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ABSTRACT   
 

Increased awareness of global climate change has resulted in many efforts to identify and 
quantify the sources of carbon dioxide and other greenhouse gas pollutants.  Currently, many 
energy efficiency and renewable energy programs have been developed to reduce CO2 emissions. 
However, the issue of mobile source emissions has not been as prominent in the national climate 
policy debate.  This analysis examines the potential impact of land use patterns on carbon 
dioxide emissions from mobile sources.  As local governments and developers begin to plan and 
take action to reduce CO2 emissions, tools will be needed to quantify emission reductions 
associated with local land use patterns.   

 
Specifically, this masters project addresses the mobile source CO2 emissions from non-

road construction equipment and light-duty passenger vehicles associated with sustainable land 
use patterns and urban sprawl.   The objective of this project is to provide an inventory tool in 
Microsoft Excel that calculates the magnitude of emissions from construction and highway 
vehicles associated with various land use patterns.  The tool developed in this report allows 
builders, developers, and local governments to provide information about the total vehicle miles 
traveled or the number of hours operated for construction equipment.  After submitting use data, 
the tool can estimate CO2 emissions associated with the pre- and post-construction phase of a 
neighborhood development. 

 
Emissions from mobile sources are difficult to quantify.  The largest challenge of this 

assessment was finding emissions and use data for construction equipment.  A complete 
understanding of mobile source emissions will require more data and monitoring of all forms of 
equipment and vehicles.  Current policies, regulations, and incentives contribute to the reduction 
of mobile source CO2 by improving efficiency of vehicles and equipment or by altering the mix 
of fuel.  Conversely, some regulations currently prevent adoption of land use or development 
patterns that could contribute to CO2 reductions.  Future policies and incentives, including 
voluntary standards, local construction ordinances, and revised zoning rules, could encourage 
CO2 reductions through changes in land use patterns and infrastructure.
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INTRODUCTION 
 

Mobile sources account for a large portion of the total greenhouse gas emissions within 

the United States.  Historically, pollutant reduction from mobile sources has been accomplished 

through improved emission control technologies and through alteration of vehicle fuel.  

Achieving the maximum reduction of mobile source pollutants will also require a reduction in 

the number vehicle miles traveled (VMT) or vehicle hours operated.  Between 1990 and 2003 

transportation greenhouse gas emissions grew 24 percent; during this time light-duty vehicle 

efficiency improved slightly but increase fuel economy was offset by 34 percent increase in 

light-duty VMT.  Land use patterns and infrastructure in the United States may contribute to 

increasing VMT and may influence pollutant emissions from construction equipment.  For 

example, residents of Durham, NC emit greater than 15 percent more green house gases than the 

average U.S. citizen, whereas, New York City resident emit 66 percent less than the national per 

capita average.1 What role does urban design play in accounting for transportation patterns and 

the associated greenhouse gas emissions?  Inventory tools will be needed to begin quantifying 

the relationship between mobile sources, the total number of miles drive or hours operated, and 

the reduction in greenhouse gas emissions. 

Objective 

The goal of this analysis is to examine the impact of land use and urban development 

patterns on carbon dioxide emissions from mobile sources and to observe the potential for 

controlling mobile source emissions by regulating land use.  The issue of transportation has not 

been as prominent as energy efficiency or renewable energy in the national climate policy debate.  

Additionally, greenhouse gas emissions from transportation are related to federal and local urban 

development decisions.  As the country begins to plan and take action to reduce carbon dioxide 
                                                 
1 ICLEI Energy Services (2007)  
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emissions, what is the relationship between urban development patterns, highway vehicles use, 

construction vehicle activity, and CO2 emissions?  What recommendations for immediate action 

or policy implementation will have the greatest impact on reducing emissions? 

The analysis will address the influence of land use on the production of carbon emissions 

from mobile sources.  Initially I had hoped to compare construction emissions associated with 

two different urban or suburban developments.  However, I found that data about the use of 

construction equipment and the associated carbon dioxide emissions are not typically recorded 

and data is not readily available.  Due to the lack of information, this report will propose a 

methodology for estimating emissions as new data is collected.  The magnitude of emissions 

from off-road vehicles in site preparation will be compared to the more widely understood 

impacts of VMT associated with compact development.  I have developed an inventory tool for 

estimating carbon emissions from highway vehicles and construction vehicles on a community-

wide scale.  Throughout the report I address two different variables; I examine mobile source 

emissions from construction equipment and highway vehicles while comparing these mobile 

source emissions (construction and highway) between sustainable and traditional land use 

patterns.  Finally, existing policies and policy recommendations are outlined for mobile source 

emission reductions associated with land use and urban development. 

Background 

Many anthropogenic sources and sectors contribute to greenhouse gas emissions.  

Greenhouse gas emissions, like carbon dioxide, have been linked to global climate change.   

The total CO2  emissions from mobile sources depends on several factors, including the carbon 

content of the fuel, the total miles traveled or total hours of operation, and the efficiency of the 

vehicle, equipment, or other mobile source engine. 
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Figure 1. Contributing Factors to Mobile Source CO2 Emissions 

 

Emissions from the mobile source sector are difficult to quantify.  Mobile sources can be 

divided into highway vehicles and non-road equipment.  The highway transportation sector is 

regulated by the Environmental Protection Agency (EPA) under Clean Air Act rules for vehicles.  

Additional EPA rules regulate emissions from other mobile sources like construction vehicles.  

Regulation of highway cars and trucks began with the 1970 Clean Air Act.  However, non-road 

emissions were generally uncontrolled until the mid-1990s.  The Clean Air Act Amendments of 

1990 called for the study of the effects of non-road engines on urban air pollution; the early 

report indicated that total pollutant emissions from the non-road sector were nearly as high as the 

emissions from highway vehicles.2  Non-road equipment can include construction and 

agricultural equipment, lawn and garden equipment, industrial equipment, recreational vehicles, 

marine engines and vessels, locomotives, and aircraft.  This analysis focuses on the carbon 

dioxide emissions from both non-road vehicles and on-road highway vehicles.  Specifically, I 

will address the relationship between vehicles and urban development.  Therefore, the scope of 

this analysis is limited to the non-road construction vehicles and equipment associated with the 

production of new development and to the light-duty cars and trucks associated with daily 

transportation to and from developed urban and suburban neighborhoods. 

                                                 
2 U.S. EPA (2003) 
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Research has suggested that total vehicle miles traveled are related to land use patterns 

and community design.  However, trying to connect changes in land use to transportation 

emissions has been controversial and highly debated.  Different types of development may also 

have variable impacts on greenhouse gas emissions.  Many terms have been used to describe the 

various forms of suburban development. Some of these terms include compact development, 

urban sprawl, infill development, and “greenfield” or virgin development.  In general, the terms 

are not mutually exclusive and there has been little consensus on specific definitions for each of 

these categories.  For example, a new development may be compact but built on existing 

“greenfield” forest or farm land.  Therefore, this assessment focuses on the comparison between 

traditional suburban development and the broad “sustainable land use” category as defined by 

the EPA.  The EPA has identified “sustainable land use” as “a variety of policies and programs 

that aim to provide attractive and save places to live and work, minimize the use of natural 

resources, and allow for alternatives to vehicle travel.”3 

This assessment compares carbon emissions associated with two different factors.  First, 

the carbon footprints of traditional and sustainable development are examined.  The carbon 

footprints associated with traditional and sustainable development are compared based on the 

carbon emissions from highway VMT and the emissions associated with non-road construction 

vehicles. 

Why are mobile source emissions important? 

 The research and implementation of non-road mobile source emissions regulations still 

lag behind the highway mobile source emissions regulations in the Clean Air Act and the CAFÉ 

standards.  However, recent action by the California Attorney General, Edmund G. Brown Jr., 

and several non-profit organizations encourages the U.S. Environmental Protection Agency to 
                                                 
3 Stone, Brian (2003) 
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further regulate greenhouse gas emissions from construction, mining, agricultural, industrial 

equipment.  The petition submitted on January 29, 2008 asserts that the EPA should adopt 

technology-forcing statutes for regulating the GHG emissions from non-road vehicles; each year 

these vehicles and engines emit as much carbon dioxide as about 40 million cars.4  Currently, 

there are approximately 6 million pieces of construction equipment and 136 million passenger 

cars in the United States.5 

 The activity component of mobile source emissions is related to land use decisions which 

may play a future role in meeting local and state wide GHG reduction goals.  A recent 

publication, Growing Cooler: The Evidence on Urban Development and Climate Change, 

suggests that the traditional efforts to reduce emissions for the transportation sector will not 

sufficiently reduce the effects of transportation on total GHG emissions.  The authors argue that 

changes in urban development patterns will influence VMT and associated GHG emissions.  In 

addition to vehicle and fuel technology, changes in land use will be needed to reduce carbon 

dioxide emissions from vehicles.  

Additionally, carbon dioxide emissions from the mobile source sector continue to 

increase.  Since 1990 greenhouse gas emissions from the transportation sector have increased 

more rapidly than any other sector. GHGs emissions from transportation grew by 24 percent 

between 1990 and 2003, whereas emissions from other sectors increased by a total of 9.5 

percent.6  Despite efforts to reduce the average pollutant emissions per mile, increases in VMT 

have led to continued mobile source pollution.  The United States will need to understand mobile 

sources emissions in order to slow the growth of CO2 emissions.   

 

                                                 
4 International Center for Technology Assessment v. Johnson (2008) 
5 U.S. DOT (2007) 
6 EPA (2006) 
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MATERIALS & METHODS 

 There are three basic components to reducing emissions from the transportation sector; 

total mobile source emissions are influenced by vehicle fuel efficiency, the carbon content of the 

fuel, and the total vehicle miles traveled or vehicle hours operated.7 

 In order to carry out this assessment, I collected numerical data from a variety of 

publications and technical documents written by the U.S. EPA, state and local agencies, non-

profit organizations.  Background and policy information in this report was also collected from 

various web sites maintained by the U.S. EPA and other non-profit groups.  As this project 

progressed, three distinct objectives were identified.  First, I reviewed current literature to 

determine the state of knowledge in the field and to compare the magnitude of emissions from 

construction and highway vehicles.  This portion of the analysis also examined the potential 

influence of land use on mobile source emissions.  Next, I developed a carbon dioxide inventory 

for construction and light-duty vehicle mobile sources.  Finally, I examined existing policies and 

programs regulating mobile sources and land use.   

Comparison of Non-road and Construction Vehicle Emissions 

 In order to make basic conclusions about the relative emissions from traditional and 

sustainable developments, many sources provided data concerning highway and construction 

vehicles.  There have been a considerable number of studies concerning the relationship between 

urban design and the number of vehicle miles traveled for on-road vehicles.  Two recent review 

articles published by non-profit organizations illustrate the range of observed relationships 

between highway travel and land use.  Other peer-reviewed journal articles provide evidence of 

connection between VMT and land use on a local scale, whereas the review articles provide 

estimates of the potential for VMT reduction nationally.  Lively debate in the literature indicates 
                                                 
7 ULI (2007) 
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that there are still many questions about defining various types of development and about 

quantifying VMT reductions.8,9   

On the other hand, little is known about the carbon footprint of construction vehicles and 

there has been little work done to compare construction activity and emissions associated with 

various types of land use.  Several journals of construction engineering provided information 

about the relative CO2 emissions associated with the construction phase of residential and 

commercial buildings.  The EPA NONROAD model provides information about national, state, 

and county emissions from many types of non-road vehicles and equipment. 10  However, data is 

not available on a project-wide scale.  Additionally, after contacting several local developers, 

investors, and builders in the Central North Carolina region, I found that none of the groups had 

considered the carbon footprint of their construction activities and were not able to provide 

information that could be used to determine carbon dioxide emissions.  Some of the groups had 

begun thinking about the emissions associated with VMT but had given no thought to 

construction emissions.  Currently, the environmental impacts of construction vehicles and 

equipment have not been effectively monitored or measured.  In order to address the lack of 

quantifiable impacts, this report outlines a methodology for estimating the carbon footprint of 

on-road vehicles and non-road construction vehicles on a project- or community-wide scale.   

Developing Methodology 

 As part of this analysis, a basic carbon dioxide inventory for highway and construction 

vehicles associated with various land uses was developed.  The inventory was developed in 

Microsoft Excel using data and emissions factors gathered from several sources.  Estimates of 

carbon dioxide emissions from various sources require data concerning the types of equipment, 

                                                 
8 Gordon and Richardson (1997) 
9 Ewing, R (1997)  
10 U.S. EPA (2008) 
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amount of use, and fuel carbon content.    Many of the emissions factors and parameters are 

available from government sources; sources of data include the EPA, Center for Transportation 

Analysis at the Oak Ridge National Laboratory, and the Federal Highway Administration.  

Emissions factors for construction equipment are from the South Coast Air Quality Management 

District in CA.11  Carbon content of fuel and fuel efficiency data for buses and heavy trucks are 

from the Oak Ridge National Laboratory.12  Car and light truck efficiency data are Model Year 

2007 estimates for the average miles per gallon (MPG) from the EPA.13  The model was 

developed to require two types of input data; total pollutant emissions are calculated using the 

emissions factors within the inventory but also requires user supplied input data.  The user is 

required to provide information about the total number of hours over which equipment is used 

and the total number of vehicle miles traveled. 

As discussed, the three factors that determine the total CO2 emissions are the carbon 

content of the fuel, vehicle or equipment efficiency, and total hours used or total miles traveled.  

These three factors are incorporated into the model using two equations.  One equation quantifies 

the total vehicle emissions and the other equation quantifies the total emissions from the 

construction equipment.  The total construction emissions include calculations of both vehicle 

and equipment emissions, which will take into account the equipment use at the site and the 

transportation of materials and equipment to and from the construction site.  The first equation 

multiplies the number of vehicles by the vehicle efficiency by the total vehicle miles traveled by 

the carbon content of the fuel.  
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11 SQAQMD (2007) 
12 U.S. DOE (2007) 
13 U.S. EPA– 4 (2007) 
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Fuel efficiency for vehicles is measured in the average gallons of fuel used per mile.  The vehicle 

activity is input into the inventory as an average number of miles traveled per vehicle.  Carbon 

content of the fuel is determined by the pounds of carbon dioxide per gallon of fuel.  The second 

equation estimates the carbon dioxide emissions associated with different types of construction 

equipment.  The equation multiplies the number of pieces of equipment by the total hours of 

operation by the pounds of CO2 emitted per hour.   

( ) ⎟
⎠
⎞

⎜
⎝
⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

hour
Cmass

Equipment
operatedhoursequipmentofpiecesEmissionsEquipment Carbon #)(  

This equation is slightly different than the equation for vehicles, although the equipment 

equation also takes into account the carbon content of the fuel, the activity, and the efficiency of 

the equipment.  The activity is measured in hours operated rather than vehicle miles traveled.  

Also, the fuel consumption factor and the carbon content are accounted for by the emissions 

factor which estimates the amount of CO2 emitted per hour.  The emissions factors for 

construction equipment in this inventory were obtained from California’s South Coast Air 

Quality Management District.  The number of pounds of CO2 emitted per hour depends on type 

of equipment and horsepower.  Over 20 types of equipment are included on an extensive list 

within the inventory.  Additionally, each type of equipment listed includes separate emissions 

factors for the varying sizes and horsepower outputs within a single equipment category.   

Finally, the inventory in Excel includes several forms of output data.  A summary page 

provides information about the total carbon dioxide emissions associated with the observed 

development.  Results are reported as the total construction emissions, the total post-construction 

emissions, and total carbon dioxide emissions.  Additionally, CO2 emissions can be reported as a 

daily estimate or can be calculated as a long-term estimate over several years.  The emissions 

data can also be tied to land use by determining emissions per acre or per square foot of building 
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space.  The Excel graphing tools also provide a visual representation of the total emissions 

calculations.  Figure 6 in Appendix A illustrates the worksheet in Excel that contains the 

numerical and graphical output components of the inventory tool. 

 

RESULTS & OBSERVATIONS 

The Nonroad Diesel Rule applies to over six million pieces of nonroad diesel equipment 

in the United States; approximately 650,000 pieces of equipment are sold each year with in the 

U.S.14  There are more than 136 million passenger cars and 95 million light trucks on roadways 

throughout the United States.15  The transportation sector accounts for 27 percent of greenhouse 

gas emissions in the United States and additional 2.1 percent of the total greenhouse gas 

emissions (GHG) are associated with other mobile sources.16  The light duty vehicles used for 

personal transportation account for 62 percent of the total transportation emissions.17  Therefore, 

of the total GHG emissions in the United States 2.1 percent is associated with non-road mobile 

sources and 16.7 percent are associated with light duty on-road vehicles.   

Figure 2. Mobile Source Green House Gas Emissions 2003 

 
                                                 
14 U.S. EPA (2007) – 5 
15 U.S. DOT (2007) 
16 U.S. EPA (2006) 
17 Ibid. 
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The EPA is currently in the process of creating an all-encompassing emissions estimation 

tool for mobile sources.  The new Multiscale Motor Vehicle and Equipment Emission System 

(MOVES) model is intended to replace multiple existing emissions estimation tools and provide 

finer-scale information.  The scale of existing data is one of the largest challenges to producing 

carbon emissions analysis on a project wide scale.18  Currently, the finest scale information is 

only available by county.  This report proposes an alternative methodology that allows 

developers and local or regional governments to estimate emissions on a finer scale.   

Mobile Source CO2 Emissions & Land Use 

 Land user planners generally recognize a relationship between land use and travel 

patterns; recent reports have connected changing land use and travel patterns to the potential for 

reducing VMT and CO2 emissions from highway vehicles.  A Pew Center reports suggests that 

land use could reduce VMT by 0 to 5.2 percent which would reduce U.S. transportation-related 

carbon emissions 3 percent by 2015 and 5 percent by 2030.  Similarly, the Urban Land Institute 

found that the United States could reduce total transportation-related carbon emissions by 7 to 10 

percent by 2050 through land use and infrastructure changes.  On a smaller scale, a 

neighborhood scale comparison, between two developments in Chapel Hill, NC, found that “neo-

traditional” neighborhood households traveled an average of 14.7 fewer miles per day.19 

 Although we have a basic understanding of the connection between transportation 

vehicles and land use, there is less known about the connection between non-road equipment, 

land use, and carbon dioxide emissions.  Analyses of environmental impacts from the building 

industry have generally been focused on material selection and post-occupancy operation.  In 

response to the lack of information about environmental impacts of construction practices, a 

                                                 
18 U.S. EPA (n.d.)  
19 Khattak, A.J. and D. Rodriguez (2005) 
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recent analysis of energy use and criteria pollutants associated construction suggests that the 

construction sector accounts for 2.6 to 3 percent of the energy consumption in the United 

States.20  The analysis does not quantify CO2 emissions but found that current government 

estimates of criteria air pollutant emissions from the construction industry are underestimated. 

Proposed Methodology  

 An accurate comparison of carbon emissions from mobile sources associated with diverse 

forms of urban development will require an emissions inventory tool that accounts for highway 

and non-road vehicle emissions.  I have created a basic inventory tool in Microsoft Excel that 

can estimate CO2 emissions from construction equipment and vehicles, as well as light-duty 

vehicles.  Although the tool is fairly basic it could be expanded to include additional variables.   

1) Input Variables 

There are two basic types of input.  The background data is needed to provide the basic 

calculations.  Additionally, the user would supply information about the total number of vehicles 

or pieces of equipment.  Local governments or developers would provide projected or measured 

data to inventory.  And in the case of construction equipment, users would provide information 

about the number of days over which the equipment was used.  In order to run the model and 

compare different types of land use, the user would need activity data for vehicles and equipment 

associated with a traditional development and a sustainable development.  Over the past decade, 

average vehicle miles traveled within sustainable developments and traditional developments 

have been calculated.  However, I have not been able to find the activity data associated with 

construction equipment used in developing land in a traditional and sustainable manner.  Proxies 

for activity could include cost or fuel usage.  The costs of sustainable land use are generally 

greater than the costs of traditional development due to additional permitting and planning 
                                                 
20 Sharrard, A.L., H.S. Matthews, and M. Roth (2007) 
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requirements; the additional costs are not closely tied to additional activity data.  Fuel use would 

also be an option for estimating activity but this data is not readily available for most 

developments.   

2) Calculations within Inventory 

The inventory tool provides basic information about the total carbon dioxide emissions 

which can be calculated on a daily basis or over time.  The goal of this analysis is to connect the 

CO2 emission to land use; therefore it is necessary to related to emissions output data to the land 

use.  The emissions data can be connected to the total area of land and the compactness of the 

development by determining the CO2 emissions per acre of developed land, per square foot of 

building space, or per capita.  The relationship between land use and emissions is calculated for 

the construction phase, the post-construction phase, and the total emissions.  

The proposed methodology only accounts for highway and construction vehicles.  The 

tool does not take into account economic or market drivers.  Nor does the tool account for 

additional CO2 emissions that may be avoided by energy saved in buildings associated with 

sustainable compact development or forest land preserved through compact or infill development 

that could serve as a carbon sink.  In its current form, the inventory does not specifically account 

for potential variations in equipment efficiency due to the grade of slope, ambient temperature, 

or other efficiency factors.  The equipment emissions factors represent average emissions 

associated with individual types of equipment used under a many conditions.  Also, the inventory 

does not account for variability in vehicle emissions affected by the acceleration, speed, and 

number of starts or stops. 
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3) Results 

At this time the inventory and methodology developed have not been tested using actual 

data.  Running the model will require cooperation with local governments or developers to 

gather activity data for equipment and average miles traveled within a community.  In order for 

this tool to compare emissions from various types of developments, we need a quantifiable 

method for comparing the individual developments.  A ranking system and scale would provide 

users with a method of comparing their community to other types of land use.   

Challenges 

I had initially hoped to conduct a case study that compared non-road construction 

emissions associated with two or more different forms of development.  However, I found that 

nonroad vehicle emissions data was not widely available, especially on a finer project- or 

community-wide scale.  The EPA maintains a NONROAD emissions model but provides data on 

only on a state or county wide scale. 

Also, after contacting several developers in the Triangle region I found that even the 

more environmentally conscious builders in the region have not considered the impact of 

construction on CO2 emissions.  In North Carolina and many other states, there is no incentive to 

maintain equipment activity or fuel use records so they do not keep data needed to estimate CO2 

emissions.  Developers may not consider CO2 emissions associated with construction activity 

because it has generally been thought that the total impact is relatively small.  However, research 

suggests that the construction phase can account for 1 to 10 percent of total emissions over the 

entire life cycle of a building.21  The construction phase is much shorter than the use phase for a 

building.  Therefore, the impacts of emissions during construction are more intense and could be 

significant when scaled up to the national level. 
                                                 
21 Sharrard, A.L., H.S. Matthews, and M. Roth (2007) 
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The uncertainty surrounding emissions factor is also a concern. This tool is fairly simple 

and relies on many variables that have been calculated as averages.  For example, in its current 

form, the tool uses the average miles per gallon for passenger vehicles and light-duty trucks.  The 

inventory would also rely on an average number of vehicle miles traveled to and from the 

development; in reality, individuals within a neighborhood may have very different travel and 

commuting patterns.  Furthermore, a more advanced tool may need to account for idling, 

ambient outdoor temperature, various fuel mixes, and other variables. 

 

DISCUSSION 

In order for cities and private developers to consider their carbon footprint, voluntary and 

mandatory CO2 reduction schemes are necessary.  There is no incentive to catalog carbon 

dioxide emissions without a reduction or offset mechanism.  The increasing awareness of global 

climate change and the effects of CO2 pollution are highlighting the gaps in the regulation and 

monitoring of mobile source emissions.  If greenhouse gases, including carbon dioxide, are 

regulated in the future, all sources of carbon emissions should be monitored and controlled.  

Creative solutions may be needed to address mobile source emissions because transportation 

emissions are widely dispersed.  In addition to regulating the fuel, land use regulations and 

technology standards can be used to reduce CO2 emissions from mobile sources.   Additionally, 

better understanding and comprehensive data are needed for non-road vehicles on a finer 

geographic and time scale. 
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Current Policies 

Federal 

Federal regulations in the United States have typically addressed mobile source emissions 

through technology standards.  The Clean Air Act (CAA) controls emissions from stationary and 

mobile sources; mobile sources are controlled through (1) motor vehicle fuels provisions, (2) 

non-road vehicle requirements and certification processes, (3) on-highway manufacturing 

requirements, and (4) urban bus retrofit programs.  Fuel standards and manufacturing standards 

to ensure appropriate pollutant emissions provide the framework for mobile source emissions 

reductions through the CAA.  The 1970 Clean Air Act Amendments allowed states to use “land-

use and transportation controls” to ensure attainment of air quality standards.  However, the 1977 

CAA Amendments removed all references to land use.  Finally, the 1990 CAA Amendments 

removed federal and state power to implement growth management and land use tools to control 

transportation emissions.  The 1990 Amendments stated, “Nothing in this Act constitutes an 

infringement on the existing authority of counties to plan or control land use, and nothing in this 

Act provides or transfers authorities over such land use.”22  Local governments can choose to 

regulate mobile source emissions through land use planning but the federal government and EPA 

are limited in their ability to control pollutants through land use. 

The Energy Policy and Conservation Act of 1975 (CAFÉ) also regulates light duty cars 

and trucks.  CAFE regulates the efficiency of highway vehicles by setting fuel economy 

standards; since 1985 the standard for passenger cars has been 27.5 mpg and the standard for 

light trucks has increased to 22.2 mpg in 2007.  The standards have been criticized for many 

exemptions.  Additionally, the light-duty fleet fuel economy increased 7 percent between 1988 

                                                 
22 Stone (2003) 
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and 2004 due to an increasing number of light trucks on the road.23  Enforcement of CAFÉ 

standards includes financial penalties for vehicle manufacturers.  The National Highway Traffic 

Safety Administration (NHTSA) is responsible for the implementation of CAFE standards.  

CAFÉ does not regulate non-road vehicles and is focused specifically on vehicle fuel economy; 

other federal regulations address non-road diesel vehicles and equipment. 

 The EPA Clean Air Nonroad Diesel Rule was adopted in 2004; the goal of the regulation 

is to implement more stringent pollution controls on engines and fuel used in diesel engines used 

in numerous sectors.  It sets standards that will reduce emissions from nonroad diesel equipment 

by 90 percent and will reduce the sulfur content of the diesel fuel by 99 percent.  The Nonroad 

Diesel Rule is one of several interrelated statutes collectively called the Clean Air Rules of 2004.  

Emissions reductions began in 2007 and the use of reduced sulfur diesel fuel will begin in most 

equipment by 2010.  The costs of most nonroad diesel equipment is expected to increase by 1 to 

3 percent and low-sulfur fuel will costs will increase an average of 4 cents per gallon.  The 

proposed health benefits would outweigh costs 40 to 1 and low sulfur fuel will reduce 

maintenance costs.24 By 2030, the EPA expects that the replacement of older nonroad engines 

with newer engines will reduce NOx emissions by 738,000 tones and PM 2.5 emissions by 

129,000 tons.  The PM reduction is equivalent to removing 2.4 million highway diesel trucks 

from the road.  Also, the NOx reduction from replacing of a single bulldozer is equivalent to 

removing 25 cars from the road.25  The EPA has compared the technical standards of the 

Nonroad Diesel Rule to the introduction of catalytic converters for highway vehicles in the  

                                                 
23 An and Sauer (2004) 
24 U.S. EPA (2004) 
25 U.S. EPA (2007) – 2  

 17



1970s; total expected emissions reductions will be equivalent to removing two million trucks 

from the highway.26 

 The EPA and current federal regulations do not mandate control of CO2 as a criteria air 

pollutant.  However, the Supreme Court’s recent Massachusetts v. EPA decision has placed a 

burden on the EPA to decide how to regulate carbon dioxide as a pollutant.  The scope of 

Massachusetts v. EPA is limited to cars and light- and heavy-duty trucks, but not construction 

equipment, which is covered by another section of the Clean Air Act.  However, depending on 

the rulemaking procedures and regulations for new motor vehicle emissions, builders could 

potentially see new regulation of construction equipment emissions. 

 The National Clean Diesel Program is a voluntary EPA program that provides funding 

for research and deployment of new diesel equipment.  Clean Construction USA is one of five 

sectors represented under the Clean Diesel Program.  The Clean Construction USA is an 

incentive-based program that supplements the regulations of the Clean Air Nonroad Diesel Rule.  

The Clean Air Rules set standards for new engines but the Clean Construction program is 

focused on reducing emissions from existing equipment and construction practices.  The focus of 

the program is in areas that do not meet national ambient air quality standards.  The EPA is 

working with private contractors, local governments, public interest groups, and the Associated 

General Contractors of America to develop incentives for reducing harmful emissions.  The 

program also provides information about equipment specifications and provides guidance for 

public projects.27 

 Additional federal regulations encourage the development of brownfields in an attempt to 

reduce the development pressures on open land.  According to the EPA, brownfields are “real 

                                                 
26 U.S. DOT (n.d.)  
27 U.S. EPA (2005) 
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property, the expansion, redevelopment, or reuse of which may be complicated by the presence 

or potential presence of a hazardous substance, pollutant, or contaminant. Cleaning up and 

reinvesting in these properties takes development pressures off of undeveloped, open land, and 

both improves and protects the environment.”28  The required contaminant remediation of many 

brownfield sites results in higher costs and may require removal of large amounts of material.  

The increased cost of site redevelopment may also be associated with increased use of 

construction equipment resulting in greater pollutant emissions.  However, many of the 

brownfield sites are located in walkable, downtown communities that could reduce the average 

VMT of residents in these communities.29  The federal Brownfields Tax Incentive and Small 

Business Liability Relief and Brownfields Revitalization Act provide financial benefits and legal 

liability exemptions to encourage development of brownfields.30 

State and Local 

 Voluntary programs at the state level can also provide incentives for emissions reductions.  

The North Carolina Division of Air Quality offers Mobile Source Emissions Reduction Grants.  

The program began in 1995 when the North Carolina General Assembly passed Clean Air 

Legislation providing 1/64 of a cent per gallon of gasoline for emissions reduction grants.  The 

goal of 2008 grants is to reduce emissions from diesel engines, particularly VOC and NOx which 

contribute to formation of ozone.  An example of the requirements for heavy-duty diesel trucks 

and equipments include priority for retrofit or replacement projects and require that any replaced 

engines must be scraped.31 

                                                 
28 U.S. EPA – 1 (2008) 
29 Chicago Dept. of Environment (2005) 
30 U.S. EPA – 1 (2007) 
31 N.C. DENR (2008) 

 19



 Local zoning regulations essentially provide a roadblock to the implementation of CO2 

reduction through land use and development patterns.  Development rules in many American 

communities are based on traditional zoning rules that have evolved since the 1920s.  Most 

existing regulations and codes are based on strict separation of uses; theses codes do not allow 

mixed-use or mixed-income neighborhoods.  Infill locations, higher density, and mixed uses can 

contribute to fewer VMT which may reduce total per capita emissions within a particular region 

or neighborhood.32 

Policy recommendations 

There are many challenges to regulating mobile source emissions through land use and 

urban development.  First, the 20 to 30 year lifetime of nonroad diesel construction equipment is 

one of major challenge associated with improving emissions.  Additionally, highway vehicles are 

difficult to regulate because individual behavior dictated the vehicle use and corresponding 

carbon emissions.  Finally, decisions that influence land use and development patterns that can 

influence the highway and non-road vehicles are made on local level; the ability of the federal 

government and EPA to regulate land use is very limited. 

Voluntary Programs: LEED for Neighborhood Development 

 Non-monetary and non-regulatory incentives for considering land use patterns in 

development decisions and reducing carbon dioxide emissions can help reduce emissions and 

generate best management practices for the construction and planning of new communities.  

Voluntary programs often provide public recognition for taking action and allow information 

exchange between interested parties.33  The Leadership in Energy and Environmental Design 

(LEED) Green Building Rating System is a nationally recognized program for green building 

                                                 
32 ICLEI (2007) 
33 ICF Consulting (2005) 
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practices.  The LEED system “encourages and accelerates global adoption of sustainable green 

building and development practices through the creation and implementation of universally 

understood and accepted tools and performance criteria.”34  Recently, the U.S. Green Building 

Council has developed a pilot program for Neighborhood Development projects.  The new rating 

system allows developers to earn points for Smart Location and Linkage, Neighborhood Pattern 

and Design, Green Construction and Technology, and Innovation and Design Process.35  Carbon 

dioxide and other pollutant emissions are not considered within the LEED framework.  However, 

specifications for CO2 emission reductions could be incorporated into the system as an option for 

earning credits toward LEED recognition.  Incorporating carbon dioxide emissions would be 

consistent with the LEED Neighborhood Development Smart Location and Linkage and 

Neighborhood Pattern and Design goals.  LEED rating systems are becoming more popular as 

more developers and builders are beginning to understand the process.  Allowing developers to 

earn credits under the LEED would provide an incentive for voluntary CO2 reductions from 

construction equipment and highway vehicles under a familiar framework. 

Land Use: Zoning, Contract Modifications, Ordinances 

As communities respond to market demand or environmental arguments for compact 

sustainable neighborhoods, they can adopt more flexible zoning rules.  For example, local 

governments can implement community planning or overlay zones to allow more creative and 

innovative neighborhood designs.  New planning tools, like overlay zones, floating zones, or 

Planned Use Development, allow developers to propose mixed-use developments that may be 

more compact than allowed under current zoning rules.  The developers’ proposals are subject to 

approval by the city council but can allow alternative forms of development.  Once local 

                                                 
34 USGBC (2008) 
35 USGBC (2007) 
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governments have approved new methods of zoning, they should provide developers with 

guidelines for understanding the new rules and provide a concrete timeline for approval 

procedures. 

 State and local governments can use contract modifications and incentives to specifically 

regulate emissions from construction equipment.36  Detailed contract language or contract 

bonuses that reward clean diesel equipment can encourage use of specific technologies.  The 

contractual language could also be expanded to provide incentives for specific construction 

practices.  One example, from the Central Artery Project (“Big Dig”) in Boston, specified that all 

construction equipment could not idle more than five minutes.  The New York Metropolitan 

Transportation Authority must submit equipment lists and usage logs for motor vehicles and 

constructions equipment.  Contracts can require emission control devices, specific types of fuel, 

dust control measures, air quality monitoring, and could specify mitigation and construction 

practices.37 

 

CONCLUSIONS 

Additional research is needed to verify the relationship between land use patterns and 

CO2 emissions.  Limited data on non-road vehicles emissions makes it difficult to calculate 

influence of construction activity.  New tools will be necessary for local and state governments 

to quantify the impacts of land use change on greenhouse gas emissions.  Local governments 

have greater influence over regional land use decisions, whereas the federal government has 

greater control over technology requirements.  The creation of tools to estimate CO2 reductions 

                                                 
36 U.S. EPA – 3 (2007) 
37 U.S. EPA – 2 (2008) 
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on a local scale due to land use will be more effective because the information in be in the hands 

of decision-makers in the community. 

First, an understanding of mobile source emissions and land use will require additional 

data.  Developers and local governments need an incentive to measure carbon dioxide emissions 

associated with individual projects.  Voluntary or required emissions reduction programs may 

provide an incentive to survey the total VMT, keep records of construction activity, and measure 

carbon dioxide from all mobile sources.  Obtaining the necessary data was the most difficult 

challenge of this analysis.     

Various tools and inventories can be developed to measure emissions within a 

community and to quantify emissions associated with various types of development.  The tool 

developed in this analysis is fairly basic but could provide emissions estimates to individuals 

with data concerning construction activity.  Also, the tool can be customized for a specific area.  

Additionally, new variables can be easily added to the inventory in order to provide a more 

detailed analysis.  Observation of CO2 emissions associated total vehicle miles traveled and land 

use has been conducted over the past decade but other mobile sources have generally not been 

considered.  The tool presented in this study provides a method of calculating emissions from 

highway and construction vehicles. 

Creative solutions will be needed to address mobile source emissions because equipment 

and vehicles are widely dispersed.  In addition to regulating fuel and promulgating new 

technology standards, land use regulations can be used to reduce CO2 emissions from mobile 

sources.   
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APPENDIX A.  
CO2 Inventory Tool for Highway Vehicles and Construction Equipment 
 
Figure 1. Calculation of Total CO2 Emission from Construction Equipment Sectors –  

 
 
(# Pieces of equipment)(Hours operated)(Emissions factor) = total construction equipment 
emissions 
 
Note: Cells shaded in gray represent data that would be provided by the user. All calculations 
are hypothetical examples of emissions. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 27



Figure 2. Calculation of Total CO2 Emissions from Construction Vehicles 

 
 
Figure 3. Calculation of Total CO2 Emissions from Highway Vehicles (post construction) 

 
 
Note: Cells shaded in gray represent data that would be provided by the user. All calculations 
are hypothetical examples of emissions 
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Figure 4. User Input Worksheet  
All values in the shaded cells are user input values. These values are linked to other worksheets 

to enable calculation of emissions. 
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Figure 5. Emissions Factors  
All values were obtained from government sources. These values provide background data for 

calculations of total emissions. 
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Figure 6. Data Summary and Output  

 
 
Note: Output data is illustrative and does not represent final calculations. 
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