, reduction of facility energy use, and the 
carbon intensity of facility energy use (Figure 21). 

 
Figure 21. Method for carbon abatement potential estimation of municipal building actions 

Baseline Facility Energy Use 
Baseline facility energy use is 1.5% of total current city building energy use, based on City 
Energy Profile tool data. 
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Reduction of Facility Energy Use 
Estimation of facility energy use reductions from energy efficiency measures in municipal 
facilities is not fundamentally different from estimation in other buildings. Section 2 provides an 
in-depth review of the estimation of building energy use reductions from building upgrades due 
to the application of new building codes. Reductions in building energy use on the order of about 
10% are possible when upgrading building codes, reflecting upgrades in building functions such 
as lighting and HVAC. However, cities are also applying two building energy use reduction 
approaches not analyzed in Section 2: building energy management systems and green building 
standards. 

Building energy management systems are programs to verify improvements in building energy 
management and performance. Therkelsen et al. (2013) studied the energy use impacts in nine 
industrial facilities of the Superior Energy Performance (SEP) program, a common building 
energy management system. The study found that the SEP program resulted in a 10.1% reduction 
in energy use in the first half of the second year of the program. The energy use effect of the 
study is consistent with observed energy use reductions achieved between building code 
vintages. 

Several studies have examined the building energy use impacts of green building standards. A 
U.S. Green Building Council survey found that the energy use intensity of 195 LEED-certified 
buildings was 57% below the national average.38 In a study of 22 sustainably designed federal 
buildings, 13 of which were LEED-certified, Fowler et al. (2011) found that the buildings 
performed 18% better than regional averages for energy use intensity. Newsham et al. (2013) 
found that LEED-certified buildings achieved an energy use reduction of 18%–39% over non-
certified buildings for medium energy use buildings. However, it should be noted that the 
superior performance of green buildings is not universal. Newsham et al. (2013) found that 
between 28%–35% of LEED-certified buildings were less energy efficient than comparable non-
certified buildings. Further, Scofield (2013) found that LEED-certified buildings in New York 
collectively showed no difference in energy efficiency unless the building had achieved LEED 
gold (the second highest certification level).   

Collectively, the literature suggests that reductions in facility energy use on the order of 10% to 
above 30% are possible through energy efficiency upgrades, building energy management 
systems, and green building standards. It is assumed that municipal facility energy actions 
could reduce city facility energy use by 20% (moderate abatement scenario) to 40% (high 
abatement scenario). 

Carbon Intensity of Displaced Facility Energy Use 
The potential carbon reductions of displaced electricity consumption are a function of the carbon 
intensity of the local grid. Local grid carbon intensity is based on regional marginal emissions 
rates from EPA’s eGRID adjusted for EIA projections of reduce grid carbon intensity.39 For 
simplicity, a single emissions factor of 53.06 kg CO2/mmBtu is used for on-site natural gas 
consumption (EPA 2014). In some cases facility energy use reductions will reduce self-

                                                 
38 http://www.usgbc.org/articles/green-building-facts . 
39 The EIA estimates that the carbon intensity of the U.S. energy supply will decline by about 0.2% per year through 
2040, in part due to the substitution of natural gas for coal-fired power plants. 

http://www.usgbc.org/articles/green-building-facts
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consumption of solar power (see Section 7.2.3), in which case the displaced energy would have 
no carbon emissions. However, it is assumed that all excess solar power is exported to the grid, 
so that all reductions in building energy use ultimately displace grid electricity use. 

Fleet 
Fleet carbon abatement potential is estimated as a function of two factors: baseline carbon 
emissions and an emissions adjustment factor (Figure 22): 

 
Figure 22. Method for carbon abatement potential estimation of municipal fleet actions 

Baseline Carbon Emissions 
Baseline municipal travel is 1.5% of total city travel, based on City Energy Profile tool data. City 
Energy Profile transportation fuel use data (gasoline and diesel) is used with emissions factors of 
8.78 kg CO2/gallon and 10.21 kg CO2/gallon for gasoline and diesel, respectively, to establish 
an estimate of current fleet emissions. It is assumed that city fleet fuel use will increase 
proportionally to overall VMT (1.04% per year, see reference case in Section A.1 of Appendix 
A). It is also assumed that fuel efficiency will improve by about 12% by 2035, resulting in a 
12% reduction in city fleet carbon emissions in the baseline (assuming no change in city fleet 
usage).40  

Emissions Adjustment Factor 
Based on a method developed in Stone et al. (2009) (see Section A.5 of Appendix A), we assume 
a hybridization emissions adjustment factor of 0.18, i.e., a fully hybridized fleet emits about 18% 
fewer carbon emissions than a non-hybridized fleet. 

Two scenarios of city fleet emissions reductions were modeled based on different levels of city 
fleet hybridization. Based on current city initiatives (e.g., Atlanta, GA; Boulder, CO; New York, 
NY), fleet hybridization above 50% appears practical, and hybridization of up to 100% is an 
achievable target. Given that many cities have already partially hybridized their fleets, the 
analysis is capped at additional fleet hybridization of 75% of city fleets. It is assumed that cities 
hybridize 50% of fleets in the moderate abatement scenario, with the 18% hybrid adjustment 
factor this equates to a 9% reduction in fleet-related carbon emissions. The analysis assumes that 

                                                 
40 Stone et al. (2009) estimated a 31% increase in stock fleet fuel economy from 2000 to 2050. It is assumed that 
20% of this increase, or 12%, occurs from 2015 to 2035. 
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cities hybridize 75% of fleets in the high abatement scenario, this equates to a 13.5% reduction in 
fleet-related carbon emissions. 

Solar Power Procurement 
Similar to methods summarized in Section 6, the carbon abatement potential of city solar power 
procurement is estimated as a function of the technical potential of solar on city-owned buildings 
(see Section 6 for a full discussion of the methodology for estimating city-level solar PV 
technical potential), city solar PV deployment, and the carbon intensity of displaced electricity 
use: 

 
Figure 23. Method for carbon abatement potential estimation of municipal solar PV actions 

Technical Potential of City Solar PV  
The analysis assumes that solar PV technical potential on city-owned buildings is 1.5% of 
citywide technical potential, based on technical potential data from the City Energy Profile tool 
(see Section A.1 of Appendix A). 

City PV Deployment 
Few cities have exploited city-owned solar PV-suitable rooftop space for large-scale solar PV 
deployment (Farrell and Grimley 2015). Therefore, it is difficult to determine scenarios of 
potential solar PV deployment on city buildings. Based on City Energy Profile tool data, the 
small building rooftop technical potential of more than 90% of cities is below one megawatt 
(MW). The analysis assumes that city solar procurement policies could result in the deployment 
of 50% of city solar PV technical potential (moderate abatement scenario) to 90% of city solar 
PV technical potential (high abatement scenario). The analysis does not distinguish between 
municipal ownership and other procurement forms (e.g., power purchase agreements, where a 
building owner buys power from solar panels owned by a third party).  

Carbon Intensity of Displaced Electricity Use 
The potential carbon reductions of displaced electricity consumption are a function of the carbon 
intensity of the local grid. Local grid carbon intensity is based on regional marginal emissions 
rates from EPA’s eGRID adjusted for EIA projections of reduced grid carbon intensity (see 
reference case in Section A.1 of Appendix A).   
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Summary of Assumptions 
The key assumptions for the analysis of the carbon abatement potential of municipal action 
policies are: 

 Cities reduce building energy use by 20% (moderate abatement scenario) to 40% (high 
abatement scenario) through energy efficiency upgrades, building energy management 
systems, and green building standards. The carbon intensity of displaced energy use is 
based on the carbon intensity of the local grid and an emissions factor of 53.06 kg 
CO2/mmBtu for on-site natural gas consumption. 

 A fully hybridized city fleet emits about 18% fewer carbon emissions than a non-
hybridized fleet. Assuming that 50% (moderate abatement scenario) to 75% (high 
abatement scenario) of the city fleet is hybridized, this equates to carbon emissions 
reductions of 9% to 13.5%. 

 Cities deploy 50% (moderate abatement scenario) to 90% (high abatement scenario) of 
their technically potential solar PV on city-owned buildings. 

 

7.3 Results: Carbon Abatement Potential of Municipal Action Policies 
Our analysis suggests city municipal action policies could reduce nationwide carbon emissions 
by about 10–20 MMT CO2/year, or about 0.2%-0.3% of 2013 U.S. emissions.41 At the city 
level, the results suggest that an average city can reduce local emissions by 0.5% (moderate) to 
1.0% (high) relative to current city emissions. Figure 24 illustrates the distributions of city-level 
carbon abatement potential from municipal actions in the moderate and high abatement 
scenarios. 

 
Figure 24. City-level carbon abatement potential distribution of municipal action policies 

  

                                                 
41 Based on 2013 U.S. greenhouse gas emissions (EPA 2015) 
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8 Economic Impact Analysis 
Estimated net economic impacts from city carbon abatement actions in three policy areas 
are small, indicating associated carbon reductions may be achieved without significant 
local economic losses or gains. 

City actions to reduce carbon emissions have economic impacts, including impacts on city 
budgets, job impacts, and impacts on energy consumer expenditures. Estimating these impacts 
relative to implementation costs could help cities prioritize city actions that cost-effectively 
reduce carbon emissions. Using an input-output approach, we analyze the economic impacts of 
three policy areas and find that all three have net economic costs and benefits in terms of jobs, 
earnings, and value added.  

The economic analysis suggests that city actions across three of the policy areas considered in 
this analysis could support between 52,000 net jobs nationally (moderate abatement scenario) 
and 269,000 net jobs (high abatement scenario) while being implemented and an average of 
6,000 jobs (moderate) to 96,000 jobs (high) annually thereafter. After implementation, however, 
the policy areas show slight reductions in tax payments and property-type income (such as 
business profits or returns on investments), resulting in national GDP reductions of up 
to -$880,000 in the moderate abatement scenario and -$3.4 million under the high abatement 
scenario.  

These employment and GDP figures are not large in the context of current employment and 
GDP. Employment impacts range from less than 0.03% of 2015 U.S. employment during 
implementation to a maximum of 0.1% thereafter. Associated GDP reductions are less than 0.1% 
of 2015 GDP during construction and less than 0.1% thereafter. Overall, the analysis suggests 
that the net economic impacts of city carbon abatement actions are minimal and generally 
slightly positive. 

We present the economic analysis in four parts and include additional material in Appendix B. 
The general method and basic assumptions are outlined in Section 8.1. Economic impacts during 
implementation are summarized in Section 8.2. Ongoing economic impacts are summarized in 
Section 8.3. Last, in order to place the results in context, economic impacts are compared with 
national economic data in Section 8.4. 

8.1 Method 
Economic impact estimates were generated using the IMPLAN input–output (I-O) model (see 
Section B.2 of Appendix B for a broader discussion of I-O models and their limitations). I-O 
models require certain key inputs to form a basis of assumptions for the costs and benefits of 
various actions. Three policy areas were selected for a national-level economic impact analysis 
based on the availability of valid data inputs: building energy codes, building energy incentives, 
and municipal actions.42 Table 13 shows this subset as well as the assumptions used to estimate 
impacts for these policy areas in the moderate and high abatement scenarios (see Section B.1 of 

                                                 
42 The national level of analysis shows generalized results. State- or local-level analysis would produce different 
results that stem from a number of factors such as on how large and diverse the local economy is, where funding 
comes from, and how a policy is implemented.  
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Appendix B for methodologies for implementation cost assumptions). Construction and other 
implementation costs are total costs, while savings values are annual.  

Table 14. Economic Impact National Assumptions ($ billions, 2015) 

Assumption Moderate High 

Building Energy Codes 

Implementation cost $6 $6 

Construction cost $25 $25 

Electricity savings $3.9/yr $13/yr 

Gas savings $0.2/yr $0.6/yr 

Building Incentives 

Implementation cost $31 $84 

Electricity savings $6/yr $16/yr 

Gas savings $1/yr $4/yr 

Municipal Actions 

Implementation cost $21 $38 

Electricity savings $1/yr $2/yr 

Gas savings $0.3/yr $0.6/yr 

 
Three impact metrics are reported for each policy area: jobs, earnings, and value added: 

 Jobs are total employment, including proprietors and employees of companies 
and nonprofits. All job numbers reported are for the equivalent of one year.  

 Earnings are total earned income, which includes benefits paid to workers. 

 Value added is the value of production. It is the same as an industry’s contribution to 
gross domestic product (GDP). Value added consists of earnings, taxes less subsidies, 
and property-type income (such as profits and returns on capital investments).  

City actions may have three types of impacts: direct, indirect, and induced. Impacts are reported 
both during construction and implementation and annually thereafter. 

 Direct impacts are those impacts most closely associated with the policy. Initially, direct 
impacts include expenditures spent on planning and implementation. For example, direct 
impacts could include payments to engineers and construction workers. After policy 
implementation, direct impacts could reflect decreases in demand for services provided 
by utilities. 

 Indirect impacts are secondary or spinoff effects. Indirect impacts reflect economic 
activity required to support direct effects such as business-to-business services, raw 
material providers, or service providers.  
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 Induced impacts arise from changes in household expenditures. Induced impacts include 
changes in disposable income caused by paying to implement policies or saving money 
on electricity or gas.  

8.2 Results: Impacts During Action Implementation 
Implementation costs and resulting economic impacts refer to those incurred during policy 
implementation. Implementation costs and impacts are calculated for the equivalent of one year. 
For example, if the impact is 400 jobs created but policy implementation takes two years, the 
analysis assumes that 200 jobs are created in year one and 200 jobs are created in year two. 
Implementation costs are associated with two impacts: (1) jobs and other economic activity 
supported by construction and planning and (2) reduced disposable household income during 
implementation (assuming policy implementation is financed through incremental tax revenue). 
All implementation costs and impacts are assumed to be additional. In other words, it is not 
assumed that cities offset costs through reductions in other parts of local budgets. 

Figure 25 shows single-year equivalent up-front job impacts from policy implementation. The 
chart shows direct combined with indirect employment impacts and induced impacts. Total net 
impacts are listed. Direct and indirect impacts are driven by increases in demand for specific 
goods and services. During implementation, direct and indirect impacts are positive due to 
increases in demand for construction and design as well as subsequent economic activity such as 
provision of raw materials used in construction and other goods and services provided to 
construction and design. Induced impacts are driven by changes in disposable household income. 
Reductions in disposable income reduce the amount that households have available to pay for 
goods and services provided by industries such as restaurants and entertainment venues. Induced 
impacts are negative for all policies, as households are assumed to fund these projects through 
taxes or other mechanisms. Building energy code cost assumptions are the same under the 
medium and high assumptions, and so impacts are the same. Building incentives and municipal 
actions, however, have increased expenditure levels in the high abatement scenario.  
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Figure 25. Estimated national employment impacts during implementation of actions in three 
policy areas 

 
Employment and other net economic impacts are positive in all three policy areas under the 
moderate abatement scenario (Table 15), with building incentives supporting the highest net 
impacts. Building incentives also require the most significant up-front investment during 
implementation and drive the most significant direct and indirect economic activity—nearly 
400,000 direct and indirect jobs as well as $33 billion in value added (GDP). Building incentives 
also have the most significant induced impacts, reducing employment and GDP by a single-year 
equivalent of nearly 300,000 jobs and $28 billion in GDP for a positive net total of 71,000 jobs 
and $5 billion in GDP.  

The cost of implementing the building energy codes scenario is $31 billion, trailing building 
incentives by $4 billion. These similar costs drive similar impacts: During implementation it 
supports 63,000 jobs under both the medium and high scenarios as well as $3 billion in GDP.  
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Despite being the least expensive scenario, the $22 billion municipal actions scenario supports 
more jobs and GDP in the high scenario than building codes: 77,000 and $5 billion. This is not 
the case under the moderate scenario, in which municipal actions drive 43,000 jobs and $3 
billion in GDP.  

Table 15. Impacts During Implementation (Moderate Abatement Scenario)a 

  Employment Earnings Value Added 
(GDP) 

Building Codes 

Direct 196,000 $12 $15 

Indirect 130,000 $7 $12 

Induced -262,000 -$14 -$24 

Total 63,000 $7 $3 

Building 
Incentives 

Direct 219,000 $20 $19 

Indirect 162,000 $10 $14 

Induced -309,000 -$16 -$28 

Total 71,000 $14 $5 

Municipal 
Actions 

Direct 131,000 $12 $12 

Indirect 97,000 $6 $8 

Induced -185,000 -$10 -$17 

Total 43,000 $8 $3 
a Dollar figures are $ billions, 2015. 

 
Table 16 shows impacts during implementation under the high abatement scenario. As with the 
moderate scenario, building incentives support the highest net value added impact with a net 
estimate of $13 billion, while municipal actions support $5 billion in value added. Building 
incentives support an additional $38 billion in worker earnings and municipal actions support 
$15 billion. Earnings are one component of value added.  
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Table 16. Impacts During Implementation (High Abatement Scenario)a 

  Employment Earnings Value Added 
(GDP) 

Building Codes 

Direct 196,000 $12 $15 

Indirect 130,000 $8 $12 

Induced -262,000 -$14 -$24 

Total 63,000 $7 $3 

Building 
Incentives 

Direct 593,000 $55 $53 

Indirect 438,000 $26 $37 

Induced -840,000 -$44 -$77 

Total 191,000 $38 $13 

Municipal 
Actions 

Direct 237,000 $22 $21 

Indirect 176,000 $10 $15 

Induced -336,000 -$17 -$31 

Total 77,000 $15 $5 
a Dollar figures are $ billions, 2015. 

 
8.3 Results: Ongoing Impacts 
Ongoing impacts refer to the ongoing economic impacts that occur after a policy has been 
implemented. After policy implementation, impacts are annual and assumed to be ongoing. For 
example, if the impact is 400 jobs created, the analysis assumes an annual and ongoing impact of 
400 jobs sustained in year one and each subsequent year.  

Two policy impacts are associated with ongoing costs: increased disposable household income 
from reduced energy expenditures and reduced demand for gas and electricity. Post policy-
implementation, consumers spend less on gas and electricity and increase their disposable 
income. Direct and indirect impacts, then, reflect reductions in demand for electricity while 
induced impacts reflect increases in disposable household income. As with implementation, cost 
increases and decreases are assumed to accrue to the population rather than directly decrease or 
increase government funds or programs.   

Annual estimated net employment impacts from all three policy areas are positive, as they are 
driven by positive induced impacts (Figure 26). In this case, reductions in demand for electricity 
and gas result in negative direct and indirect employment impacts: -12,000 jobs annually under 
building energy codes, -25,000 jobs under building incentives, and -3,000 jobs under municipal 
actions, all in the moderate abatement scenario. The net impacts, however, are 19,000; 33,000; 
and 6,000 jobs under building energy codes, building incentives, and municipal actions, 
respectively, in the moderate abatement scenario, driven by increases in induced jobs reflecting 
an increase in consumer disposable income. Estimated impacts in the high abatement scenario 
are amplified versions of moderate abatement scenario impacts; net employment impacts are 
greater and are driven by positive gains in induced rather than losses in direct and indirect 
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employment. Building energy codes support 61,000 net annual jobs, building incentives support 
86,000 jobs, and municipal actions support 10,000 jobs in the high abatement scenario.  

 

 
Figure 26. Estimated ongoing national employment impacts for actions in three policy areas 

 
Annual changes in earnings under municipal actions are unchanged despite employment gains 
(Table 17). Reductions in payments for gas and electricity decrease demand for these products 
while increasing the amount of money that households have to spend elsewhere. This reflects a 
transition from relatively high-paying jobs in the gas and electricity sectors, including those that 
support these industries, to lower-paying jobs in other industries that are supported by increases 
in household disposable income. The change under building codes and building incentives is $1 
billion, which is slightly higher than for municipal actions.  

Value added typically changes less than income. This is the case under the building energy codes 
and building incentives policy areas, where estimated changes in value added are -$1 billion 
annually. This decrease is driven by reductions in tax revenue and property-type income.  
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Table 17. Ongoing Impacts (Moderate Abatement Scenario)a 

  Employment Earnings Value Added 

Building Codes 

Direct -3,000 $0 -$2 

Indirect -9,000 -$1 -$2 

Induced 32,000 $2 $3 

Total 19,000 $0 -$1 

Building 
Incentives 

Direct -8,000 -$1 -$3 

Indirect -17,000 -$1 -$3 

Induced 58,000 $3 $5 

Total 33,000 $0 -$1 

Municipal 
Actions 

Direct -1,000 $0 -$1 

Indirect -2,000 $0 -$1 

Induced 10,000 $0 $1 

Total 6,000 $0 $0 
a Dollar figures are $ billions, 2015. 

 
Earnings gains are also positive across the building codes and building incentives policy areas in 
the high abatement scenario, and value added is less than or equal to these gains (Table 18). 
Under buildings energy codes value added decreases by $3 billion, under building incentives 
value added decreases $4 billion, and under municipal actions, there is no change in either 
earnings or value added.  
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Table 18. Ongoing Impacts (High Abatement Scenario)a 

  Employment Earnings Value Added 

Building Codes 

Direct -10,000 -$1 -$5 

Indirect -29,000 -$3 -$6 

Induced 101,000 $5 $9 

Total 61,000 $1 -$3 

Building 
Incentives 

Direct -21,000 -$3 -$9 

Indirect -45,000 -$4 -$9 

Induced 153,000 $8 $14 

Total 86,000 $1 -$4 

Municipal 
Actions 

Direct -2,000 $0 -$1 

Indirect -5,000 $0 -$1 

Induced 18,000 $1 $2 

Total 10,000 $0 $0 
a Dollar figures are $ billions, 2015. 

 

8.4 Economic Impacts in Context 
The economic impacts identified in this analysis are small when compared to the U.S. economy 
as a whole. Table 19 shows value added changes both during implementation and annually 
thereafter. In 2015, U.S. GDP was $18 trillion (BEA 2016). Estimated implementation impacts 
range from 0.02% to 0.07% of this level for the single-year equivalent. Implementation that 
occurs over multiple years would be an even smaller percentage on an annual basis. Ongoing 
GDP impacts are even smaller, with an estimated reduction of less than 0.1%. 
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Table 19. Estimated Value Added Impacts Compared to 2015 GDP ($ billions, 2015) 

 
During Implementation Ongoing 

Value Added 
Estimate 

Value Added as % 
of 2015 GDP 

Value Added 
Estimate 

Value Added as % 
of 2015 GDP 

Moderate 

Building 
Codes 

$3 0.02% -$0.8 0.00% 

Building 
Incentives 

$5 0.03% -$1.5 -0.01% 

Municipal 
Actions 

$3 0.02% -$0.2 0.00% 

High 

Building 
Codes 

$3 0.02% -$2.7 -0.01% 

Building 
Incentives 

$13 0.07% -$3.9 -0.02% 

Municipal 
Actions 

$5 0.03% -$0.5 0.00% 

 
Employment estimates are similarly small as a percentage of U.S. employment (although they 
are larger than value added percentages of GDP), which was 146.6 million in 2015 (BEA 
2016).43 As shown in Table 20, single-year equivalent implementation percentages are less than 
0.1%, and annual percentages are 0.1% or less.  

                                                 
43 Employment estimates from the U.S. Bureau of Economic Analysis were used rather than employment estimates 
from the U.S. Bureau of Labor Statistics here because the latter do not include workers not covered by state 
unemployment insurance programs whereas the Bureau of Economic Analysis does include these workers. Workers 
not covered by the Bureau of Labor Statistics include sole proprietors, most railroad workers, some membership 
organizations, and some nonprofits. The IMPLAN model does include these workers in employment impact 
estimates so Bureau of Economic Analysis data are more appropriate for comparison.   
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Table 20. Estimated Employment Impacts Compared to 2015 National Employment 

 

During Construction Ongoing 

Employment 
Estimate 

Employment 
Impact as % 

of 2015 
Employment 

Employment 
Estimate 

Employment 
Estimate 

Moderate 

Building Codes 63,000 0.04% 19,000 0.01% 

Building 
Incentives 

71,000 0.05% 33,000 0.02% 

Municipal 
Actions 

43,000 0.03% 6,000 0.00% 

High 

Building Codes 63,000 0.04% 61,000 0.04% 

Building 
Incentives 

191,000 0.13% 153,000 0.10% 

Municipal 
Actions 

77,000 0.05% 10,000 0.01% 

 
While impacts may be small compared to the national economy, this does not mean that they 
may be insignificant to affected business and individuals. The net employment totals in all 
scenarios do not necessarily mean that workers will not be displaced. A retail worker supported 
by household expenditures, for example, cannot necessarily transition easily to being a civil 
engineer or an electrician. Some regional workforce programs attempt to assist previously 
employed workers in the transition between occupations.44 Others may work with educational 
institutions such as community colleges to offer curricula that are in line with local demand for 
certain occupations. Businesses affected by workforce shortages may also set up their own 
workforce training centers.45 Yet these are not necessarily effective for all individuals due to 
several factors, including geographic mobility, expense, the time involved to obtain training, 
certifications or degrees, or simply a lack of interest in newer in-demand occupations. 

Impacts can also be different at the municipal level. Every region has different mixes of 
industries and businesses as well as different ways of implementing policies. Construction 
activity in one city that reduces purchases from another may grow the economy in one region 
while dampening growth in another. Economic impacts to municipal areas can also vary 
considerably based on who pays for the implementation and who benefits.  

                                                 
44 An example of this is the Larimer County Workforce Center’s Career Transition Services program 
(http://larimerworkforce.org).  
45 As part of its workforce planning, the New York Power Authority (http://www.nypa.gov/), for example, has its 
own training program that is free to students and helps fill its workforce needs. 

http://larimerworkforce.org/programs/career-transition-services-2/
http://www.nypa.gov/
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9 Summary, Conclusions, and Next Steps 
The nationwide implementation of a suite of six commonly implemented city policy areas could 
reduce U.S. carbon emissions by 210–480 MMT CO2/year in 2035 (Figure 27), or about 3%–7% 
of 2013 U.S. emissions.46 At the city level, the results suggest the average city could reduce 
carbon emissions by 7% (moderate) to 19% (high) relative to current city-level emissions.  

 
Figure 27. Summary of results 

The carbon abatement potential of multiple city policies is not necessarily additive. For example, 
actions to reduce the carbon intensity of electricity (e.g., solar PV policies) could effectively 
reduce the carbon abatement potential of actions to reduce building electricity use. The reverse is 
also possible: multiple policies, when implemented together, could result in greater carbon 
abatement potential than the sum of their individual potentials. For example, smart growth 
policies have been shown to increase the use of public transit. Taking account of these policy 
interactions would be an important step in any city-level analysis. 

9.1 Findings and Conclusions 
Common city-level actions could contribute to national carbon abatement targets. The results 
suggest that commonly implemented city actions in six policy areas could reduce national carbon 
emissions by about 210–480 MMT CO2/year. In the context of U.S. climate commitments under 
COP21, estimated national abatement potential equates to about 15% to 35% of the remaining 

                                                 
46 Based on 2013 U.S. greenhouse gas emissions (EPA 2015). 
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carbon abatement necessary to achieve the U.S. COP21 target (Figure 28).47 Additional city 
actions such as community choice aggregation, zero energy districts, and multi-level governance 
strategies could significantly augment the carbon abatement contributions of city actions toward 
national climate targets. The results suggest that cities may play a pivotal role in progress toward 
national climate targets. 

 

Figure 28. Carbon abatement potential of common city actions in the context of U.S. 
COP21 targets (high abatement potential scenario) 

Commonly implemented city actions are only a first step toward cities achieving their full 
carbon abatement potential. Our analysis is limited to policies that are crafted and implemented 
primarily at the city level. However, a city policy role framework developed by Broekhoff, 
Erickson, and Lee (2015) suggests that city carbon abatement potential can be optimized through 
a combination of city-level and multi-level governance strategies. The authors found that city 
carbon abatement could be achieved most efficiently when cities achieve about 20% of their 
carbon abatement potential as policy leaders and architects, about 40% of their carbon abatement 
potential as critical implementers of supra-city level policies (e.g., state and national), and about 
40% of their carbon abatement potential as strategic partners with other authorities (e.g., utilities 
and state officials). These findings indicate that multi-level governance strategies could optimize 
carbon abatement potential from city actions. For example, cities could act as critical 
implementers to develop local electric vehicle charging infrastructure to help reach national-level 
vehicle efficiency goals and act as strategic partners by working with local utilities to lower the 
carbon intensity of the electricity grid. Our analysis does not include such multi-level governance 
strategies. The total carbon abatement potential of city actions when considering multi-level 
governance strategies would likely be significantly greater. 

                                                 
47 U.S. COP21 targets and emissions in the U.S. EPA greenhouse gas inventory are measured in terms of carbon 
dioxide equivalent, which includes other greenhouse gases such as methane and nitrous oxide not measured in this 
report. 
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Building energy code measures and public transit expansion have the greatest carbon 
abatement potential. This finding is consistent with the findings of Erickson and Tempest 
(2014), who likewise found that residential energy efficiency improvements and public transit 
policies could achieve the greatest carbon reductions among city actions. Expansions of public 
transit can have immediate impacts on travel throughout a city, whereas smart growth policies 
have accumulating impacts as new development zones are converted to smart growth. Further, 
the impacts of public transit on travel patterns are relatively well documented, which allows us to 
assume public transit expansion could result in significant mode switching. 

Cities may want to consider least-cost polices in their decisions about how to reduce carbon 
emissions. While some polices may have greater carbon abatement potential, cities may find it 
more feasible to start with no- or low-cost-to-government policies, such as building energy 
disclosures. A coordinated approach to city actions could also prioritize city actions based on 
policies with the greatest positive economic impacts (see Section 8).  

City carbon abatement policies have environmental and social co-benefits. Although our 
emphasis is carbon reduction, city actions to reduce carbon emissions will have environmental 
and social co-benefits. City policies that reduce demand for electricity also reduce emissions 
associated with fossil fuel-fired power plants, such as particulate matter, sulfuric acid (the basis 
of acid rain), and mercury. Further, the incomplete combustion of transportation fuels in 
automobiles can result in the local formation of ozone or “smog” in cities. Thus, city actions to 
reduce vehicle use can reduce ozone formation and its related health impacts. These and other 
environmental and social co-benefits may be factored into the cost-benefit analysis of city 
actions designed to reduce carbon emissions. Further, carbon reduction policies may directly 
improve the quality of life of city residents. For example, city actions to reduce transportation-
related emissions through increased use of non-vehicular modes of transit (e.g., walking and 
biking) can have tangible positive health impacts (Maizlish et al. 2013). 

Carbon abatement actions can be implemented with a minimal, and in some cases slightly 
positive, impact on the national economy. The economic analysis in Section 8 demonstrates that 
city carbon abatement actions can be achieved without significantly benefiting or hurting the 
U.S. economy. Employment impacts range from 0.04% to 0.13% of 2015 U.S. employment 
during implementation and zero to 0.1% thereafter. GDP estimates show net impacts of 0.02% to 
0.07% of GDP during implementation and impacts from -0.02% to zero thereafter (BEA 2016).48  

City carbon abatement potential is sensitive to national and state policies that affect the carbon 
intensity of electricity and transportation. Specifically, the U.S. Clean Power Plan and further 
renewable energy cost reductions could reduce city carbon emissions overall, helping cities 
achieve their carbon reduction goals. 

Additional work is needed to make abatement potential estimates more precise. All of the 
abatement potential estimates we found span relatively broad ranges, with more than a factor of 
three in the case of smart growth. These broad ranges represent both ranges in the assumptions 
but also the range of possible city actions. The moderate abatement scenario is a lower-bound 
estimate of the minimum achievable abatement possible through the full implementation of the 

                                                 
48 BEA employment and GDP estimates are 2015 levels. 
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six policy areas. The high abatement scenario is an estimate of the carbon abatement potential of 
ambitious city actions in the six policy areas using the upper bound of literature-based policy 
impact estimates. Future work can apply the methodologies we developed with more city-
specific inputs to develop localized estimates of city carbon abatement potential that are more 
accurate. 

9.2 Next Steps: Using City Energy Data to Prioritize City Actions 
The primary purpose of this analysis is to estimate the national carbon abatement potential of 
commonly implemented city actions. However, the methodologies developed in Sections 2–7 
also provide a foundation for city-level analyses that would allow cities to prioritize actions 
based on the carbon abatement potential of various options. Figure 29 illustrates the geographic 
distribution of carbon abatement potential (moderate abatement scenario) in the six policy areas 
as a percentage of local emissions. Each map shows clear geographic variability with some 
observable trends. For example, cities in inland northern states show higher carbon abatement 
potential from building-oriented policies because building energy use (especially natural gas for 
heating) is a larger contributor to local carbon emissions in these states. The estimated carbon 
abatement potential of building energy codes is 50% greater, on average, in Midwestern cities 
than in other cities. In contrast, transportation is a larger source of carbon emissions in more 
temperate, coastal states. Further, a variety of factors including local solar resources and 
electricity rates drive geographic variability in the carbon abatement potential of solar PV 
policies.  

The geographic variability in the estimates further illustrates the need for more precise local 
analyses. Though some of the geographic variability reflects intuitive spatial patterns, some of 
the variability may also be due to some of the limitations discussed in Section 1. 
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Figure 29. Carbon abatement potential as percentage of city emissions 

The carbon abatement potential is not on the same scale for each map. 

The geographic variability of carbon abatement potential illustrates the importance of city carbon 
policy prioritization based on unique city-level factors. Local climatic factors and existing 
infrastructure may influence city-level decisions about the optimal carbon abatement pathway. 
Cities may prioritize possible actions based on the largest existing sources of carbon emissions 
(e.g., natural gas use in northern states), the quality of local renewable resources (e.g., solar 
resources in the Southwest), or existing infrastructure (e.g., public transit systems in coastal 
cities). The methodologies developed in this analysis provide a template from which cities can 
develop more precise local carbon abatement potential estimates with city-level inputs. 
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Appendix A. Supplementary Materials: Data, Methods, 
and Results 
This appendix provides supplementary materials for data and methods used in this analysis.  

A.1 Reference Case Assumptions 
All estimates are in terms of tCO2 abatement and are relative to a 2035 reference case that is 
representative of what emissions would be in 2035 absent a city policy. Current year (2015) 
estimates for building energy use and vehicular travel were established using the City Energy 
Profile data. A 2035 reference case was then projected assuming residential and commercial 
building energy use increases by 16% (DOE 2012) and VMT increase by 1.04%/year from 2015 
to 2035 (FHWA 2015). Private vehicles were assumed to comprise 99% of VMT (BTS 2016b). 
Current city-level emissions are estimated based on City Energy Profile data. 

For grid carbon intensity, a 2015 estimate was established using emissions factors for non-
baseload electricity from EPA’s eGRID. A grid carbon intensity factor was assigned to each city 
based on the relevant eGRID subregion. A 2035 reference case was then projected, assuming 
grid carbon intensity will drop by 0.2%/year or about 4% by 2035, based on the reference case 
from the 2015 EIA Annual Energy Outlook (EIA 2015). For example, the 2015 non-baseload 
carbon intensity in the Midwest Reliability Organization West region is 891 kg CO2/MWh, and 
the projected 2035 non-baseload carbon intensity for the same region is 891 0.96=855 kg 
CO2/MWh. 

A.2 Building Energy Code Supplementary Materials: Energy Use 
Reductions between Building Code Vintages 
Estimates of the incremental change in building energy use from a building code update can be 
based on empirical studies of energy use or building energy use modeling. Empirical studies 
have measured energy use before and after a building code change to evaluate the energy use 
impacts of different building codes (e.g., Jacobsen and Kotchen 2013). Such studies are limited 
to specific research areas and are not easily applicable to different code updates in different 
climatic conditions. We therefore focus on modeling approaches. 

The Pacific Northwest National Laboratory used the DOE EnergyPlus building energy 
simulation tool to model the energy use reductions of incremental changes between “vintages” 
(the year in which the code was released) of the International Energy Conservation Code (IECC) 
(Mendon, Lucas, and Goel 2013; Zhang et al. 2013; Mendon et al. 2015; Zhang et al. 2015). 
Tables A-1 and A-2 summarize the findings of these and other studies of the building energy 
reduction effects of updated building code vintages. 

Table A-1 summarizes the main findings from the literature for reductions in commercial 
building energy use between building code vintages. Although significant variation exists, the 
literature suggests incremental building code updates generally result in an average commercial 
building energy use reduction of about 10%.  
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Table A-1. Estimated Energy Use Reductions from Commercial Building Code Update Studies 

Existing Code Replacement Code Energy Use Reduction Source 

ASHRAE 90.1-2004 ASHRAE 90.1-2007 3.2% Kneifel (2011) 

ASHRAE 90.1-2004 LEC (beyond 
ASHRAE 90.1-2007) 10.5%–34% Kneifel (2014) 

IECC 2006 IECC 2009 8.7% Zhang et al. (2013) 

IECC 2009 IECC 2012 11.9% Zhang et al. (2013, 2015) 

IECC 2012 IECC 2015 11.2% Zhang et al. (2015) 

 
Tale A-2 summarizes literature findings for energy use reductions for residential buildings 
between building code vintages. Energy use reductions for residential buildings exhibit far more 
variability than commercial buildings. DOE (2012) reported that the 2012 IECC made a 
significant (24%) reduction in energy use relative to the 2009 IECC, while Mendon et al. (2015) 
found that the 2015 IECC made little impact relative to the 2012 IECC.  

Table A-2. Estimated Energy Use Reductions from Residential Building Code Update Studies 

Existing code Replacement code Energy use reduction Source 

IECC 2006 IECC 2009 10.8% DOE (2012) 

IECC 2009 IECC 2012 23.9% DOE (2012) 

IECC 2012 IECC 2015 0.98% Mendon et al. (2015) 

 
In Section 2, the following equation is used to model the energy realization rate: 
 

= 1 +  

Where ERR is the energy realization rate,  is the energy use intensity required by the 
relevant building code, and  is the EUI achieved in the new building or renovation. Written 
this way, the EUI achieved may be written as a function of required energy use: 
 

= (2 )  
 
So, for example, if EUI achieved is 110% greater than EUI required, the realization rate is 90%. 
The equation written this way allows us to determine the energy realization rate as a function of 
only the required and measured energy use intensities. In other words, the equation does not 
require any assumptions about existing building energy use. For example, if the measured EUI is 
50% greater than the required EUI, the ERR is 50% regardless of the magnitude of the EUI.  
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We can manipulate the equation as a function of current energy use. Let  represent the 
energy use intensity of buildings under some existing building code. Based on the literature, 
assume that  is 90% of , such that = 0.9 . Further assume that = 0.9. 
Then: 
 

0.9 = 1 +
0.9

0.9
 

 
Solving for  in terms of  gives: 
 

= 0.99 =  1.1  
 
In other words, under these assumptions an energy realization rate of 90% implies that new 
construction and major renovation buildings use 10% more energy than what is required by code, 
or 9 percentage points greater in terms of existing energy use. 
 
In the moderate abatement scenario, it is assumed that city actions increase the energy realization 
rate to 100%, such that = = 0.9 . In other words, the moderate abatement 
scenario equates to a 9 percentage point reduction in energy use relative to the counterfactual 
situation (0.99-0.9=0.09). In the high abatement scenario, it is assumed that city actions increase 
the energy realization rate to 110%, such that = 1.1 . It can be shown that: 
 

1.1 = 1 +
0.9

0.9
= 0.81  

 
That is, an energy realization rate of 110% in this scenario implies an energy use reduction of 18 
percentage points relative to the counterfactual (0.99-0.81=0.18). 
 
A.3 Smart Growth Supplementary Materials: Assumptions for Carbon 
Intensity of Displaced Travel 
The EIA forecasts that by 2040 about 79% of vehicles will be powered by gasoline, about 10% 
by E85 ethanol, about 5% by electricity, about 4% by diesel, and that about 2% of vehicles will 
be plug-in hybrids (EIA 2015). Table A-3 summarizes a methodology for a weighted carbon 
intensity per mile for vehicles in 2035 based on the EIA forecasted vehicle mix in 2040. For the 
sake of simplicity, we assume about half of plug-in hybrid mileage will be gasoline-powered and 
about half will be electricity-powered, and we split the plug-in hybrid weight evenly between 
gasoline and electricity. For gasoline, ethanol, and diesel vehicles, our analysis assumes an 
average future fuel economy of 44 miles per gallon (mpg).49 

                                                 
49 The average fuel efficiency of light-passenger vehicles in the United State has historically been less than 80% of 
the prevailing Corporate Average Fuel Economy (CAFE) standard (DOT 2016). The U.S. CAFE standard is set to 
increase to 55.3 mpg in 2025 for passenger cars. It is assumed that the average fuel efficiency of light passenger 
vehicles will be about 44 mpg by 2035 or about 80% of the CAFE standard in 2025. 
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Table A-3. Weighted Carbon Intensity Methodology 

Fuel type Assumptionsa 
Weighted carbon 
Intensity (kg 
CO2/mile) 

Gasoline 
8.91 kg CO2/gallon 0.023 gallons/mile= 
0.20 kg CO2/mile 

0.8 0.20=0.16 

E85 ethanol 
1.34 kg CO2/gallon 0.023 gallons/mile= 
0.03 kg CO2/mile50 

0.1 0.03=0.003 

Electricity 

The carbon intensity of electric vehicle (EV) mileage is 
a function of the carbon intensity of the local grid where 
EVs are charged. For simplicity, it was assumed that 
the carbon intensity of an average EV in the United 
States is the equivalent of a gasoline-powered vehicle 
achieving 50 mpg,51 or about 0.18 kg CO2/mile. 

0.06 0.18=0.01 

Diesel 
10.15 kg CO2/gallon 0.023 gallons/mile= 
0.23 kg CO2/mile 

0.04 0.23=0.009 

 Total weighted carbon intensity 0.18 kg CO2/mile 
a All emissions factors are based on EIA: Carbon Dioxide Emission Factors for Transportation Fuels  
 
A.4 Solar PV Supplementary Materials: Technical Potential 
Derate Factor 
According to NREL’s nationwide lidar analyses, the average quantity of suitable roof area per 
suitable small building is 56 square meters.52 At a power density of 160 W/m2—which is the 
average value across all solar PV technologies in a set of over 200,000 systems installed in 2014 
(Barbose et. al. 2015)—that corresponds to 9 kW of technical potential per suitable small 
building. However, not all that potential is typically utilized. The exact average system size 
being installed is unknown, but a representative system size is commonly assumed to be 5 kW 
for a residential distributed solar PV system.53 Therefore, the analysis derates technical potential 
by a factor of 44% (4/9) to estimate the amount of technical potential actually deployed due to a 
change in willingness to adopt solar (see Section 6).  

                                                 
50 This estimate does not include indirect emissions associated with land use changes. 
51 The 50-mpg equivalent does not refer to the equivalent fuel efficiency of the vehicle, which has been estimated at 
well above 100 mpg. Nealer, Reichmuth, and Anair (2015) found that 66% of Americans live where driving an EV 
emits the same emissions as driving a gasoline-powered vehicle with 50 mpg or greater fuel economy. This number 
is likely to increase for several reasons; however, an accurate future estimate of the carbon intensity of EVs is 
outside the scope of this analysis. 
52 A suitable small building has a footprint of less than 460 square meters and has at least 10 square meters of roof 
area suitable for solar PV deployment. 
53 As elsewhere in this analysis, we make the simplifying assumption that the behavior of the commercial sector 
approximately tracks the residential sector. 
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A.5 Municipal Action Supplementary Materials: Hybrid 
Adjustment Factor 
Stone et al. (2009) developed a methodology to estimate the carbon abatement potential of fleet 
hybridization. The study first establishes a formula for baseline fleet emissions based on methods 
developed by EPA: 

  =
 8.877  

 

Where total VMT refers to the sum of vehicle miles travelled (VMT) in a given study area of a 
given period, and 8.877 kg CO2/gallon is the EPA emission factor for gasoline. Stone et al. 
(2009) then developed an emissions adjustment factor for hybrid vehicles: 

  = (1 +  ) 

Where mpgbase is the fuel efficiency of a conventional fleet, mpghybrid is the fuel efficiency of a 
hybridized fleet, and VMT rebound refers to the rebound effect where drivers increase mileage in 
response to lower marginal travel costs. The rebound effect is typically about 2% per every 10% 
increase in fuel efficiency. The emissions reduction assuming a full fleet hybridization can then 
be estimated according to: 

  =   (1   ) 

For the purposes of their study, Stone et al. (2009) calculated a hybrid adjustment factor of 0.82, 
based on assumed future fuel efficiencies of 25.6 mpg for a non-hybridized fleet and 33 mpg for 
a hybridized fleet, and a rebound factor of 5.8%. The hybrid adjustment factor translates to an 
18% reduction in fleet carbon emissions. 
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Appendix B. Supplementary Materials: Cost 
Assumptions Used in Economic Impact Analysis 
 
B.1 Implementation Cost Assumptions 
Building Energy Codes 
Cost estimates for actions to improve building code compliance range from $210 million, with 
states bearing about 64% of the costs, to $1 billion per year (Choi Granade et al. 2009). We 
assume an implementation cost of 36% (city share=100-64=36%) of the upper bound estimate, 
$360 million per year, or about $6 billion (adjusted to $2015) over the study period (2020–2035). 

Building Energy Incentives 
Billingsley et al. (2014) estimated the cost of energy efficiency programs for electricity based on 
reported program costs per unity of energy saved. The study’s metric, the levelized cost of 
lifetime energy savings (LCSE), measures the net present value (NPV) of all program costs 
relative to lifetime energy savings achieved by the program, written: 

 ($/ ) =
    ($)
   ( )

 

The average LCSE in the study was $0.018/kWh for residential programs and $0.021/kWh for 
commercial customers at a discount rate of 6%. We can solve for the NPV of program cost by 
estimating the lifetime energy savings resulting from the policy scenarios: 

    ($) =  
$

   ( ) 

We assume effective useful lifetimes of energy efficiency technologies of 18 years for residential 
and 15 years for commercial applications.54 Table B-1 summarizes estimated lifetime energy 
savings for the two policy scenarios consistent with the assumptions made in the carbon 
reduction potential analysis. 

Table B-1. Estimated Lifetime Energy Savings (TWh) 

Sector Moderate Abatement Scenario High Abatement Scenario 

Residential 173 1,330 

Commercial 1,180 2,970 

 
Based on the values in Table B-1 and assumed LCSE of $0.018/kWh and $0.021/kWh for 
residential and commercial buildings, respectively, the NPV of program costs in the analysis is 

                                                 
54 The effective useful life refers to the median length of time that an energy efficiency measure is functional. In a 
review of 70 commercial and 107 residential programs, Hoffman et al. (2015) found that the effective useful life of 
energy efficiency measures for new construction was 15 years for commercial buildings and 18 years for residential 
buildings. 
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assumed to be $31 billion in the moderate abatement scenario and $84 billion in the high 
abatement scenario. 

Municipal Actions 
Buildings 
The lifetime costs of energy efficiency measures are commonly normalized in terms of negawatt-
hours. A negawatt-hour refers to a kWh of electricity offset as a result of an energy efficiency 
measure. Negawatt-hour cost estimates generally measure the full cost of running an energy 
efficiency program and installing equipment. Gillingham et al. (2006) reviewed negawatt-hour 
cost estimates from several studies of utility demand-side management programs implementing 
energy efficiency measures. Negawatt-hour cost estimates ranged from $0.01 to $0.16 per 
negawatt-hour55 in cost estimates that did not account for free-rider effects.56 Based on the cost 
estimate range, an energy efficiency cost of $0.10 per negawatt-hour is assumed.  

Total lifetime costs are then the product of the full lifetime energy savings (negawatt-hours) and 
the negawatt-hour cost. In the analysis, full energy savings (electricity and natural gas) reach 122 
billion negawatt-hours (moderate abatement scenario) and 243 billion negawatt-hours (high 
abatement scenario) in 2035. Assuming constant implementation from 2020 to 2035, consistent 
with assumptions in the carbon abatement analysis, this equates to annual negawatt-hour changes 
of 8.1 billion negawatt-hours (moderate) to 16.2 billion negawatt-hours (high). Full lifetime costs 
can then be calculated: 

 ( ) = 0.1 (8.1 10 ) = $6.08  

 ( ) = 0.1 (16.2 10 ) = $12.2  

The estimated national costs of municipal building actions are assumed to be $6.08B in the 
moderate abatement scenario and $12.2B in the high abatement scenario. 

Fleet 
Reductions of greenhouse gas emissions for fleets are based on scenarios in which cities 
hybridize 50% (moderate abatement scenario) and 75% (high) of fleets. Total national municipal 
fleet VMT equates to 22 billion VMT per year in 2015, rising to 28 billion VMT in the 2035 
baseline.57 

The average annual utilization of municipal vehicles varies by vehicle type from 11,346 
VMT/year for typical light-duty vehicles to 15,160 VMT/year for police cars and 25,000 
VMT/year for refuse trucks (AFDC 2016). Assuming average annual utilization of 15,000 
VMT/year, the baseline estimate of fleet vehicles nationally is 1.5 million in 2015, rising to 1.8 
million vehicles in 2035. Under the two scenarios, this equates to 0.9 million hybrid vehicles 
                                                 
55 Cost estimates are updated from 2006. 
56 Free rider effects affect the results of utility-led programs that incentivize the private uptake of energy 
efficiency measures, but they do not apply in the context of municipal action energy efficiency programs. 
57 This assumes municipal fleet VMT comprise 1.5% of total city VMT. Baseline VMT defined by the reference 
case based on DOE City Energy Profile Tool data. See Section 7 and Section A.2 in Appendix A for details. 
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(moderate abatement scenario) to 1.35 million hybrid vehicles (high abatement scenario) 
procured by 2035. Hybrid vehicles are currently manufactured at a cost premium of $2,500 to 
$3,500 per vehicle (German 2015). Assuming an average price premium of $3,000/vehicle, the 
total costs of fleet hybridization are: 

 ( ) = 0.9  
$3,000

= $2.7  

 ( ) = 1.35  
$3,000

= $4.1  

The national costs of fleet hybridization are assumed to be $2.7 billion in the moderate 
abatement scenario and $4.1 billion in the high abatement scenario. 

Solar 
Our analysis assumes cities deploy between 50% (moderate abatement scenario) and 90% (high 
abatement scenario) of municipal building technical potential solar PV by 2035. Total municipal 
building technical potential is estimated at 9.9 GW58; therefore, the assumed deployment equates 
to 4.95 GW (moderate) and 8.91 GW (high). Assuming the capacity is procured continuously 
from 2020 to 2035, this equates to 0.33 GW/year (moderate) and 0.59 GW/year (high). 
Distributed solar PV prices are expected to decline by 3%–12%/year from 2014 to 2020 and to 
reach $1.50–$3.00/W by 2020 (Feldman et al. 2015). Assuming that mean system prices in 2020 
are $3.00/W and system prices decline by 3%/year from 2020 to 2035, total procurement costs in 
the two scenarios are given: 

  ( ) = 0.99 0.97 = $11.9  

  ( ) = 1.77 0.97 = $21.3  

The total national undiscounted costs of municipal solar PV procurement are $11.9 billion and 
$21.3 billion in the moderate and high abatement scenarios, respectively. 

B.2 Input-Output (I-O) Model 
Impact estimates were generated using the IMPLAN I-O model with national-level 2014 data. 
Each scenario considers different types of impacts. During implementation, economic activity is 
generated due to demand for construction and planning activities. This comes at a cost, however. 
Assuming these activities are funded by the population that lives within the affected region 
(in this case, the United States), and do not displace other economic activities funded by the 
population, the amount of disposable income for households decreases. Yet, cost savings from 
reduced energy consumption generate returns and result in increased disposable income 
over time.  

During policy implementation, there are two types of impacts: 

                                                 
58 This figure is based on 1.5% of total city technical potential. See Section 7.2. 
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 Jobs and other economic activity supported by construction and planning 

 Reduced disposable household income during construction. 

Similarly, there are two types of post-implementation impacts that occur during the life span of 
the policies: 

 Increased disposable household income from reduced energy expenditures 

 Reduced demand for gas and electricity. 

There is considerable precedent for using an I-O based method for net analysis. Anderson et al. 
(2014) provide an extensive review of economic literature to compare three of the most used 
types of economic modeling, including I-O, computable general equilibrium modeling, and 
econometric modeling. The authors (Anderson et al. 2014), who considered both positive and 
negative impacts of scenarios, found I-O to be the most commonly used of the three.  

Similarly, U.S. Bureau of Economic Analysis economists encourage users of its I-O data to 
estimate net rather than gross impacts, including both new economic activity and displaced 
activity (Bess and Ambargis 2011). The State of Washington Office of Financial Management 
also lists using its I-O data for net analysis as a best practice (OFM 2002).  

The practice of using net analysis has been published in peer-reviewed journals, dissertations, 
and theses such as George (2015) and Elder and Butcher (1989).  

B.3 Limitations of I-O Methodology 
As do all economic models, I-O analysis has limitations. All production and consumption 
functions in the model assume perfectly elastic supply. In other words, prices are fixed regardless 
of the level of a commodity that is consumed. If an apple is $1, it will always be $1 and apples 
will always be available regardless of how many apples households purchase. 

Low levels of consumption are unlikely to influence prices significantly, and efficiency materials 
considered in this analysis (for direct effects) are not in short supply and are likely to be 
available at the levels specified. However, this is only assumed, not explicitly estimated. 

Fixed prices also preclude fully representing a possible rebound effect. The rebound effect 
occurs when a decrease in the quantity of energy demanded results in decreases in energy prices. 
When these prices decrease, consumers have incentive to consume greater amounts of energy.  

The model does account for potential changes in energy use that result from changes in 
household or business expenditures. For example, if disposable household income increases and 
results in increased use of automobiles, the model does account for the changes in energy needed 
to accommodate this consumption.  

Neither positive nor negative estimated impact figures necessarily reflect a precise level of 
economic gains or losses that may actually occur. For example, a retailer may not necessarily 
increase its workforce size in response to increase in demand. The retailer may simply increase 
the amount of work that its employees must perform. Similarly, decreased demand for electricity 
does not necessarily indicate cutbacks of the utility industry workforce. A utility may keep its 
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workers—especially those with in-demand skills that are unique to that industry—despite 
decreases in the use of its products. Both of these are especially relevant when impacts are 
dispersed nationally and are relatively small at the local level. However, these changes in labor 
productivity are not considered in the static and linear I-O framework.  
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