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Executive summary 

This report estimates greenhouse gas emissions in tons of carbon dioxide equivalent (CO2e) for 

fleet vehicles, street lights, and traffic signals operated by the Town of Chapel Hill from 2005 to 

2008, and makes policy recommendations for the future reduction of such emissions. The 

authors are undergraduates studying at the University of North Carolina at Chapel Hill, who have 

compiled the report as their capstone class project. 

The Town of Chapel Hill’s fleet consists of vehicles in the Police, Fire, and other departments, as 

well as off-road vehicles. Buses are part of the transit system for Chapel Hill (quantified in a fall 

2008 capstone project) and are not included in its fleet.  The capstone team has chosen not to 

include off-road vehicles in this inventory, though they are included in the ICLEI Protocol for 

calculating greenhouse gas emissions. More investigation is needed to accurately count off-road 

vehicles. Similarly, Scope 3 emissions are not included in this inventory. 

 

Much of the increase of emissions from 2005-2007 has to do with the fleet size increasing from 

216 to 245 vehicles. Though the total increase in CO2 equivalent over the four years was 4%, the 

increase of the fleet size was 12%. The total increase in CO2 released from 2005 to 2007 was 136 

metric tons of CO2, while the total increase from 2006-2007 was only 7 metric tons (Figure 1).  

The decrease in emissions despite the increase in the number of vehicles from 2007 to 2008 

could be because of the increase in vehicles that get 20 or more MPG and those that use E85.   

As of the end of 2008, the Town of Chapel Hill was operating 3142 street lights.  Of these lights, 

2202 were high-pressure sodium, 903 were mercury vapor, and 36 were unclassified. During 

2008, the number of mercury vapor lights dropped by 38 (from 941 in 2007), while the total 

number of lights increased by 29 (~1%).  There also has been a trend toward more powerful 

lights, with 41 new 250W lights and 38 fewer 175W lights.  Overall, Chapel Hill street light 

emissions rose by 3% from 2007 and 6% from 2005, to a total of 1406 metric tons of CO2e.   

Most of the traffic lights in Chapel Hill are owned and operated by the North Carolina 

Department of Transportation.  The Town operates traffic lights at only 13 intersections: 9 in the 

downtown area, 3 at Meadowmont, and one on Sage Road.  While Chapel Hill operated traffic 

signals at only 9 intersections in 2005, the total electricity usage and emissions from traffic lights 

amounting to 31 metric tons CO2 equivalent decreased by 13% to 27 metric tons CO2e in 2008, a 

period during which seven of the lights were changed to LEDs.   

 Policy recommendations based upon these conclusions and those explicated in the body 

of this report are provided beginning on page 19 of this document.  The purpose of these policy 

recommendations is to provide thinking points for future policy to reduce greenhouse gas 

emissions from the town motor fleet and lighting stock.  
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Executive Summary 

This report estimates greenhouse gas emissions in tons of carbon dioxide equivalent for fleet 

vehicles, street lights, and traffic signals operated by the Town of Chapel Hill from 2005 to 2008, and 

makes policy recommendations for the future reduction of such emissions.  The authors are 

undergraduates studying at the University of North Carolina at Chapel Hill, who have compiled the 

report as their capstone class project. 

The Town of Chapel Hill’s fleet consists of vehicles in the Police, Fire, and other departments, as 
well as off-road vehicles.  Buses are part of the transit system for Chapel Hill (quantified in a fall 2008 
capstone project) and are not included in its fleet.  The capstone team has chosen not to include off-
road vehicles in this inventory, though they are included in the ICLEI Protocol for calculating greenhouse 
gas emissions.  More investigation is needed to accurately count off-road vehicles.   Similarly, Scope 3 
emissions are not included in this inventory. 

 
Much of the increase of emissions from 2005-2007 has to do with the size of the fleet increasing 

from 216 to 245 vehicles. Though the total increase in CO2 equivalent over the four years was 4%, the 
increase of the fleet size was 12%. The total increase in CO2 released from 2005 to 2007 was 136 metric 
tons of CO2, while the total increase from 2006-2007 was only 7 metric tons (Figure 1).  The decrease in 
emissions despite the increase in the number of vehicles from 2007 to 2008 could be because of the 
increase in vehicles that get 20 or more MPG and those that use E85.   

As of the end of 2008, the Town of Chapel Hill was operating 3142 street lights.  Of these lights, 

2202 were high pressure sodium, 903 were mercury vapor, and 36 were unclassified.   During 2008 the 

number of mercury vapor lights was reduced by 38 (from 941 in 2007), while the total number of lights 

increased by 29 (~1%).  There has also been a trend toward more powerful lights, with 41 new 250 Watt 

lights and 38 fewer 175 Watt lights.  Overall Chapel Hill street light emissions rose by 3% from 2007 and 

6% from 2005 to a total of 1406 metric tons of CO2 equivalent.   

 Most of the traffic lights in Chapel Hill are owned and operated by the North Carolina 

Department of Transportation.  The Town operates traffic lights at only 13 intersections: 9 in the 

downtown area, 3 at Meadowmont, and one on Sage Road.  While Chapel Hill operated traffic signals at 

only 9 intersections in 2005, the total electricity usage and emissions from traffic lights amounting to 31 

metric tons CO2 equivalent decreased by 13% to 27 metric tons CO2e in 2008, a period during which 

seven of the lights were changed to LEDs.  

 Policy recommendations based upon these conclusions and those explicated in the body of this 

report are provided beginning on page 19 of this document.  The purposes of these policy 

recommendations are to provide thinking points for future policy to reduce greenhouse gas emissions 

from the town motor fleet and lighting stock. 
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Introduction & Background 

This report estimates greenhouse gas emissions in tons of carbon dioxide equivalent for fleet 

vehicles, street lights, and traffic signals operated by the Town of Chapel Hill from 2005 to 2008, and 

makes policy recommendations for the future reduction of such emissions.  The authors are 

undergraduates studying at the University of North Carolina at Chapel Hill who have compiled the report 

as their capstone class project. 

 In order to establish a baseline for greenhouse gas emissions in 2005, Orange County 

commissioned ICLEI to calculate the County’s total greenhouse gas emissions for that year (ICLEI Energy 

Services, 2009).  Though the ICLEI report contains an estimate for 2005 Chapel Hill emissions, it does not 

contain data for the three years since, nor does it provide the detail this report attempts to achieve.  A 

capstone class in fall of 2008 was commissioned to compile emissions data for transit vehicles (see 

report at http://www.ie.unc.edu/content/education/courses/capstone.cfm).  This report is meant as a 

continuation of those reports, and may be included in the more detailed inventory being compiled by 

Brian Callaway, intern with the Town of Chapel Hill. 

 The Town of Chapel Hill has kept data for the miles traveled and the fuel consumed by its 

vehicle fleet, and possesses records from Duke Energy of the power consumed by street and traffic 

lights.  This data was provided by the Town to Chapel Hill sustainability officer John Richardson to the 

authors, who used it to calculate greenhouse gas emissions according to the standard procedures 

outlined in the ICLEI Protocol (ICLEI, 2008). 

 Formerly the International Council for Local Environmental Initiatives, ICLEI now officially refers 

to ICLEI-Local Governments for Sustainability (ICLEI, 2009).  ICLEI has developed formal guidelines for 

calculating local government’s greenhouse gas emissions called Local Government Operation Protocol 

(LGOP), which we have followed for our calculations.  The Protocol defines three categories of 

emissions.  For our work, Scope 1 refers to direct emissions such as those from local government-

controlled power generation, fleet vehicles, and even leaking refrigerators (though biogenic emissions 

like ethanol combustion are not included).  Scope 2 emissions are indirect, coming from the acquisition 

of power from an external greenhouse gas emitting facility (such as those operated by Duke Energy).  

Finally, Scope 3 emissions are caused by, but not controlled by local government (i.e., municipal) 

operations, including employee commuting and business travel. 

The Community Carbon Reduction (CRed) pledge that Chapel Hill adopted (following the lead of 

Dr. Douglas Crawford-Brown, former Institute for the Environment Director, and leader of Cambridge UK 

team that developed CRed) has an overarching goal of reducing total carbon emissions in the Town of 

Chapel Hill by at least 60% by the year 2050.  Further, the Town pledges to ensure adequate data 

capture practices to support the carbon reduction strategy.  Lastly, the pledge calls for “developing and 

implementing policies for Town municipal operations, which, by example, will help encourage the 

university, residential, and industrial sectors within Chapel Hill to work toward carbon dioxide 

reduction” (Resolution to Revise the Community Carbon Reduction, p. 1).  In keeping with these goals, 

http://www.ie.unc.edu/content/education/courses/capstone.cfm
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this inventory provides policy recommendations for reducing greenhouse gas emissions related to 

municipal street lights and vehicle fleet. 

In 2005, the planning department proposed that the CRed plan for the Town of Chapel Hill be 

amended to specify “…a 5 percent reduction by 2010; 10 percent reduction by 2015; 20 percent 

reduction by 2030; 30 percent reduction by 2040; 45 percent reduction by 2045; 60 percent reduction 

by 2050.  While these goals are specific to Town municipal operations, we anticipate bringing 

recommendations for community-wide goals to the Council at a later date” (Resolution to Revise the 

Community Carbon Reduction Pledge, p. 1). The Town has since embraced even more ambitious goals. 

Chapel Hill’s Motor Fleet 
The Town of Chapel Hill’s Green Fleets Policy from 2005 mentions goals to be “…committed to 

cost savings measures to reduce the energy consumption of its automotive fleet, …committed to 
reducing our dependence on foreign oil, *and+…committed to regional effort*s+ to improve air quality” 
(Town of Chapel Hill’s Green Fleets Policy, p. 1). 

 
 The Town’s fleet consists of vehicles in the Police, Fire, and other departments, as well as off-
road vehicles.  Buses are part of the transit system for Chapel Hill (inventoried in a fall 2008 capstone 
project) and are not included in its fleet.  The capstone team has chosen not to include off-road vehicles 
in this inventory, though they are included in Scope 3 emissions in the ICLEI Protocol for calculating 
greenhouse gas emissions.  More investigation is needed to accurately count off-road vehicles. 
 

 
Table 1: Number of active fleet vehicles in each department by year 
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Chapel Hill’s Lighting Stock 
 As of the end of 2008, the Town of Chapel Hill was operating 3142 street lights.  Of these lights, 

2202 were high-pressure sodium, 903 were mercury vapor, and 36 were unclassified.  While neither 

high-pressure sodium nor mercury vapor represent new technologies, the high-pressure sodium lights 

are known to be much more efficient than the mercury vapor lights (Philips Lumileds, 2008).  In 2008, 

the number of mercury vapor lights dropped by 38 (from 941 in 2007), while the total number of lights 

increased by 29 (~1%).  There also has been a trend toward more powerful lights, with 41 new 250W 

lights and 38 fewer 175W lights.  Overall Chapel Hill street light emissions rose by 3% from 2007 and 6% 

from 2005, to a total of 1406 metric tons of CO2 equivalent.  The number of street lights Chapel Hill 

operates can be expected to increase in the future with further development, such as the Lot 5 project. 

Street Lights 2005 2006 2007 2008 

High Pressure Sodium ? ? 2127 68% 2202 70% 

Mercury Vapor ? ? 941 30% 903 29% 

Unclassified ? ? 44 1% 36 1% 

Total Lights ? ? 3112  3141  

Lights by Wattage     

100 W ? ? 1378 44% 1412 45% 

150 W ? ? 37 1% 37 1% 

175 W ? ? 910 29% 872 28% 

250 W ? ? 655 21% 696 22% 

400 W ? ? 85 3% 88 3% 

Table 2: Street Light Bulb Count by Year. (There was no street light bulb data for 2005 or 2006 

available at the time of this report) 

 Duke Energy has recently replaced 10 of the lights on Franklin Street with LEDs as a one-year 

pilot program.  The expectation is that the LED street lights will be shown to be more efficient and 

require less maintenance than either high-pressure sodium or mercury vapor lights. 

 Most of the traffic lights in Chapel Hill are owned and operated by the North Carolina 

Department of Transportation.  The Town operates traffic lights at only 13 intersections: 9 in the 

downtown area, 3 at Meadowmont, and one on Sage Road.  While Chapel Hill operated traffic signals at 

only 9 intersections in 2005, the total electricity usage and emissions from traffic lights, amounting to 31 

metric tons CO2 equivalent, decreased by 13% to 27 metric tons CO2 equivalent in 2008; seven of the 

lights were changed to LEDs during that period.  However, Chapel Hill traffic light emissions could 

increase greatly in the future if the state-operated lights are transferred to the city.  This report does not 

contain estimates for the emissions of state-owned lights in Chapel Hill because the necessary data 

could not be obtained from the NCDOT or from Duke Energy, which supplies power to the lights.  There 

were recently two bills introduced to state congress: S1001/H881 – Transportation Corridor Mapping 

Changes – Jenkins, Cole, and S758 – Transfer Secondary Roads to Counties – Rucho, Clodfelter. These 

bills potentially could lead to the transfer of the state traffic lights to the city, which would increase 

current Chapel Hill emissions and also baseline emissions from those detailed in this report. Future 

reports will include lighting from parks and town buildings. 
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Methodology 

Greenhouse Gas Emissions Inventory: Chapel Hill Motor Fleet 

Data Received 

 Fleet data was requested from the Town of Chapel Hill in order to quantify greenhouse gas 
emissions from the use of these vehicles.  The team received a series of yearly maintenance reports 
detailing each vehicle’s monthly repair history for the calendar years 2005 through 2008.  Included on 
these reports was the mileage that each vehicle had driven, as well as the amount of fuel consumed.  A 
separate sheet contained each vehicle’s fuel consumption with type of fuel indicated. 

 Several errors in consistency were found in these sheets, assumed to have resulted from clerical 
errors. They include, but are not limited to, misspellings, negative values in mileage and fuel 
consumption, and slight inconsistencies between the fuel consumption and repair report sheets.  
Fortunately, these errors accounted for only a small percentage of the total data provided, with 5% of 
the active fleet having data errors.  In the past two years, clerical errors in the active on-road fleet have 
decreased from 6% to 3%; if this data-entry process is new to the town, it may simply be a matter of 
ironing out kinks in the system.   

 An interesting issue arose that seems to have thrown off data in other town summary reports 
the group received.  In short, an accounting error occurred due to the department listing of vehicles.  
After vehicles have been auctioned out of the town’s motor fleet, they are listed as being in the auction 
department.  Thus, vehicles used in previous years are not counted as being within a specific 
department for these previous years.  Because of this, fuel and mileage data for historical years by 
departments are much lower than the actual count, causing the appearance of a huge yet false upward 
trend in recent years, as the more current fleet is accounted for within the correct department. 

 The creation of a streamlined data-recording structure could assist in the quick yearly 
assessment of greenhouse gas emissions, allowing policymakers to view emissions just as they would a 
financial budget.  Rather than a vague and far-off projection, a quick view of the emissions of the past 
year could provide a perspective of the year’s activities on emissions, and whether such policies used 
that year were effective at curbing emissions.  A small list of recommendations to further improve the 
efficiency and accuracy of the town’s motor fleet data is provided in the later section labeled “Future 
Methodology Recommendations.” 

Data Preparation 

 The data mentioned above was received in Adobe Reader (.pdf) format, and as such was largely 
transcribed by hand from the files into a workable spreadsheet program.  For each vehicle with recorded 
activity, the following parameters were transferred into a spreadsheet: fuel volume, fuel type, 
department using the vehicle, vehicle type, year of make, and mileage.  This was done separately for 
each calendar year in the analysis.  A notation system was developed denoting holes in the data such as 
lack of recorded miles, lack of recorded fuel, and other data anomalies such as ambiguous entries and 
negative values.  This document also includes calculated figures such as recorded miles to the gallon for 
each vehicle, fuel and mileage totals, and fuel type totals.  It is referred to in our group colloquially as 
the “fuelbook.” 
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 As mentioned above, the provided data contain significant shortcomings.  Where possible, 
vehicles with recorded fuel consumption but no recorded mileage were assigned an estimated yearly 
mileage.  This was done by multiplying recorded fuel consumption by the EPA-estimated city fuel 
economy for the year and make of the vehicle.  Figures for which this calculation was applied are noted 
as such in the “fuelbook” document.  Mileage for equipment that has no known meter such as gas cans 
was assumed to be null. 

 For many off-road motor devices, several uncertainties exist.  For mileage problems in the data, 
fuel economy could not be determined from EPA documents.  Furthermore, there is some uncertainty 
about whether recorded mileage actually reflects driven miles, and not some other figure such as hours 
of operation (e.g. wood chippers and leaf vacuums having recorded mileage despite being tow-behind 
vehicles with no drive-train).  Because of these complications and the time constraints on this report, 
off-road motors are not included, and are to be accounted for in a later study.  Gas cans, which are used 
to provide fuel to various off-road motor equipment of unknown type, also are omitted from this study. 

 Similarly, scope 3 emissions dictated by such figures as coolant use in vehicles was not taken 
into account due to time constraints.  Such emissions are dictated as significant by the ICLEI Protocol 
and as such merit eventual quantification (ICLEI, 2008).  In addition, emissions of the several 
compressed natural gas vehicles in the town fleet were not quantified due to the exceptional qualities of 
the vehicles. 

Data Analysis1 

 As outlined in section 7.1 of the ICLEI Protocol (pp. 60-69), fuel data was used to calculate 
carbon dioxide emissions for each vehicle in a given year.  The dependent factors in this operation were 
fuel quantity and fuel type.  This is because carbon emissions depend upon the type of fuel being burned 
more than any other determining factor, such as engine type or length of operation.  It should be noted 
that this carbon count includes only anthropogenic carbon dioxide.   
 

As stated in the ICLEI Local Government Operations Protocol (2008, p. 24): 
The CO2 emissions from biomass combustion are tracked separately because the carbon in 

biomass is of a biogenic origin—meaning that it was recently contained in living organic 

matter—while the carbon in fossil fuels has been trapped in geologic formations for millennia. 

Because of this biogenic origin, the IPCC Guidelines for National Greenhouse Gas Inventories 

require that CO2 emissions from biomass combustion be reported separately. 

 Because of this, the natural emissions of the biogenic components of E85 and biodiesel are channeled 
into a separate biogenic carbon dioxide total.   

Also as explained in section 7.1 of the Protocol, nitrous oxide and methane totals were 
calculated with mileage traveled using a given vehicle, as a function of the type of vehicle and year of 
production of the vehicle.  This information is necessary, as the year of the vehicle’s production and 
engine type determine the output rate and efficiency of the catalytic converter in capturing the 
aforementioned greenhouse gases.  Nitrous oxide and methane totals were converted to their carbon 
dioxide equivalents, as per the figures provided in Table E.1 of the Protocol (p. 166). 

                                                             
1 For an in-depth technical explanation of the process of this data analysis, see Appendix B: Technical Appendix. 
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Greenhouse Gas Emissions Inventory: Chapel Hill Lighting Stock 

Data Received 

 Lighting data was requested from the Town of Chapel Hill in order to quantify greenhouse gas 
emissions incurred from the powering of these lights.  “Lighting” in this case includes street lighting and 
signal lighting.  What was received was a binder showing the current (as of 2008) location of all street 
lights within the Town proper, as well as exact kilowatt totals and billing data for all street lighting within 
the Chapel Hill’s system for calendar years 2005 to 2008 by month, and kilowatt and billing data for each 
traffic signal system owned and operated by the town. 

 An attempt to include data for the North Carolina Department of Transportation’s signals was 
made; however the holding party, Duke Energy, has not released this data to any third party as of the 
writing of this document.  If in the future this data should become available, it would be highly prudent 
to include an analysis of this data as an aside in future iterations of a greenhouse gas emission 
inventory, as it is possible that these signals will someday come into the town’s possession. 

 An attempt was also made to obtain geographic information system (GIS) data for the lighting 
stock, in order to assess the historical spatial growth patterns of the lighting stock in Chapel Hill.  
However, the holding party, Duke Energy, had not released the data files for public consumption at the 
time of the writing of this document.  However, some (non-spatial) data was obtained in regards to 
historical bulb counts within the Chapel Hill street lighting system for the calendar years 2007 and 2008. 

Data Preparation 

 Monthly kilowatt consumption data for the street lighting system of the Town of Chapel Hill was 
organized by year and totaled as such.  Individual signal data for the town was summed by month, 
tabulated, and summed by year in the same manner as the street lighting data. 

Data Analysis2 

 Given the kilowatt hour totals in the data, greenhouse gas emission totals were calculated in 
accordance with the scope 2 electricity use emissions outlined in section 6.2 of the ICLEI Protocol (ICLEI, 
2008, pp. 36-39).  Kilowatt totals were multiplied by the (latest) 2004 eGrid emissions factors, as 
provided by the EPA, and included in the Protocol in Table G7 (p.175).  The eGrid emissions factors are 
used to quantify scope 2 emissions based on the methods of electricity production used in the local grid.  
The pounds per megawatt figures provided by Table G7 were converted to kilograms per kilowatt, so as 
to fit with the measures used by the town of Chapel Hill.  The resulting kilogram emissions figures were 
then converted to metric tons.  Nitrous oxide and methane totals were converted to their carbon 
dioxide equivalents, as per the figures provided in Table E.1 of the Protocol (p. 166). 

 

 

 

 

 

                                                             
2 For an in-depth technical explanation of the process of this data analysis, see Appendix B: Technical Appendix. 
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Results3 

Chapel Hill Motor Fleet 
Statistics for the fleet of Chapel Hill are presented below.  The CO2 emitted by the fleet 

increased from 2005-2007, with only a slight increase from 2006-2007 compared to the one in the 
previous year (Figure 1).  

Figure 1: Total CO2 in metric tons released by the fleet of Chapel Hill for the years 2005-2008 

 

The CO2 levels took a significant drop between 2007 and 2008, from 1774.91 to 1703.4 metric 
tons of CO2.  This may reflect the use of E85 in some vehicles. The emissions factor used in the Protocol 
for E85 is 1.32, while those for unleaded and diesel are 8.12 and 8.81 for diesel and unleaded, 
respectively.  This leads to E85 CO2 emissions being around 6.67 times less than diesel and unleaded 
emissions.  Below are the contributions to the emissions by nitrous oxide and methane (Figure 2).   

Nitrous oxide and methane emitted by the fleet show the same relationship as CO2, with a peak 
in 2007 and a low in 2005.  The equivalent amount of methane is much lower than that of nitrous oxide.  
The amount of nitrous oxide and methane for year 2007 may be higher because the use of diesel was 
the lowest (Table A3, Appendix A), which has the least amount of nitrous oxide emissions.  

                                                             
3 It should be noted that unless otherwise specified, “Total CO2“ figures refer to total CO2 equivalents 
(CO2e ) for the entirety of this section.  A guide to these calculations is found at the end of Appendix B. 
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Figure 2: Equivalent metric tons of nitrous oxide and methane for CO2 emitted by the fleet per year 

The police department had the highest CO2 emissions from 2005-2008, at nearly 600 metric tons 
(Figure 3).  Emissions increased in all but one of the departments over the four years, and decreased 
overall in only the police department.  This could be because of the advent of more fuel-efficient cars.   

Figure 3:  Emissions of each of the 5 largest consuming departments, in metric tons of CO2  

2005 2006 2007 2008

0

2

4

6

8

10

12

14

N2O and CH4 Metric Tons Equivalents of CO2

N2O CO2 Eq. (M. 

Tons)

CH4*21 (M. Tons)

Year

e
C

O
2

 (
M

. 
T

o
n

s
)

Police Sanitation Landscape Fire Streets Others

0

100

200

300

400

500

600

700

CO2 Emissions by Department

2005

2006

2007

2008

Department

M
. 
T

o
n

s
 C

O
2

CO2 Emissions by Department 



P a g e  | 10 

 

 

 

The landscape and fire departments increased in emissions over three years, and then 
decreased in 2008.  The sanitation department also increased from 2005-2007, then slightly increased 
decreased from 2007-2008.   

The police department also had the largest total CO2 emissions (Figure 4), which correlates to 
their higher vehicle counts (Table 1), followed by  sanitation, fire, landscape, and streets departments, in 
descending order of CO2 production.  

 

Figure 4: Total CO2 emissions for each of the five largest emitting departments in metric tons of 
CO2, and the other departments lumped together in the category ‘Other’ 

As CO2 increased for three years, so did the total number of vehicles in the fleet, by 29 (Table 3).  
The vehicle fleet also increased from 2007 to 2008, from 245 to 253, although the total CO2 emissions 
decreased.  This could be because of the additional newer vehicles added to the fleet, as well as the 5 
more vehicles using E85 for all or part of their fuel consumption. 

The vehicles that used E85 and unleaded fuel were marked as E85.   
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Table 3: Vehicle counts for each department, separated by fuel type, and total vehicle counts 

The increase in use of E85 is apparent from Figure 5, where around an eighth of the total fuel 
consumed is E85 in 2008, as opposed to 2005 when there was no E85 in use.  The relative amount of CO2 
emitted per gallon of E85 consumed is also much less than either diesel or unleaded fuels. This is seen in 
the much smaller portion of E85 in the metric tons of CO2 released by fuel type in 2008 in Figure 6 as 
opposed to the eighth of the pie graph seen in the second graph of Figure 5.   
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Figure 5:  Gallons of fuel consumed by fuel type for 2008 and 2005: diesel, unleaded, and E85 
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Figure 6:  Total metric tons of CO2 emitted in 2005 and 2008 

 

The decrease in CO2 emissions in 2008 may be due also to the increase in number of newer 
vehicles in the fleet, as shown in Figure 7.  Vehicles between the years 2005-2009 increased from just 
under 20 to just over 100 from 2005 to 2008, further increasing the efficiency of the overall fleet.  

 

 Figure 7:  Distribution of the fleet by vehicle age from 2005-2008, by number of vehicles 
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The average MPG increased for each of the five major departments overall (Table 4).  The 
highest percent change is seen in Sanitation, which had a change of 33.46%.  The police department has 
the highest average MPG of the departments, with 13.02 in 2008.  This rise in MPG average over four 
years also may correlate with the number of newer vehicles added to the fleet over those years (Figure 
7), or vehicles that get better gas mileage (Table 5), or both of these effects combined.     

 

Table 4:  Average MPG for the 5 major departments for 2005-2008 

 

The average MPG per department was calculated without using vehicles that had listed an MPG 
over 60, which amounted to 2 vehicles from the years 2006 and 2008. 

The number of vehicles that got 25 MPG or more increased from 1 in 2005 to 11 in 2008 (Table 
5).  The highest change is seen in the percentage change of vehicles in the range of 25 MPG or greater, 
which increased 91% over 4 years.  The number of vehicles that get less than 10 MPG decreased over 
the four years from 96 to 94, although they increased slightly in 2006.  

 

 

Table 5:  Distribution of the MPG of each of the vehicles over 2005-2008 

 

The overall most-used fuel in each of the years was unleaded (Figure 8).  The use of E85 made a 
significant increase from 2005 to 2008, going from zero miles to over 200,000 miles.  At the same time, 
the use of unleaded decreased in proportion to the increased of use of E85.   
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Figure 8: Total vehicle miles traveled (VMT) for the fleet for 2005-2008, by miles 

 

The average VMT is highest in the police department, with the average vehicle traveling around 
3000 more miles than a vehicle in any other department (Figure 9).  The department with the next most 
miles traveled in any given year is the landscape department, except in 2005 when the sanitation 
department was the second highest after the police department.   

Figure 9:  Average VMT by department for each of the major departments, and a category including all 
of the other departments for 2005-2008, by average miles 
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Although the VMTs for the police department were the highest overall, the emissions by VMT 
were highest for both the police department and the sanitation department (Figure 10).   This may be 
the result of the sanitation vehicles getting a low overall MPG.   

Figure 10:  Overall emissions per VMT by the 5 major departments for 2005-2008, in metric tons 
of CO2 released per mile driven 

The average emissions per vehicle were highest for the sanitation department, with 11.08-12.63 
metric tons of CO2 (Table 6).  The lowest emitting department per vehicle was the police department, 
followed by the landscape department.  The percent change from 2005 to 2008 was highest in the police 
department with a 25% change, followed by the sanitation department with an overall 12% change.   

 

Table 6:  Average emissions of CO2 by department per vehicle in metric tons of CO2 

 

The average vehicle miles traveled per vehicle within the departments was largest for the 
streets department with an average VMT of 442.16, followed closely by the fire department with 461.58 
VMT (Table 7).  The lowest average VMT was in the police department, although this number is counting 
every vehicle listed in the department files, even if they were not currently being used.   
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Table 7: Average VMT per vehicle by department 

 

Conclusions 

Much of the increase in emissions from 2005 to 2007 has to do with the size of the fleet 
increasing from 216 to 245 (Table 3). Though the total increase in CO2 over the four years was 4%, the 
increase of the fleet size was 12% (Table 3 and Figure 1). The total increase in CO2 released from 2005 to 
2007 was 136 metric tons CO2, while the total increase from 2006-2007 was only 7 metric tons (Figure 
1).  The decrease in emissions despite the increase in the number of vehicles from 2007 to 2008 could 
be because of the increase in vehicles that get 20 or more MPG, and those that use E85.   

Chapel Hill Lighting Stock 
Statistics for the lighting stock of Chapel Hill are presented in the next section.  The overall CO2 
emissions were separated by traffic signals and street lights.  

The emissions for both combined increased slightly over four years, from 1358 to 1433 metric 
tons of CO2 (Figure 11).  The emissions from the street lights were much larger overall than those from 
the traffic signals. 

Figure 11:  CO2 emissions for both street lights and traffic signals owned by the town of Chapel 
Hill for 2005-2008 
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The total CO2 emitted by traffic signals and street lights decreased slightly from 2005 to 2006 by 
2 metric tons CO2 (Figure 12).  From 2006 to 2008, emissions increased steadily by 39 and 38 metric tons 
respectively, which is 2.9% and 2.7%, respectively.  

 

 

 

 

 

Figure 12:  Total CO2 for years 2005-2008 emitted by traffic signals and street lights combined 

 

The street signals that were switched to LED had a 56-80% savings of kWh (Table 8). 

 

Table 8:  Average monthly consumption of kWh for street lights before and after the town 
switched to LED technology, and the kWh savings from the change 

 

Conclusions 

As seen, street lights are by and large the primary contributor to greenhouse gas emissions 
within Chapel Hill’s lighting stock.  While the installation of LED traffic signals has seen a reduction in 
energy consumption, and therefore greenhouse gas emissions, efforts for energy consumption must 
also be practiced within the street lighting portion of the stock to see any significant reduction in 
emissions.  Solutions to help reduce energy consumption in this sector of the lighting stock are 
presented in the policy recommendations portion of this document.  
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Policy Recommendations 

Motor Fleet Recommendations 

Biofuels and E85 

Biofuel is a viable option for many of the Town’s fleet vehicles. It can be acquired or purchased 
locally from Piedmont Biofuel, from the city’s pump, and possibly from other sources as biofuel becomes 
more widely available in the future.  This fuel can be used in all diesel engines without conversion.  
Biofuel is a lubricant for vehicle engines and therefore reduces engine wear and maintenance costs, and 
extends engine life.  It results in significantly lower emissions of particulate matter, carbon monoxide, 
toxic contaminants, sulfur dioxide, hydrocarbons, visible smoke, and noxious odors than petroleum 
diesel.  Minor engine modifications are required for use of B100 (100% biodiesel), because biodiesel 
thickens more than petroleum in cold temperatures, but biofuel spills do not contaminate land and 
water (Frybrid, p. 1).  The current municipal fleet uses B20 fuel in all of its diesel engines.  Possible 
strategies the Town could pursue include switching to B30, or initiating a pilot program to convert 
several vehicles (to start with) to run off refined B100.  If, in the future, the City decides to buy more 
diesel vehicles, it could switch to higher percentages until it ultimately uses refined B100 in all of the 
Town’s diesel vehicles.  (Many of the Town’s large, unleaded vehicles could be replaced with diesel 
vehicles that use refined B100) (Burton & Forer, p. 23-24). 

 
 The Town should consider investing in more E85 (85% ethanol) vehicles; in addition, it should 
also consider using fuel from other biofuels, such as those made from oils or fats in higher gasoline-
biofuel ratios than what is currently used, because of potential future problems with ethanol as an 
alternative fuel.  Biofuel that is derived from waste products takes advantage of existing material that 
otherwise might not be used.  Harvesting and planting machinery for producing ethanol from corn 
leaves a large carbon footprint; shipping and processing grains to turn them into alcohol releases 
copious amounts of CO2; moreover, grain production consumes large amounts of water, an increasingly 
scarce resource.  The ethanol production scene may be shifting away from corn to other feedstocks with 
higher output, lower production costs, and fewer conflicts with the food supply.  E85 also reduces 
carbon monoxide and benzene emissions, and ethanol biodegrades without harm to the environment. 

 Use of E85 for the Town’s fleets began in 2007 and continued in 2008.  In 2007, with use of E85 
instead of unleaded, CO2 emissions were reduced by 49.725 kg per gallon or by 320.92515 metric tons 
(total).  In 2008, using E85 instead of unleaded reduced CO2 emissions by 60.8 kg per gallon, or by 
approximately1573 metric tons (total). 

Compressed Natural Gas 

 Many cities around the nation, such as Santa Monica, California, use compressed natural gas 
(CNG) in their motor fleets.  Natural gas-fueled vehicles’ only considerable greenhouse gas contribution 
is methane, as opposed to diesel and unleaded options that emit many other greenhouse gases and 
more particulate matter (Santa Monica, p. 1).  The Town of Chapel Hill currently has at least one CNG-
run vehicle and two filling stations.  Expanding this fuel option to more of the fleet where other options 
are not plausible could be a good step toward eliminating greenhouse gas emissions. 
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Fleet Size and Replacement 

 Emissions per vehicle mile traveled (Figure 10) is highest for the police and sanitation 
departments and relatively high for the fire department.  The police department could consider getting 
smaller, alternatively fueled vehicles.  Smaller vehicle size and hybrids could be useful for other 
departments as well.  The police department could replace its Crown Victorias with more efficient 
options over time.  Further, replacing some smaller vehicles, such as the three-wheeled vehicles that 
parking enforcement uses, with bicycles offers another alternative to reduce emissions.  Creative 
financing may support such changes; for example, the Town could consider raising staff members’ 
salaries by the amount an employee saves the Town in fuel and vehicle-maintenance costs each year, or 
by a fixed amount, like $2,000. Chicago has a Bike 2015 Plan that incorporates the use of bicycles by city 
agencies and departments (“Bike Plan,” p. 1). 

 Electric vehicles are another viable alternative for many of the vehicles used in Chapel Hill’s 
fleet. Chapel Hill already has four hybrid-electric vehicles in its fleet.  Two cities near San Francisco, 
Alameda and Richmond, are replacing their city fleet with electric vehicles and vehicles that can run on 
biodiesel and CNG.  Many electric cars, such as the ones used in these cities, can be recharged via 
standard electric outlets.  Some of the electric cars used in the San Francisco area can charge up to 
eighty percent of battery capacity in about an hour (Scanlon, 2007, p. 1).  Chapel Hill is looking at 
becoming a member of Project Get Ready, an initiative lead by a non-profit institute that convenes cities 
across the nation to discuss goals and achievements regarding plug-in vehicles.  This initiative could help 
the Town continually pursue electric vehicle upgrades, and it could help Chapel Hill learn about and stay 
up-to-date on the progressive actions other cities around the nation are taking. 
 
 The municipal departments should be analyzed to determine the number of vehicles actually 
needed to accomplish their work, including slack periods and potential inter-departmental shares.  
Removing little-used vehicles saves maintenance and insurance costs.  The city also could implement 
and strictly enforce a no-idling policy for departments that do not already have such guidelines.  
Incentives to Town workers could help reduce emissions. For example, Chapel Hill could set emissions 
caps or targets, and return some of the fuel and maintenance savings to departments that reach these 
goals.  Chapel Hill’s Transportation Demand Management Program, which still is being developed, is a 
collection of policies and programs that governments and organizations can draw on to reduce the 
negative impacts of heavy private auto use and encourage preferable travel behavior.  Incentives could 
be provided through this program. 

Education and Campaigns 

 Education and awareness campaigns around Town and the UNC campus also could help build 
support for reducing greenhouse gas emissions.  Increased public awareness might also encourage 
private donations to the Town for new technologies.   

 Further, campaigning as a “green town” or as a “progressive area” and illustrating that Chapel 
Hill has the lowest emissions in the area could raise support.  The Town also could use competition as an 
incentive for improving air quality.   For this friendly contest, emission levels can be compared to air 
quality in other areas. Emissions reductions and savings on fuel and vehicle costs could be vigorously 
publicized to get people excited about the competition. 

 A prime rival for this type of competition is Asheville, North Carolina.  The city recently won the 
NC Mobile Clean Air Renewable Energy (CARE) award for reducing emissions within the city’s fleet.  With 
the help of a grant, Asheville has already built its first public CNG refueling station downtown and “…is 
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converting a portion of their fleet to CNG” (Asheville, p. 1).  The city also has a fleet of electric vehicles 
and gas-electric hybrid vehicles.  Like Chapel Hill, Asheville has developed a carbon emissions reduction 
plan that bases its calculations for monitoring emissions on ICLEI’s Protocol.  Further, Asheville City 
Council voted in 2007 to cut greenhouse gases, emitted as a result of the city’s operations, by 80% by 
2050, which is similar to Chapel Hill’s plan for a 60% reduction by 2050 (Asheville Citizen-Times, p. 1). 

Lighting Stock Recommendations 

Roundabouts 

 Roundabouts can be a very effective means of reducing greenhouse gas emissions.  

Intersections that are made into small roundabouts generally do not require traffic lights, eliminating 

traffic light emissions altogether.  A 2001 study by Lund University found that replacing traffic signal-

regulated intersections with roundabouts decreased vehicle fuel consumption by 28%, with emissions 

decreasing accordingly (Varhelyi, 2002).  Thus Chapel Hill residents and Town-owned fleet vehicles that 

use intersections transformed into roundabouts would have lower emissions and save fuel.  

Roundabouts have also been shown to speed traffic flow while reducing accidents (Persaud, 2001).  

While not all Chapel Hill intersections could be easily converted to roundabouts, there are several good 

candidates. 

 Traffic signals were installed at the intersection of Meadowmont Lane and Sprunt Street at the 

end of 2006.  This is a wide intersection that receives internal Meadowmont traffic moving at relatively 

low speed.  Having a roundabout there would have eliminated nearly two metric tons of CO2 equivalent 

from the traffic lights over the last two years.  The roundabout also would substantially reduce the 

vehicle emissions at the intersection and improve safety and traffic flow. 

 Weaver Dairy Road is another candidate for roundabouts.  Weaver Dairy sees high traffic 

volumes in the morning and early afternoon associated with East Chapel Hill High School. Though the 

traffic lights on Weaver Dairy Road are not currently operated by the Town of Chapel Hill, they may be 

transferred in the future, at which time it may be wise to install roundabouts at some of the five small 

signal-regulated intersections.  Three of these are wide "T" intersections on Weaver Dairy at Sunrise 

Road, East Chapel Hill High School, and Erwin Road, which may be particularly good candidates for 

roundabouts. 
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Image 1: Roundabout at Ephesus Church Rd and Pope Rd (via Google Earth). 

 

Smart Grid 

 For the purpose of this report the term “smart grid” refers to an electronic network linking 

individual light ballasts (required for LED lights) to a central computer.  The central computer is able to 

calculate ambient light based on the season, moon cycle, weather, and time of day.  The computer can 

then brighten or dim the street lights as necessary, potentially saving more than 40% of the energy used 

to power street lights (Guo, 2008).  Milton Keynes (UK) and Oslo Norway recently installed managed 

street lighting systems with electronic using Echelon Corporation’s LonWorks network (Echelon 

Corporation, 2009).  Echelon reports that the Milton Keynes lights consumed 40% less energy while the 

energy required to power the Oslo lights was reduced by 62%.  Anchorage Alaska announced in 

December that they will pursue similar technology.  Forty percent of the energy used for Chapel Hill’s 

street lighting currently represents 562 metric tons of carbon dioxide emissions.  This number can be 

expected to rise significantly as the Town grows over the next few decades. 
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Image 2: “If I only had a brain” (GE Super Bowl Commercial). 

 

LEDs 

LED lighting is a vast improvement over older types of street and traffic lighting, and it is 
continuing to be made more viable for cities to use in terms of cost.  There is a constant pool of new 
research being done on how to produce LEDs faster and cheaper.  Shown in the above results section, 
LEDs save more than 55% the kWh of current lighting in Chapel Hill.  Chapel Hill could greatly reduce its 
carbon emissions if it switched its street lights to LEDs as has been done in other cities such as Montreal, 
Quebec, and Ann Arbor, Michigan.  Recently most of the street lights on Franklin St. have been switched 
to LED as a pilot program with Duke Energy (the local power company).  With a standard growth rate of 
1.5%, the total number of street lights in 2010 would be 3236, with 95 of them being new. If these lights 
being added to the streets of Chapel Hill were to be LED the additional amount of kilowatt hours used 
per year would be reduced by a minimum of 55%.  This would translate to a large reduction in cost to 
the Town of Chapel Hill.  
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Future Methodology and Research 
Recommendations 

Future Data Methodology Recommendations 
 In light of the difficulties encountered in working with the Town of Chapel Hill’s motor fleet 
data, included are some recommendations for data treatment within the motor fleet management 
procedures.  Such recommendations are made with the intention of increasing the ease with which 
greenhouse gas emissions can be quantified in years to come. 

 A greater understanding is needed of the exact system by which Chapel Hill’s motor fleet is 
fueled, especially the recording methods and the system of accounting system used to separate fuel use 
between the vehicles. Such data could be used by those working with fuel and maintenance data in the 
future to more accurately understand the inherent shortcomings and gaps in the data collection 
process.   

Similarly, any notes made by the data technicians while working on data would assist in the 
process of understanding vague entries and other anomalies found in the data that have rational 
explanations.  An integrated metadata system could assist greatly in this endeavor, allowing notes on 
data and the interlinking of data files that reference one another. 

An improved system of data entry that reduces the chance for human error would be a boon to 
accuracy in future datasets for fuel use.  Currently the method of data entry is unknown, as well as the 
level of human error inherent in the data.  In light of this, if a system of accountability and checks are 
not in place to ensure data entered is correct, such a system would be highly recommended.  Another 
suggestion to reduce human error is the adoption of a more automated data collection system, in which 
figures of fuel use are automatically updated.  Of course, the adoption of such a system would require a 
large amount of capital, and the failure of such a system can possibly create more problems than it 
solves.  

 Use of a more versatile data software suite is highly recommended.  A more versatile database 
program that would allow the entry of notes, easy manipulation of data for analytical use, creation of 
metadata, and export into dynamic file types (such as excel or database files) would assist greatly in the 
analysis process.  Data security issues brought about by the use of such software likely could be 
minimized. 

 In regards to scope 3 and fugitive emissions, the creation of separate accounts providing totals 
for refrigerants and maintenance materials that lead to emissions but are not accounted for by the 
burning of fuel would be of great assistance to those working on quantifying these emissions. 

Future Research Interests 
 The following section contains proposed areas of continued research on the part of the Town of 
Chapel Hill.  In following these lines of inquiry, the town may gain a larger view of the true emissions 
impact that their motor fleets and street lighting stock produce. 
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 To continue to quantify the emissions produced by Chapel Hill’s motor fleet, the emissions of 
off-road vehicles should be taken into account.  Please note that the emissions data produced in this 
study quantified only the emissions of on-road vehicles with known engine types and/or EPA estimated 
fuel economies.  Fuel used in the fleet but unaccounted for through use of individually identified 
vehicles (such as fuel listed as being consumed by fuel cans) should be estimated in terms of its 
emissions, though any means possible.  A greater understanding of where this unaccounted fuel is used 
would also aid in future quantifications of motor fleet emissions. 

 As per the Protocol, any refrigerants used in the motor fleet (and potentially released into the 
atmosphere) should be accounted for.  These emissions are considered Scope 1 fugitive emissions and 
as such should be reported due to their high global warming potentials.  An outline of how to account 
for refrigerant use in motor fleets is found on pages 70 to 74 of the Protocol (ICLEI, 2008). 

Scope 3 emissions for the motor fleet and lighting stock should be accounted for using the 
recommendations found in Chapter 12 of the ICLEI Protocol, beginning on page 110 (ICLEI, 2008).  Such 
scope 3 emissions include the greenhouse gas emissions produced in the creation and transport of 
vehicles and lights used within the motor fleet and lighting stock, emissions from resources required for 
the maintenance of vehicles and lights, and the disposal of waste of these resources used, among 
others. 

It would be prudent also to examine not only the numerical growth of the lighting stock, but also 
the spatial growth of the lighting stock over the Town of Chapel Hill.  In doing so, one can examine the 
demand for lights in given areas of the town, and planning policy could possibly be adopted to respond 
to these demands in a more holistic manner. 

 If possible the town should acquire data on the signals run by the NCDOT within the town, and 
quantify the emissions of these signals.  As mentioned above, these signals may come into the town’s 
possession in the future, and having quantifiable figures on the emissions incurred by these signals will 
lead to a more effortless integration into the town’s adopted policy towards signal lighting technology 
and application.  
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Appendix A: Data Appendix 

 

Table A1:  Total estimated CO2 for each year by department, and average estimated active-fleet 
CO2 emissions by year 

 

 

 

Table A2:  VMT for each type of fuel for each year 
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Table A3:  Average VMT for each of the major departments and others by year 

 

 

 

Table A4:  Emissions per VMT for each of the major departments by year 
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Appendix B: Technical Appendix 

 

Data Preparation 
 In the transcription of data, only vehicles with recorded mileage and or fuel use were added to 
the list of fleet vehicles.  Thus, the list of vehicles referred to as “active vehicles” contains only those 
used in a given year and may not be a direct reflection of the total number of vehicles the town owns.  
As such, the “fuelbook” document is separated into three main categories of entries for each year.  As 
labeled, they are the On-Road Fleet, the Off-Road Fleet, and Fuel Cans.   Fuel sums are provided at the 
bottom of each category and in a summary box at the top of the document.   

While they are included in the “fuelbook” document for posterity and later use, off-road motors 
are not included in the calculations and totals of this report, and are to be accounted for in a later study.  
Gas cans, which are used to provide fuel to various off-road motor equipment of unknown type, also are 
omitted from this study. 

For easy categorization in accord with methane and nitrous oxide emissions factors, vehicles 
were classified according to size and type of fuel used.  These are listed as “Vehicle Type” in the 
“fuelbook” document and correspond with the categories in Table G10 of the ICLEI Protocol (p 178).  
These categories were assigned numbers to facilitate the standardization of data for all users, as well as 
allowing the use of logical spreadsheet arguments in emissions calculations.  A key to the vehicle type 
codes can be found within the “fuelbook” document. 

Data Analysis 

Lighting Stock 
 For lighting systems, finding all of these figures is simply a matter of multiplying megawatt hours 
of energy consumed by a standard accepted grid emissions factor, as explained in the Methodology 
section of the main document. This emissions factor provides calculated figures for carbon dioxide, 
methane, and nitrous oxide.  A simple spreadsheet multiplication function was used to achieve this. 

  

Equation 1: Lighting Emissions Calculations 

 

Motor Fleet 
 As mentioned in the Methodology section, emissions calculations for vehicles are most accurate 
when carbon dioxide emissions are calculated separately from methane and nitrous oxide emissions.  
For carbon dioxide calculations,  fuel use is multiplied by a carbon dioxide emission factor based upon 
which fuel was consumed, given in Table G9 of the ICLEI Protocol (p 177).  For mixed fuels, factors are 
multiplied by their given proportion within the fuel.  For example, B20 diesel fuel would have .8 the 
emissions of straight diesel, and .2 of the emissions of biodiesel.  Anthropogenic emissions and biogenic 
emissions are separated as laid out in the Protocol.  Again, it should be noted that biogenic emissions 
should are not accounted for in total greenhouse gas emissions.  This was achieved through simple 
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spreadsheet calculations, done in yearly totals of fuel use by department.  The yearly fuel use was 
derived from the individual fuel values given with “fuelbook” document.  

  

Equation 2: Motor Fleet Carbon Dioxide Calculations 

To calculate nitrous oxide and methane emissions, the most accurate method is to multiply 
mileage (also referred to as VMT, or vehicle miles traveled) of an individual vehicle by a given emission 
factor based upon the type of vehicle (fuel type and size) and the year of the vehicle’s production.  As 
mentioned in the Data Preparation section of this appendix, vehicles were categorized by type.  These 
emissions were calculated by using logical functions within a spreadsheet program to automatically find 
emission factors in a table based on vehicle year and type. 

  

Equation 3: Motor Fleet Methane and Nitrous Oxide Calculations  

 

Carbon Dioxide Equivalent Calculation 
 As mentioned in the Methodology section, total emissions are calculated as a combination of 
carbon dioxide, methane, and nitrous oxide.  These three figures are converted to their carbon dioxide 
equivalents (or global warming potentials) and added together to give a figure of emissions in metric 
tons of carbon dioxide equivalent.  Spreadsheet functions were used to convert all units to metric tons 
and reach total emissions figures. 

  

Equation 4: Carbon Dioxide Equivalent Total Calculation 
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