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As part of American University’s Master of Public Policy Policy Practicum course and in 
partnership with Commissioner Elkins from ANC 3D, the authors of this report describe energy 
efficiency options related to buildings and provide analysis localized to Washington DC — and to 
the extent possible ANC 3D — regarding global climate change. 

Executive Summary 
This report outlines the role that buildings play in energy consumption in ANC 3D to help                
leaders and residents better understand greenhouse gas emissions, be informed of the potential             
impacts in ANC 3D, and identify actions the neighborhood can take to mitigate climate change.  
 
The impetus for this report is DC’s Climate Change Act of 2018. The bill requires inefficient                
buildings to lower their energy consumption, starting with the largest buildings in the district.              
Eventually, all buildings will be required to report their energy use, and low performers will be                
given a standard to reach. Lower energy consumption is achieved by altering building             
operations and/or implementing energy efficiency measures. 
 
ANC 3D primarily consists of single family residences, which likely consume more energy than              
the average household in the United States. On average, these homes are larger and newer               
than other single family residences in DC. However, smaller-buildings like these have not yet              
been required to report energy use. As such, this report approximates energy use with data               
from regional averages and larger buildings in DC, noting that energy use by larger buildings in                
ANC 3D mirrors DC as a whole.  
 
For comparison, this report also provides analysis regarding the fact that the energy efficiency              
profile of large buildings in DC is similar to Boston, which is considered the most efficient city in                  
the United States. Major differences between the two cities include electric vehicle and solar              
readiness policies, which could be advocated for by community stakeholders within DC.            
Residents can improve energy efficiency and reduce emissions by improving their building            
insulation and purchasing more efficient lighting and heating appliances. For example, the            
Environmental Protection Agency (EPA)’s Energy Star label is reserved for electronics that are             
highly efficient. Building owners who purchase Energy Star appliances will see improved            
efficiency and energy savings in their buildings. Other low-cost methods for improving efficiency             
include switching to compact-fluorescent lightbulbs and regulating temperatures when no one is            
in the building or while residents are sleeping. 

The DC government has prioritized energy efficiency initiatives in an attempt to act proactively              
to adapt to a changing climate and reduce the city’s carbon footprint. ANCs have an important                
advisory and — especially pertaining to communications with constituents — leadership role to              
play in implementing district-wide priorities regarding energy efficiency.  
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Introduction 

Unique to Washington DC, an Advisory Neighborhood Commission (ANC) is a nonpartisan            
neighborhood body composed of elected, unpaid commissioners who serve 2-year terms. ANCs            
are intended to advise the DC government about issues pertaining to their neighborhoods (for              
example, citizen desires about energy efficiency strategies). The DC government must give an             
ANC 30 days notice about actions that will affect a neighborhood. This includes issues like               
zoning, sanitation, and planning (ANC.DC.GOV). ANC 3D, the focus of this report,            
encompasses the neighborhoods of American University, Berkley, Foxhall, Kent, New          
Mexico/Cathedral, Palisades, Spring Valley, and Wesley Heights. Commissioner Chuck Elkins is           
the Chair of ANC 3D, and he specifically represents 3D01 (Wesley Heights and American              
University).  

The DC government has prioritized energy efficiency initiatives in an attempt to act proactively              
to adapt to a changing climate and reduce the city’s carbon footprint. ANCs have an important                
advisory and — especially pertaining to communications with constituents — leadership role to              
play in implementing district-wide priorities regarding energy efficiency.  

Buildings in Washington, DC 

Over the past few years, the DC government has passed new laws, rules, regulations, and               
introduced other initiatives to reduce greenhouse gas emissions and pollution in DC, with an              
overarching goal of adapting to climate change. Foremost among these is the Climate Change              
Act of 2018, which has received national praise for its ambitious provisions relating to energy               
production, transportation, and buildings. The Climate Change Act of 2018 (hereafter referred to             
as “the Act”) galvanized a focus on the 74% of the District’s emissions that come from buildings                 
(Department of Energy and Environment, 2015). With the Act, DC was the first US jurisdiction to                
pass a law that requires existing buildings to improve energy performance using the previous              
years’ benchmarks (Javorsky, 2018). The Department of Energy and Environment (DOEE)           
defines benchmarking as “tracking a building’s energy and water use and using a standard              
metric to compare the building’s performance against past performance and to its peers             
nationwide.”  
 
Council Member Mary Cheh (D-Ward 3) introduced the Act to the DC Council, which              
unanimously approved it. It is estimated that the Act would add $2.10 to residents’ monthly gas                
bills and $1 to average electricity bills (Jamison, 2018). Affordable residential buildings will             
receive a minimum of $3 million annually for energy efficiency upgrades (Javorsky, 2018). The              
Act also provides an opportunity to expand access to renewable energy sources for low- and               
moderate-income families. All buildings (barring exempted properties) will be required to report            
their energy use data to DOEE in the coming years, and subsequently be required to reduce                
their energy consumption by a set standard over five years.  
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The Act currently requires privately-owned buildings over 50,000 square feet and           
publicly-owned buildings over 10,000 square feet to benchmark their energy use and report this              
data to DC’s DOEE. The rules on how much consumption will be reduced and which buildings                
will need to reduce consumption have yet to be defined by DOEE. All privately-owned buildings               
over 25,000 square feet will be required to benchmark their energy data in 2023. In 2026, all                 
privately-owned buildings over 10,000 square feet will be required to benchmark their energy             
data. In time, all DC buildings will be required to benchmark, report, and increase their efficiency                
(DOEE, 2019). 
 
Once baseline energy use has been reported, DOEE will set a standard which buildings are               
mandated to meet by the end of a five year compliance period. The DC Sustainable Energy                
Utility, Green Bank, and High Performance Building Hub will offer assistance to property owners              
who have limited resources. The DC Sustainable Energy Utility has installed over 500 solar              
panel units on single family housing since 2012. The Green Bank is in the startup phase, but will                  
serve as a mechanism to make loans and financing more available and affordable for energy               
related development and renovations. The High Performance Building Hub will serve as an             
educational source for stakeholders who need more information and support in navigating            
building construction codes and energy laws. This report will outline options ANC 3D has for               
implementing measures that improve their neighborhood’s energy efficiency and ways the           
neighborhood can collectively mitigate climate change through policy changes. 
 
Figure 1. District of Columbia emissions and energy goals (Source: Department of Energy and 
Environment) 
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Methods 
DC and ANC 3D Building Data 
All data used for this report is from publically accessible sources. All DC Building datasets were 
joined in ArcMap to create cross-sectioned and geolocated data. This data was then uploaded 
to R to run statistical analysis and create data tables. A full analysis of this data can be found in 
the Energy Analysis section of this report, and additional figures can be found in the Appendix. 
 
With help from DC DOEE employees, two datasets were merged to create an approximate 
building stock portfolio for the entire District. It should be noted that some of the attributes in this 
merged data set may not represent each building’s exact characteristics. Rather, this dataset is 
used on an aggregate basis, to understand the scope of the building stock portfolio in the 
district. These two data sets are the Computer Assisted Mass Appraisal - Residential and the 
Integrated Tax System Public Extract Facts, and can be found here: 
https://opendata.dc.gov/datasets/c5fb3fbe4c694a59a6eef7bf5f8bc49a_25 
https://opendata.dc.gov/datasets/014f4b4f94ea461498bfeba877d92319_56 
 
Buildings covered under the DC Benchmarking law are already available in a shape file to be 
uploaded to ArcMap. This dataset is the Building Energy Benchmarks, and can be found here: 
https://opendata.dc.gov/datasets/building-energy-benchmarks 
 
The following filters were used for the Building Energy Benchmarking dataset: 
Filter Description Column Name 

Year set reporting year to 2018 REPORTINGYEAR 

Building size Use valid sqft column 
REPORTEDBUILDINGGROSSFLOORA
REA 

Valid data Get rid of non-compliant/ invalid data REPORTSTATUS 

No energy use 
Get rid of buildings with no site/source 
energy use ELECTRICITYUSE 

Duplicate 
properties 

Properties that have more than one use 
entry DCREALPROPERTYID 

Parent properties 

Properties that were reported as 
aggregate data and individual building 
data 

Remove all observations where 
PARENTPROPERTYID does not equal 
PMPROPERTYID or 
PARENTPROPERTYID does not equal 
“Not Applicable: Standalone Property” or 
PARENTPROPERTYID does not equal 
blank. 
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ANC 3D boundaries were isolated using the 2013 boundary lines, which are also available in 
shapefile format, and were uploaded to ArcMap. This dataset is the Advisory Neighborhood 
Commissions from 2013, and it can be found online: 
https://opendata.dc.gov/datasets/advisory-neighborhood-commissions-from-2013 
 
 
Residential Energy Use in ANC 3D  
Based on the buildings in the cross-sectioned data, ANC 3D primarily consists of residential              
buildings. Based on observations about single family homes in the NW area of District, many of                
these are attached and referred to as row homes. Using these characteristics and regional data               
we were able to find an estimated energy use range. This data is explained in detail below. 
 
U.S. Energy Information Administration estimates that the average home in an Urban Cluster             
within the Northeast region uses 86.8 million Btus (mBtu) of site energy every year, or 42.1                
mBtu per person (EIA, 2018). This estimate is higher than the average in the U.S. of 75.2 mBtu                  
of energy every year, or 31.4 mBtu per person. In addition, Middle-Atlantic homes use more               
energy than the national average, 93.4 mBtus to 77.1 mBtu, and single-family attached homes              
(93.2) use more energy than apartments, 93.2 mBtu to 41mBtu. On the other hand, homes in an                 
urban cluster (use less energy than rural homes 86.8 mBtu to 102 mBtu, but are comparable on                 
a square foot basis (EIA, 2018). This data was used to approximate a reasonable range of                
energy use for homes in ANC 3D. It should be noted that this estimate is to be used for no                    
purposes other than understanding typical characteristics of residential buildings similar to those            
in ANC 3D. This range should not be considered accurate or localized to ANC 3D. This range                 
and associated conclusions can be found in the Energy Analysis section of this report. 
 
Data used from the Residential Energy Consumption Survey can be found here: 
https://www.eia.gov/consumption/residential/data/2015/c&e/pdf/ce1.2.pdf 
https://www.eia.gov/consumption/residential/data/2015/c&e/pdf/ce1.1.pdf 
 
Comparative Study 
The purpose of a comparative case study is to analyze how a city similar to DC is approaching 
energy efficiency. This provides insights into some improvements that DC can make. To analyze 
other cities that were comparable to DC’s building profile, those that have Benchmarking laws 
similar to the District's were considered. Those cities were Los Angeles, Boston, Chicago, New 
York, Philadelphia, San Francisco, and Seattle. Ultimately, Boston was chosen because of its 
building stock similarities to DC. Median Energy Star Scores for large buildings in DC were 
closest to those in Boston. The distributions are analyzed further in the Case Study section of 
this report. 
 
Boston’s Building Energy Reporting and Disclosure Ordinance (BERDO) dataset can be found 
here: 
https://data.boston.gov/dataset/building-energy-reporting-and-disclosure-ordinance 
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ANC 3D’s Energy Analysis 
This section serves as an analysis of ANC 3D’s building stock and energy use. Currently there 
is no publically available data on private buildings smaller than 50,000 square feet and public 
buildings smaller than 10,000 square feet. In 2018, approximately 1,500 buildings in DC 
submitted their energy use data to DOEE. Eventually all buildings will be required to report 
energy and water use data, but those rules are yet to be set as of April 2020. As such, this 
analysis is focused on available data, including the year buildings were constructed, square 
footage, and large buildings’ data that has been reported. Due to the small number of reported 
buildings in ANC 3D, analysis includes Ward 3, the District as a whole, and then a case study of 
Boston (which is comparable to DC according to available data). 
 
How Energy Benchmarking Works 
Property managers and owners are required to track and report their energy, water, and other               
building attribute data through EPA’s Portfolio Manager. One measure generated from           
submitted data is an Energy Star Score, a useful way to compare buildings’ energy efficiency               
both in the District and across the country. This score serves as a standardized metric that                
incorporates building use and location details, which allows buildings to be objectively            
compared, despite their differences. Scores reflect the percentile the building is in; for example,              
a score of 0 is the worst possible, and 100 is the best. 
 
As benchmarking becomes more prevalent, remote sensing may become the most cost efficient             
and effective method of data collection. Remote sensing allows the inference of infrastructure             
data as satellite data, presenting a source of information that is globally available and largely               
consistent worldwide (Rolnick et al, 2019). An essential step towards energy efficiency is             
making sense of the increasing amounts of data produced by meters and home energy              
monitors. This can take the form of energy demand forecasts for specific buildings, which are               
useful in evaluating building design and operation strategies. In addition, to verify the success              
or failure of energy efficiency interventions, machine learning offers statistical methods for            
causal inference when data is not available based on previous data patterns. Energy-relevant             
building attributes, such as the presence of photovoltaic panels, can also be retrieved from              
these images. To generate 3D models, LiDAR data is often used to retrieve heights or classify                
buildings at city scale (Rolnick et al, 2019). 
 
The Majority of ANC 3D: Small to Medium Sized Buildings 
A majority of buildings in ANC 3D are single family residences (95.6%) of about 3,500 square                
feet and 65 years old on average. These homes are both younger and larger than the District’s                 
average single family house. About 2.6% of buildings in ANC 3D are used for commercial               
purposes, and the remaining 1.7% of buildings are flats/conversions and multi-family           
residences. Unlike other ANCs, ANC 3D has fewer large, commercial, hotel, and multifamily             
buildings. Until all buildings are required to report annual use data to DOEE, use details for                
these properties will most likely be unavailable. In addition, an analysis on ownership of houses               
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has not been conducted in this report, but may be helpful in understanding the type of residents                 
in this ANC.  
 
Figure 2. Summary statistics of approximately all buildings within ANC 3D boundaries by 
building use type. 

 
 
 
The average energy use of a single family residence is difficult to estimate, because it is not                 
reported on a regular or mandatory basis. However, using available data, some assumptions             
can be drawn.  
 
The United States’ Energy Information Administration’s (EIA) 2015 Residential Energy          
Consumption Survey estimates Mid-Atlantic homes in urban clusters use more energy than the             
national average: 93.4 million Btus compared to 77.1 million Btus. This may be attributed to               
climate, house size, appliances, income, and other variables. Building age may also be a factor,               
but it was found to be a statistically insignificant driver of efficiency in larger buildings in DC                 
(DOEE, 2018). Based on these estimates, the average household in ANC 3D likely uses 85 to                
95 Btus annually, which is higher than the national average. These houses likely use more               
energy than other DC residents who live in smaller and/or apartment style housing. 
 
Per capita energy use is highly dependent on lifestyle choices and factors like commuting. The 
EIA survey does not include detailed information on other sources of energy consumption, 
which would account for distribution and transportation. It should be noted that DC has the 
lowest greenhouse gas emissions per capita compared to other states, in part due to its highly 
developed public transportation system and to the lack of rural areas within the district. 
 
Buildings 50,000 square feet or larger 
Thus far, ANC 3D has not been as impacted by DC’s Climate Change Act of 2018 in the way                   
other areas of the city have, because it has fewer large buildings than the average ANC (Figure                 
3). Although 26 properties have been required to report their energy benchmarks, only 13              
buildings have (Figure 4). This is most likely due to American University having the ability to                
submit energy use data on a campus-wide basis. ANC 3D is slightly more efficient than the city                 
as a whole, but few conclusions can be drawn from such a small population (Figure 5). 
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Figure 3. Attributes of buildings over 50,000 square feet in DC and ANC 3D. 

 
Figure 4. Map of buildings in ANC 3D. Blue triangles signify buildings over 50,000 square feet 
that reported 2018 energy use data to DOEE in 2019. 
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Figure 5. Washington DC by ANC (Data from OpenData DC). 

 
DC’s Sources of Energy 
Sources of ANC 3D’s energy mirror DC overall (Figure 6), assuming limited use of onsite               
renewables like solar panels. About three quarters of energy used in DC is sourced from out of                 
the district, suggesting that demand for renewable energy and increased efficiency will impact             
energy companies in the surrounding area. It is unclear how changing demand will impact the               
marketplace. The market could respond by offering more renewable energy sources as building             
owners try to meet DC’s mandate, but it could also simply cause a shift in the energy sources                  
being offered. Most utility companies offer renewable energy, and they may shift that energy to               
DC’s market and offer non-renewable energy to the surrounding area. 
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Figure 6. Washington DC Sources of Energy (Source: US Energy Information Administration)

  
 
Realizing the potential of data-driven urban infrastructure can advance mitigation goals while            
improving the well-being of citizens. Considering the limitation of data available, specifics about             
building infrastructure can often be predicted using existing machine learning techniques.  
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Comparative study: Boston 
Boston is comparable to DC due to its demographics, building stock, and city ordinances 
requiring improved energy efficiency. The location and age of both cities are similar as well. In 
the table and figures below, it can be seen that the two cities have similarly-sized buildings, built 
in the same decade (Figures 7 & 8). In addition, the Energy Star Score profiles of each city are 
close. A difference of medians Mood’s test showed that there is not a statistically significant 
difference between the two building stock populations based on Energy Star Scores (for 
buildings over 50,000 square feet in DC and Boston). In other words, the building portfolios of 
both cities are interchangeable based on building efficiency levels. Boston’s Building Energy 
Reporting and Disclosure Ordinance is comparable in nature and scope to DC’s Building Energy 
Performance Standard created by the Climate Change Act of 2018. Additionally, neither DC nor 
Boston have requirements for single-family household energy consumption or efficiency. 
 
 
Figure 7. Comparison chart of 2018 energy use data for buildings over 50,000 square feet in 
DC, ANC 3D, and Boston. (EUI = Energy Use Intensity, or the energy efficiency of the building. 
A lower score indicates a building is more efficient.) 
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Figure 8. Frequency distributions of buildings over 50,000 square feet in Boston and DC by               
Energy Star Score. 

 
 
Boston is committed to being carbon neutral by 2050, and ranks first for energy efficiency               
according to the American Council for an Energy Efficient Economy’s (ACEEE) 2019 City Clean              
Energy Scorecard, the most comprehensive national report that tracks city progress toward            
climate goals (Boston-DOE, 2019). DC is also regarded as an efficient city, as it was ranked fifth                 
in 2019.  
 
Boston has several energy efficiency programs in place to help residents reduce their energy              
use. Similar to DC, Boston’s buildings account for approximately 71% of community carbon             
emissions and represent the greatest opportunity for emissions reductions. Decarbonizing          
Boston’s building sector depends on shifting to zero net carbon new construction by 2030, as               
well as retrofitting and electrifying at least 80% of existing buildings over the next 30 years. The                 
City of Boston, in concert with local utility companies National Grid and Eversource Energy,              
announced a new Renew Boston Whole Building Incentive (RBWBI) initiative. The RBWBI            
significantly reduces the cost for energy efficiency improvements in two and three family homes              
through the Mass Save Home Energy Services Program. This new initiative fulfills the City of               
Boston’s pledge to better reach two key segments of Boston residents: renters and             
middle-income households. 
 
The main differences between the municipalities can be seen in Boston’s proactive policies for              
Solar and Electric Vehicle infrastructure and building code standards. Local laws require that             
new residential and commercial buildings under five stories must be capable of installing solar              
panels. Five percent of all parking spaces must host electric vehicle chargers, and 10% must               
have the ability to do so. Additionally, buildings over 50,000 square feet must meet the U.S.                
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Green Building Council's Leadership in Energy and Environmental Design (LEED) certification           
standards. 
 
Successful programs and initiatives in Boston can serve as a model for DC energy efficiency               
initiatives. The implementation of such programs can provide a blueprint for DC government             
agencies. Concerned community members can advocate for similar programs to be adopted            
within the District and use Boston’s success as proof of the effectiveness of such programs. 
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Buildings Consume Most of the United States’ Electricity 
Building energy efficiency is a large opportunity for addressing climate change in the United              
States. A primary driver of climate change in the US is energy used to maintain building stock.                 
More than 76% of all electricity use, and more than 40% of all energy, can be accounted for by                   
buildings. This energy and associated greenhouse gas emissions provide comfortable, well-lit,           
residential and commercial buildings, and space conditioning and lighting for industrial buildings            
(DOE, 2015). Increasing building energy efficiency will help meet greenhouse gas reduction            
goals, which are vital for overcoming environmental challenges related to climate change on a              
global scale. Increased efficiency will also reduce costs to building owners and tenants (DOE,              
2015).  

The US economy and environment are linked to the buildings we construct and the energy they                
use. Gross Domestic Product (GPD) from construction and utilities contributed over $750 billion             
to the US economy each quarter from 2005 until the present (Trading Economics, 2020). As the                
population and economy grow, so does our use of energy, which comes predominantly from              
fossil fuels (DOE, 2008). Energy efficiency savings contribute to our nation’s security and             
improve our environment (ACEEE, 2015). It is projected that climate change will cost the              
economy trillions of dollars by the end of the century if rapid action is not taken to reduce                  
greenhouse gas emissions (USGCRP, 2019). 

U.S. buildings’ energy efficiency  

Major sources of energy consumption in buildings are heating, ventilation, and air conditioning.             
Air conditioning accounts for 35% of total building energy use; lighting—11%; and major             
appliances—18%. The remaining 36% is the result of miscellaneous uses, including electronics.            
There are opportunities to improve the performance of system components and the way they              
are controlled as a part of an integrated building system. For example, improving the efficiency               
of lighting devices and installing sensors that adjust light based on occupancy and daylight can               
save a substantial amount of energy (DOE, 2015).  

Typically, increases in energy consumption are mitigated by: 

● Mandatory codes and standards, which include federal equipment standards, state          
building energy codes and equipment standards, and local building energy codes. 

● Public and private voluntary programs, such as ENERGY STAR appliances, homes, and            
buildings, as well as new “green” building programs and designations such as LEED and              
MASCO Environments for Living. 

● Policies and incentives in the form of tax credits, utility rebates, pricing structures, and              
government-backed research to develop energy-efficient technologies. 

Regulatory Action Encourages New Behavior 
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Globally, evidence exists that, especially in high-income countries, behavioral change can           
reduce greenhouse gas emissions in many areas, including car and plane transportation, meat             
and dairy consumption, and emissions related to heating and lighting homes (Dubois et. al,              
2019). However, in European countries that are doing well by these metrics, personal             
perceptions of climate responsibility is mismatched with current climate policy goals, and short             
term voluntary efforts will not be enough to reach the necessary, drastic reductions required to               
achieve the 1.5 °C goal; people need a regulatory framework supporting behavioral change            
(Dubois et. al, 2019). 

In other words, individual actions must be supported by a policy framework and effective              
messaging from leadership entities, government and otherwise, to result in significant reduction            
of greenhouse gas emissions. Additional research reveals criticism of green building incentives            
focus on government administration failures (Olubunmi et. al, 2016). Therefore, government           
entities need to support incentives with policy while effectively communicating and administering            
the incentives. Further research is needed on effective methods of communication, but some             
recommendations include behavioral messaging, or nudging, at different trigger points. For           
example, “disclose the energy costs and efficiency of a home at the time of sale,” “include                
warnings on the long-term costs of high-tier rates, offering consumers that remain in upper              
energy rate tiers an energy efficiency upgrade – and funds from averted costs – to reduce                
consumption”, and “Develop modifications to existing mortgage financing, refinancing and home           
equity products that incentivize and incorporate energy efficiency”) (Gerdes, 2012). Pairing           
these interventions with regulations and policy will likely be effective in reducing greenhouse             
gas emissions in buildings for any level of government. 

Feedback measures involve communicating energy consumption to energy users in order to            
trigger a change in behavior. Feedback is an essential element in effective learning and change               
reinforcement, and users are most open to committing to change when they have just received               
feedback. Households can be encouraged to set their own targets (co-creation) for reducing             
their energy bills. Introducing an element of competition could be especially effective, with             
rewards for those who do best. Direct feedback can be provided by smart meters, but also by                 
web-based platforms and mobile apps, in addition to indirect feedback that usually comes in the               
form of usage reports, as part of monthly or quarterly bills. Both methods of feedback are                
especially effective when they provide comparisons with others; for example, comparing the            
average household with the user’s neighbours. Also, incentives and prohibitions are well-known            
for promoting investment in new technologies, and play a role in behaviour change. For the               
most part, this is linked to providing subsidies, bonuses, and awards. 
 
Energy efficiency initiatives in the United States 
 
The U.S. is a longtime leader in energy efficiency policies for buildings. Most U.S. residential               
and commercial building codes are implemented at the state level and are some of the most                
aggressive in the world including strict requirements for building envelope (i.e. the part of a               
buildings outer shell that helps with climate control), heating and cooling, and lighting. U.S.              
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building energy codes are expected to save 48.5 exajoules of energy cumulatively by 2040, the               
equivalent of burning 1.1 billion tonnes of crude oil (DOE 2014a). The U.S. is also the leader in                  
appliance and equipment standards, with 52 standards on record (DOE 2014a). Products            
covered by these standards represent all major residential and a majority of commercial building              
end uses in the U.S. The 40 standards introduced during the Obama administration alone will               
save 43.8 quads of energy by 2030, the equivalent of 1 billion tonnes of crude oil, according to                  
the U.S. Department of Energy’s Appliance and Equipment Standards Program. The Trump            
administration has indefinitely deferred action on 20 standards, which may delay further energy             
savings from updated standards (ACEEE, 2018). 
 
Historical factors have led to high energy use (per capita or per unit of floor area) relative to                  
other developed countries. Low energy prices and high incomes mean that incentives for energy              
efficiency are still relatively weak (CPI, 2013). In spite of that, energy efficiency programs have               
been operating successfully in some parts of the U.S. since the late 1980s. These programs               
reduce annual energy use by 0.15% to 1% of spending on energy. Electricity savings are               
between 1% and 3% for electric, and 0.5% and 1.5% of gas revenues—and are poised to                
deliver substantially greater reductions over time (EPA, 2016). 
 
Since 2000, U.S. homes have ballooned in size, on average becoming 30% larger (Figure 9.).               
Despite this, newer homes only consume 2% more energy, according to U.S. Energy             
Information Administration data. Some of these savings can be attributed to homes being built in               
warmer regions, but gains in efficiency nonetheless play a large role in this trend (DOE, 2014). 
 
Figure 9. Newer U.S. homes are 30% larger but consume about as much energy as older 
homes. 
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Ways to Improve Energy Efficiency and Lower Consumption 
 
Buildings’ energy efficiency: Best Practices 
Energy use in buildings depends on a combination of architecture, energy systems design,             
effective operations, and maintenance once the building is occupied. Buildings should be            
treated as sophisticated, integrated, interrelated systems. It should also be understood that the             
performance and value of any component technology depends on the system in which it is               
embedded (DOE, 2015).  
 
A variety of factors affect a building’s energy use, including its floor area, geographic location               
and climate, the number of occupants, and the level of economic activity (IPEEC, 2015) 
 
Technical areas to improve residential energy efficiency include: 
 
Building shell 

● Insulation in walls and ceiling 
● U-factors and shading/solar heat gain coefficient for windows  
● The solar heat gain 
●  Air sealing 

 
Components 

● Efficient lighting 
● Efficient heating, ventilating, and air-conditioning systems 
● Efficient water heating 

 
Emerging Technologies for residential energy efficiency initiatives 
 
From more efficient appliances to better building materials, advances in residential technologies            
are helping homeowners save energy and money (DOE, 2014b). 
 
At the residential level, key research opportunities include the following:  

● High-efficiency heat pumps that reduce or eliminate the use of refrigerants that can lead              
to greenhouse gas emissions  

● Thin insulating materials  
● Windows and building surfaces with tunable optical properties  
● High efficiency lighting devices including improved green light-emitting diodes,         

phosphors, and quantum dots  
● Improved software for optimizing building design and operation  
● Low cost, easy to install, energy harvesting sensors and controls  
● Interoperable building communication systems and optimized control strategies  
● Decision science issues affecting purchasing and operating choices 
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Figure 10. EPA has described the top emerging technologies along the U.S. to save energy:  
Source: Emerging technologies for energy efficiency practices. EPA (2016)

 
 
Community engagement in energy efficiency initiatives 

Leadership is needed to establish the business case for energy efficiency, educate key 
stakeholders, and enact policy changes that increase investment in energy efficiency as a 
resource (EPA, 2016). In particular, energy consumption in buildings continually depends upon 
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the behavior of their inhabitants, which we term operations. Government can provide 
information and incentives to help encourage building users to operate buildings efficiently and 
choose low-consumption behaviors (CPI, 2013). 

Energy efficiency home tips (EPA, 2017): 

● A/C Unit 

When buying new heating and cooling equipment such as a central air conditioning unit,              
proper sizing and quality installation are critical to your home's energy efficiency and             
comfort. Remember: Bigger does not always mean better. Oversized equipment can           
cause reduced comfort and excessive noise. Oversizing also can shorten the life of the              
equipment by causing it to cycle on and off more frequently than a properly sized unit.                
However, undersized equipment can reduce the efficiency and accelerate wear on           
system components, leading to early failure. 

● Porch Light 

The outdoor porch or post lamp is one of the highest used light fixtures in a home, and is                   
the perfect place to install ENERGY STAR Certified lighting products. Many compact            
fluorescent light bulbs (CFLs) will fit easily into existing porch lights. Or install a new               
ENERGY STAR Certified outdoor fixture that saves energy through advanced CFL           
technology, a motion sensor and/or a photocell that turns the light on only when              
someone is present or on at night and off in the morning. 

● Car/Garage 

Give your car a break. Combine trips whenever possible. Use mass transit, walk or bike               
whenever possible. Leaving your car at home just 2 days a week will save 1,590 lbs. of                 
greenhouse gas emissions each year. Keep your car well-maintained to maximize its            
fuel efficiency, safety, and reliability. Check your tire pressure regularly to avoid the wear              
and tear and decreased gas mileage that can result from under-inflated tires. 

● Door Sweep 

Air leaks are a large source of heat loss in the home during winter. A common place                 
where air leaks occur is under the door leading from the house to the garage because                
they are often not as well sealed as doors leading directly to the outside. Install a door                 
sweep to seal the gap between the bottom of your door and the threshold to prevent cold                 
air from coming in and warm air from escaping from your home. Stopping this air flow will                 
keep heated indoor living space more comfortable and prevent increased energy bills. 

● Thermal Boundary 

The exterior of your home-the outer walls, ceiling, windows, and floor-is called the             
"envelope" or "shell." Sealing and insulating-done by a knowledgeable homeowner or           
skilled contractor-can save more than $200 a year in heating and cooling costs (or up to                
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10% on total annual energy bills). It will also make your home more comfortable and help                
your heating and cooling system run more efficiently. 

● Attic Ventilation 

Proper ventilation of the attic with natural air flow keeps the roof deck cool and dry,                
extending the life of roof shingles and preventing ice dams without using the energy              
needed to run an attic vent fan 

● Chimney 

Always find and seal air leaks before adding more insulation. Chimneys or furnace flues              
that penetrate your attic floor have holes or gaps around them that can allow the air in                 
your home to escape through the attic, increasing your energy bill and causing more              
drafts.  

● Light Switch 

Remember to always turn off your lights when leaving a room. 

● Window 

During the winter months, replace your screens with storm windows to provide an extra              
barrier to the cold outside air. 

● Shower 

A 10-minute shower can use less water than a full bath. 

With a new 2.5 gallon-per-minute (low-flow) shower head, a 10-minute shower will use             
about 25 gallons of water, saving you 5 gallons of water over a typical bath. A new                 
showerhead also will save energy — up to $145 each year on electricity — beating out                
both the bath and an old-fashioned showerhead. 

● Refrigerator 

Look for the ENERGY STAR when purchasing a new refrigerator. And recycle your old              
refrigerator in the garage or other room of your home, because it is costing you more                
money than you may think.If your current refrigerator was made before 1993, it uses              
twice the amount of energy used by new models. A new ENERGY STAR Certified              
refrigerator uses less energy than a 60-watt light bulb run continuously. And ENERGY             
STAR Certified refrigerator models use at least 20% less energy than required by current              
federal standards. 

● Water Heater 
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By heating water only when you need it, tankless water heaters that have earned the               
ENERGY STAR save the typical family more than $80 per year on gas bills compared to                
a standard storage model. Larger families can save even more. 

 
Figure 11. Diagram of an Energy Efficient Home with suggestions (Source: Natural Resources 
Canada) 
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Appendix: Additional Figures  
 
Timeline of DC DOEE Building Energy Performance Standard Compliance Cycles. (DOEE, 
2019) 
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Map of all buildings in DC. Blue triangles signify buildings that reported 2018 energy use data to 
DOEE in 2019

 
 
Map of Buildings in and around ANC 3d. Blue triangles signify buildings that reported energy 
use data to DOEE in 2019 
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Summary of building sizes in DC by gross building area in square footage bins. 

 
 
 
Summary statistics of approximately all buildings within DC boundaries by building use type. 

 
 
 
Summary statistics of buildings over 50,000 square feet included in DC’s 2019 Benchmarking 
data, within ANC 3D
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Frequency distribution of buildings under 10,000 sq. ft. in DC and ANC 3D. This figure shows 
that ANC 3D accounts for a small number of buildings within DC.

 
 
Density distribution of buildings under 10,000 square feet. in DC and ANC 3D by building area. 
The red bars are the distribution of buildings in DC. The blue bars are the distribution of 
buildings in ANC 3D. This figure shows that the distributions are somewhat similar based on 
building size. 
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Summary of building sizes in ANC 3D by gross building area by square footage bins 

 
 
Frequency distribution of buildings under 10,000 square feet within ANC 3D.

 
Results of the two sample Mood test between buildings reported to the respective government 
agencies of DC and Boston for 2018 energy use data. The p-value shows a lack of significance 
of the difference between the two sample distributions based on the median. 

 Mood two-sample test of scale 

data:  allbench$ENERGYSTARSCORE and boston$`Energy Star Score` 

Z = -1.0562  p-value = 0.2909 

alternative hypothesis: two.sided 
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Detailed breakdown of summary statistics for buildings in Boston included in the 2019 BERDO 
report, by property use category.
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Detailed breakdown of summary statistics for buildings in DC included in the 2019 
Benchmarking report, by property use category.
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