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EXECUTIVE SUMMARY 

 
 For this project, we measured Scope 3 emissions for the Town of Chapel Hill municipal authorities. The 

categorization of Scope 3 encompasses all emissions that are indirectly related to institutional activities, but are not 

produced on-site or are the result of purchased energy. Specifically, we evaluated the impacts of employee commuting, 

solid waste, and water and wastewater treatment. Additionally, we quantified the impact of the town’s transit system on 

overall emissions by measuring transit emissions credits. 

 In measuring the emissions associated with employee commuting, we geocoded employee addresses and used 

the network analyst tool in a geographic information system (GIS) to compute the most efficient driving route to each 

employees’ workplace. From this we were able to estimate that in 2008 employees commuted 4,736,787 miles. This 

total mileage accounted for 2,067 metric tons of carbon dioxide equivalent (MTCDE). In order to reduce these 

emissions, our primary recommendation is the sponsorship of initiatives to encourage carpooling, as well as providing 

affordable housing in town for employees. 

 Our study also found that the Town of Chapel Hill releases 30-36 MTCDE annually through solid waste 

disposal. Furthermore, the town prevents the release of 84 MTCDE annually through its recycling programs and 

through the prevented production and inputs of recyclables. To reduce future emissions from solid waste, we 

recommend the town adopt a Pay-As-You-Throw waste collection system and implement composting programs within 

town facilities. We also recommend the town encourage its employees to take waste audits monthly to make future 

waste audits more accurate.  

 We found that on average the town produced 80-90 MTCDE a year from water and wastewater treatment 

due to processing and human waste decomposition. Since the town does not own its water and wastewater operations 

and cannot set prices to reduce demand, the most feasible reduction strategy is to retrofit public housing and town 

buildings with more water efficient appliances and fixtures. Additionally, system-wide maintenance for leak detection, 

use of reclaimed water, and community-wide conservation programs are viable reduction strategies. 

 We also measured Chapel Hill Transit’s emissions credits, which are the emissions offset as a result of having a 

transit system in place. While these are not Scope 3 emissions, the transit credit is important to calculate so as to gauge 

the impact of public transit on a municipality’s emissions profile. We used the recommended methodology of the 

American Public Transportation Association (APTA) to determine these displaced emissions based on mode shift factor 

and congestion relief. Using these factors, we determined that transit displaces an average of 5,518 MTCDE. However, 

transit produces an average of 6,474 MTCDE per year, leading to an average net deficit of 956 metric tons annually.  
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Introduction 

 

In greenhouse gas accounting, emissions are divided into three sections. Scope 1 

emissions are the result of direct emissions from on-site energy production from facilities and 

vehicles. Scope 2 emissions are the result of energy purchased from an off-site producer. Scope 

3, however, accounts for a wider range of emissions indirectly resulting from institutional 

operations. This project focuses on the final of these categories, more specifically on emissions 

from solid waste, employee commuting, water distribution, and waste water processing. 

Additionally, this project investigates the emissions offset by the Chapel Hill transit system in 

relation to differing transit scenarios.1  

In 2006, the Town of Chapel Hill committed to the Community Carbon Reduction 

(CRed) pledge, in which they vowed to reduce the town operations’ carbon emissions 60% by 

2050. In order to fulfill this pledge, it was first necessary to measure current town emissions to 

establish a baseline emissions profile and to identify those areas where emissions can be most 

efficiently reduced. To do this, the Town contracted out the work to UNC students who were 

enrolled in an upper-level “Capstone” course. In this course, students are placed with non-

profit groups, local governments, or private businesses in order to gain experience in real-

world environmental projects. One Capstone group partnered with the town in the Fall of 

2008 to measure the town’s Scope 1 emissions. Following on that, the next Capstone group 

measured Scope 2 emissions in Spring 2009. We, the Fall 2009 Capstone, were given the task 

of measuring the town’s Scope 3 emissions.  

In choosing what sources to focus on, we mainly considered the relative emissions and 

availability of data for different types of Scope 3 emissions. In municipal operations, four main 

culprits of Scope 3 emissions are solid waste disposal, employee commuting, wastewater 

treatment and water processing. While Scope 3 includes emissions from life cycle analyses of 

products bought and used by the town, such carbon inventories are notoriously difficult and 

rarely accurate. Likewise, we specifically chose not to study emissions from employee air travel 

because data was inaccessible. While not technically a Scope 3 source, we also chose to study 

the effects of the Chapel Hill Transit system in order to gauge the overall impact of transit on 

the Town of Chapel Hill’s emissions profile.  

 For our project we used ICLEI Local Government Operation Protocol extensively.  

ICLEI-Local Government for Sustainability, formerly known as the International Council for 

Local Environmental Initiatives, was founded in 1990 when over 200 local governments from 43 

                                                
1
 1 ICLEI-LGOP v1.0. Sept 2008.  pg 105. 
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countries vowed to promote sustainable living and development.  Currently there are over 

1,100 towns, cities and local governments involved with ICLEI.  ICLEI provides consulting, 

training and information services to support local governments in sustainable development. This 

operation protocol defined and provided guidelines for greenhouse gas emissions and 

accounting.  Our definition of Scope 3, along with methodologies and standard values all were 

obtained from this protocol.  

 To calculate the emissions associated with employee commuting, Geographic 

Information Software (GIS) was used to compute the miles each employee travels from home 

to their place of work each day.  These miles were then converted to the amount of carbon 

dioxide emitted as a result of this travel to represent the contribution of employee commuting 

to Scope 3 greenhouse gas emissions. 

 Emissions from solid waste disposal were calculated through an audit of the TOCH 

buildings, followed by input into the EPA’s Waste Reduction Program. As for saved emissions 

from recycling, we were able to determine an approximate value for total recyclables from the 

total weight of the Town of Chapel Hill’s recycling service route. From there, we used recycling 

waste stream data to input values into the EPA WARM model.   

  To calculate the emissions from water and wastewater processing, the billing records 

from OWASA from the years 2005-2008 were used to determine the amount of water and 

wastewater used by town buildings and operations. Total gallons of water delivered and 

wastewater processed were calculated for each year. Using protocol and emissions standards 

specified by ICLEI we were able to calculate the GHG emissions in tons of carbon dioxide 

equivalent for each process on an annual basis. Additionally, from the billing records we were 

able to determine which town buildings and operations were the largest users of water. 

The emissions saved as a result of a transit system being in place were calculated using 

the techniques outlined by the American Public Transportation Association (APTA) in their 

paper, “Recommended Practices for Quantifying Greenhouse Gas Emissions from Transit.”  

This paper lays out a standard methodology to enable transit emissions to be quantified and 

reported in a clear, consistent and cost-effective manner. 
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Employee Commuting 

 

 In most organizations, the emissions released by employees commuting to and from 

their workplaces are a large and significant portion of the overall emissions total. This is 

certainly true for Chapel Hill municipal authorities. As a result of this, it is very important to 

quantify those emissions in order to better understand the overall emissions profile, as well as 

to begin to formulate policy that will decrease Chapel Hill’s emissions impact in the future. 

 Using GIS software to model probable commuting routes from employees’ residences 

to their place of work, we were able to measure total commuting distances and thus emissions 

of the Town’s 714 workers. We found that employees emitted 2,067 metric tons of carbon 

dioxide per year in 2008. The magnitude of this total is evident when compared to the 

emissions created by the Town’s vehicle fleet in the same year. During 2008, the fleet emitted 

approximately 1,703 MTCDE, which is an appreciably smaller amount2.  

 In this project, we were fortunate to have the cooperation of the town authorities, who 

provided us with useful materials and statistics concerning employee commuting. Among the 

important documents that were provided was a list of employee home addresses (with 

personal identification information removed), as well as an employee survey on commuting 

habits. 

 As mentioned before, we decided that the most accurate and sophisticated procedure 

for measuring emissions was to plot all home addresses in a GIS and run a best route analysis 

to their workplaces to measure each employee’s commuting distance. We would then be able 

to add up all the commuting distances and convert the total miles traveled into carbon dioxide 

emissions. In conducting this network analysis, we are grateful to Earl Bingham and Daniel 

Arneman, from the University of North Carolina, who volunteered insights gained from 

creating a similar GIS for UNC.  

 

Methods 

 

 From consultations with Dr. Arneman, we learned that the best way to map commuting 

routes would be to create an OD-Cost Matrix. This type of network analysis is done with GIS 

software, and it generally involves plotting origin and destination points and then allowing the 

software to calculate the shortest driving route between the two. 

                                                
2 Cox, Caitlin, Bradley Lynn, Eric Maltbie, and Shelley Stevens. Chapel Hill Greenhouse Gas Emissions Inventory: Vehicle 

Fleet & Lighting Stock. Chapel Hill: University of North Carolina - Chapel Hill, 2009. 
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 The first thing that was necessary to do when beginning this process was to standardize 

the employee addresses in United States Postal Service (USPS) standard format. This is 

important so that the addresses can be imported into the GIS software. During this process, 

we discovered that there were 41 records that were postal boxes instead of addresses. These 

records provided very little information as to where the employee actually lived, so we deleted 

all postal box records from the analysis. Those addresses represented approximately 6% of the 

714 records, so it is unlikely that the deletion significantly biased the overall project. 

 Having standardized the records, we imported the employee addresses into ArcMap – 

the GIS software that was used for the analysis – and geocoded the addresses to a “street 

network” database. Essentially, this means that the software attempted to match each imported 

address to an identical address from the “streets” layer that had coordinate points and could 

thus be placed in its proper spatial location on the map. Out of the 673 addresses that were 

imported, 534 were successfully located, giving us a matching rate of 79%. According to 

literature sources, this percentage matched is considered to be a legitimate sample3. 

 

Figure 1.1: Geocoded Employee Home Addresses 

 

                                                
3 Chang, Kang-tsung. Introduction to Geographic Information Systems. New York: Mcgraw-Hill, 2007. 
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We then separated the data into sub-tables based on the work address. For example, all 

those people who worked at Town Hall (405 Martin Luther King Boulevard) were put into an 

individual table, and all those who worked at the Police Station (828 MLK Blvd) were put into 

another table, and so on. We were able to determine workplaces because each employee 

address record had the department at which the employee worked. By finding out where each 

department was located, we could match addresses to workplaces. In this way, we divided the 

original employee table into 7 sub-tables. Our reason for doing this was to more accurately 

model each employee’s actual commute. It should also be mentioned here that, while we 

generally modeled our project off of UNC’s process, here we deviated from their methods by 

matching each employee address with their appropriate final destination as opposed to 

matching all addresses to one centrally located point. We believe this makes our model 

comparatively more accurate. 

 Then we created and ran the OD-Cost Matrix for each individual table. This process 

determined a best route between each address and the final destination based on speed limits, 

number of intersections and turns, and other important driving characteristics. After the 

software completed this process, it added together all of the estimated commuting miles in 

order to determine a total number of miles traveled by all workers at each workplace. We then 

summed the totals for each table to get the overall number of miles driven to work by Chapel 

Hill town employees. That number was doubled to account for employees’ trips home after 

work.  

 At this point, we noticed an anomaly in the data. According to the employee address 

list, one worker was commuting from Laurinburg, NC to Chapel Hill – a measured commute of 

119 miles one-way. We deemed it extremely unlikely that they would regularly drive over two 

hours to get to work, and thus we pulled him from our sample and subtracted his commute 

from the overall total. 

 Then, we also had to figure into our total the 180 unmatched addresses and postal 

boxes. To do this, we assumed that unmatched addresses had a commuting distance equal to 

the average commuting distance of employees included in our analysis (24.6 miles). We 

multiplied the 180 unmatched addresses by the average commute to get an additional 4,421 

commuting miles per day, which we added to our measured daily commuting total of 15,695 

miles. This gave us an overall total of 20,116 miles per day. Assuming that employees work 240 

days per year, this equates to a yearly commuting total of 4,827,840 miles. 

However, before converting those miles to total gallons of gasoline consumed, it was 

necessary to take into account the effect of alternative transportation on commuting emissions. 
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To do this, we used a 2008 town commuting habits survey4. According to the survey, the 

overwhelming majority of employees drove to work alone. Specifically, 92.4% of employees 

used their own vehicle to get to work, 4% carpooled, 2% said they biked, another 2% walked, 

and 1% claimed to use public transit. Essentially, this meant that 656 employees drove alone, 28 

carpooled, 14 walked, 14 biked, and only 7 took public transportation. 

 

 

Figure 1.2: Employee Commuting Methods 

 

 Knowing this, we then had to make assumptions about who the people were who used 

each type of transportation in order to estimate the impact of each alternative. Figuring out the 

impact of carpooling was relatively easy since the town had already measured this type of 

commuting. According to Len Cone, the Transportation Demand Management Coordinator for 

Chapel Hill, 62,952 single-occupancy vehicle (SOV) miles were saved as a result of carpooling. 

Then we estimated the amount of driving miles saved by the 14 employees who walked to 

work. In order to estimate the total miles commuted by walkers, we first had to make an 

assumption as to who they were. Here, our assumption was that the probability of walking 

decreases with increasing distance from work. While this is a simplistic assumption and does 

not take into account the age, health or motivation of employees, it is basically sound. 

Consequently, we added up the commuting distances of the 14 employees who lived closest to 

their workplaces and found that all the walkers commuted 31.9 miles roundtrip, or about 7,656 

miles per year. 

 Similarly, we had to make assumptions as to who was most likely to bike to work. In 

doing this, we decided that those who lived closer to work were also more likely to bike. 

                                                
4 2007 Town of Chapel Hill Employee Travel Survey Results. Chapel Hill: Town of Chapel Hill, 2007. 

92 %
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However, we also took into account that some employees who lived farther from work might 

be motivated by environmental or health-related ideals to cycle to work. Specifically, we 

decided that about 20% of bikers would probably fall under this category, or about 3 out of the 

14 employees who bike. Thus, we chose the next 11 closest employees to work and deemed 

them bikers, and then we also chose 3 more employees who lived an average of 5 miles from 

their workplace. The sum of all the biking commutes was approximately 64.6 miles per day and 

15,504 miles per year. 

 Finally, estimating the impact of bus riders on employee commuting was more difficult 

than the others. Whereas both biking and walking cause virtually no emissions, taking the bus 

still results in CO2 emissions, albeit less emissions than those from single-occupancy vehicles. 

Thus, we had to find out how bus emissions per mile compared to car emissions by mile. 

According to the 2008 Capstone study on Chapel Hill Transit’s emissions5, in 2007 the bus fleet 

averaged 0.36 Kg of CO2e per passenger mile. Comparatively, someone driving alone in a car 

with a fuel efficiency of 20.2 miles per gallon emits 0.44 Kg of CO2e per mile. By dividing the 

bus’ emissions per mile by a vehicle’s emissions per mile, we discovered that 1 bus mile has the 

same impact as approximately 0.81 car miles. Thus, if we assume that each of the 7 employees 

who commute by bus travel 6 miles roundtrip each day, then they travel 42 bus miles total each 

day, but only 34 car miles. That means that employees riding public transit save 8 single-

occupancy vehicle miles per day or 1,920 miles per year. 

 Having figured out the total commuting miles, as well as the reduced commuting mileage 

as a result of walkers, bikers, carpoolers, and employees using public transit, we then combined 

them to get the total employee commuting distance in single-occupancy vehicles. 

 

Calculation 1: 

 

4,827,840 miles/year (rough employee commuting) 

-      7,656 miles/year (walking) 

-    15,504 miles/year (biking) 

-    62,952 miles/year (carpooling) 

-      1,920 miles/year (transit) 

         = 4,739,808 miles/year from employee commuting 

                                                
5 Dean, Nathan, Kelly Gillis, Alec Hoffman, Nick Holcomb, Aspen Price, Fennon Wisseh, and Sam Wurzelmann. 

Chapel Hill Transit Carbon Reduction Study: An Environmental Studies Capstone Project. Chapel Hill: University of North 

Carolina - Chapel Hill, 2008. 
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 We then took this number, which represents the total number of miles driven by 

employees in cars, and divided it by an average fuel mileage of 20.2 miles per gallon to get the 

total gallons of gasoline used as a result of commuting.6 This gave us 234,644 gallons of gasoline. 

 

Calculation 2: 

 

4,739,808 miles   =    234,644 gallons gasoline   

            20.2 miles per gallon 

 

 We then converted gallons of gasoline to kilograms of carbon dioxide by multiplying by 

8.81 kg CO2 per gallon, since burning one gallon of gasoline emits 8.81 kg of carbon dioxide. 

 

Calculation 3: 

 

234,644 gallons   X   8.81 kg CO2 = 2,067,213 kg CO2 

Gallon 

 

 Finally, we converted kilograms of CO2 to metric tons by dividing by 1,000, since there 

are 1,000 kg in one metric ton. 

 

Calculation 4: 

 

2,067,363 kg CO2  =    2,067 metric tons 

                1,000 kg per metric ton 

 

Important Found Quantities (2008)  

Average Daily Roundtrip Commute 24.6 miles 

Annual Employee Commuting Total 4,827,840 miles 

Total Annual Commuting in Single-Occupancy Vehicle 

Miles 

4,739,808 miles 

Annual Carbon Dioxide (CO2) Emissions 2,067 metric tons 

 

Table 1.1: Important Quantities 
                                                
6
 APTA Climate Change Standards APTA Climate Change Standards Working Group, in Recommended Practice for 

Quantifying Greenhouse Gas Emissions from Transit. August 14th, 2009.  Chapters 6-8. 
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Limitations 

 

 There are a few limitations inherent in our methods. First, the best route analysis tool in 

GIS assumes that each employee takes the most efficient route from home to work. This is 

obviously not true in all cases, especially if an employee has chores to run on their way to and 

from work. For example, some employees may have to drop their children off at school, and 

thus take a longer route than the one predicted. Second, some of our predicted commuting 

distances differ from those predicted by other reliable sources. An example of this is the 

commute predicted from Laurinburg to Chapel Hill. Our model predicted a commute of 119 

miles one-way, whereas Mapquest® forecast a trip of 98 miles. While part of this difference can 

be explained by the fact that each program used slightly different versions of street networks, 

this is still a significant difference that indicates that our program may have failed to find the 

most efficient routes in all cases. Third, our methods for gauging the impact of alternative 

transportation relies on assumptions about which employees are most likely to engage in each 

type of transportation. However, this was unavoidable and the assumptions that we made were 

based on sound logic. Also, the greatest part of emissions is caused by single-occupancy 

vehicles, so the effect of alternative transportation is minor. Finally, in order to account for the 

unmatched address records, we had to rely on statistics found using the successfully coded 

sample. We manually inspected the two samples to see if there were significant differences 

between the addresses that were geocoded and those that were not, and we could not find any 

patterns. Thus, it is unlikely that this reliance on the geocoded addresses caused significant bias 

in our project. 

Proposals for Employee Commuting Emissions Reductions         

        Based on our analysis, employee commuting contributes significantly to overall Scope 3 

greenhouse gas emissions associated with the Town of Chapel Hill.  In order to reduce the 

emissions of employees commuting to and from the workplace, it is crucial for the town to 

promote alternative transportation modes that reduce the reliance on SOV.  The town is 

currently working to do so through its Transportation Department.  Len Cone has helped us to 

understand what has and has not worked in the past for the town, and what initiatives the town 

is currently working on.  Based on this and other research, the primary recommendation of this 

proposal is the sponsorship of initiatives to encourage carpooling.   

This is the most viable option for a couple of reasons. For people who already own and 

use cars, it is less likely that they will switch to public transit or other methods such as cycling, 
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as they are accustomed to the luxury offered by private automobile travel.  However, 

carpooling still enables this luxury, while providing environmental benefits through the 

reduction of the number of vehicles on the road, and therefore the amount of greenhouse 

gases produced.  Carpooling also provides economic benefits by reducing the cost of 

transportation for commuters, as travel related expenses are shared by all members of the 

carpool.  A typical commuter who switches from driving alone to carpooling can save more 

than $800 a year in transportation expenses7.       

However, the main factor contributing to employee reluctance to switch away from 

SOV travel is the independence and freedom afforded by this type of travel.  Alternative modes 

of travel often limit the flexibility and options available to those who are utilizing them.  Because 

of this, town policy makers should enact specific initiatives that make alternative transportation 

a more viable option for employees.  Currently, there are few incentives in place that 

encourage employees to use any method of travel other than that of SOV.  This problem is 

compounded by an abundance of free parking for all town employees.  Most people naturally 

gravitate towards actions that are convenient and easy, so if the town wants to facilitate 

movement away from single-occupancy vehicle travel, it is necessary to either make that option 

more difficult or make alternative transportation easier.  We recommend both. 

 

Restrict Parking 

A plethora of free parking encourages and enables SOV travel, so we recommend 

putting a price on parking, so that each employee would have to purchase an annual parking 

permit.  Those employees that choose not to utilize a parking spot would then be credited the 

cost of the permit.  This pricing system will reduce the appeal of SOV travel, thereby increasing 

the incentive to not drive to work.  As part of this parking scheme, those employees who have 

established a carpooling system with other employees will park for free in prime parking spots 

reserved especially for carpoolers (defined as a vehicle with two or more people). 

 

 

 

                                                
7 Ruth, Connie. "Commuter Benefits: Employers Get the Green Light" Employee Benefits Digest, January 2003: Vol. 

40. 
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Connect Employees to Carpool Partners  

        In addition to placing financial constraints on SOV travel, the town should also provide 

employees with viable and attractive alternatives.  The U.S. EPA in Research Triangle Park 

utilizes an online networking site to connect employees with others who live and work in close 

proximity to each other (www.sharetheridenc.org).  This website uses home and work 

addresses to match commuters with similar schedules.  However, commuters’ home address 

will never appear on match lists, there are no obligations or requirements for site use, and each 

commuter can choose whom to contact from their list of matches.   

        The Town could also take this carpool networking system a step further by creating their 

own online registration program.  As part of this program employees could register for 

rideshare to find carpooling matches within the workplace.  This program could also award 

participants points for using an alternative mode of transportation (walking, cycling, public 

transit or carpooling).  Employees that participate in this program would be expected to 

achieve a 20% use of green travel in a year.  When they achieve this they will receive some sort 

of reward.  This assessment procedure could also occur on a month-to-month basis, as 

opposed to annually, to instill a stronger sense of connection to the process.  This program 

could also track greenhouse gas statistics as a tangible representation of the contribution 

alternative modes of transportation make.  This could be done easily through GIS software, 

using an OD-Cost Matrix in the same way that was done to calculate the emissions associated 

with employee commuting.  

        In addition to connecting employees with potential carpooling partners, it is important to 

deal with societal constraints that may affect people's willingness to carpool.  For many, the idea 

of sharing a ride with a complete stranger can be very unappealing, as there is the potential for 

conflict due to personality and lifestyle differences.  To address this issue and to optimize 

driving partner matches, Cato Research of Durham, NC hosts regular employee luncheons in 

which employees are seated at tables according to where they live8.  This enables employees to 

meet and get acquainted with potential carpool partners in an informal environment before 

making any commitments to a carpooling relationship.  This luncheon could also feature an 

information session promoting the benefits and advantages of carpooling.    

 

                                                

8 United States Environmental Protection Agency, “Best Workplace for Commuters”, August 2008,  

http://www.epa.gov/rtp/transportation/bestworkplacecommuter2007.pdf 

http://www.sharetheridenc.org/
http://www.epa.gov/rtp/transportation/bestworkplacecommuter2007.pdf
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Provide Services That Reduce Need for SOV 

However, it is also necessary to address the fact that many people use SOV travel 

because of the independence and flexibility it provides.  If the town seeks to encourage 

alternative transportation, then they should provide their employees with services that enable 

employees to handle personal responsibilities without the use of individual vehicles.  For 

example, BlueCross BlueShield of North Carolina (BCBSNC) offers on-site backup childcare for 

its employees.  If the town provided this service it would greatly increase the feasibility of 

carpooling for those employees with young children.  BCBSNC also has an onsite cafeteria, so 

that employees do not need to leave their place of work to get a meal.  Additionally, BCBSNC 

provides a concierge service for employees, such as dry cleaning/laundry service and take-home 

dinners9.  This service reduces the need for employees to run errands during their lunch hour, 

or before and after work.  This helps to alleviate concern over limited personal mobility, 

reducing the need for SOV travel.     

Another alternative would be for the Town to establish a Zipcar program for its 

employees.  Zipcar is a car-sharing program that allows its members to borrow a car to use 

whenever and wherever they need it.  UNC currently has a partnership with Zipcar so that 

faculty and staff pay a discounted annual membership fee of $20, while students pay $35 (usually 

$50).  Once this fee is paid, any member can use a car at an hourly rate of $7 and a daily rate of 

$60, which includes gas, mileage and insurance.  UNC currently has four Zipcar depots on 

campus, so it could be possible for the town to work with UNC and expand this program to 

establish a downtown depot10.  The initial membership fee may be a disincentive for employees 

to participate in this program, but if the town covered this fee so that all employees were 

automatically registered, it is much more likely that this program would be utilized.  The money 

to cover the membership fees could come from the price placed on employee parking permits, 

so there would be no additional expenditure on the part of the Town.  Having a Zipcar 

program would prevent employees who carpool to work from feeling as if they have no way to 

leave work if they have any commitments that need to be fulfilled during personal time.  It is 

important for employees to not feel constrained by carpooling, or else they may revert back to 

single-occupancy vehicle travel.  

        Another service the Town of Chapel Hill should provide is an emergency ride home 

program.  Carpooling causes employees to be dependent on each other for all of their 

transportation needs once they are at work.  If there is any sort of emergency, a carpool rider 

                                                
9 Ibid, 2. 

10 UNC Department of Public Safety, “Zip Car at UNC”, 30 November 2009, 

http://www.dps.unc.edu/Transit/campustransit/zipcar/zipcar.cfm 



Town of Chapel Hill Scope 3 Inventory 17 

 

 

would not be able to leave to address whatever problem has arisen.  This makes it necessary 

for the Town to provide such a service if any carpooling initiative is going to succeed.   

 

Encourage Departmental Support of Carpooling 

        An additional issue surrounding carpooling is the extra travel time it may add to many 

employees daily schedule, sometimes resulting in late arrival at work.  It is important for the 

heads of the various Town departments to practice flex time policy, so that as long as a certain 

number of hours are worked, there is flexibility in arrival and departure times.  This policy may 

not be feasible in certain departments, such as the police and fire departments where being on 

time is vital.  But overall, if carpooling is not encouraged, promoted and tolerated from the top 

down, then it is unlikely for it to become a widespread force within the workplace. 

 

Successful Carpooling Program 

 An example of a successful carpooling program is the 511 Rideshare program in 

Oakland, California.  This program is a free service funded by grants from the Federal Highway 

Administration, U.S. Department of Transportation, the Metropolitan Transportation 

Commission, the Bay Area Air Quality Management District and county congestion 

management agencies.  This program connects commuters to those people with similar 

carpooling needs.  As part of a special promotional initiative in 2006, a financial incentive was 

provided to entice new carpoolers to participate in the program, in the form of $10 in gas or 

grocery gift cards for every five days an individual carpools.  This could be utilized up to a 

maximum of $100 within a three-month period.  511 Rideshare’s success in encouraging 

carpooling initiatives resulted in a 60% increase in participants over a seven-month period. 

Participants in the pilot program carpooled an average of 17 days per month, which saved them 

an average of $7.50 for every day that they did not drive.  Approximately $190 on gas alone 

could be saved by commuters over the three-month period of the program11.  A similar 

program could be implemented for the Town of Chapel Hill.  Employees may be reluctant to 

begin carpooling, but providing financial incentives offers an extra inducement to give it a 

chance for a trial period.  It is likely, though, that once the trial period is over a significant 

number of employees who participated will have discovered other benefits to carpooling, and 

will continue to do so despite financial incentives no longer being provided.   

                                                

11 Metropolitan Transportation Commission, “New carpoolers save $116,500 with Rideshare Rewards”, 1 Aug. 

2006, http://www.mtc.ca.gov/news/press_releases/2006/rel369.htm 
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Promote Other Alternatives 

        In addition to carpooling initiatives, the Town of Chapel can promote other alternative 

modes of transportation, as well.  North Carolina State Government employees can currently 

ride Triangle Transit or Capital Area Transit routes for free through the GoPass program.  The 

Town of Chapel Hill should engage in a similar program of subsidizing transit fares for those 

coming outside of Chapel Hill to encourage the use of public transit.  And as with carpooling, 

heads of departments should practice flex time policy for those employees who are limited by 

the transit routes and times available to them.  In addition to encouraging the use of public 

transit, the town could also publicize information on routes and schedules to increase 

awareness of the availability and ease of using transit.   

The Town of Chapel Hill could also encourage biking as a mode of travel by providing 

onsite shower facilities.  Many people do not want to bike, as they may see arriving at work 

sweaty from their commute as unprofessional.  On-site showers may alleviate this concern, 

making biking a more viable option. 

The UNC Commuter Alternatives Program (CAP) establishes a framework for 

promoting alternative modes of transportation.  It is designed to encourage and reward 

members of the University that do not drive alone to campus.  The program is free to join, and 

offers access to four additional Park and Ride lots, fare-free use of Triangle Transit, subsidies of 

vanpools, parking permit cost-sharing for carpoolers and 50% off of the annual membership fee 

for Zipcar.  The program also provides emergency rides to Park and Ride lots and keeps 

members updated on Commuting News.  There are also a plethora of local businesses that 

offer discounts to CAP members12.  The Town of Chapel Hill could partner with UNC to 

expand this program, and its benefits, to town employees. 

 

Provide Affordable Housing 

A final initiative that could be undertaken to reduce the emissions associated with 

employee commuting would be to provide affordable housing for Town of Chapel Hill 

employees within the town limits.  Many employees cannot afford to live in Chapel Hill, so are 

forced to commute long distances every day to get to work.  To rectify this situation the town 

could purchase apartments within the town’s limits and then rent them out to employees at an 

affordable rate.  The town would actually be making money, offering a valuable service to its 

employees, as well as reducing its carbon footprint.  The UNC hospitals currently provide such 

                                                
12 UNC Department of Pubic Safety, “Employee Commuter Alternative Program (CAP)”, 16 November 2009, 

http://www.dps.unc.edu/Transit/gettingtowork/CAP/cap.cfm 
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a service, by renting out apartments in Southern Village to many of their employees13.  Southern 

Village is also on a bus route that goes by the hospitals, which prevents any need for single-

occupancy vehicle travel.  There are currently a few projects in the works to increase the 

affordable housing options available in Chapel Hill.  A plan to build 31 townhomes will be 

presented to Chapel Hill officials in spring 2010 by the Pine Knolls Townhomes planning 

committee.  These townhomes would be targeted towards middle-income families such as 

teachers, health care workers, firefighters and police, with each home selling for about 

$130,00014.  Town support for this initiative would begin to help to alleviate housing concerns, 

but there is still much more work that could be done in this area.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
13 Len Cone, personal communication, 4 November 2009 

14 Forde-Smith, C. “Middle-income homes planned”, The Daily Tar Heel, 17 November 2009. 



20 Town of Chapel Hill Scope 3 Inventory 

 

Emissions from Solid Waste 

 

 The bacterial processes associated with anaerobic decomposition generate considerable 

amounts of methane. As a result, landfills are the United States’ second largest source of 

anthropogenic methane, second only to livestock farming.15  Considering that one molecule of 

CH4 has 21 times the greenhouse effect of one molecule of CO2, solid waste is an extremely 

important factor in greenhouse gas accounting.16 Thus the purpose of this section is to 

determine the contribution of waste generated by TOCH operations to greenhouse gas 

emissions, offering suggestions for future estimation as well as greener practices.  

 

Methods 

  As a volumetric trash audit of TOCH facilities had never been conducted, our team first 

had to conduct a survey to determine the amount of trash produced by the town government 

buildings. Our audit consisted of the 13 town government buildings receiving solid waste 

collection services. These include the Police Substation, Public works, all five town fire stations, 

Town Hall, Transit, Police Station, Parks and Recreation headquarters, the Public Library, the 

Hargraves Center, and the Chapel Hill Housing Administration.  

  To perform this mini-audit, our team drove to each town building the evening before 

pickup during the week of November 3rd through 10th, 2009. After estimating the percentage 

fullness of each dumpster, we multiplied that proportion by the volume of the container to 

determine the weekly waste volume in cubic yards for each facility. From there, we multiplied 

the weekly waste of each facility by the yearly frequency of pickup to determine a yearly total, 

derived from our one-week audit. 

   According to the California Integrated Waste Management Board, the average density of 

waste generated from public administration is approximately 89 pounds per cubic yard.17 

Assuming this density for TOCH solid waste, we converted the total volume of waste into a 

total yearly weight. With knowledge of total weight, as well as 2005 data on the commercial 

waste stream in Orange County, we were able to use the EPA’s Waste Reduction Model 

                                                
15 United States Environmental Protection Agency, “Fact Sheet: Landfill Gas.” 

http://www.energyjustice.net/lfg/factsheet-lfg.pdf (accessed October 3, 2009). 

16 California Climate Action Registry, Local Government Operations Protocol, (2008)., p. 96. 

17 California Integrated Waste Management Board, “Waste Disposal Rates for Business Type.” 

http://www.ciwmb.ca.gov/wastechar/DispRate.htm (accessed November 1, 2009). 

http://www.energyjustice.net/lfg/factsheet-lfg.pdf
http://www.ciwmb.ca.gov/wastechar/DispRate.htm
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(WARM) to determine the total annual greenhouse gas emissions from Town of Chapel Hill 

solid waste.18  

  When using the Waste Reduction Model, some important qualifications needed to be 

made in the inputs page in order to avoid double-counting certain emissions. Specifically, all 

vehicle distances traveled need to be equal to zero so as not to incorporate the scope 1 

emissions of the collection service in the scope 3 account of the town. Furthermore, in the 

absence of information on the flaring efficiency of the Orange County Landfill, we assumed the 

national average.  

 

 

 

 

Example calculation 2.1: Glass totals in Solid Waste from Hargraves Center 

 

Data and Findings 

   Assuming that our observations are representative of normal trends, TOCH operations 

generate roughly 1,915 cubic yards per year at current rates. Using an average density of 89 

pounds per cubic yard, this equates to about 85 tons of non-recycled solid waste annually. 

                                                
18 See appendix: Solid Waste for further details. 

Step 1:  Fullness of Hargraves Community Center Dumpster the 
night before pickup: 30%

Step 2:Total volume of solid waste = proportion full x total 
volume of container

•= .3 x 8 yd3  = 2.4 yd3

Step 3: Yearly extrapolated waste volume = weekly volume x 
annual frequency of pickup

= 2.4 yd3 x 104 = 249.6 yd3

Step 4: Yearly tonnage from Hargraves Center = annual waste 
volume x density of waste

•= (249.6 yd3 x 89 lb/yd3)/2000lb = 11.1 tons

Step 5: Add totals from all facilities and insert them into the 
WARM model to determine emissions. 
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Considering that the Orange County landfill receives around 700,000 tons of trash annually, 

town operations represent an extremely small contribution to the community’s total solid 

waste output (roughly one hundredth of a percent).  

  Breaking down the contributions of different local government facilities, we find Chapel 

Hill Transit and the Town Operations Center to be the greatest waste generators, with the 

Hargraves Center trailing close behind.  This is not surprising, considering the both the size as 

well as the number of employees working in each facility. Meanwhile, Town Hall and Fire 

Station #1 are especially waste-efficient, considering the number of town employees collectively 

occupying these buildings. 

 

 

 

Figure 2.1: Estimated Annual Waste Volumes by facility 

 

  According to the EPA’s Waste Reduction Model, 85.2 tons of waste with Orange 

County’s commercial waste stream characteristics would emit 30 – 36 metric tons of carbon 

dioxide equivalent from the local landfill. This is a reasonable estimate for the town’s yearly 

greenhouse emissions from solid waste at current rates of generation and disposal.  As can be 
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seen in the table below, paper products as well as other organic matter contribute the most to 

greenhouse emissions from solid waste. 

 

Table 2.1: Emissions from Solid Waste in Chapel Hill local government operations 

 

Methodological Considerations  

  Several aspects of our methods must be considered in evaluating the accuracy of our 

results. One primary weakness in this method concerns the inherent risk of using one-time 

measurements to signify larger trends. This was a one-week audit conducted on the week of 

November 3-10, 2009, extrapolated to signify the waste for the entire year. Adding to this 

concern, we used average estimates from the California Integrated Waste Management Board 

to estimate the average weight and make-up of trash. It is entirely possible that waste from 

TOCH operations has a different density from that of California’s Public Administration. Also, 

the choice to use Orange County commercial waste stream data may have implications for the 

accuracy of our results, since this was our means of determining the relative proportions of 

different materials in the waste stream. Furthermore, while the EPA updates the WARM model 



24 Town of Chapel Hill Scope 3 Inventory 

 

annually, it is not a perfect calculator of emissions in all cases. Therefore, this survey should not 

serve as definitive truth, but an educated estimate. 

  Keeping these constraints in mind, we believe that this was the most feasible and 

accurate method of measurement. We lacked the resources and time to make several 

measurements over the course of the semester. Likewise, it was imperative that we use 

estimates regarding the waste stream and the relative density of trash because the alternative 

would have required weighing and sifting through trash from each facility several times over the 

course of the semester. In the presence of good estimates born of real observations, we believe 

our conclusions to be accurate. 

 

Suggestions for Future Measurements 

 To measure TOCH solid waste in the future, we advise that the town implement an 

auditing program that is concentrated more in the hands of each town facility, rather than an 

outside auditor. This method is more efficient and insures more accurate results as employees 

have more of an incentive and ability to perform the audit well. 

  Each town government building will be given a waste audit sheet based on dumpster 

capacity and frequency of pickup (as shown below). Once a month, an employee of each of the 

thirteen town buildings will estimate how full each dumpster is the evening before pickup in a 

chart that looks like the following example. A town government employee will collect these 

sheets after twelve months of reporting to calculate the amount of solid waste produced 

annually. The town can choose either to use old data on the commercial waste stream or 

conduct new audits on the waste generated by local government, the latter option resulting in 

far more accurate results. From there, these totals can be put into the EPA Waste Reduction 

Model to calculate yearly greenhouse gas emissions. Such a system would provide consistent 

information on the relative waste generation of different facilities as well as yearly greenhouse 

gas emissions.  

 

Month Percent Full Volume to Mass 

Waste Conversion 

Factor 

 

x  2 if 

collected 

twice weekly 

x 4 (weeks 

in a month) 

Monthly Solid 

Waste 

 

1      

2      
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Considering Recycling  

 

  While negative emissions are not accounted for in the local government operations 

protocol, it is important to highlight the impact of recycling on greenhouse gas emissions. By 

keeping recyclables out of the landfill, emissions can be averted on several levels. For one, less 

waste in the landfill means lower methane emissions from the landfill. Also, assuming that the 

recycled materials are reused, demand for certain products is met without production from 

virgin sources, preventing some emissions associated with the production chain of bottles, cans, 

and other recycled materials.19  

 

Recycling Methodology 

Using the total yearly tonnage for the recycling collection route serving the Town of 

Chapel Hill, we were able to estimate a yearly tonnage of recyclables coming from TOCH 

facilities by multiplying the proportion of buildings on the collection route by the total tonnage 

from the 2008-2009 fiscal year.20 Using Orange County recycling waste stream data, available at 

http://www.co.orange.nc.us/recycling/, we estimated the relative proportions of different 

recyclables generated by TOCH.21 From there we followed the same guidelines as we did for 

landfilled trash, multiplying the proportions of different materials by the total tonnage of 

recyclables to create viable inputs for the WARM model.  

 

Results and Findings 

 Using the WARM model and our estimated annual tonnage of recyclables generated by 

Town of Chapel Hill facilities, we found saved emissions to equal 84 MTCDE. The bulk of this 

total comes from paper products such as mixed paper and cardboard, with metals not far 

behind. This suggests that as much paper and metal should be recycled as possible from TOCH 

operations.  

                                                
19 United States Environmental Protection Agency, “WARM user’s guide.” 

http://www.epa.gov/climatechange/wycd/waste/calculators/Warm_UsersGuide.html. (accessed October 15, 2009).  

20 Personal Communication with Rob Taylor, October 27, 2009.  

21 See appendix: solid waste for further details.  

http://www.co.orange.nc.us/recycling/
http://www.epa.gov/climatechange/wycd/waste/calculators/Warm_UsersGuide.html
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Example Calculation 2.2: saved emissions from recycled paper 

 

Initially this number seems very high, considering that it more than doubles the 

estimated real emissions by landfilled waste. However, the WARM model is designed to take 

many different aspects of saved emissions into account. Not only are saved emissions from 

landfill gas considered, but also saved emissions associated with decreased demand for virgin 

materials (replaced by products made with recycled materials), and the saved emissions 

associated with the production of new glass bottles, paper materials, and metal products.22  

 

Considerations in Methodology 

 

Several factors may skew the accuracy of our result for saved emissions. For one, our 

analysis does not include the total saved emissions from cardboard recycling, since some of the 

facilities get cardboard collected on a different service route. Furthermore, the WARM method 

is exhaustive in its analysis to the point that the total may be misleading. After all, it is 

 

                                                
22 United States Environmental Protection Agency,  “WARM user’s guide.” 

http://www.epa.gov/climatechange/wycd/waste/calculators/Warm_UsersGuide.html. (accessed October 15, 2009).  

Step 1: Estimated tonnage of recyclables from TOCH operations = 

(number of TOCH buildings/ total buildings on collection route) x (total yearly 
tonnage)

(15/49) x 109.69 tons = 33.6 tons of recycled material

Step 2: Use data on the recycling waste stream from the Orange County 
Department of Solid Waste website to determine estimated tonnages of different 
materials. 

For example, if paper constitutes 42% of recyclables in Orange County and we 
assume that the yearly total tonnage of recyclables collected is 33.58 tons,

Step 3: Total annual tonnage of paper recycled =proportion paper in waste x total 
annual tonnage

42 x 33.58 tons = 14.1 tons of recycled paper

Step 4: Input into WARM model to determine saved emissions. 

http://www.epa.gov/climatechange/wycd/waste/calculators/Warm_UsersGuide.html
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Table 2.2: Saved Emissions from TOCH recycling 

 

inherently difficult to estimate the saved emissions from a decreased production of products 

from virgin resources. This leads the carbon accountant down an endless path of emissions 

sources. Furthermore, our estimations for total tonnage from recycling is based off of the 

proportion of buildings served on one specific service route, with no correction for building 

size or relative generated recyclable waste. Much like our estimated solid waste emissions, our 

result for saved emissions should be viewed as an educated estimate rather than an established 

fact.  

 

Suggestions for Future Measurements: 

 

 Along the same lines, we suggest that the town measure future emissions from 

recyclables as it measured emissions from solid waste and distribute sheets based on frequency 

pickup and container size. Once a month before recycling pickup, an employee from each 
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facility will note how much recycling is set out for collection. These totals will then added up 

after a full year of measurements and calculated in the WARM calculator. Like the case for 

landfilled waste, we suggest that a waste stream audit be conducted for recyclables produced at 

local government buildings rather than relying on less specific Orange County statistics. A final 

suggestion would be to streamline the collection process so that cardboard is taken on the 

same day as other recyclables. This would make accounting much easier for those responsible 

for measurement sheets.  

 

Suggestions for Future Reduction: 

 

Pay-As-You-Throw Program 

 

   The Town of Chapel Hill currently uses service-based waste collection contracts. Under 

this system, the town pays a fixed rate for a weekly or twice-weekly collection. After auditing 

the town’s solid waste, we recommend the municipality change its collection system to a Pay-

As-You-Throw (PAYT) system, also known as variable-rate or unit-based pricing. In this 

program, the town alerts the collectors as to when the dumpster is full and pays based on 

weight. As of 2006, 9.8 percent of North Carolina, or 64 communities used this method of 

waste collection.23 We believe the local government should join these communities and 

implement this program for three reasons: waste collection is made more transparent, it 

provides economic benefits, and it encourages behavioral changes. 

    Firstly, by implementing a PAYT program in place of the current service-based collection 

contract, the Town of Chapel Hill will allow future audits of town waste to be more efficient 

and accurate. When trash is weighed upon pickup the process becomes much more 

transparent. The town will not have to use their own resources to compile the data to audit 

the waste amounts, as it will be easily accessible through billing. With this easily collected, 

accurate information, the town will then be able to measure the amount of waste it produces 

and thus the amount of carbon they emit. 

  A PAYT program would also bring economic advantages, as it would save the 

municipality money spent on unnecessary pickups. Dumpsters should only be collected if they 

are more than half-full, because if they are any less, the town loses money.24 A glimpse at our 

                                                
23 United States Environmental Protection Agency, “MSW Planners,” 

www.epa.gov/waste/conserve/tools/payt/tools/planners.htm. 

24 Josh Wyatt,  “Maximizing Waste Management Efficiency Using RFID” Media Group International. 

http://www.rfidproductnews.com/issues/fall2008/waste.php (accessed November 27, 2009).  

http://www.rfidproductnews.com/issues/fall2008/waste.php
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audit of town dumpsters at point of pick-up demonstrates that not a single one of the 

dumpsters was even half full upon collection. When dumpsters are hastily collected, the town 

not only pays for the unnecessary service charge, but also generates avoidable carbon 

emissions. 

 

Community Center/ Parks and Recreation 25% 

Hargraves Community Center 30% 

Chapel Hill Library 20% 

Chapel Hill Police Department 45% 

Chapel Hill Transit, Millhouse Facility 40% 

Public Works, Millhouse Facility 5% 37% 48% 

 

Table 2.3: Dumpster fullness upon pickup in town facilities 

 

  The current waste collection policy in no way incentivizes waste reduction. Within a 

service-based system, waste generation is “out of sight, out of mind”. With lack of an incentive 

to manage waste production, the town incurs unnecessary costs and waste. By introducing a 

PAYT program, the town would incentivize waste reduction and show both employees and 

residents how much waste they truly generate. Communities that implement a PAYT program 

normally reduce waste in amounts ranging from 25 to 35 percent.25  

   In an effort to reduce waste, town buildings and the community as a whole will become 

more involved in recycling and compost programs. Increased yield in recycling can often 

increase revenue from the sale of these materials and pay for any costs incurred through 

implementation or education.  Further studies on compost programs will be addressed in the 

following case study. 

 

Pricing systems 

  There are three basic pricing systems used for PAYT programs: proportional, variable, 

or multi-tiered. Under proportional systems, residents and businesses are charged the same 

amount for each unit of waste or for each bag collected. In variable systems of collection, 

residents are charged different amounts per unit of garbage. Often in these systems, the waste 

becomes more expensive as the resident produces more. The third system, a multi-tiered 

                                                
25 United States Environmental Protection Agency, “MSW Planners,” 

www.epa.gov/waste/conserve/tools/payt/tools/planners.htm. 
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system of collection, asks the residents to pay a base fee for the service, and then pay a second 

fee (either variable or proportional) depending on how much waste they produce.26 

 

Technology 

  For reasons of efficiency in carbon data collection, we advise the use of Low Frequency 

Radiofrequency identification (LF RFID) tags in waste collection vehicles. LF RFID was 

pioneered by Texas Instruments and are used commonly in PAYT programs to create 

accountability for the amount of waste produced by each household.   The reading function of 

this technology is resistant to environmental influences and pick up can be carried out as usual. 

Trash is weighed as the can is lifted for disposal into the truck and the information can be 

automatically logged onto a server. 

 LF RFID allows for efficient trash collection, free from the possibility of human error in 

calculations or the need for increased human resources to perform calculations. Resources can 

then be allotted to maximizing rout efficiencies.27   

     

Figure 2.2: Schematic of LF RFID system28 

 

 

 

                                                
26 Josh Wyatt,  “Maximizing Waste Management Efficiency Using RFID” Media Group International. 

http://www.rfidproductnews.com/issues/fall2008/waste.php (accessed November 27, 2009).  

27 Ibid. 

28 http://www.rfidproductnews.com/issues/fall2008/waste.php 

http://www.rfidproductnews.com/issues/fall2008/waste.php
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Downsides  

  Many municipalities worry that introducing a PAYT will encourage illegal dumping, 

however that has proved not to be much of an issue in cities that have adopted the program. 

Issues of equality need to be considered, but in PAYT communities such problems have been 

settled with coupons or vouchers. As mentioned, the public must be educated about the new 

program, which requires increased demand on human resources. However, costs are often 

offset by increased recycling participation and revenues. 

 

Composting Programs 

 

 While landfills are a major source of anthropogenic methane emissions within the 

United States, organic compounds are a major producer of methane within the landfill itself29. 

About a quarter of the nation’s waste stream is made up food waste and yard trimmings and 

are thus taking up landfill space 30. Inside a landfill, this compostable organic waste produces 

both CH4 and CO2 upon decomposition. Alternatively, natural decomposition only produces 

CO2 as a byproduct31.  

Our audit of the TOCH government buildings found that the town generates 20 tons of 

food scrap waste annually, emitting 14 tons of carbon equivalent upon decomposition. Food 

scraps are the greatest contributor of greenhouse gases within town government operations. 

Newspaper produced 3 metric tons of carbon equivalents a year.  

  To prevent such unnecessary methane emissions and unnecessary use of landfill space, 

we advise that the TOCH adopt a composting program. By diverting food scraps and 

newspaper, the town would prevent the release of approximately 17 metric tons of carbon 

equivalent every year. When done properly, composting does not result in CH4 emissions but 

in fact stores greenhouse gases32.   

  There are two main methods of composting utilized by businesses: on-site and a third-

party (usually commercial) pick-up service. For the relatively small amount of waste the town 

buildings create in relation to other major producers such as restaurants and schools, we do 

                                                
29 United States Environmental Protection Agency, “Fact Sheet: Landfill Gas.” 

http://www.energyjustice.net/lfg/factsheet-lfg.pdf (accessed October 3, 2009). 

30 United States Environmental Protection Agency, “Composting: Basic Information” (Accessed December 8, 2009) 

31 United States Environmental Protection Agency, “Solid Waste Management and Greenhouse Gases: A Life-Cycle 

Assessment of Emissions and Sinks”. October 2006 pg. 79. 

32 Ibid pg. 49 

http://www.energyjustice.net/lfg/factsheet-lfg.pdf
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not find a third-party pickup to be necessary or profitable. We recommend that town buildings 

adopt on-site composting system to avert organic compostable waste. 

  On site composting can be done with automatic compost bins or manually. Automatic 

compost bins are an easier method for offices, costing $200-$400, are odor free and work well 

in an indoor setting. If the town wishes to organize the program traditionally, we recommend 

each building invest in an odor-free compost caddy, costing around $30, to be located in the 

kitchens. The caddy would be dumped weekly or twice-weekly into a larger outdoor compost 

bin. This compost program would require extra town resources in the maintenance of the 

outdoor compost bin and the weekly deposit of kitchen scrap materials.    
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Water Processing and Wastewater Treatment 

 

Unlike most municipalities, the town of Chapel Hill does not own and operate its own 

water and wastewater facilities. Rather, these services are provided by Orange Water and 

Sewer Authority (OWASA), an independent government service shared by the University of 

North Carolina and the towns of Carrboro and Chapel Hill. As such, greenhouse gas emissions 

from water and wastewater services fall under the Scope 3 category for Chapel Hill, rather than 

Scope 1 as is typically the case for most municipalities. When calculating greenhouse gas 

emissions associated with water processing and wastewater treatment, two emissions sources 

need to be considered: energy consumption and waste decomposition.  Energy is required to 

treat water and process wastewater.  In the case of OWASA, the energy comes from 

electricity and in heat from the burning of gas.  Also, as solid waste decomposes it produces 

greenhouse gas emissions primarily in the forms of methane (CH4) and nitrous oxide (N2O).  

These two gases are much stronger greenhouse gases than carbon dioxide:  1 kg of methane is 

equivalent to 21 kg of carbon dioxide and 1 kg nitrous oxide is equivalent to 310 kg of carbon 

dioxide.   

 

Methods 

 

I. 

The first step in calculating how much greenhouse gases are associated with water 

processing and wastewater treatment is to determine how much water is used by the Town of 

Chapel Hill.  With the courtesy of Pat Davis at OWASA, we received the billed water usage of 

each building owned by the Town.  Table 1 summarizes the town’s total water usage in millions 

of gallons per year.   

Year 2005 2006 2007 2008 

Water 21 21.5 22.1 25.7 

Wastewater 18.1 19.5 19.2 17.7 

 

Table 3.1: Water usage per year (MG) 

 

Based on the addresses in the billing account we were able to determine the types of 

buildings at each address (public housing, public works, parks and recreation, police, etc.) for 

the majority of the addresses, and subsequently determine where the water is being used. 

Figure 1 shows a breakdown of the total water and wastewater usage per sector that the Town 
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pays for. The sectors are: parks and recreation (which includes pools, gyms and parks), public 

safety (police departments, fire stations, fire hydrants, etc.), public housing, government 

buildings such as the town hall, municipal facilities, and other billings that do not fit into a 

specific category, such as a cemetery.     

 

 

Figure 3.1- 2008 Water Usage (MG). 

 

The Town of Chapel Hill pays for the water accounts of certain public housing sites.  

These public housing sites make up approximately half of the water and wastewater 

contribution of the Town’s operations.  Since these are residential homes it makes approaches 

to emission control slightly different than those for normal government buildings and 

operations.  Different approaches to water reduction strategies aimed at reducing the 

greenhouse gas emissions associated with water and wastewater processing will be discussed in 

the water reduction strategies portion of this report. 

After the total potable water and wastewater usage of the Town was calculated for each 

year of interest, the next step was to determine the amount of greenhouse gases associated 

with these processes.  Again, Pat Davis provided the amount of electricity and natural gas used 

at OWASA in the treatment and processing of both water and wastewater.   ICLEI-LGOP 

provided the greenhouse gas emission factors for electricity and natural gas use (Appendix B).  

The total greenhouse gases emitted was computed from the following formula:  
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𝑇𝑜𝑡𝑎𝑙 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦  𝐶𝑂2  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 + 21 ∗ 𝐶𝐻4  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 + 310  

∗ 𝑁2𝑂 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟  

+  

𝑇𝑜𝑡𝑎𝑙 𝐺𝑎𝑠  𝐶𝑂2  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 + 21 ∗ 𝐶𝐻4  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 + 310

∗ 𝑁2𝑂 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟  

= 𝑇𝑜𝑡𝑎𝑙 𝐺𝑟𝑒𝑒𝑛ℎ𝑜𝑢𝑠𝑒 𝐺𝑎𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑖𝑛 𝐶𝑎𝑟𝑏𝑜𝑛 𝐷𝑖𝑜𝑥𝑖𝑑𝑒 𝐸𝑞𝑢𝑖𝑣𝑖𝑙𝑎𝑛𝑡 

 

The total and electricity gas were both from 2007.  It is assumed the amount of electricity and 

gas used would remain relatively similar to other years from 2005-2008.  Furthermore, the 

Town of Chapel Hill has no control on the amount of energy used, only the water and 

wastewater contributed.     

Once the amount of greenhouse gas produced was calculated, the next step was to 

determine how much greenhouse gases are produced per unit of water and wastewater 

treated.  The total amount of greenhouse gases produced is divided by the total gallons of 

water and wastewater treated.  The total water and wastewater annual yield is determined 

from average daily yield of OWASA extrapolated to the whole year.  The calculations can be 

summarized in the following table.   

 

 

Table 3.2: GHG production rate for Water and Wastewater processing 

 

Table 2 shows that emissions from potable water treatment are 1.4 MTCDE/MG, while 

emissions from wastewater treatment are 2.9 MTCDE/MG. By multiplying these rates with the 

annual totals of water and wastewater used by the Town (from Table 1), the amount of 

greenhouse gases produced from the processing and treatment of wastewater and potable 

water for the Town of Chapel Hill was calculated for each year of interest.   

 

 

Table 3.3: Amount of GHG emitted from water and wastewater processing. 

Electricity Use GHG Electricity Gas Use Gas Use GHG Gas Annual GHG Total Annual Volume GHG Emission Rate

(kWh) MTCDE (therms) (MMBtu) MTCDE MTCDE MG MTCDE/MG

Potable 8,398,000 4391 24,415 2442 130 4521 3183 1.4

Wastewater 13,738,000 7184 110,764 11076 589 7773 2700 2.9

Year 2005 2006 2007 2008

Water GHG (MTCDE) 29.9 30.6 31.4 36.5

Wastewater GHG (MTCDE) 52 56 55.3 50.9
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II. Methane and Nitrous Oxide 

 

IIa. Nitrous Oxide 

Another important factor determined were the emissions produced as byproducts of 

the decomposition of human waste. As stated before, emissions associated with wastewater 

treatment come primarily from two sources: methane and nitrous oxide. OWASA uses a 

nitrification/denitrification system in its wastewater treatment facility.  The average person 

produces 7 grams of N2O per year33.   The amount of greenhouse gas produced is summarized 

in the table below. 

 

   

 

Table 3.4: GHG produced from N2O. 

 

IIb. Methane 

At OWASA, methane produced is collected in an anaerobic digester.  The digester 

breaks down solid material through a biochemical process and collects the methane that is 

produced.  This methane is either reused to generate heat for the digester, thus reducing the 

need for external gas supply, or is flared and burned off.  It is unfortunate however, that we 

could not estimate the amount of greenhouse gas produced by the digester.  The data we 

request from OWASA did not arrive by the completion of this project.   We recommend to 

further investigate the methane emissions and to contact OWASA for the relevant data.   

 

Results:  

 

It was found that, on average, 87.2 MTCDE per year is produced from all of the water, 

wastewater and biochemical contributions from town operations.  In comparison the average 

US car produces 5.5 MTCDE a year34.  Again, it should be noted there is some error to this 

total due to the missing methane data.     

                                                
33 ICLEI-LGOP v1.0. Sept 2008.  pg 105. 

34 Emission Facts: Greenhouse Gas Emissions from a Typical Passenger Vehicle. Feb 2005. 

http://www.epa.gov/OMS/climate/420f05004.htm  

Year 2005 2006 2007 2008

Employees 680 701 704 699

N20 Produced (kg) 4.8 4.9 4.9 4.9

N20 GHG (MTCDE) 1.5 1.5 1.5 1.5

http://www.epa.gov/OMS/climate/420f05004.htm
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Figure 3.2: Total GHG Produced (MTCDE) 

 

 

Table 3.5: Total GHG produced 

 

Demand Reduction Strategies 

The most effective demand reduction strategy used by municipalities is water pricing. 

Research has shown that water rates are the best way to communicate information about the 

true cost and scarcity of water resources to consumers, the majority of whom experience 

almost no connection between their water usage and their bill35. Unfortunately, due to Chapel 

Hill’s unique circumstance, water pricing is not a viable option. Orange Water and Sewer 

Authority is an independent organization that serves the water and wastewater treatment 

needs of Chapel Hill, Carrboro and the University of North Carolina. While Chapel Hill can 

                                                
35 Mitchell, David and Tom Chesnutt. “White Paper Water Rates and Conservation.” March 13, 2009. pg 1. 
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collaborate with OWASA and encourage them to set prices that would cause demand 

reduction, the town itself does not control the water operations and cannot set prices.  

Another obstacle to the town reducing water use is that the majority of its operations 

are commercial and office uses. These types of uses are related to sanitation, space cooling and 

landscape irrigation, and research has shown them to be relatively inelastic36. This means that 

commercial water use is not very responsive to increases in prices. The reason for this can be 

deduced from the fact that consumers have practically no control over the amount of water 

consumed in the activities that use water in an office setting (for example, water use associated 

with space cooling or toilet use), therefore they cannot modify their use in response to price 

increases. What this means for the town is that voluntary reduction strategies will not be 

effective in an office or commercial setting either because consumers do not have the ability to 

reduce their water consumption in these settings. Similarly, residents in public housing have no 

incentive to employ voluntary reduction strategies because they do not pay for their water use. 

In lieu of water pricing and voluntary reduction strategies, the most feasible option for the 

town to take is to retrofit its buildings with more efficient appliances and fixtures that will 

reduce its water consumption.  

It is important to keep in mind that all estimated water savings discussed below will be 

twofold. All the appliances and fixtures discussed below require potable water to be used in 

their operation and produce wastewater as they are used. For example, reducing water use in 

toilets by five gallons means that five less gallons of potable water are required to be treated at 

OWASA’s water treatment facility. Furthermore, this means that five less gallons are sent to 

OWASA’s wastewater processing facility when the toilet is flushed. In effect, these demand 

reduction strategies will simultaneously reduce the Town’s contributions to greenhouse gas 

emissions from both water treatment and wastewater processing operations at OWASA. 

Since approximately half of the town’s water use goes towards public housing, the vast 

majority of these recommendations will be targeted towards reduction strategies for domestic 

use. Of the 336 public housing units in Chapel Hill, the Town pays for water usage in 192 

units37. A project done by the Mayor’s Youth for a Sustainable Future in cooperation with 

OWASA in May 2009 demonstrated substantial water savings when five public housing units in 

Colony Woods were retrofitted with more efficient fixtures38. This study not only found the 

                                                
36 Ibid. pg 4.  

37 Boreyko, Caitlin, Hannah Osborne and Kristin Powers. “Improving Water Conservation Efforts in Chapel Hill 

Public Housing.” May 4, 2009. pg. 9. http://townhall.townofchapelhill.org/agendas/2009/05/04/6/6-1-

mysf_final_report_20090428.pdf  

38 Residents in Colony Woods pay for the own water consumption. 

http://townhall.townofchapelhill.org/agendas/2009/05/04/6/6-1-mysf_final_report_20090428.pdf
http://townhall.townofchapelhill.org/agendas/2009/05/04/6/6-1-mysf_final_report_20090428.pdf
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retrofits to be effective in reducing water consumption, but also estimated a return on 

investment period of less than four years for even the most expensive appliance retrofits in 

Town-paid units39. The breakdown of water use per activity for the typical single family home is 

shown in the table below, according to the American Water Works Association. Based on this 

information, reduction strategies should be targeted at reducing water use in toilets and clothes 

washers primarily, with secondary focus given to showers, faucets and leak detection.  

 

Use Gallons per Capita Percentage of Total Daily Use 

Toilets 18.5 26.7% 

Clothes Washers 15.0 21.7% 

Showers 11.6 16.8% 

Faucets 10.9 15.7% 

Leaks 9.5 13.7% 

Other Domestic Uses 1.6 2.2% 

Baths 1.2 1.7% 

Dishwashers 1.0 1.4% 

Table 3.6: Daily Per Capita Indoor Water Use40 

 

Toilets 

Although low-flow toilets already are being considered for public housing (based on the 

recommendations of the water conservation project done by the Mayor’s Youth for a 

Sustainable Future), it is imperative that low-flow toilets be installed in all town buildings. 

Toilets installed prior to 1994 use anywhere from 3.5 to 7 gallons per flush, whereas low-flow 

toilets use 1.6 gallons per flush.41 If the average person flushes the toilet 4 times a day while 

they are at work, the savings of a 1.6 gpf toilet over a 3.5 gpf toilet are 7.6 gallons per day (14 

gallons vs. 6.4 gallons). Assuming there are 240 workdays during the year, this results in an 

                                                
39 Ibid. pg. 10. 

40 American Water Works Association, “Domestic Water Use in the US,” www.drinktap.org 

41 Maxwell, Steve. “Half the Water, Twice the Flush!” Mother Earth News. August/September 2006. (accessed 

November 25, 2009) http://www.motherearthnews.com/Green-Homes/2006-08-01/Half-the-Water-Twice-the-

Flush.aspx  

http://www.motherearthnews.com/Green-Homes/2006-08-01/Half-the-Water-Twice-the-Flush.aspx
http://www.motherearthnews.com/Green-Homes/2006-08-01/Half-the-Water-Twice-the-Flush.aspx
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annual savings of 1,824 gallons per year per employee. Since there are 714 town employees in 

Chapel Hill, this results in an annual savings of 1,302,336 gallons for all town employees. These 

savings would be increased if the toilets currently in operation in town buildings use more than 

3.5 gpf.  

 

Clothes Washers 

After toilet use, clothes washers account for approximately 22% of daily indoor per 

capita use in a household. New horizontal-axis clothes washers not only use less water than the 

typical vertical-axis washers, but also are much more energy efficient. This was demonstrated in 

a case study conducted in Bern, Kansas. Bern is a small town with a population of 

approximately 200 people; therefore the scale and savings of this case study are comparable to 

what the savings would be if similar measures were taken in Chapel Hill’s public housing units. 

Bern was selected by the Energy Division of the Oak Ridge National Laboratory in March 1998 

to evaluate the energy and water savings of high-efficiency, horizontal-axis washers. The results 

were compiled into a report prepared for the US Department of Energy. The study consisted 

of two phases. Phase I was a two-month data collection period in which data was collected 

from 103 vertical-axis clothes washers. This data included customer profiles, laundry habits, 

laundry throughput (loads and load weight), and energy and water consumption. During Phase II 

all of the washers were replaced by new horizontal-axis clothes washers and the experiment 

continued for an additional three months. Overall, detailed data were collected and analyzed on 

more than 20,000 loads and nearly 70 tons of wash done by all of the participants over a wide 

range of real-world conditions42. The study found that the changeover to the horizontal-axis 

washer reduced the average water consumption from 41.5 gallons/load to 25.8 gallons/load – a 

water savings of about 38%43. The two graphs below show the water and energy use recorded 

for each phase. This simple switch to more efficient clothes washers would dramatically reduce 

the amount of water used in public housing. 

 

                                                
42 Tomlinson, J.J. and D.T. Rizy. “Bern Clothes Washer Study Final Report.” Oak Ridge National Laboratory, 

Energy Division. March 1998. pg. 7. (accessed  http://www.toolbase.org/PDF/CaseStudies/bernwasherstudy.pdf  

43 Ibid. pg 7. 

http://www.toolbase.org/PDF/CaseStudies/bernwasherstudy.pdf
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Figure 3.3- Comparative Water Use of Vertical and Horizontal-Axis Washers44  

 

 

Figure 3.4- Comparative Energy Use of Vertical and Horizontal-Axis Washers45 

 

Showers 

 Showers are the third largest household water users, accounting for 16.8% of residential 

indoor water use. Non-low flow showerheads deliver anywhere from 5-8 gallons per minute 

                                                
44 Ibid.  

45 Ibid.  
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(gpm) at a pressure of 80 pounds per square inch (psi). The majority of new low-flow 

showerheads restrict the flow to 2.5 gpm at 80psi, while some use only 1.6 gpm46. It would be 

extremely simple for the town to determine what flow rates the showers in public housing 

currently have: place a one-gallon container under the shower and time how long it takes for 

the container to fill up, and then convert this value to gallons per minute. Once this value is 

known, savings can be calculated using the average length of shower time – approximately 7.5 

minutes per person47. For example, if showers in public housing currently deliver 5 gpm, then a 

switch to 2.5 gpm low flow technology would result in a savings of 18.75 gallons per person per 

day (assuming one 7.5 minute shower per person per day). Since the average US household size 

is 2.64 people, the switch to low-flow showerheads would result in an annual savings of 

18,272.8 gallons per household for this example. Multiplying this savings by the number of 

public housing units for which the Town pays for water use, the Town could potentially save 

approximately 3.5 million gallons per year by making this simple switch to more water efficient 

showerheads. 

 

Faucets 

 Faucet use closely follows shower use for the fourth largest user of water in a 

residential setting, accounting for 15.7% of total indoor residential water use. The installation of 

low-flow faucet aerators can cut the water usage of faucets by as much as 40% from the 

conventional 4 gallons per minute to 2.5 gpm48. In a study conducted across 12 different sites by 

the American Water Works Association, it was found that residents ran their faucets an 

average of 8.1 minutes per capita per day49. Again, using the national average of 2.64 residents 

per household, this means that faucets are run for an average of 7,805.16 minutes per year per 

household. Installing low-flow aerators has the potential to reduce water consumption 

associated with faucet use from 31,220.64 gallons per household per year to 19,512.9 gallons 

per household per year, an annual savings of 11,707 gallons or 62.5%. This would correspond to 

a combined total annual savings of approximately 2.2 million gallons for all 192 public housing 

                                                
46 Vandervort, Don. “Showerheads That Save Water: Low-flow Showerheads.” 2009. (accessed November 30, 

2009) http://www.hometips.com/buying-guides/showerheads-low-flow.html  

47 “Residential Water Use Summary.” AWWARF Residential End Uses of Water Study. Aquacraft, Inc. and AWWA, 

1999. (accessed December 2, 2009) http://www.aquacraft.com/Publications/resident.htm  

48 “Low Flow Plumbing Fixtures.” Toolbase Services, NAHB Research Center. 2001-2008. (accessed on December 

2, 2009) http://www.toolbase.org/Technology-Inventory/Plumbing/low-flow-plumbing-fixtures  

49 “Residential Water Use Summary.” AWWARF Residential End Uses of Water Study. Aquacraft, Inc. and AWWA, 

1999. (accessed December 2, 2009) http://www.aquacraft.com/Publications/resident.htm 

http://www.hometips.com/buying-guides/showerheads-low-flow.html
http://www.aquacraft.com/Publications/resident.htm
http://www.toolbase.org/Technology-Inventory/Plumbing/low-flow-plumbing-fixtures
http://www.aquacraft.com/Publications/resident.htm
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units that the Town pays for. If low-flow faucet aerators are not currently installed in public 

housing it is a simple, inexpensive measure than can greatly reduce water consumption and 

needs to be taken. 

 Faucets are also a primary use of water in an office or commercial setting (in both office 

bathrooms and kitchens). Installing low-flow faucet aerators in all town buildings, not just public 

housing, would have significant water reduction effects as well. 

 

Leaks 

It is estimated that unaccounted water losses account for approximately 10% of the 

total water into the water supplier’s system50. Based on this information, simple maintenance 

measures such as a system water audit or site-specific leak detection and repair have the 

potential to reduce water use by a significant amount. In a study conducted by the American 

Water Works Association, 67% of the 1,188 homes surveyed leaked an average of 10 gallons 

per day or less, but 5.5% of the homes leaked an average of more than 100 gallons per day51. In 

the homes with the highest average daily indoor water use, leaks accounted for 24.5% of the 

average daily use52. These sorts of statistics are astonishing and highlight the importance of 

regular system maintenance. It is imperative that the town regularly perform leak detection and 

repair on the public housing units as well as on all of the town’s buildings to eliminate wasteful 

water losses that result from leakages. 

 

Reclaimed water 

 Reclaimed water is water that has previously been used but that has undergone 

advanced treatment at a wastewater treatment plant. It is used as an alternative to drinking 

water for non-drinking purposes, such as cooling tower make-up water in chiller plants, toilet 

flushing, and irrigation of athletic fields and landscaping purposes53. Using reclaimed water 

reduces the demand on lakes and therefore reduces a community’s vulnerability during a 

drought. Furthermore, it reduces the demand at drinking water treatment plants and thus 

                                                
50 “System Water Audits, Leak Detection and Repair.” Memorandum of Understanding Regarding Urban Water 

Conservation in California. December, 2008. p23.  

51 “Residential Water Use Summary.” AWWARF Residential End Uses of Water Study. Aquacraft, Inc. and AWWA, 

1999. (accessed December 2, 2009) http://www.aquacraft.com/Publications/resident.htm 

52 Ibid. 

53 “Reclaimed Water – Questions and Answers.” Orange Water and Sewer Authority, 2009. p2. (accessed on 

November 24, 2009) http://www.owasa.org/Documents/DocView.aspx?IDX=269  

http://www.aquacraft.com/Publications/resident.htm
http://www.owasa.org/Documents/DocView.aspx?IDX=269
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prolongs the need for expansion of existing water supplies and facilities. Basically reclaimed 

water is recycled through the system and dramatically reduces the need to expand withdrawals 

from a community’s drinking water supply for non-potable activities, thus preserving the 

drinking water supply for its original purpose.  

 Since OWASA, in collaboration with the University of North Carolina at Chapel Hill, 

has recently opened a reclaimed water treatment facility in order to deliver reclaimed water to 

the University, the Town has the opportunity to tap into this system without having to front 

the cost of construction of such a facility by itself. The reclaimed water treatment facility 

currently supplies water for use in the University’s cooling towers at its chiller plants and there 

are plans to expand the system for use in toilet flushing and irrigation needs on the campus. 

The Town could reduce its use of treated potable water by buying into the reclaimed water 

system and using this water to irrigate its parks and athletic fields, which were another big 

contributor to water use, and also for firefighting needs.  

 Reclaimed water has been in use throughout Florida, California and the arid southwest 

for many years. It is also in use in many other areas of North Carolina: Raleigh, Cary, Zebulon, 

Sanford, Johnston County and the Charlotte-Mecklenburg Utilities District all have reclaimed 

water systems54. 

 

Community-Wide Efforts 

 Although the aforementioned reduction strategies are targeted towards town buildings 

and operations in order to reduce the town’s GHG emissions associated with water and 

wastewater processing, now would be a perfect time for the Town to take an active role in 

educating its citizens and employees about the importance of water conservation. For the vast 

majority of municipalities, water and wastewater treatment fall under the Scope 1 category of 

GHG emissions because the municipality both owns and operates its water treatment plant. 

This means that efforts aimed at reducing Scope 1 emissions associated with water and 

wastewater treatment for the majority of municipalities directly results in reduced residential 

water consumption. As both the Town of Chapel Hill and the University of North Carolina at 

Chapel Hill take measures to reduce their carbon footprints, now would be a perfect 

opportunity for a partnership with OWASA to reduce the community’s overall carbon 

footprint. Whatever efforts the Town makes to reduce its water use will be small in 

comparison to the reductions that can be achieved if Chapel Hill, Carrboro and UNC 

collaborate with OWASA to set water prices that reflect the scarcity of water and the cost 

(both economic and environmental) of water treatment and wastewater processing. Yet water 

                                                
54 Ibid. p7. 
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rating will not be sufficient. Once prices have been set, these organizations have an obligation 

to educate the community and its employees about water resource limitations and how simple 

measures such as retrofitting appliances and fixtures in the household can result in enormous 

water savings. Whatever demand reduction strategy the Town chooses, it is imperative that it 

be coupled with education initiatives to ensure that consumers are aware of the importance of 

water conservation. 
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Transit  

 

  The impact of transit with regard to greenhouse gas emissions can be divided into two 

categories: emissions produced by transit and emissions displaced by transit.  From work done 

by previous capstone groups and other parties, the Town of Chapel Hill already has data on the 

annual emissions resulting from the transit system. These emissions, or debits, are largely due 

to mobile combustion from tailpipe emissions but also include stationary combustion from 

maintenance yards, stations, offices and other sources.  

In order to assess the overall carbon footprint of the Chapel Hill Transit System, we 

calculated the emissions displaced by this system, compared these credits to the emissions 

produced by transit, and then determined if Chapel Hill Transit has an overall net debit or 

credit for greenhouse gas emissions. These displaced emissions are considered optional Scope 3 

emissions according to the APTA Climate Change Standards Working Group, but they are 

strongly recommended in order to provide a more complete picture of the overall impact of 

transit.  

Displaced emissions can be broken down into three subcategories: mode shift to transit, 

congestion relief, and the land-use multiplier. The first subcategory (mode shift) accounts for 

avoided car trips due to the mode shift from private automobiles to transit. The second 

subcategory (congestion relief) deals with the benefits from reduced congestion.  More cars are 

taken off the road when people switch to public transportation, which results in the improved 

operation efficiency of the remaining private automobiles due to a reduction in stop-and-go 

traffic and idling time.  Finally, the last subcategory (land-use multiplier) accounts for the denser 

land-use patterns that transit enables, which results in shorter trips, more walking and cycling, 

and reduced private automobile use.  

Based on our findings, Chapel Hill Transit displaces an average of 5,518 metric tons of 

CO2 per year, but produces an average of 6,474 MTCDE through its operations. This leads to 

an average net deficit of 956 MTCDE per year. 

   

Methods 

              In order to calculate the displaced emissions from Chapel Hill Transit we followed the 

protocol set forth by the APTA Climate Change Standards Working Group in the 

Recommended Practice for Quantifying Greenhouse Gas Emissions from Transit, Chapters 6-855.  

 

                                                
55 APTA Climate Change Standards APTA Climate Change Standards Working Group in the Recommended 

Practice for Quantifying Greenhouse Gas Emissions from Transit. August 14th, 2009.  Chapters 6-8. 
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1.   Mode Shift to Transit  

  The mode shift to transit accounts for displaced emissions when commuters switch 

from driving private automobiles to taking public transit, therefore reducing private automobile 

travel.  The first step in the APTA recommended protocol to determine the effect of mode 

shift is to quantify passenger miles for the years of interest (2005-2008), as reported by Chapel 

Hill Transit.  It is then necessary to calculate the mode shift factor.  This factor represents the 

percent of transit passengers that would shift to a mode of transportation other than biking or 

walking if transit service were not available.  The mode shift factor was estimated through a 

survey-based approach using data from the Chapel Hill Transit Rider Survey conducted by the 

Spring 2009 UNC Environmental Capstone group. The following formula was used:  

 

Mode shift factor = % stating they would drive alone  

                         +% stating they would carpool / average carpool occupancy (2.5) 

                         +% stating they would drive a motorcycle or scooter   

   

                            Mode shift factor = 0.43 + 0.04/2.5 + 0.01 = 0.456 

 

    This formula was adapted slightly from that dictated in the APTA protocol.  The APTA 

protocol did not include the percent stating they would drive a motorcycle or scooter, but they 

suggested including the percent of people stating that someone else would drive them and the 

percent of people that would shift to taxi.  However, this information was not included on the 

Chapel Hill Transit Rider Survey, so we were not able to use it in our calculation. 

The mode shift factor of 0.456 was then multiplied by passenger miles for each year of 

interest to obtain a value for displaced private vehicle miles. Using the EPA national default 

value for fleet fuel economy of 20.2 miles per gallon, the displaced vehicle miles were converted 

to displaced gallons of fuel for each year. These values were then converted to CO2 emissions 

using 8.81 kg CO2/gallon. We then converted the kg to metric tons of CO2 emissions offset by 

dividing by 1,000. To calculate N2O emissions we used 0.0069 grams N2O/mile, and then used a 

conversion factor of 1 metric ton N2O to 310 metric tons MTCDE. To calculate CH4 emissions 

we used 0.0147 grams CH4/mile, and then used a conversion factor of 1 metric ton CH4 to 21 

MTCDE.  

 

Example calculations using 2005 values: 

 

CO2 emissions: 0.456 x 14,979,244 passenger miles = 6,830,535 displaced private auto miles 
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6,830,535 x 20.2 mpg = 338,145 gallons 

338,145 x 8.81 kg CO2/gallon = 2,979,060 kg CO2 

 

N2O emissions: 6,830,535 miles x 0.0069 g N2O/mile = 47,131 grams N2O = 0.047131 metric tons N2O 

0.047131 x 310 metric tons CO2 = 14.611 MTCDE 

 

CH4 emissions: 6,830,535 miles x 0.0147 g CH4/mile = 100,409 g = 0.10041 metric tons CH4 

0.10041 x 21 metric tons CO2 = 2.11 MTCDE 

 

 

Year CO2 emissions offset (metric tons) 

2005 2,996 

2006 3,080 

2007 3,094 

2008 3,098 

 

Table 4.1. CO2 emissions offset through mode shift to transit 

   

2.   Congestion Relief  

Congestion occurs when the quantity of vehicles on the road exceeds the capacity of 

the road or road network. As transit displaces vehicles from the road, congestion is relieved 

due to a reduced number of vehicles on the road, and the remaining vehicles experience 

increased efficiency by consuming less fuel in idling.  

The APTA recommended methodology for calculating congestion relief involves 

performing a regional modeling assessment.  However, the significant resources necessary to 

conduct this assessment were not available.  Instead, we used The Texas Transportation 

Institute's Urban Mobility Report, which estimates the amount of additional fuel that would be 

used if a transit system was no longer in operation.  The Urban Mobility Report contains specific 

data for 85 cities across the U.S56.  However, Chapel Hill was not included in this report, so 

based on APTA recommendations, we assumed that a city of similar size to Chapel Hill would 

save a similar amount of fuel per transit trip.  We included the population of Carrboro in 
                                                
56 Urban Mobility Report 2009.  David Schrank, Tim Lomax. Texas Transportation Institute, Texas A&M University 

System.  http://mobility.tamu.edu 
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Chapel Hill’s population total, as Chapel Hill Transit routes serve both towns.  Laredo, Texas 

was the smallest city included in the report, so we used its data for wasted fuel increase and 

annual unlinked passenger trips.  

 

Year 
Population of Laredo, Texas57 Population of Chapel 

Hill/Carrboro58 

2005 205,828 70,194 

2006 211,149 72,027 

2007 216,291 74,082 

2008 221,659 75,095 

 

Table 4.2: Populations of Laredo, TX and Chapel Hill, NC 

 

To calculate fuel saved from congestion relief, the first step was to divide the total 

excess fuel consumed in congestion for Laredo (1 million gallons) by the annual unlinked 

passenger trips for Laredo (4.4 million) to get a value of 0.227, which represents the fuel saved 

per trip. Since Laredo has a population approximately three times larger than that of Chapel 

Hill and Carrboro combined for each of the years 2005 through 2008, we divided this value by 

2.9 to obtain a fuel savings value that more accurately reflected the specific situation of Chapel 

Hill. This gave us a value of 0.078 for fuel saved per trip.  

To determine total annual fuel saved from transit, this value was then multiplied by 

ridership values for Chapel Hill Transit for each year of interest.  This result was then 

multiplied by the ratio of the calculated mode shift factor (0.456) and 0.8.  This was done to 

discount the Urban Mobility Report, since it uses a mode shift factor of 0.8 to calculate private 

auto fuel savings from public transit.  However, our mode shift factor incorporates regionally 

specific information to determine a transit passengers’ next-best alternate mode of 

transportation, so we must use it to adjust the Urban Mobility Report data. The result of this 

calculation gave the gallons of excess fuel consumed in congestion for each year. These values 

were converted from gallons to CO2 emissions offset in metric tons following the same 

conversion process used in the Mode Shift Factor procedure detailed above.  

                                                
57 United States Census Bureau.  November 20th, 2009.    

58 North Carolina State Demographer.  Jennifer Song.  December 10th, 2009.  
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Year CO2 emissions offset (metric tons) 

2005 2,585 

2006 2,230 

2007 2,318 

2008 2,671 

 

Table 4.3: CO2 emissions offset through congestion relief 

   

3.   Land-use Multiplier  

The land-use multiplier accounts for indirect effects of transit, such as reduced trip 

lengths, facilitation of bicycle and pedestrian travel, trip chaining, and impacts through reduced 

vehicle ownership. The APTA recommended methodology for calculating the land-use 

multiplier involves complex modeling procedures that are outside the means and scope of this 

project, so the default approach using national data was used. The calculation for this approach 

is as follows:  

   

Emissions reduction (metric tons per year) = transit passenger miles / avg. vehicle 

occupancy (default 1.39) x emissions per vehicle mile (default 0.436 kg) x 1.9 / 1,000 

   

However, the application of this formula is likely to vary considerably based on the land-

use characteristics of the region in question. Because of this, the land-use multiplier may not be 

appropriate for all areas.  While it is useful to know that there will be some benefits from the 

land-use multiplier, this value has low accuracy due to the fact that the methodology provided 

in the protocol is not entirely suitable for transit providers of this size in low-density suburban 

areas such as Chapel Hill. Pending feasibility of a locally specific analysis performed by the town, 

the land-use multiplier will not be included in the total transit credit values, though we will 

report the values in this document. 
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Year 
CO2 emissions offset (metric 

tons) 

2005 8,929 

2006 9,177 

2007 9,221 

2008 9,232 

          

Table 4.4: CO2 emissions offset through land-use multiplier 

 

Results  

Based on our calculations, the Chapel Hill Transit System displaces an average of 5,518 

metric tons of CO2 per year through mode shift and congestion relief.  However, it produces 

an average of 6,474 metric tons of CO2, leading to an average net deficit of 956 MTCDE per 

year.  However, it is possible that the recommended modeling procedures could show that the 

land-use multiplier displaces enough emissions so that the transit system produces an emissions 

credit, as opposed to an emissions deficit.  

 

Year 
CO2 emissions offset 

(metric tons) 

CO2 emissions produced 

(metric tons)59 

CO2 emissions deficit 

(metric tons) 

2005 5,581 6,095 (514) 

2006 5,310 6,296 (986) 

2007 5,412 6,687 (1,275) 

2008 5,769 6,818 (1,049) 

 

Table 4.5: Total CO2 emissions of Chapel Hill Transit System 

                                                
59 Dean, Nathan, Kelly Gillis, Alec Hoffman, Nick Holcomb, Aspen Price, Fennon Wisseh, and Sam Wurzelmann. 

Chapel Hill Transit Carbon Reduction Study: An Environmental Studies Capstone Project. Chapel Hill: 

University of North Carolina - Chapel Hill, 2008. 
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Conclusion 

 

Based on our analysis of some of the town’s Scope 3 emission sources, we found that in 

2008 the town indirectly contributed to the release of 2,190 MTCDE from employee 

commuting, solid waste, and wastewater treatment and distribution. Specifically, employee 

commuting contributed 2,067 MTCDE, wastewater treatment and distribution accounted for 

88 MTCDE, and solid waste emitted 33 MTCDE. Additionally, we measured the effect of the 

town’s transit system on Chapel Hill’s overall emissions. From that analysis, we found that 

Chapel Hill Transit actually contributes to the additional release of 1,049 MTCDE as compared 

to what the town would be emitting in the absence of a transit system.  

 Along with our measurements of Scope 3 sources, we also provided recommendations 

to the town as to how they could lessen their impact on each source. For employee 

commuting, our primary recommendation was to increase the feasibility and attractiveness of 

carpooling as an option for employees. This could be done by improving their at-work mobility 

by providing a Zipcar program and by helping to link up employees to those with similar 

schedules through innovative meet-and-greet programs. Likewise, solid waste emissions could 

be significantly reduced through a Pay-as-You-Go program, as well as a composting program for 

recyclable organic matter. For water and wastewater, the most feasible reduction strategy is to 

retrofit public housing and town buildings with more water efficient appliances and fixtures.  

Additionally, system-wide maintenance for leak detection, use of reclaimed water, and 

community-wide conservation programs are viable reduction strategies.   

To reduce overall emissions we recommend that the town streamlines data collection 

on Scope 3 emissions and continues to explore greenhouse gas reduction strategies for all 

town operations.  
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Appendix A: Solid Waste 

 

 
Table A1: 2005 Orange County Waste Sort Data  
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 Table A2: 2007-2008 data on components of recyclables in Orange County.  

 

 

Property Pickups / year 

Volume 

(yd3) Yds3/yr 

Proportion 

of total 

Town Hall/Fire Station #1 52 0.817 42.48 0.0195 

Community Center/ 

Parks & rec. 52 2 104 0.0477 

Fire Station #2 52 0.477 24.8 0.0114 

Fire Station #3 52 0.55 28.6 0.0131 

Fire Station #4 52 1.29 67.08 0.0308 

Fire Station #5 52 0.95 49.4 0.0227 

Housing Administration 52 0.34 18.7 0.0086 

Hargraves Center 104 2.4 249.6 0.1145 

Chapel Hill Library 52 1.6 83.2 0.0382 

Police Dept.  52 3 156 0.0716 

Public Works 104 7.2 748.8 0.3435 

Transit 104 3.2 332.8 0.1527 

Polic Substation 104 0.08987 9.34648 0.1259 
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Table A3: volume and pickup data for TOCH solid waste 

 

Material type % (from OC data) Short Tons 

Mixed/office Paper 27.2 23.177 

Magazines 2.4 2.045 

Newspaper 3.4 2.897 

Mixed plastics 20.2 17.212 

Food waste 23.7 20.195 

Mixed metals (non-ferrous and 

ferrous) 6.2 5.283 

Tires (rubber sub) 2.4 2.045 

Glass 4.5 3.835 

Wood (dimensional lumber) 1.1 0.937 

Brick/concrete/asphalt 1 0.852 

Yard trimmings 0.4 0.34084 

General MSW 7.5 6.391 

 

Table A4: Categories of waste and annual tonnages using Orange County data60 

 

 

Recyclables Adjusted for WARM % (from OC data)     Tonnages 

paper 42 14.1 

corrugated cardboard 10 3.36 

glass  14 4.7 

plastic  8 2.69 

metal cans (mixed metals) 8 2.69 

organics (food waste, animal bedding) 14 4.7 

Mixed Recyclables 4 1.34 

 

Table A5: Categories of recyclables and annual tonnages using Orange County waste data61 

                                                
60 The table above was compiled using the 2005 Orange County Waste Stream data in table A1. 

However, some categories were changed to better fit the WARM model.  
61 This table also required us to take some freedom with the categories in order to have 

suitable inputs for the WARM model.  
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Appendix B: Water Processing and Wastewater Treatment 

 

      Service          Electricity (MWh) 

  Potable Water    8,398 

   Wastewater   13,738 

 

Table B1: Electricity per Service 

 

 

 

Gas Electricity Factor (lbs CO2/MWh) Gas Factor (lbs CO2/MMBtu) 

CO2 1,146 53 

N2O 0.019 0.1 

CH4 0.029 5 

 

Table B2: Emission Factors 
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Appendix C: Transit  

 

 Ridership Passenger Miles 

2005 5,923,812 14,979,244 

2006 5,692,490 15,398,909 

2007 5,918,138 15,472,140 

2008 6,817,804 15,491,106 

 

Table C1: Transit ridership and passenger miles62
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
62

 "National Transit Database." National Transit Database. 

http://www.ntdprogram.gov/ntdprogram/cs?action=showRegionAgencies&region=4 (accessed September 10, 2009). 
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