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Eco-Cities are places where people can live 
healthier and economically productive lives 
while reducing their impact on the environment.  
They work to harmonize existing policies, 
regional realities, and economic and business 
markets with their natural resources and 
environmental assets. Eco-Cities strive to 
engage all citizens in collaborative and 
transparent decision making, while being 
mindful of social equity concerns. 

 EXECUTIVE SUMMARY: GREENHOUSE GAS EMISSIONS INVENTORY  

ñAs a lifelong resident and 
Mayor of Alexandria, I am very 
concerned about the potential 
impacts climate change may 
have on a coastal city such as 
Alexandria and its residents. 
With the potential for 

increased temperatures and a rising sea 
level as a result of global warming, the 
frequency and severity of damage from 
hurricanes and flooding will increase. 
Currently small localized flooding of the 
Potomac River in Old Town is a regular 
occurrence and is a manageable problem.  
However, with the impact of global climate 
change, flooding will become a significant 
issue impacting public safety, property 
damage, and the cityôs economy.ò   
MAYOR WILLIAM D. EUILLE  

 

Global warming refers to an average increase in 

the earthôs temperature that in turn, causes 

changes in the global climate. Most scientists 

agree that the observed increase in global 

temperature is attributable to rise in atmospheric 

concentrations of greenhouse gases (GHG) such 

as carbon dioxide, methane, nitrous oxides, and 

fluorinated gases. Human activities that 

contribute to the release of these gases are fossil 

fuel combustion, industrial processes, and 

agricultural byproducts.  

 

In February 2005, Mayor Euille endorsed and 

signed the 2005 U.S. Mayors Climate Protection 

Agreement along with 278 other mayors from 43 

states representing a total population of 48.5 

million citizens. This agreement committed 

Alexandria to meet or exceed the Kyoto Protocol 

GHG reduction targets through the use of local 

land use planning, urban forest restoration, 

public outreach campaigns, and other reduction 

strategies.  

 

In November 2005, the Sierra Club recognized 

the City of Alexandria as a ñCool City.ò Being 

designated as a ñCool Cityò means the City has 

committed to prepare a GHG emissions 

inventory and a climate action plan with 

concrete steps for reducing GHG emissions. 

In January 2007, the City government initiated 

the Eco-City Alexandria planning process to 

develop an Eco-City Charter (adopted June 

2008) and Environmental Action Plan (adopted 

January 2009) to guide the city toward 

sustainability.   

 

In 2008, the City joined the International 

Council on Local Environmental Initiatives 

(ICLEI), a group of 1000 local governments 

committed to advancing climate protection. The 

City is using ICLEI software and methodologies 

to create a GHG emissions inventory, a critical 

first step in determining the City governmentôs 

GHG contribution as well as the contribution 

from the community.  It identifies the largest 

sources of GHG emissions, shows trends, and 

provides information to inform policy decisions. 

 

The City government has already implemented 

measures to reduce GHG emissions ï hiring an 

energy manager, developing a Green Building 

policy, purchasing biodiesel and hybrid vehicles, 

distributing over 900 compact fluorescent light 

bulbs to citizens, and conducting outreach and 

educational activities.  

 

Additional efforts to reduce GHG emissions will 

likely provide collateral benefits, including 

increased efficiency in government operations, 

improved air quality and public health, reduced 

energy costs, and continuation of climate-

friendly patterns of growth and development.  

 

The full emissions inventory report is 

available at: http://alexandriava.gov/tes   

http://alexandriava.gov/tes
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CITY GOVERNMENT GHG INVENTORY, FORECAST, AND TARGETS 

The City Government Operations inventory 

provides an estimate of GHG emissions 

produced by City government activities, 

including fuel use, electricity use, and waste 

production resulting from City government 

operations. The emissions inventory both direct 

emissions (for example, emissions within the 

city from fossil fuel combustion at City 

buildings) and indirect emissions (emissions 

generated outside the city by City employees 

commuting to Alexandria to work).   

 

In FY2006, City government operations resulted 

in the production of about 79,820 metric tons 

(tonnes) of greenhouse gas emissions, primarily 

from fossil fuel and electricity consumption in 

City buildings and schools.  These emissions are 

a subset of the city-wide community total GHG 

emissions, representing approximately 3 percent 

of the city-wide total of 2.6 million tonnes. 

 

The consumption of electricity and the 

combustion of natural gas in City government 

buildings resulted in the majority of emissions in 

FY2006 - approximately 33,729 tonnes of 

CO2e.  School buildings were the second largest 

source and made up 25 percent of the total 

government CO2e emissions.  Gasoline fuel 

used by City government employees commuting 

to work was the third largest category of 

emissions.  
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FY06 (July 1, 2005 to June 30, 2006) City 
Government CO2e Emissions 

by Sector (79,820 tonnes) 

A business-as-usual (BAU) emissions forecast 

scenario was developed for local government 

operations.  Projections were made and emission 

reduction targets were set for the short-term 

(2010, 2012), medium term (2020, 2030), and 

long-term (2040, 2050).  It was estimated that by 

2020, if energy use continued to follow existing 

patterns, City government operations would 

result in approximately 91,767 tonnes, or a 15 

percent increase from the baseline year 

emissions.   

 

The MWGOG Climate Change Steering 

Committee is recommending goals to reduce 

regional greenhouse gases. These targets 

represent the consensus of U.S. scientists who 

say that greenhouse gas emissions must be 

reduced by 50ï85 percent by 2050 to avoid the 

possible consequences of global warming. 

 

Year MWCOG Proposed Reduction Target  

2012 Reduce Business As Usual (BAU) 
Emissions by 10 Percent Below 2012 
Levels 

2020 20 Percent Below 2005 Levels 

2050 80 Percent Below 2005 Levels 

 

The City government is considering using the 

MWCOG emission reduction percentage targets 

for reducing the Cityôs government operations 

GHG emissions. The short-term goal is to 

reduce greenhouse gas emissions by 10 percent 

below BAU levels by 2012.  Measures to 

address the aggressive targets for 2020 and 2050 

are currently under development.   
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CITY GOVERNMENT CRITERIA AIR POLLUTANT INVENTORY 

The City government CAP emission inventory for the 2006 fiscal year is summarized below.  The orange 

bars on the figures below show emissions from City government employees commuting to work, the 

brown bars denote electricity consumed within by the City government that was generated by power 

plants in Virginia and nearby States; the green bar shows emissions from solid waste disposed and 

combusted at the Covanta energy-from-waste facility, the blue bars show emissions from City-owned 

vehicles, and the red bars denote fossil fuel combustion in City government buildings and schools. DASH 

buses are not included in the City government inventory but are not accounted for in the community 

inventory.   

Á NOx emissions result from electricity consumption, employee commutes, and City vehicles.   

Á SO2 emissions are from electricity consumed by City government buildings and lighting.  

Á VOC and CO emissions are primarily from employee commutes and City vehicles  

Á PM10 and PM2.5 emissions are primarily electricity consumed by City government buildings and 

lighting, gasoline/diesel fuel consumed during employee commutes and City government 

vehicles, and fossil fuel combustion in City government buildings and schools.   

 

0 10 20 30 40 50

Fossil Fuel-City Buildings

Fossil Fuel-Schools

City Fleet Vehicles

Fire Dept. Vehicles

School Buses

Solid Waste Disposal

Electricity-City Buildings

Electricity-Schools

Electricity-Lighting

Employee Commute

 
     FY06 City Government NOx Emissions  

(tonnes) 
 

0 5 10 15 20 25 30

Fossil Fuel-City Buildings

Fossil Fuel-Schools

City Fleet Vehicles

Fire Dept. Vehicles

School Buses

Solid Waste Disposal

Electricity-City Buildings

Electricity-Schools

Electricity-Lighting

Employee Commute

 
    FY06 City Government VOC Emissions  

(tonnes)  
 

0 1 2 3 4

Fossil Fuel-City Buildings

Fossil Fuel-Schools

City Fleet Vehicles

Fire Dept. Vehicles

School Buses

Solid Waste Disposal

Electricity-City Buildings

Electricity-Schools

Electricity-Lighting

Employee Commute

 
    FY06 City Government PM10 Emissions  

(tonnes) 

0 25 50 75 100 125 150 175 200

Fossil Fuel-City Buildings

Fossil Fuel-Schools

City Fleet Vehicles

Fire Dept. Vehicles

School Buses

Solid Waste Disposal

Electricity-City Buildings

Electricity-Schools

Electricity-Lighting

Employee Commute

 
     FY06 City Government SO2 Emissions 

(tonnes) 
 

0 50 100 150 200 250 300

Fossil Fuel-City Buildings

Fossil Fuel-Schools

City Fleet Vehicles

Fire Dept. Vehicles

School Buses

Solid Waste Disposal

Electricity-City Buildings

Electricity-Schools

Electricity-Lighting

Employee Commute

 
      FY06 City Government CO Emissions 

(tonnes) 
 

0 1 2 3 4

Fossil Fuel-City Buildings

Fossil Fuel-Schools

City Fleet Vehicles

Fire Dept. Vehicles

School Buses

Solid Waste Disposal

Electricity-City Buildings

Electricity-Schools

Electricity-Lighting

Employee Commute

 
   FY06 City Government PM2.5 Emissions 

(tonnes) 



City of Alexandria GHG/CAP Emissions Inventory  

ES-4 

COMMUNITY GHG INVENTORY, FORECAST AND TARGETS 

The Community inventory includes emissions 

produced by residents, by businesses/ agencies, 

and by residents and commuters traveling within 

the city.  It includes direct emissions from 

sources located within the city, as well as 

indirect emissions that result from activity 

within the city but the associated emissions 

occur outside of the cityôs boundary (e.g., 

electricity consumed in the city that is imported 

from coal-fired power plants outside of the city).   

 

It useful for public awareness and target setting 

to frame emissions based on energy 

consumption.  The blue bars on the figure below 

show the GHG emissions for fossil fuel and 

electricity consumption, which totaled 2.6 

million metric tons (tonnes) in 2005.   

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
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Electricity Consumed
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CY 2005 Community CO2e Emissions  

(million tonnes) 

Electricity is also generated in the city by the 

Mirant Potomac River Generating Station and 

the Covanta energy-from-waste plant.  The 

orange bars in the graph above show the GHG 

emissions from electricity generation, which 

totaled 1.8 million tonnes in 2005. Some of this 

electricity is consumed within the city, while 

most is transmitted for sale in other areas. The 

total demand within the city therefore differs 

from the total generation.   

 

To avoid double counting, we have subtracted 

grid-based generation to assign responsibility for 

electricity usage to the end-user, which will help 

in targeting policies to reduce emissions.  Using 

this formula, the total GHG consumption-based 

emissions for Alexandria in 2005 were 2.6 

million tonnes, which does not include 

emissions from Mirant and Covanta. 

Onroad vehicle traffic in the city accounts for 43 

percent of the 2.6 million tonnes. The operation 

of commercial and residential buildings account 

for 36 percent and 16 percent of the total, 

respectively. 
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Future GHG emissions under a ñbusiness-as-

usual (BAU)ò scenario were developed to 

account for the anticipated growth in energy 

consumption resulting from projected growth in 

population, employment, and vehicle traffic. The 

City government is considering using the 

MWCOG emission reduction percentage targets 

for reducing the cityôs community-wide GHG 

emissions. 
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COMMUNITY CRITERIA AIR POLLUTANT INVENTORY 

The Community CAP emission inventory for the 2005 calendar year is summarized below.  The blue bars 

on the figures below show the CAP emissions for fossil fuel/electricity consumption and other sources 

within the city; the orange bars show the CAP emissions from electricity generation (e.g.., Mirant and 

Covanta).  

Á NOx emissions are primarily from gasoline/diesel fuel consumed by on-road vehicles, electricity 

consumed within the city that was generated by power plants in Virginia and nearby States, and 

electricity generated by Mirant and Covanta.  

Á SO2 emissions are from electricity consumed within the city and electricity generated by Mirantôs 

coal-fired power plant.  

Á VOC emissions are primarily from VOC area sources (gasoline service stations, paints, cleaning 

solvents, consumer products), onroad vehicles, and offroad equipment.  

Á CO emissions are from gasoline/diesel fuel consumed by on-road vehicles and offroad equipment.  

Á PM10 and PM2.5 emissions are primarily from gasoline/diesel fuel consumed by on-road vehicles, 

electricity consumed within the city, and electricity generated by Mirantôs coal-fired power plant. 

 

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

Covanta

Mirant

Electricity Consumed

Onroad Vehicles

Offroad Equipment

Industrial Fuel

Commercial Fuel

Residential Fuel

 
              CY05 Community NOx Emissions  

              (tonnes) 
 

0 300 600 900 1,200 1,500 1,800

Covanta

Mirant

Electricity
Onroad Vehicles

Offroad

Industrial Fuel

Commercial

Residential Fuel

VOC Area 

 
             CY05 Community VOC Emissions  

              (tonnes)  
 

0 50 100 150 200 250

Covanta

Mirant

Electricity

Onroad Vehicles

Offroad

Industrial Fuel

Commercial

Residential Fuel

 
            CY05 Community PM10 Emissions  

             (tonnes) 

0 2,000 4,000 6,000 8,000

Covanta

Mirant

Electricity

Onroad Vehicles

Offroad

Industrial Fuel

Commercial

Residential Fuel

              CY05 Community SO2 Emissions  
             (tonnes) 

 

0 3,000 6,000 9,000 12,000 15,000

Covanta

Mirant

Electricity

Onroad Vehicles

Offroad

Industrial Fuel

Commercial

Residential Fuel

            CY05 Community CO Emissions  
            (tonnes) 

 

0 50 100 150 200 250

Covanta

Mirant

Electricity

Onroad Vehicles

Offroad

Industrial Fuel

Commercial

Residential Fuel

 
           CY05 Community PM2.5  Emissions  

            (tonnes) 



City of Alexandria GHG/CAP Emissions Inventory  

ES-6 

Next Steps: 

Milestone 1 (April 2009). Finalize baseline 
emissions inventory and forecast.  

Milestone 2 (April 2009). Finalize emission 
reduction targets and identify potential 
emission reduction measures.  

Milestone 3 (June 2009). In consultation 
with the Environmental Policy Commission, 
develop a Climate Action Plan and 
incorporate it into the Environmental Action 
Plan.  

Milestone 4. Implement policies and 
measures in the Climate Action Plan.  

Milestone 5. Monitor and verify progress on 
the implementation of measures. 

GREENHOUSE GAS IMPLEMENTATION AND NEXT STEPS 

The City government has already implemented 

measures to reduce GHG emissions, including: 

 

V Hired Energy Manager and established 

Energy Conservation Committee 

V Developed Internal Green Building Policy 

and Established Green Building Committee 

V Green City Fleet (purchase biodiesel and 

hybrids) 

V Distributed CFLs to citizens at Earth Day 

Event 

V Expanded Outreach and Education 

 

The City government has committed to the 

following five milestone framework of the Cities 

for Climate Protection Protocol for further 

reducing GHG emissions. 

 
 

How Do We Reduce GHG and CAP Emissions ?   

The Phase One Environmental Action Plan includes goals and action steps that cover all  
ten principles of the Eco-City Charter.  Listed below are but a few of the more promising measures  

that the City government and community may undertake to reduce greenhouse gas emissions. 

Government Operations Community Activities 

Energy ï energy audits; lighting retrofits; policy to 
shut down computers at end of day; purchase 
green energy; purchase renewable energy.  

Energy ï City Energy Master Plan; energy audits 
for home owners and businesses; energy 
conservation outreach. 

Building Green ï LEED silver status for new 
construction/renovation; green roof for City Hall. 

Building Green ï green building standards as part 
of Special Use Permit process.   

Land Use ï Urban Forestry Master Plan; open 
space and green infrastructure; low impact 
landscaping practices; green roofs and parking lots. 

Land Use ï City Bikeway and Trail network; 
increase density near Metro and transportation 
hubs; pedestrian friendly neighborhoods.   

Solid Waste ï recycling bins in City-run facilities; 
optimize trash truck routing to reduce fuel use. 

Solid Waste ï expanded multi-family/condominium 
recycling and household hazardous waste program 

Transportation ï encourage carpooling, transit, 
and telecommuting for employees; fuel efficient or 
hybrid government vehicles; bio-diesel for vehicles. 

Transportation ï Green taxi fleet; improved 
facilities for cyclists; improve access to mass 
transit; ñno idlingò near Metro stations. 

 
Implementation of these measures will require 

capital investment, but many measures offer a 

substantial return on investments in terms of 

reduced energy consumption and energy costs. 

In addition reducing the cityôs emissions, staff 

will also coordinate efforts with regional, state, 

and national policies to meet greenhouse gas 

emission reduction targets.  

 

For more information, please contact:  
 
Office of Environmental Quality 
Transportation & Environmental Services  
City of Alexandria,  
301 N King Street Suite 3000  
Alexandria, VA 22314  
703-838-4334 
www.alexandriava.gov/oeq  
 

http://www.alexandriava.gov/oeq
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Global Warming or Climate Change? 

The term climate change is often used 

interchangeably with the term global 

warming, but according to the National 

Academy of Sciences, "the phrase 'climate 

change' is growing in preferred use to 'global 

warming' because it helps convey that there 

are changes in addition to rising 

temperatures." 

Climate change refers to any significant 

change in measures of climate (such as 

temperature, precipitation, or wind) lasting 

for an extended period (decades or longer).  

Global warming is an average increase in 

the temperature of the atmosphere near the 

Earth's surface which can contribute to 

changes in global climate patterns.  

1.0  Introdu ction to Climate Change 

The Earth's climate has changed many times 

during the planet's history, with events ranging 

from ice ages to long periods of warmth. 

Historically, natural factors such as volcanic 

eruptions, changes in the Earth's orbit, and the 

amount of energy released from the Sun have 

affected the Earth's climate. While not all 

scientists agree, evidence indicates that human 

activities may be accelerating climate by the 

dramatic increase in man-made greenhouse gases. 

The consensus of the Intergovernmental Panel on 

Climate Change (IPCC), the National Academy 

of Sciences (NAS) and other scientific 

organizations is that there is little doubt climate 

will continue to change in the 21
st
 century and is 

likely to bring harmful effects across the globe 

and in particular to people in coastal 

communities.  

1.1 Climate Change Science  

As shown in the diagram to the right, the 

Earthôs temperature is regulated by a 

natural system known as the greenhouse 

effect (FAS, 2008).  Delicate balances of 

naturally-occurring gases trap some of the 

sunôs radiation near the earthôs surface. 

Carbon dioxide (CO2) and other gases, 

primarily methane and nitrous oxide, are 

always present in the atmosphere. They 

create an effect similar to the warming 

inside a greenhouse. 

According to the NAS, temperatures have already risen 1.4°F since the start of the 20
th
 centuryð

with much of this warming occurring in just the last 30 yearsðand temperatures will likely rise 

at least another 2°F, and possibly more than 11°F, over the next 100 years (NAS, 2008).  Most 

scientists agree that the warming in recent decades has been caused primarily by human activities 

that have increased the amount of greenhouse gases in the atmosphere. Greenhouse gases, such 
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as CO2, have increased significantly since the Industrial Revolution, mostly from the burning of 

fossil fuels for energy, industrial processes, and transportation. Other human activities may 

increase the rate of global change. One activity now grabbing attention is deforestation, whereby 

humans slash and burn, or just clear-cut, huge tracts of trees to use the land for agriculture or the 

wood for building shelters. The trees that once removed CO2 from the atmosphere in the process 

of photosynthesis are no longer present. 

CO2 levels are at their highest in at least 650,000 years and continue to rise.  The following two 

graphs provide more details on the increasing levels of CO2 during the last 140 years (FAS, 

2008). The top shows CO2 concentration increases, based on ice core measurement until 1960 

and Mauna Loa Observatory measurements thereafter. Below it is the measured temperature 

changes averaged for the entire world; the trend upwards, amounting to about 1.5° F, shows 

some irregularities (not smoothly cyclic) that result from other climatic factors.  

 

 

 

 

Rises in sea level are expected to accompany  

increases in temperature.  NOAA data shown  

to the right indicate that global mean sea level has 

been rising over the past 100 years at an average 

rate that is significantly larger than the rate 

averaged over the last several thousand years 

(NASA, 2008).  Sea-level rise is projected to be 

anywhere from 7 to 23 inches in the next century.  

Such a rise in sea level can lead to increased 

flooding of Alexandriaôs low-lying areas and 

waterfront infrastructure. 
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The NAS makes the following observations with respect to climate change science: 

Á The Earth is warming - Temperature readings from around the globe show a relatively 

rapid increase in surface temperature during the past century. These data show an 

especially pronounced warming trend during the past 30 yearsðin fact, 9 of the 10 

warmest years on record have occurred during the past decade. Furthermore, the surface 

temperature data are consistent with other evidence of warming, such as increasing ocean 

temperatures, shrinking mountain glaciers, and decreasing polar ice cover. 

Á Human activities are changing climate - The concurrent increase in surface temperature 

with CO2 and other greenhouse gases during the past century is one of the main 

indications of human impact. Prior to the Industrial Revolution, the amount of CO2 

released to the atmosphere by natural processes was almost exactly in balance with the 

amount absorbed by plants and other ñsinksò on the Earthôs surface. The burning of fossil 

fuels (oil, natural gas, and coal) releases additional CO2 to the atmosphere. About half of 

this excess CO2 is absorbed by the ocean, plants, and trees, but the rest accumulates in the 

atmosphere, amplifying the natural greenhouse effect. 

Á The Earth is likely to continue warming - The IPCC concluded that average global 

surface temperatures will likely rise by an additional 2.0ï11.5 °F by 2100. This 

temperature increase will be accompanied by a host of other environmental changes, such 

as an increase in global sea level of between 0.59 and 1.94 feet.  Estimates of future 

climate change are typically called projections and are expressed as a range of possible 

outcomes. One reason for this uncertainty is because it is difficult to predict how human 

populations will grow, use energy, and manage resources, all of which will have a strong 

influence on future greenhouse gas emissions. There are also uncertainties about how the 

climate system will respond to rising greenhouse gas concentrations. 

In short, a growing number of scientific analyses indicate, but cannot prove, that rising levels of 

greenhouse gases in the atmosphere are contributing to climate change (as theory predicts). 

Important scientific questions remain about the relative contribution of human activities and 

natural causes, as well as how much warming will occur, how fast it will occur, and how the 

warming will affect the rest of the climate system.   

1.2 Potential Impacts of Climate Change  

Climate change will have many kinds of impacts ï both positive and negative ï and will vary 

from region to region.  Warmer temperatures may bring longer growing seasons in some regions, 

benefiting those farmers who can adapt to the new conditions but potentially harming native 

plant and animal species. In general, the larger and faster the changes in climate are, the more 

difficult it will be for human and natural systems to adapt.  For example, Arctic sea ice cover is 
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decreasing rapidly and glaciers are retreating and thinning - some Alaskan villages have been 

moved to higher ground in response to increasing storm damage, and the thawing of permafrost 

is undermining infrastructure, affecting houses, roads, and pipelines in northern communities 

around the world (NAS, 2008). 

Substantial assessments have been made of the potential impacts of climate change in the mid-

Atlantic region.  These potential impacts have been summarized as follows (MWCOG, 2008d):  

Á Higher Sea Levels Ĕ increased flooding and shoreline loss, especially in populated areas 

such as Alexandria that have seen flooding damage from water inundation and are at 

greater risk due to sea level rise; salt water intrusion that will degrade both surface and 

groundwater sources 

Á Higher Air Temperatures Ĕ increased air pollution and health risks, changing plant and 

animal species, more frequent forest fires.  

Á Higher Water Temperatures Ĕ decrease in some living resources, increase in harmful 

algal blooms, degraded water quality.  

Á Changes in Precipitation Patterns Ĕ heavier rainfall, flooding, erosion, prolonged 

droughts, increased pollutant runoff, degraded water quality. 

The Virginia Commission on Climate Change (VGCCC, 2008) reports that air and sea 

temperature changes would cause more frequent tropical storms with increased damage to 

Virginia communities.  Estimates are that the mid-Atlantic sea-level will rise between four and 

twelve inches by 2030, threatening coastal islands and low-lying areas. Virginia is at particular 

risk from sea level rise. The Commonwealth has a much longer coastline than most states with 

Atlantic, Chesapeake Bay, and tidal river coastal areas. The Hampton Roads region is considered 

to be the second most populated region at risk from sea level and related storm damage after the 

New Orleans region. Other populated areas such as Alexandria have seen flooding damage from 

water inundation and are at greater risk due to sea level rise.   

In addition, there are many ways in which climate change might directly affect human health 

(NAS, 2008), including heat stress, increased air pollution, and food scarcities due to drought or 

other agricultural stresses.  

1.3 Need for Action  

According to the NAS, the scientific understanding of climate change is now sufficiently clear to 

justify taking steps to reduce the amount of greenhouse gases in the atmosphere, despite 

remaining unanswered questions (NAS, 2008). Because CO2 and other greenhouse gases can 
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remain in the atmosphere for many decades, centuries, or longer, the climate change impacts 

from greenhouse gases emitted today will likely continue well beyond the 21st century.  

Citizens, business, and all levels of government play an important role in reducing greenhouse 

gas emissions.  Local governments control the day-to-day activities that determine the amount of 

energy used and waste generated as well as the long-term planning for the community ï from 

land use and zoning decisions to control over building codes and licenses, infrastructure 

investment, municipal service delivery and management of schools, parks and recreation areas. 

Local government leaders are also uniquely positioned to influence citizen behaviors ï their 

transportation options, energy consumption patterns and general consumer decisions. 

States and local agencies are currently developing emission reduction targets for greenhouse gas 

emissions.  The Virginia Energy Plan (VEP) contained four broad goals, one of which was to 

reduce greenhouse gas emissions by 30 percent by 2025.  The VEP also recommended the 

creation of a Commission on Climate Change to develop a plan for how to reach the GHG 

reduction goal (VGCCC, 2008).  

The Metropolitan Washington Council of Governments (MWCOG, 2008d) voluntarily adopted 

stringent goals for reducing the regionôs greenhouse gas emissions.  MWCOGôs decision, one of 

the few in the country to affect a multi-state region, proposes to return to 2005 levels of regional 

greenhouse gas emissions by 2012.  The mid-range goal is for a reduction of 20 percent below 

the 2005 levels by 2020, and the long-term goal is for a reduction of 80 percent below the 2005 

levels by 2050. 

The Virginia Governorôs Commission on Climate Change released its final Climate Change 

Action Plan in December of 2008.  Based on the Governorôs Executive Order 59, the 

Commonwealth set a greenhouse gas emission target of 30 percent below the business-as-usual 

projection of emissions by 2025 (e.g., the targeted emissions in 2025 will be equivalent to the 

2000 emission level).   

The City of Alexandria has developed a draft Environmental Action Plan (EAP) that establishes 

general policy goals, identifies specific action steps, sets tentative timelines and develops 

measures of success (EPC, 2008).  These goals serve as the bridge between the City 

governmentôs sustainability vision/principles and the specific actions (e.g., policies, programs 

and projects) that may be undertaken by the City government and the community in the coming 

years.  Phase I actions have been developed and involve a wide array of policies, management 

actions, programs and projects undertaken by the City government and the community.  

Additional Phase II actions will be incorporated into the final EAP that is due in June, 2009.  
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2.0  General Emissions inventory Methodology 

This report contains the results of two separate analyses: an inventory of all greenhouse gases 

emitted in the city and an inventory of just those emissions resulting from the operations of the 

Alexandria City government. The City government inventory results represent a subset of the 

larger community-wide total.  We used a standardized set of inventory guidelines and computer 

software for identifying, quantifying and reporting greenhouse gas emissions. 

2.1 Inventory Protocol 

We used the Local Government Operations Protocol (ICLEI, 2008) 

that provides a standardized set of guidelines to assist local 

governments in quantifying and reporting GHG emissions associated 

with their government operations.  The Protocol was developed in 

partnership by the California Air Resources Board, California Climate 

Action Registry, and the International Council on Local Environmental Initiatives (ICLEI) - 

Local Governments for Sustainability, in collaboration with The Climate Registry and dozens of 

stakeholders.  Through the Protocol, the partners have sought to enable local governments to 

develop emissions inventories following internationally recognized GHG accounting and 

reporting principles.   

2.2 Clean Air and Climate Protection Software  

We used the Clean Air and Climate Protection (CACP) 

software to develop a greenhouse gas emissions 

inventory and forecast.  This product has been 

developed by the State and Territorial Air Pollution 

Program Administrators and the Association of Local 

Air Pollution Control Officials, ICLEI, and Torrie 

Smith Associates.   

The software translates data on energy use, transportation patterns, solid waste disposal, and 

other inputs into greenhouse gas emissions.  The software takes data on energy use and converts 

it to emissions using specific emission factors (coefficients) that relate the emissions of a 

particular gas (e.g., carbon dioxide) to the quantity of the fuel used (e.g., kilograms of coal). For 

electricity, the emission factors are based on end-use energy consumption, meaning that 

emissions per kilowatt hour (kWh) are based on kWh consumed, not produced. This way a 

jurisdiction can account for emissions resulting from its consumption patterns and therefore be in 

a better position to design effective strategies to alter or reduce these emissions. In addition, the 

software quantifies the benefit of actions that have the effect of avoiding or reducing CO2e 

emissions.  
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2.3 Greenhouse Gases and Criteria Pollutants Included in the Inventory 

The principal greenhouse gases that enter the atmosphere because of human activities are: 

Á Carbon Dioxide (CO2): Carbon dioxide enters the atmosphere through the burning of 

fossil fuels (oil, natural gas, and coal), solid waste, trees and wood products, and also as a 

result of other chemical reactions (e.g., manufacture of cement). Carbon dioxide is also 

removed from the atmosphere (or ñsequesteredò) when it is absorbed by plants as part of 

the biological carbon cycle.  

Á Methane (CH4): Methane is emitted during the production and transport of coal, natural 

gas, and oil. Methane emissions also result from livestock and other agricultural practices 

and by the decay of organic waste in municipal solid waste landfills.  

Á Nitrous Oxide (N2O): Nitrous oxide is emitted during agricultural and industrial 

activities, as well as during combustion of fossil fuels and solid waste.  

Á Fluorinated Gases: Hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride are 

synthetic, powerful greenhouse gases that are emitted from a variety of industrial 

processes. Fluorinated gases are sometimes used as substitutes for ozone-depleting 

substances (i.e., CFCs, HCFCs, and halons).  

ICLEI guidance also specifies that emissions be reported in metric tons (tonnes), which is the 

common international measurement for the quantity of GHG emissions and is equivalent to 

about 2,204.6 pounds or 1.1 short tons.  All outputs from the CACP software used in this report 

are in units of metric tons of carbon dioxide equivalent (CO2e).  CO2 equivalent is a common 

unit for combining emissions of greenhouse gases of different strengths. Each greenhouse gas is 

weighted according to its relative heat trapping ability.  For example, methane and nitrous oxide 

are much less abundant than carbon dioxide in the atmosphere, but because they have a greater 

potential to trap heat, conversion into CO2e accords them much more weight than their 

abundance may suggest.  Non- CO2 gases are converted to CO2e using internationally recognized 

Global Warming Potential (GWP) factors. GWPs were developed by the Intergovernmental 

Panel on Climate Change (IPCC) to represent the heat-trapping ability of each GHG relative to 

that of CO2.  

In addition to greenhouse gases, this inventory also includes Criteria Air Pollutants (CAP) that 

have been determined to be hazardous to human health and are regulated under USEPA's 

National Ambient Air Quality Standards.  The criteria pollutants are carbon monoxide (CO), lead 

(Pb), nitrogen dioxide (NO2), ozone (O3), particulate matter less than 10 microns in diameter 

(PM10), particulate matter less than 2.5 microns in diameter (PM2.5) and sulfur dioxide (SO2), 

Ozone is not directly emitted to the atmosphere, but is caused by the chemical reaction of oxides 

of nitrogen (NOx)and volatile organic compounds (VOC) in the presence of sunlight. 
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2.4 Sources Included in the Inventory 

There are different ways to account for the cityôs GHG footprint. 

Á Community Activities vs. Government Operations - The Community inventory estimates 

GHG emissions produced by residents, by businesses and agencies, and by residents and 

commuters traveling within the city; the City Government Operations inventory includes 

emissions from fuel use, electricity use, and waste production resulting from City 

government operations.   

Á Consumption-based vs. Generation-based - GHG emissions estimates can be presented in 

terms of the GHG emissions associated with the electricity sources used to meet 

Alexandriaôs demands ï this is a consumption-based approach to emissions accounting. 

Another way to look at electricity emissions is to consider the GHG emissions produced 

by electricity generation facilities in the city, but not necessarily consumed in the city.  

We are tracking both methods of accounting for emissions, but for consistency, all total 

results are reported as consumption-based. 

Á Direct vs. Indirect - Direct emissions are from sources within the cityôs geographical 

boundaries, such as natural gas consumption for home heating and gasoline combustion 

for cars, trucks, and buses.  Indirect emissions are a consequence of activities that take 

place within the city, but the emissions physically occur at sources outside of the city. For 

example, biosolid waste collected at the Alexandria wastewater treatment plant may be 

disposed of at a landfill outside of the city where methane is generated as the waste 

decomposes.   

To promote consistency in the reporting of GHG emissions and to avoid double-counting of 

emissions by multiple reporting entities, direct and indirect emissions are typically categorized 

into ñscopesò as follows: 

Á Scope 1: All direct GHG emissions. 

Á Scope 2: Energy imports that include indirect GHG emissions associated with facilities 

outside of the city that generate electricity for use within the city. 

Á Scope 3: All other indirect emissions not covered in Scope 2, such as emissions resulting 

from the extraction and production of purchased materials and fuels, transport-related 

activities in vehicles not owned or controlled by the reporting entity waste disposal, etc. 

ICLEI guidance specifies that Scope 1 and 2 emissions must be accounted for separately.  This 

differentiation into scopes helps to avoid the possibility of double counting emissions and 

misrepresenting emissions when reporting but allows all policy relevant information to be 
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captured. Together the three scopes provide a comprehensive accounting framework for 

managing and reducing direct and indirect emissions. 

2.5 Inventory Base and Projection Years 

The typical base year for greenhouse gas inventories is 1990 (since the Kyoto Protocol is based 

on calendar year 1990).  However, required data from 1990 is prohibitively difficult or 

impossible to collect.  Since data for 1990 were not available, the 2005 base year was chosen 

because data were readily available, and 2005 was consistent with the base years selected by the 

Metropolitan Washington Council of Governments and the Virginia Department of 

Environmental Quality.  For the community inventory, the base year is calendar year 2005.  For 

the government operations inventory, the base year is fiscal year 2006 (July 1, 2005 to June 30, 

2006).  Emissions were forecasted for 2012, 2020, 2030, and 2050 to be consistent with 

MWCOGôs short-term, medium-term, and long-term emission reduction targets.   
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3.0  Base Year Community Inventory  

The Community inventory provides an estimate of all of the greenhouse gas (GHG) and criteria 

air pollutant (CAP) emissions produced within the City of Alexandria, both by residents in their 

homes and by local businesses and agencies as they carry out their operations in the baseline 

2005 calendar year.  The Alexandria community inventory consists of the following sectors: 

Sector Description 

Scope 1 Emissions ï All direct emissions sources located within the cityôs geopolitical boundary 

Residential Buildings Natural gas and fuel oil used in residential buildings 

Commercial/government Buildings  Natural gas and fuel oil used in commercial/government buildings 

Industrial Facilities Natural gas and fuel oil used in industrial facilities 

Onroad Vehicles Gasoline and diesel fuel used by vehicles traveling on roads within 
the cityôs boundaries 

Offroad Equipment Gasoline and diesel fuel used by off-road equipment (landscaping, 
construction, etc.) 

Locomotive Engines Diesel fuel used by Amtrak and other locomotive engines 

Wastewater Treatment Direct emissions from wastewater treatment facilities  

Electric Generating Units Coal consumption to generate electricity  

Solid Waste Disposal Direct emissions from energy-from-waste  

VOC Area Sources  VOC emissions from architectural coatings, degreasing, graphic 
arts, consumer products, and gasoline service stations 

Scope 2 Emissions ï Indirect emissions limited to electricity consumption within the city, but the 
associated emissions occur outside of the cityôs boundary 

Residential Buildings Electricity consumption in residential buildings 

Commercial/government Buildings  Electricity consumption in commercial/government buildings 

Industrial Facilities Electricity consumption in industrial facilities 

Locomotive Engines Electricity consumption associated with Metro trains 

Scope 3 Emissions ï Indirect emissions that result as a consequence of activity within the city, 
but the associated emissions occur outside of the cityôs boundary 

Solid Waste Disposal Indirect emissions from disposing of city-generated solid waste 
outside of the city 

ICLEI guidance specifies that Scope 1 and 2 emissions must be accounted for separately.  This 

differentiation into scopes helps to avoid the possibility of double counting emissions and 

misrepresenting emissions when reporting.  Exhibit 3-1 provides a summary of GHG and CAP 

community emissions inventory.  There are two dominant sources of direct GHG emissions in 

Alexandria.  The Mirant Potomac River Generating Station accounts for nearly 50% of the total 

GHG emissions directly emitted in the city, while onroad vehicle travel accounts for about 37% 

of the total.  Emissions from fossil fuel combustion in residential, commercial, and industrial 

buildings account for over 10% of the total.   
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Exhibit 3-1 
 

Base Year Community GHG/CAP Emissions (tonnes) 

 

 GHG CAP 

Source Category  Equiv CO 2 NOx SO2 CO VOC PM10 PM2.5 

Scope 1 Emissions ï All direct emissions sources located within the cityôs boundary 

Fossil Fuel ï Residential 169,816 243 26 68 14 11 10 

Fossil Fuel - Comm/Govt 67,520 91 36 23 4 3 3 

Fossil Fuel ï Industrial 74,020 151 96 89 17 6 6 

Onroad Vehicles 1,111,724 6,100 257 13,956 1,529 227 209 

Offroad Equipment  19,766 139 9 6,506 402 17 15 

Locomotives ï Diesel 145 3 1 0 0 0 0 

VOC Area Sources 0 0 0 0 1,318 0 0 

Scope 1  
Consumption Based  

Emissions: 
1,442,991 6,727 425 20,642 3,284 264 243 

Mirant Potomac River 
Generating Station 

1,478,301 2,284 7,694 136 16 202 129 

Covanta Energy-from-Waste 
Facility 

318,092 535 9 69 3 3 3 

Scope 1 
Generation Based 

 Emissions: 
1,796,393 2,819 7,703 205 19 205 132 

Scope 2 Emissions ï Indirect emissions limited to electricity consumption within the city, but 
the associated emissions occur outside of the cityôs boundary 

Electricity ï Residential 264,490 445 1,460 34 4 29 13 

Electricity ï Commercial 889,242 1,496 4,910 113 13 98 24 

Electricity ï Industrial 8,737 15 48 1 0 1 46 

Electricity - Rail Traffic 29,310 52 163 5 1 3 3 

Scope 2 Emissions: 1,191,779 2,008 6,581 153 18 131 86 

Scope 3 Emissions ï Indirect emissions that result as a consequence of activity within the city, 
but the associated emissions occur outside of the cityôs boundary 

Municipal Solid Waste 
sent to landfills outside of 
Alexandria 

1,388 Not calculated; presumed to be small. 

Wastewater Sludge sent to 
landfill or incinerator, or used 
as fertilizer outside of 
Alexandria 

3,481 Not calculated; presumed to be small. 

Scope 3 Emissions: 4,869  

Note: the CACP software does not calculate emissions for particulate matter less than 2.5 microns in diameter 
(PM2.5); see Exhibit B-10 for the methodology to estimate PM2.5 emissions. 
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ICLEI believes that the most accurate description of emissions requires separate accounting of 

emissions by scope.  This is robust and ensures no double counting, but it also misses significant 

policy relevant GHG sources. It useful for public awareness and target setting to frame emissions 

based on electricity consumption rather than electricity generation.  In the following graphs, total 

emissions are presented in terms of energy consumption based on the following formula:   

Total Emissions = All Scope 1 (except Mirant/Covanta) + All Scope 2 + All Scope 3 

Total Emissions =                          1,442,991                   +  1,191,779  +    4,869 

Total Emissions =   2,639,639 metric tons (tonnes) 

To avoid double counting, we have subtracted grid-based generation to assign responsibility for 

electricity usage to the end-user which will help in targeting policies to reduce emissions.  Using 

this formula, the total GHG consumption-based emissions for the community in 2005 totaled 2.6 

million tonnes.  

Exhibit 3-2 shows that 43 percent of the 2.6 million tonnes result from onroad vehicle traffic in 

the city.  The operation of commercial and residential buildings accounts for 36 and 16 percent 

of the total, respectively. 

Exhibit 3-3 shows that 45 percent of the 2.6 million tonnes result from electricity consumption in 

buildings within the city.  Transportation fuels ï gasoline and diesel ï account for 43 percent of 

the total.  The remainder of the emissions is from fossil fuel combustion in buildings. 

Exhibit 3-2 
 

2005 Community CO2e Emissions 

by Sector 
(2.6 million tonnes) 
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Exhibit 3-3 
 

2005 Community CO2e Emissions 

by Energy Source 
(2.6 million tonnes) 
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3.1 Stationary Energy Consumption 

Stationary combustion includes all fuels, either utility delivered or decentralized, used in 

residences, commercial and institutional buildings, or industrial facilities within the cityôs 

geographic boundaries.  Within the residential sector, energy is consumed for such end-uses as 

space and water heating, appliances, lighting and space cooling. The commercial sector consists 

of office buildings, retail outlets, institutions (hospitals, schools, universities, etc.) and 

government facilities.  The industrial sector includes manufacturing facilities but excludes fuel 

used to generate electricity for the grid (see Section 3.3 for fuel consumption at electric 

generating facilities).  Exhibit 3-4 provides a summary of energy consumption and emissions 

produced by each sector and fuel type in 2005.  The remainder of this section discusses the 

activity data and emission factors by fuel type used to develop the information in Exhibit 3-4.   

3.1.1 Natural Gas Consumption 

Washington Gas is the only natural gas provider to consumers in Alexandria.  Washington Gas 

provided natural gas usage data for 2005 to the Metropolitan Washington Council of 

Governments (MWCOG 2008a).  Usage amounts within the legal boundaries of the City of 

Alexandria were provided by four rate schedules ï residential, group metered apartments, 

commercial/industrial, and interruptible.  Interruptible gas service is typically offered to 

commercial and industrial customers at a lower price with the condition that interruptions may 

sometimes occur when natural gas is in short supply or when physical constraints prevent gas 

deliveries.  

The CACPS requires data to be supplied for three categories ï residential, commercial, and 

industrial.  To calculate the CACPS residential consumption, we added the consumption for the 

WG residential and group metered apartment categories.  For the CACPS commercial 

consumption, we assumed 50 percent of the consumption for the WG commercial/industrial 

category and 50 percent of the WG interruptible consumption.  For the CACPS industrial 

consumption, we added 50 percent of the consumption for the WG commercial/industrial 

category and 50 percent of the WG interruptible consumption.  Exhibit B-1 summarizes the data 

provided by Washington Gas and shows how it was apportioned the CACPS categories.  

The CACPS uses a set of CAP emission factors for each of the residential, commercial and 

industrial sectors that are based on average technologies found in these sectors. These emissions 

factors represent the typical emissions of air pollutants associated with the burning of natural gas 

and vary by sector.  The CACPS uses a separate common set of carbon dioxide emission factors 

for all sectors (residential, commercial, and industrial), since carbon dioxide emissions vary only 

with the amount of fuel consumption and do not have significant technology dependence. 
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Exhibit 3-4 
 

Base Year Community Energy Use and GHG/CAP Emissions (tonnes) 

 

Energy Source/  
Sector  

Energy  
(MMBtu)  

Equiv  
CO2 

NOx SO2 CO VOC PM10 PM2.5 

Electricity 

  Residential 1,357,336 264,490 445 1,460 34 4 29 13 

  Commercial 4,563,509 889,242 1,496 4,910 113 13 98 44 

  Industrial 44,840 8,737 15 48 1 <1 1 <1 

  5,965,685 1,162,469 1,956 6,418 148 17 128 57 

Fuel Oil 

  Residential 268,805 20,158 32 18 7 1 4 3 

  Commercial 86,839 6,512 10 33 2 <1 1 1 

  Industrial 218,302 16,332 15 32 51 10 1 1 

  573,946 43,002 57 83 60 11 6 5 

Natural Gas 

  Residential 2,592,432 145,300 206 8 51 11 6 6 

  Commercial 1,001,696 56,143 76 3 20 4 2 2 

  Industrial 1,001,696 56,143 134 64 38 7 5 5 

  4,595,824 257,586 416 75 109 22 13 13 

Propane  

  Residential 66,081 4,339 5 <1 1 <1 <1 <1 

  Commercial 74,097 4,865 5 <1 1 <1 <1 <1 

  Industrial 23,535 1,545 2 <1 <1 <1 <1 <1 

  163,713 10,749 12 <1 2 <1 <1 <1 

Wood 

  Residential 2,355 19 <1 <1 9 2 1 1 

  Commercial 0 <1 <1 <1 <1 <1 <1 <1 

  Industrial 0 <1 <1 <1 <1 <1 <1 <1 

  2,355 19 <1 <1 9 2 1 1 

 Total by Sector  

Residential 4,287,009 434,306 688 1,486 102 18 40 23 

Commercial 5,726,141 956,762 1,587 4,946 136 17 101 46 

Industrial 1,288,373 82,757 166 144 90 17 7 6 

Total 11,301,523 1,473,825 2,441 6,576 328 52 148 76 

 

Note: coal and heavy fuel oil (i.e., residual oil) are not used in the city by residential, commercial, or light 

industrial sources. 
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3.1.2 Electricity Consumption 

Dominion Virginia Power is the only provider of electricity to consumers in the City of 

Alexandria.  Dominion provided electricity usage for 2005 to MWCOG (MWCOG, 2008b).  

Usage amounts within the Cityôs legal boundary,were provided by four categories ï residential, 

commercial, large industrial/commercial, and government.  These data represent consumption of 

electricity.   

The CACPS requires data to be supplied for three categories ï residential, commercial, and 

industrial.  The CACPS residential consumption was equal to the Dominion residential category.  

For the CACPS commercial consumption, we assumed 100 percent of the Dominion commercial 

category, 100 percent of the Dominion government category, and 50 percent of the Dominion 

large industrial/commercial category.  For the CACPS industrial consumption, we assumed 50 

percent of the consumption for the Dominion large industrial/commercial category.  Exhibit B-2 

summarizes the data provided by the electric utilities and shows how it was apportioned the 

CACPS categories.  

While there are no emissions associated with electricity at the point of use, there are significant 

emissions at the fossil fuel plant that generates the electricity.  The CACPS uses emission factors 

to account for the upstream emissions created by these plants.  The emission factors depend on 

the mix of fuel types used to generate electricity in the region in which the municipality is 

located in any given year. The CACPS uses the regions that are defined by the North American 

Electric Reliability Council (NERC) to determine regional variations in electricity emissions. 

These regions correspond to the grid-connected electricity-producing regions of the country. 

Alexandria is located within NERC region 09 - Southeastern Electric Reliability 

Council/Excluding Florida.  CAP emissions are calculated using activity levels with emission 

factors.  The CAP emission factors used are provided in the CACPS. 

The City of Alexandria also has two electric generators ï Mirant and Covanta ï that generate 

electricity for the electric power grid.  The electricity generated by Mirant and Covanta is not 

necessarily consumed in the city (see Section 3.3 for fuel consumption at electric generating 

facilities).  

3.1.3 Other Fuel Consumption (Coal, Fuel Oil, Kerosene, Propane, Wood) 

In addition to electricity and natural gas, other fuels including light fuel oil, propane, kerosene, 

and wood are used to power homes, businesses and institutions within the community.  Based on 

discussions with City government environmental officials, coal and heavy fuel oil (i.e., residual 

oil) are not used in the city.   
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Unlike natural gas and electricity, which are provided by centralized utilities, other fuels are 

provided by a diverse set of decentralized fuel suppliers.  Generally, the vast majority of these 

fuel providers do not track fuel sales within the city or by sector.   

Accordingly, we collected State-level fuel sales data from the U.S. Energy Information 

Administration (EIA, 2008).  Sales of distillate fuel oil, kerosene, propane, and wood by end-use 

in Virginia were available for the 2005 calendar year for the residential, commercial, and 

industrial sectors.  We developed scaling factors to apportion the State-level energy use by fuel 

type to the city.  The scaling factors varied by sector as follows:   

Á Residential Scaling Factor ï we used the U.S. Census Bureau's 2000 Census Detailed 

Housing Information (Census, 2008a) that provides the number of housing units using a 

specific type of fuel for residential heating for the entire State as well as for the City of 

Alexandria. 

Á Commercial Scaling Factor ï we used the U.S. Census Bureau's 2005 County Business 

Patterns (Census, 2008b) that provides employment for the commercial sector (NAICS 

codes 42, 44, 51, 52, 53, 54, 55, 56, 61, 62, 71, 72, and 81) for the entire State as well as 

for the City of Alexandria.   

Á Industrial Scaling Factor ï we used the U.S. Census Bureau's 2005 County Business 

Patterns (Census 2008b) that provides employment for the industrial sector (NAICS code 

33) for the entire State as well as for the City of Alexandria.   

Exhibits B-3, B-4, and B-5 show the data used to estimate energy consumption for other fuel 

types for the residential, commercial, and industrial sectors, respectively.  

The CACPS uses a set of CAP emission factors for each of the residential, commercial and 

industrial sectors that are based on average technologies found in these sectors. These emissions 

factors represent the typical emissions of air pollutants associated with the burning of each type 

of fuel and vary by sector.  The CACPS uses carbon dioxide emission factors that vary by fuel 

type but not sectors (residential, commercial, and industrial), since carbon dioxide emissions 

vary only with the amount of fuel consumption and do not have significant technology 

dependence. 

3.2 Mobile Source Energy Consumption 

The mobile source sector includes privately and publicly owned passenger vehicles, transport 

trucks, public transit vehicles, and all other on-road vehicles associated with personal, 

commercial, industrial and government activities. This sector also includes emissions produced 

by off-road engines such as lawn and garden equipment, construction equipment, portable 

generators, and forklifts. Finally, this sector also includes air, marine and rail travel 
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3.2.1 Onroad Vehicles 

The onroad vehicle category includes all privately and publicly owned passenger vehicles, 

trucks, public transit vehicles, and all other vehicles traveling on the regionôs road transportation 

network.  The CACPS uses a simple equation for estimating emissions from onroad vehicles:  

Emissions (lbs/yr) = VMT (1000 miles/yr)  x  EF (lbs/1000 mile) 

   VMT ï vehicle miles traveled 

   EF ï emission factor  

The National Capitol Region Transportation Planning Board is the lead agency responsible for 

developing VMT estimates using a comprehensive travel demand modeling process.  The results 

of the modeling process were provided by MWCOG for calendar year 2002 (MWCOG, 2008c).  

VMT data were provided for the City of Alexandria for five road types (interstate, principal 

arterial, minor arterial, collector, and local), 16 vehicle types  and two fuel types (gasoline and 

diesel).  See Exhibits B-6 and B-7 for the road and vehicle type definitions, respectively. 

The breakdown of VMT provided by MWCOG is consistent with the USEPAôs MOBILE6 on-

road emission modeling software.  Most of the vehicle classes used by MOBILE6 correspond 

with the vehicle classes used within the CACPS, except for the MOBILE6 classes Light Duty 

Gas Vehicle (LDGV) and Light Duty Diesel Vehicles (LDDV).  In MOBILE6 a LDDV or 

LDGV is defined as a passenger car with a gasoline or diesel engine up to 6000 lbs gross vehicle 

weight. The CACPS further divides light duty gasoline-fueled vehicles into the classes Auto-

Full-Size, Auto Mid-Size and Auto ï Sub-Compact/Compact and assigns specific fuel 

efficiencies and emission factors to each of these classes.  The CACPS divides LDDV into Auto 

Full-Size and Auto-Sub-Compact/Compact.   

The size characteristics of the U.S., on road automobile fleet were used to apportion the LDGV 

VMT to each of the CACP gasoline automobile classes.  This distribution was derived USDOE 

data (USDOE 2007).  Using a weighted average of automobile sales by size-class in the U.S. for 

1975 to 2006, it was estimated that the following distribution of automobiles by size in the U.S.: 

51% sub-compact/compact autos, 27% mid-size autos and 22% large autos.  This distribution 

was applied to the LDGV VMT estimates provided by MWCOG.  For the LDDV fleet, it was 

assumed that 51% of the LDDV VMT would be by sub-compact or compact automobiles, and 

49% by full -size automobiles. 

VMT data were not available for calendar year 2005.  However, the NCRTPB was able to 

provide projected VMT for the City of Alexandria for 2008 (NCRTPB, 2007).  We performed a 

linear interpolation of the 2002 and 2008 VMT to derive the VMT for 2005.  The annual growth 

rate during the 6-year period was 0.71% per year.   




