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Abstract 

More than 1000 cities in the United States have signed the Mayor’s Climate Protection Agreement, yet 
few have created comprehensive estimates of their energy consumption and carbon emissions footprints. 
In this paper, we provide estimates of both of these measures for residential and commercial buildings in 
the 100 largest metropolitan areas in the U.S. over the 2000-2010 period. This tracks the progress towards 
sustainable development in major urban areas nationally, identifying leaders and laggards, as well as 
opportunities for improvement. This research also offers real-world policy relevance for energy efficiency 
efforts in the urban areas where the vast majority of U.S. GDP is produced. 
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Aware that many of the costs associated with climate change may accrue to them and armed with a 
sense of moral duty, over 1000 mayors have signed the Mayor’s Climate Protection Agreement, 
committing their cities to meeting the would-have-been goals of the Kyoto Protocol for the U.S. within 
their jurisdictions. There is reason to be hopeful about such efforts; research has found that local 
governments can be effective in pursuing broad climate change goals. [1] But while these mayors have 
committed 90 million citizens to reducing greenhouse gases, most have not committed the resources 
necessary to quantify these emissions. [2] Given that nearly all of the largest US cities have signed the 
Mayor’s Climate Protection Agreement and also developed a sustainability or climate plan, the logical 
next steps are baselining energy consumption and emissions to understand where targeted actions may 
produce the largest benefit. [3] Many such actions may have beneficial spillover effects in the micro- and 
macroeconomy, particularly those related to energy efficiency. [4]   
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In US cities, most emissions are the result of energy consumption in buildings and transportation. 
Population, economic productivity, energy intensity, and carbon intensity are major drivers. Restricting 
emissions without negatively impacting economic growth requires expanding the use of low carbon 
energy and energy efficiency. The progress cities and metro regions have made in these areas has been 
partially quantified previously. The residential sector is the most consistently studied sector, although 
variations in data and methods led to estimates that vary by up to 40% across these studies. [5]   

This research steps into this gap, estimating energy and carbon emissions for the residential and 
commercial sectors of the 100 most-populated metropolitan statistical areas (MSAs) in the United States. 
It details leaders in the area as well as those with room for improvement. These MSAs produce 72% of 
US GDP and house 65% of the US population; with good management by these players, a large portion 
of US CO2 emissions could be substantially reduced. 

The footprinting methodology used for this analysis is a combination of three major work efforts to 
categorize utility, residential, and commercial sector energy consumption and the resulting CO2 
emissions. See Brown, Southworth and Sarzynski [6] and Cox and Brown [7] for more detail. 

The methodology for determining residential energy consumption and carbon emissions relies heavily 
on the Energy Information Administration’s State Energy Data System. Per-capita estimates for energy 
consumption from on-site uses of different fuels are calculated as the average for a person residing in the 
state where the economic and population center of the MSA exists. These energy consumption per-capita 
estimates could then be multiplied by the emissions factors for each fuel, resulting in per-capita CO2 
emissions from each fuel. This exercise was undertaken for years 2000, 2005, and 2010. While this 
method is suitable for estimates of on-site fuel consumption, a more-specific estimate was developed for 
electricity to account for variations in electricity supplies. 

For the commercial sector footprints, the number of buildings by building type for each MSA was 
estimated. Using EIA’s 2003 Commercial Building Energy Consumption Survey (CBECS) microdata, 
buildings were grouped into twelve types (assembly, education, food sales, etc.). A total of 372 Monte 
Carlo simulations were run on this microdata to produce energy consumption estimates for electricity, 
natural gas, and fuel oil for each building type and census division. Since these values are specific to 
2003, they were adjusted by the change in annual, state-specific commercial sector energy intensity for 
the commercial sector in state where the economic center of the MSA exists to adjust to the year-of-
interest. Energy intensities were calculated using the State Energy Data System and the Regional 
Economic Accounts from the Bureau of Labor Statistics. 

To derive specific MSA estimates, CBECS microdata employees-per-building estimates were 
calculated for the same twelve building types as in the nine census divisions. Using the American 
Community Survey (ACS) microdata stored in the Integrated Public Use Microdata Series, we matched 
every combination of 3-digit North American Industry Classification System (NAICS) code between 423 
and 928 (representing the commercial sector) and the 492 ACS occupation codes to a building type. As 
the ACS occupation codes varied between 2010 and 2005, this was repeated for 2005. Using these 
codebooks, the nearly three million respondents to the ACS in 2005 and 2010 could be matched to a 
building type in each MSA. Similar data from the 2000 decennial census was used for that year. 
Combining these employment-by-building-type data with the employees-per-building estimates 
determined the number of buildings by building type in each of the 100 largest MSAs. Energy 
consumption could then be calculated based on the Monte Carlo analysis, along with the resulting CO2 
emissions. As with the residential sector, the electricity analysis is specific to the utility serving the MSA.  

The EIA collects data on annual electricity generation with form EIA-923. Using maps of electric 
utility territories, the 100 largest MSAs were assigned to these utilities. When a utility serving an area 
purchased power to meet demand (as reported in financial filings), the purchased energy was accounted 
for by weighting the generation mix with the characteristics of the power generator. The exception to this 
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rule was if more than four transactions were required to get to the generator. In this instance, the average 
annual generation mix for the North American Electric Reliability Corporation (NERC) region was used 
to represent the generation mix in power purchases. This was uncommon, applying only to 10 MSAs. In 
cases where an MSA was served by multiple utilities, population-weighted territories were used. 

To find source energy consumption and calculate the carbon intensity of electricity, the average heat 
rate by generation type for each utility was collected. These values are multiplied by the appropriate CO2 
emission factor to calculate kgCO2/kWh for each power plant fuel type; weighting these values by 
generation and adjusting for transmission and distribution losses (using state averages, as reported in the 
State Electricity Profiles by EIA) determine utility-wide kgCO2/kWh. These values are applied to the 
MSA, and weighted by population if necessary. This process is completed for 2000, 2005, and 2010. 

Form EIA-861 collects information from utilities on electricity sales by sector and number of 
customers. From this data, average electricity consumption per residential customer (household) could be 
matched to MSAs within a utility territory. This data was then divided by the number of persons per 
household in each MSA, as reported by the US Census Bureau. The result is an estimate of per-capita 
residential electricity consumption by utility. If an MSA is served by multiple utilities, sales-weighted 
averages are used to determine the same value. Dallas, Houston, and San Antonio are the only MSAs 
where this methodology was not applied; the nature of the deregulated electricity market in Texas and the 
lack of a central generating utility for these MSAs made such a match impossible. For these three, Texas-
wide averages for electricity consumption are used. 

In the commercial sector analysis, site consumption of electricity was determined through the analysis 
detailed above. The average heat rates and carbon intensity for the utilities serving commercial load in an 
MSA were matched to the site consumption, adjusted for transmission and distribution losses, and used to 
calculate source energy totals as well as resulting CO2 emissions. 

Over the past decade, the size of residential energy footprints ranged from 22.7 TBtus (Trenton-Ewing 
NJ MSA, 2000) to 1106 TBtus (New York City MSA, 2005); across the 100 MSAs, total residential 
energy consumption increased from 11.9 Quadrillion British thermal units (Quads) in 2000 to 12.7 Quads 
in 2010. EIA shows national residential energy consumption increased from 20.4 Quads in 2000 to 21.9 
Quads in 2010, meaning energy consumption was growing by about 7% at both scales. Electricity is the 
most-used energy source, accounting for about 67% of the average MSA’s total residential energy 
consumption; this value is three times greater than the next closest energy source (natural gas).  

Per-capita measures allow for more direct comparisons of residential energy consumption between 
MSAs. These values ranged from 34.2 MMBtu/capita (Los Angeles CA, 2000) to 94.9 MMBtu/capita 
(Lexington KY, 2010). In terms of differences, Las Vegas showed the biggest decline between 2000 and 
2010, a reduction of 16.7 MMBtu/capita, while Dallas showed the greatest growth (8.1 MMBtu/capita). 

Commercial sector energy consumption is influenced by the fuels used in the sector, driven by the 
types of buildings and the economic make-up of an MSA. Electricity plays an even-larger role in meeting 
the energy demands in the 100 MSAs’ commercial sector, comprising nearly 60% of site demand and 
over 80% of source energy consumption in 2010. We estimate sector-wide consumption of 11.2 Quads in 
2010, down from nearly 14 Quads in 2000. Since national trends showed a 5% uptick in commercial 
energy consumption, growth must be coming from smaller MSAs and rural communities. Specific MSA 
commercial consumption estimates range from 25.1 TBtus (Charlotte NC, 2005) to 815 TBtus (New York 
City, 2000). On average, energy consumption in 2010 was 19% lower than in 2000.   

Commercial energy intensity (measured in energy consumption per GDP), by building type and 
overall, allow for similar comparisons as in the residential sector. Total energy intensities range from 0.4 
kBtu/$-2005 (Bridgeport CT, 2010) to 6.1 kBtu/$-2005 (Durham NC, 2000). Looking at the largest 
energy-consuming building types (mercantile/service, lodging, and health care), we continue to find 
significant variation. Table 1 identifies the leaders and laggards for energy and CO2 intensity in 2010. 
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Table 1. Energy and Carbon Intensity of Leading and Lagging U.S. Metros in 2010 

 Residential Buildings Commercial Buildings 

 
Energy 

Consumption Per 
Capita 

CO2 Emissions Per 
Capita  

Energy 
Consumption Per 

GDP 

CO2 Emissions Per 
GDP 

Leader #1 Los Angeles, CA San Jose, CA Bridgeport, CT San Francisco, CA 
Leader #2 San Diego, CA San Francisco, CA Miami, FL San Jose, CA 
Leader #3 Honolulu, HI Fresno, CA San Francisco, CA New York City, NY 

Laggard #1 Lexington, KY Lexington, KY Greenville, SC Youngstown, OH 
Laggard #2 Chattanooga, TN Cincinnati, OH Greensboro, NC Tucson, AZ 
Laggard #3 Cincinnati, OH Indianapolis, IN Durham, NC Baton Rouge, LA 

 
Residential carbon emissions are highly variable across the MSAs due to electricity generation fuel 

sources and the distribution of fuels used in the sector. In general, the meaningful differences are between 
electricity-related emissions and emissions from on-site natural gas consumption. Per-capita carbon 
footprints range from 0.9 mtCO2 (Bakersfield CA, 2010) to 8.3 mtCO2 (Lexington KY, 2010). Las Vegas 
experienced the greatest reduction in per-capita CO2 emissions at 1.8 MTCO2 (a 35% reduction from 
2000), while Orlando experienced the greatest increase (2.4 MTCO2, a 133% increase from 2000). 

Given the heightened importance of electricity as an energy source in the commercial sector, the 
carbon intensity of the electricity supply dominates overall carbon footprints. In 2000 and 2010, Chicago 
had the largest overall footprint at 132 MMTCO2 and 87 MMTCO2, respectively. In 2005, Washington, 
DC’s 74 MMTCO2 tops the list. Smaller MSAs in PG&E’s territory consistently show the lowest carbon 
emissions, with Stockton and Bakersfield producing ≤ 0.25 MMTCO2 in all years. 

The types of buildings responsible for the largest share of energy varies by MSA, but in the largest 
MSAs, mercantile/service are a dominant block due to their prevalence. In Los Angeles, 
mercantile/service buildings are estimated to consume nearly 45% of commercial energy consumption. 
These buildings are the largest consumers in Chicago and New York as well. Lodging and educational 
services buildings are distant second and thirds, accounting for roughly 15% and 10%, respectively.  

The largest residential energy footprints are found in the same MSAs in all years, which tend to be 
highly populated - New York City, Chicago, and Dallas. However, the trends are not consistent; New 
York’s footprint declined by over 100 TBtus, while Dallas grew by nearly 150 TBtus. MSAs with the 
smallest energy footprints are also constant, with Trenton, El Paso, and Honolulu, holding these positions 
across the decade. The alignment of these footprints with low population is less matched; while Trenton is 
both the smallest by population and footprint, the others are not among the smallest by population. 

Generally, residential per-capita energy footprints are declining, averaging a reduction of 1.8 
MMBtu/capita (3%) across the decade. However, 44 showed an increase over 2000 levels. These MSAs 
tend to be in the Midwest and the South, with only Denver, Philadelphia, Pittsburgh, Los Angeles, and 
Tucson breaking that trend. While Los Angeles is 2nd overall in residential per-capita energy consumption 
(see Table 1), it has lost some ground on the efficiency front. All MSAs have room for improvement. 

For residential electricity consumption, the potential is obvious. Only 29 MSAs show declines in per-
capita electricity consumption since 2000. These 29 MSAs are widely distributed across the county, but 
largely exclude the Midwest Region – Chicago being a notable exception. In looking at percent 
improvement, Las Vegas leads all other MSAs across the decade, followed by San Jose and Bakersfield. 
Pittsburgh, Philadelphia, Des Moines and Cincinnati show the largest percentage increases in electricity 
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consumption per capita. Given Cincinnati’s position as the third least-efficient MSA already, this finding 
suggests that more effort is required here. 

The vast majority of MSA commercial sectors saw improvement over the past decade; 96 decreased in 
energy intensity. Average reductions were 850 Btus/$, which is substantial, as average intensity was 2700 
Btus/$ in 2000. Only Minneapolis and Detroit experienced an increase in energy intensity.  

Part of the commercial energy intensity trend may be attributable to the economic recession, although 
energy intensity improvements were fastest between 2000 and 2005. Perhaps the recession slowed 
efficiency investments. A t-test between the 2000 and 2010 energy intensities shows that these changes 
were statistically significant in the commercial sector (not so for the residential sector). 

Durham, NC, while having the 3rd-highest energy intensity in 2010, appears to have also made the 
most absolute progress between 2000 and 2010, shaving nearly 2600 Btus/$. Seattle, Portland (OR), and 
Washington, DC, led, all showing nearly 50% improvements in energy intensity. 

Our dataset also shows the importance of efficiency efforts for managing CO2 emissions, especially 
when the electric utility is not directly under municipal control. For example, Chicago, in 2000, had 
carbon-intensive electricity, ranking 81st out of 100. By 2005, the utility changed contracts, purchasing 
mostly nuclear power – as a result, Chicago’s carbon intensity declined precipitously and ranking 8th that 
year. By 2010, contracts had again changed, and Chicago ranked 76th. Energy efficiency can serve as a 
hedge against these swings in the carbon intensity of the electricity supply.  

Given the top ranking of so many California metros, we end this paper with an analysis of their 
energy-efficiency policies in an effort to show how they consistently achieve results. Their performance is 
not surprising given that ACEEE State Energy Efficiency Scorecards have given California one of the top 
two rankings for several years, reflecting its national leadership in energy-efficiency programs. It would 
appear that California benefits from a well-articulated multi-scale governance system that embodies many 
of the advantages of polycentrism detailed by Nobel Laureate Elinor Ostrom. Its local and state 
governance offers the credibility of policy implementation and enforcement, complementing federal 
governance with its uniform framework for policy actions. Federal energy legislation provides unified 
targets and coherent strategies that frame state and local actions. In turn, state and local governments 
provide diverse programs and policy instruments to deal with local circumstances and challenges.  

Over the last four decades U.S. per capita energy usage has increased by 33%, while California’s per 
capita energy use has remained steady as the result of a sustained emphasis on energy efficiency. This 
progress has been enabled by the institutional leadership of the state’s electric utilities and the California 
Public Utilities Commission, which established strong efficiency programs, decoupled revenues from 
sales, provided performance incentives, and set long-term savings targets. In addition, the California 
Energy Commission has designed arguably the most advanced building energy codes program in the 
country, and it has promulgated the most numerous appliance efficiency standards, exceeding federal 
minimum efficiency requirements on 17 products.[8]  

At the local scale, multiple cities in California have programs and policies to improve energy 
efficiency. Los Angeles has 440 Energy Star buildings, more than any other city in the U.S., and San 
Diego (with 120 buildings) and Riverside (with 75 buildings) are also notable. [9] LA has also retrofit all 
140,000+ of its street lights with LEDs. In San Francisco, commercial building owners must undertake 
energy audits of their properties, and homeowners can receive a rebate as high as $4,800 for improving 
energy efficiency. [10] In Oakland, 102 of the 115 largest facilities have been retrofitted, and the city 
requires all buildings that cost more than three million dollars to meet Silver LEED status. [11] In 
Berkeley, a 2020 goal has been set to reduce energy usage in buildings by 33% compared to 2000 levels, 
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and 80% by 2050. Nearly 50 buildings have been certified Energy Star, LEED, or Green Point Rated. 
Residential buildings experienced a 12% deduction in energy usage between 2000 and 2012, saving more 
than two GWh each year. Additionally, the State’s energy efficiency resource standard (EERS) and 
aggressive renewable portfolio standard help save 2,000 GWh and grow the residential solar photovoltaic 
market by more than 50% annually. [12]   

California has adopted the goal of implementing zero net energy building standards for houses in 2020 
and for commercial buildings in 2030. Strategies to meet these goals include innovative building designs, 
increased customer demand with incentives and education campaigns, research by state agencies, low-
cost financing options, and stricter energy codes and standards. By 2020, pre-existing houses will see a 
40% decrease in energy use compared to 2008. The EERS and the carbon market will incentivize low- 
and zero-energy buildings. At the same time, the CEC has noted “additional policies and actions will be 
necessary to grow this market and achieve deep, cost-effective energy efficiency upgrades.” [13]   

This study estimated and reviewed the progress in energy consumption in the 100 largest MSAs 
between 2000 and 2010 and provided the first academic estimate of commercial sector energy 
consumption and carbon emissions for these MSAs. The overall trend is that energy efficiency is 
improving across the largest MSAs in the United States, and carbon emissions are falling. Energy 
efficiency certainly came to be a key policy issue in states and cities across the United States during the 
past decade, due to its many benefits and bipartisan appeal. The evidence is clear that many MSAs made 
progress on these key aspects of energy and climate policy. This work should enable studies of effective 
policies as well as assist MSAs in managing energy and carbon emissions. Given the growing importance 
of this sector currently and into the future, these results can serve as an important benchmark.  
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