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FOREWORD 

 

ά¢ƘŜ ǿƻǊƭŘ ƛǎ ŘǊƻǿƴƛƴƎ ƛƴ ƛƴŦƻǊƳŀǘƛƻƴ ōǳǘ ƛǎ ǎƭƻǿ ƛƴ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ƪƴƻǿƭŜŘƎŜΦ ¢ƘŜǊŜ ƛǎ ƴƻ ǎǳōǎǘƛǘǳǘŜ ŦƻǊ ƪƴƻǿƭŜŘƎŜέ 

         W. Edwards Deming 

"Measurement is the first step that leads to control and eventually to improvement. If you can't measure 

something, you can't understand it. If you can't understand it, you can't control it. If you can't control it, you can't 

improve it."        H. James Harrington 

 

ƴŦƻǊƳŀǘƛƻƴ ƻǾŜǊƭƻŀŘΦ  LǘΩǎ ǘƘŀǘ ŦŜŜƭƛƴƎ 

you get every time the newspaper prints 

a story on global warming.  The phrase 

άǎŎƛŜƴǘƛǎǘǎ ǇǊŜŘƛŎǘΧέ is invariably followed by a 

string of planetary catastrophes, with no mention of 

proactive solutions or reasons for hope.  Many of us 

eventually reach a threshold where additional 

information moves from motivating to paralyzing. 

But why do we feel so out of control?  One 

answer may be that we lack understanding ς the 

problem is monumental, the causes of global 

warming are literally invisible, and the scope of our 

individual impact seems vanishingly small.  We stare 

up from the base of an enormous mountain and balk 

because we can see no way of moving forward.   

Instead of succumbing to news-stand-panic, 

pŜǊƘŀǇǎ ƻǳǊ ŦƛǊǎǘ ǉǳŜǎǘƛƻƴ ǎƘƻǳƭŘ ōŜΣ άIƻǿ high is 

the peakΚέ  hƴƭȅ ŀŦǘŜǊ ǿŜ ƳŜŀǎǳǊŜ ǘƘŜ ƘŜƛƎƘǘ ŀƴŘ 

breadth of the challenge, and how each of us 

contributes, can we make progress toward 

ƻǾŜǊŎƻƳƛƴƎ ƛǘΦ  LǘΩǎ ǘƘŜ ƻƭŘ business ƳŀƴǘǊŀ ά¸ƻǳ 

ŎŀƴΩǘ ƳŀƴŀƎŜ ǿƘŀǘ ȅƻǳ ŎŀƴΩǘ ƳŜŀǎǳǊŜΦέ  9ŦŦŜŎǘƛǾŜ 

management has never been more critical, and so 

our measurements must rise to new standards. 

Some will argue that measurements waste 

time that we sorely lack, and that we should just get 

on with implementing solutions.  But this type of 

reasoning leads to rash and sometimes unfortunate 

policies and projects.  For example, some 

ǊŜǎŜŀǊŎƘŜǊǎ ōŜƭƛŜǾŜ ƻǳǊ ƴŀǘƛƻƴΩǎ άŎƻǊƴ ƛƴǘƻ ŜǘƘŀƴƻƭέ 

bill has both raised food prices and may 

inadvertently lead to increased greenhouse gas 

emissions
1
.  Time is of the essence, of course, but 

our decisions must be based in facts and data, not 

on good intentions, gut feelings, hearsay, rhetoric, 

political pressure, or public image.  Too often, these 

distractions obscure the most viable solutions, 

leaving critics with ample fodder against those who 

leapt before they looked. 

Thankfully, there is no need for delay in our 

efforts to retrieve and analyze high quality data.  

Engineers, scientists, financial analysts, and quality 

specialists in all areas of industry have developed 

tools for exploring a process or problem with 

statistics.  By adapting their methods and research 

to the current goal of reducing greenhouse gas 

emissions, we may be able to extract the knowledge 

tied up in all of our information. 

All data tells a story, and often, the more 

detailed data tells a richer and more nuanced story 

than can be gained from summary statistics.  This 

becomes critically important as we embark on our 

mission to describe the carbon footprint for an 

entire campus.  Were we only to examine our yearly 

emissions number, we would see trends over time 

that we may attribute to changes in population, 

revenue, or square footage.  When we look closer at 

individual emission sources, we might see more 

                                                                 
1
 Searchinger et al. 2008. Science 

29;319(5867):1238-40. 

I 
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subtle trends ς air travel emissions increasing at a 

faster pace than population growth, or small but 

significant decreases in electricity purchases in spite 

of building expansion.  These details give us hints 

about a process that was previously obscured in 

aggregate numbers. 

Now what happens when we look not by 

year, but by month?   Seasonal trends emerge and 

show us the underlying patterns - causes and effects 

- in the data.  And what if we look at weekly, daily, or 

hourly data?  Clearly, this higher level of precision 

allows the data-story to fully unfold with chapters, 

paragraphs, and words.  Rather than a synopsis, we 

have the beginnings of an entire novel.   

Interpretation is the stage at which many 

analysis efforts fall flat, particularly with large data 

sets.  Sometimes, we lack the tools to examine the 

data as a whole without summarizing, averaging, or 

aggregating.  So often, we wash away any meaning 

or trend by looking at what happens in general, 

instead of recognizing that the cause for concern or 

target for reduction may be found at the extremes.  

At other times, we have the tools for analysis, but no 

ǿŀȅ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŀǘ ǿŜΩǾŜ ŦƻǳƴŘΦ  ¢ƘŜ ǘǊŜƴŘ 

may be plain to even a casual observer, but the 

expert in the underlying process is not the one 

collecting and analyzing the data.  We allow a 

disconnect between the numbers and the process 

they were meant to describe. 

To solve these problems we need to apply 

cutting edge analysis tools and partner with the 

operators and stakeholders who own each process.  

These efforts will foster a creative environment in 

which we are able to identify and implement unique 

and effective greenhouse gas reduction strategies. 

And while our story begins in the data, it 

certainly ŘƻŜǎƴΩǘ ŜƴŘ ǘƘŜǊŜΦ  Lǘ Ƴǳǎǘ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ 

and shared with a wider campus and community 

audience.  We must make the abstract numbers into 

concrete, actionable feedback.  This may take the 

form of high-impact visualizations or policies that 

create meaningful incentives for energy savings.  As 

leaders striving toward a sustainable society, we 

become the interface between the observation and 

the call to action.  That translation must be both 

clear and compelling. 

In preparing the University of North 

Carolina at /ƘŀǇŜƭ IƛƭƭΩǎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ƛƴǾŜƴǘƻǊȅΣ 

we have strived at every stage to obtain the highest 

quality data available, and to understand the people 

and processes behind the numbers.  We have 

brokered partnerships with stakeholders across 

campus and the region, and invested in the tools 

that will allow us to extract the most value from our 

measurements.  There is so much more we can do, 

but already our efforts are paying off:  as we turn 

our attention to greenhouse gas mitigation 

strategies, we have a solid understanding of where 

we might reap the best return on our investment.  

Now, we turn this story over to the community, 

where new chapters may be added by anyone willing 

to imagine a future different from the one we read 

in the papers.  
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INTRODUCTION 

 

THE UNIVERSITYΩ{ /haaL¢¢a9b¢ 

s the first public university in 

the country, the University of 

North Carolina at Chapel Hill 

has long been committed to serving North 

Carolina and the nation as a center for 

education, research, and the arts.   Located on 

729 acres in the heart of Chapel Hill, the 

University is home to over 39,000 students, 

faculty and staff. 

In 2006, then-Chancellor James Moeser 

signed the American College and University 

Presidents Climate Commitment (ACUPCC), 2 

pledging UNC Chapel Hill to climate neutrality 

by mid-century.  This comprehensive 

greenhouse gas inventory and retrospective is 

offered in fulfillment of the reporting 

requirements outlined by the ACUPCC. 

ACCOUNTING PROTOCOL 

Because the practice of greenhouse gas 

accounting is in its relative infancy, numerous 

standards exist.  The leading methodology was 

developed in 2004 as a partnership between 

the World Resources Institute (WRI) and the 

World Business Council for Sustainable 

Development (WBCSD).3   The success and 

usefulness of their Greenhouse Gas Protocol is 

evidenced by its adaptation to protocols 

employed by the US Environmental Protection 

                                                                 
2
 http://www.presidentsclimatecommitment.org/ 

3
 http://www.ghgprotocol.org/ 

Agency (EPA) Climate Leaders Program,4 the 

International Standards Organization (ISO),5 and 

others with minor modifications. 

In an effort to comply with the 

ƛƴŘǳǎǘǊȅΩǎ ōŜǎǘ ǇǊŀŎǘƛŎŜǎΣ ŀƴŘ ǘƻ ǇǊŜǇŀǊŜ ŦƻǊ 

state or federal regulation, we have adhered to 

this WRI/WBCSD standard as closely as possible, 

taking guidance from EPA, ISO, and Climate 

Registry documentation where appropriate.  In 

some cases, the established protocols did not fit 

our process or infrastructure.  Where possible, 

we developed emission models to improve 

upon the recommended methodology.  These 

changes are described in their respective 

sections. 

BOUNDARY CONDITIONS 

Organizational Boundaries 

The first task in developing a 

greenhouse gas inventory is to define the limits 

of the organization.  As a university with 

programs that reach an international scale, it is 

important to explicitly define which aspects of 

our operations we will measure for a 

comprehensive inventory. 

Organizational boundaries for the 

UniversityΩǎ ŜƳƛǎǎƛƻƴ ƛƴǾŜƴǘƻǊȅ ǿƛƭƭ ōŜ ŘŜŦƛƴŜŘ 

by the Operational Control Approach.  

Operational Control will be determined by the 

                                                                 
4
 

http://www.epa.gov/climateleaders/resources/inve
ntory-guidance.html 
5
 ISO Standard 14064-1:2006 

A 

http://www.epa.gov/climateleaders/resources/


 8 

UniversityΩǎ ŀǳǘƘƻǊƛǘȅ ǘƻ ƛƴǘǊƻŘǳŎŜ ŀƴŘ 

ƛƳǇƭŜƳŜƴǘ ǇƻƭƛŎƛŜǎ ƎƻǾŜǊƴƛƴƎ ŀƴ ŜƴǘƛǘȅΩǎ 

activities, purchases or other operations.  This 

will include all operations centered in Chapel 

Hill, as well as owned and leased space across 

the state.   

Notably, emissions resulting from the 

operation of UNC Hospitals will be excluded 

from this inventory.  The hospitals are funded, 

operated, and managed as an entity separate 

from the University, and therefore the 

University has little ability to implement 

changes to hospital operations.  This is 

complicated by the fact that the two entities 

share space and infrastructure, but best effort 

has been given to transparently dividing the 

emission sources. 

For entities shared by UNC and the 

town of Chapel Hill, or state-owned entities that 

share UNC infrastructure but are not owned by 

the University, organizational boundaries will be 

defined by a financial control approach.  

Emissions will be divided proportionally 

between UNC and the sharing partner based on 

financial investment and control of the 

operation.  UNC will report emissions for all 

leased entities over which it exercises 

operational control and for which accurate fuel 

or energy use can be measured or estimated. 

Facilities 

The University owns, leases, or 

exercises operational control over more than 

650 buildings and spaces across campus and the 

ǊŜƎƛƻƴΦ   ! ƭƛǎǘ ƻŦ ŀƭƭ ƻŦ ¦b/Ωǎ ƻǿƴŜŘ ƻǊ ƭŜŀǎŜŘ 

facilities currently in use may be viewed at 

http://www.planroom.unc.edu/. 

 

Operational Boundaries 

Defining operational boundaries 

involves identifying all core-direct (Scope 1) and 

core-indirect (Scope 2) emissions sources per 

the WRI/WBCSD GHG Protocol.  Where credible 

and relevant data exists, and in compliance with 

the ACUPCC implementation guidelines, UNC 

will also report optional indirect emissions 

sources that arise as a function of its 

educational and business operations (Scope 3). 

In this inventory, UNC will report the 

production and release of the following 

greenhouse gases as regulated under the Kyoto 

Protocol: carbon dioxide (CO2), methane (CH4), 

nitrous oxide (N2O), hydrofluorocarbons (HFCs), 

and sulfur hexafluoride (SF6).  There are no 

known sources of the sixth category of Kyoto 

gases, the perfluorocarbons (PFCs), utilized in 

campus operations.  In this inventory, we have 

also chosen to include the emissions of 

chlorofluorocarbons (CFCs) and 

hydrochlorofluorocarbons (HCFCs) that are 

regulated under the Montreal Protocol and 

have been identified as greenhouse gases.  

Global warming potentials are taken from the 

IPCC Second Assessment Report (1995) where 

available to comply with international reporting 

standards. 

Emissions generally considered to be  

insignificant, or emissions where no credible 

reporting mechanisms can be devised, will be 

excluded with explanation.  All emissions are 

given in metric tons of carbon dioxide 

equivalent (MTCDE), to allow for comparison of 

ǘƘŜƛǊ ǊŜƭŀǘƛǾŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ¦b/Ωǎ ŎƭƛƳŀǘŜ 

impact. 

Scope 1 Emissions result from onsite 

fuel combustion (generators, boilers, etc), 



 9 

mobile emissions from university owned or 

leased vehicles, use of laboratory gases, and 

fugitive emissions from refrigeration equipment 

and electrical equipment. 

Scope 2 Emissions result exclusively 

from purchased electricity.  On main campus 

and most off-campus sites, this is provided by 

Duke Energy Corporation.  Off-campus locations 

may also be supplied by Piedmont Electric or 

Progress Energy.   

Scope 3 Emissions arise as the result of 

university operations, but are not under the 

direct control of the organization.  These 

include emissions resulting from daily 

commuter activity, air travel, solid waste 

management, landscaping, and wastewater 

treatment.  Also noted in Scope 3 are the 

emissions credits due to the sale of electricity, 

steam, and chilled water to UNC Hospitals, 

consistent with WRI/WBCSD reporting 

standards. 

 

Time Frame 

Because data quality varies by source 

and by year, we have chosen a reporting 

timeframe of 1998-2007 for this inventory.  In 

some cases, historical fuel and resource 

consumption data were unavailable for all 

reporting years, so attempts have been made to 

back-estimate the emissions based on recent 

trends.  These instances will be noted in the 

methods section. 

Uncertainty 

The estimation of greenhouse gas 

emissions is inherently uncertain, particularly in 

the cases where direct measurements are 

impossible or unfeasible.  For this reason, we 

have chosen to focus our efforts on improving 

data capture and calculation methodologies, 

rather than trying to estimate uncertainty.  By 

improving the inventory accounting standards 

each year, we will improve our ability to 

understand and control the sources of 

greenhouse gas emissions. 
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RESULTS 

Table 1.   2007 Greenhouse Gas emissions by Scope, Source, and Gas 

All numbers are rounded to the nearest Metric Ton of Carbon Dioxide Equivalent (MTCDE)

Source CO2 CH4 N2O HFC,CFC,HCFC SF6 Subtotal 

Scope 1 282,201 64 48,053 5,476 732 336,526 

STATIONARY COMBUSTION       

Blackstart Generators 546 1 2   549 

Combined Heat and Power 273,050 59 47,826   320,935 

Emergency Generators 37 - -   37 

Individual Building Boilers 5,107 2 36   5,145 

FUGITIVE EMISSIONS       

Water Chillers    2,952  2,952 

HVAC    2,524  2,524 

Laboratory Gases 167  177   344 

Electrical Switchgear     732 732 

MOBILE COMBUSTION       

Vehicle Fleet 3,294 2 12   3,308 

Scope 2 194,971 5,384 3,528   203,883 

PURCHASED ELECTRICITY       

Duke Energy - Main Campus 186,666 5,156 3,378   195,200 

Duke Energy - Off Campus 8,091 223 146   8,460 

Piedmont Electric 3 - -   3 

Progress Energy 211 5 4   220 

Scope3 (15,026) 252 (7,166)   (21,940) 

COMMUTING       

Mass Transit 4,677 - 5   4,682 

Employee Commute 19,581 19 56   19,656 

Student Commute 9,738 10 28   9,776 

ENERGY SALES       

Hospital Chilled Water (389) - (424)   (813) 

Hospital Electricity (35,632) (18) (1,638)   (37,288) 

Hospital Steam (28,677) (7) (5,219)   (33,903) 

SOLID WASTE       

Compost  (527)    (527) 

Landfill  9,235    9,235 

Recycling  (8,460)    (8,445) 

OTHER       

Air Travel 15,673     15,673 

Landscaping 3  26   29 

GRAND TOTALS 462,146 5,700 44,415 5,476 732 518,469 
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DISCUSSION 

The Big Picture 

 

he University 

of North 

Carolina at 

Chapel Hill has grown 

extensively over the last ten 

years.  Increases in total 

population and research 

grant money led to an 

aggressive growth plan for 

building and utility 

infrastructure (Figure 1).  

Since 2000, the University 

has added over four million 

square feet of new 

construction, pushing the 

total past 17 million.  This 

trend promises to continue with expanded 

course offerings, a growing student body, and 

the planned addition of Carolina North, a 

satellite campus that will host new classrooms, 

labs, and living space. 

 Greenhouse gas (GHG) emissions for 

the University have also grown slowly but 

steadily over the last ten years.  The 1998 

emissions of just over 400,000 metric tons of 

carbon dioxide equivalent (MTCDE) have 

gradually grown to the most recent estimates of 

over 500,000 MTCDE.  Some of this increase 

may be an artifact of more robust data capture 

and analysis in the most recent  inventory years, 

but there is little question  that campus and 

population growth are fueling increased 

greenhouse gas emissions.   

The World Resources Institute and 

World Business Council for Sustainable 

Development (WRI/WBCSD) categorize GHG 

emissions into three 

ŘƛŦŦŜǊŜƴǘ ά{ŎƻǇŜǎέ 

representing the entity 

directly responsible for 

that emission.  Scope 1 

emissions are the direct 

results of campus 

operation.  Any time 

fossil fuels are burned 

as part of those 

T 

Table 2. UNC By The Numbers 1998 2007 Change 
Greenhouse Gas Emissions (MTCDE) 404,982  518,469  28.0% 

Students (Full Time Equivalent ς FTE)  21,939  25,895 16.8% 

Emissions Per  FTE Student 18.5 20.0 8.1% 

Campus Population 33,857  39,669 17.2% 

Emissions Per Capita 12.0 13.1 9.1% 

Gross Square Footage (Million square feet) 12.1 17.5 49.6% 

Total Emissions/ 1,000 Sq.Ft. 33.5 29.6 -11.6% 

Building Energy Emissions/1,000 Sq.Ft. 30.4 26.2 -13.8% 

0

2

4

6

8

10

12

14

16

18

20

0

10

20

30

40

50

60

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

M
ill

io
n

 S
q

u
a

re
 F

e
e

t

P
o

p
u

la
tio

n
 in

 T
h

o
u

sa
n

d
s

Full TimeStudents

Employees

Gross Square Footage

Part-TimeStudents

Figure 1. Population and Building Growth over Time 



 12 

operations, for example, we record the 

greenhouse gas emissions under Scope 1. 

Scope 2 emissions are those for which 

the University is indirectly responsible, including 

electricity purchases.  Though we do not 

directly burn the fuels used to produce this 

electricity on campus, we are responsible for 

how much electricity we use to power our 

operations.  By dividing emissions into separate 

scopes, UNC and other entities around the 

region may prepare our greenhouse gas 

inventories without fear of inflating the state or 

national totals by double-counting the same 

emissions. 

 Scope 3 emissions are an indirect result 

of our operations, and in most cases, the 

University has only limited control over these 

sources.  They typically involve the work-related 

activities of employees and students and the 

lifecycle costs of material use.  Sources such as 

air travel and employee commuting fall under 

Scope 3. 

The lines in Figure 2 show how the 

emissions from each scope contribute to the 

total greenhouse gas eƳƛǎǎƛƻƴǎΣ ƻǊ άŎŀǊōƻƴ 

footprint,έ ƻŦ the UniversityΦ  LǘΩǎ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ 

note that Scope 1 emissions have remained 

relatively stable over the last ten years, even 

decreasing slightly since 2005.  This is likely due 

to the fact that the size and output of campus 

energy systems such as the cogeneration plant 

have remained steady or improved their 

efficiency over the years.  The stable or 

downward trend of the Scope 1 line is 

dominated by changes in these large energy 

suppliers.  

 This άflatέ emission trend for Scope 1 

does not, however, ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ŎŀƳǇǳǎΩǎ 

energy needs have also remained constant.  On 

the contrary, the campus is growing and with it 
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the need for heating, cooling and electricity.  

The difference between on-campus supply and 

building demand is met by the Scope 2 

emissions from purchased electricity, which 

have increased at almost the same rate that 

Scope 1 emissions have decreased.  With finite 

on-campus production capacity, growth in 

demand must be met by these external sources. 

 Scope 3 emissions appear as a net 

negative due to the sale of steam, electricity, 

and chilled water to UNC Hospitals.  Since the 

University is not responsible for the 

consumption of these energy resources, their 

associated greenhouse gas emissions transfer 

with the sale and are recorded in the 

UniversityΩǎ ōŀƭŀƴŎŜ ǎƘŜŜǘ ŀǎ ŀ ŎŀǊōƻƴ ŀǎǎŜǘΦ  

They appear in Scope 3 to prevent double 

counting as data are aggregated. 

 Carbon dioxide is the principle 

ŎƻƳǇƻƴŜƴǘ ƻŦ ¦b/Ωǎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎΣ 

making up about 89% of the total.  Another 9% 

of the emissions come from nitrous oxide and 

the remaining 2% is made up of methane and 

the fugitive release of sulfur hexafluoride and 

various refrigerants. 

 Because the University is growing, it is 

helpful to normalize greenhouse gas emissions 

to other statistics to determine the emissions 

intensity of campus operations (Table 2.).  The 

population emission intensity, in metric tons 

per capita, appears to be growing.  In 2007, 

emissions per person reached 13 metric tons 

per year, a 9% increase over 1998.  Emissions 

per full time student, a metric useful in 

comparison with other institutions, rose from 

18.5 to 20 MTCDE over the same period.  

Because the energy infrastructure on campus 

has remained stable or even improved, it is 

likely that these changes represent increased 

demand for energy in buildings and for 

transportation. 

 

 

 

STRAIGHT TO THE SOURCE 

 

nderstanding emission 

ά{ŎƻǇŜǎέ ƛǎ ƘŜƭǇŦǳƭ ŦƻǊ ŀŎŎǳǊŀǘŜ 

carbon accounting, but there is 

more to be learned by examining the 

infrastructure and processes that actually lead 

to greenhouse gas release (Figure 3).  The two 

largest emission sources for UNC Chapel Hill are 

the cogeneration plant and the electricity 

purchased from the local grid.     Because of 

their relative magnitudes, these sources were 

investigated and documented with the highest 

degree of sophistication available, under the 

guidance of the engineers, administrators and 

operators who manage these energy systems 

every day.  By shariƴƎ ǿƘŀǘ ǿŜΩǾŜ ƭŜŀǊƴŜŘΣ ǿŜ 

hope to advance the scholarship on carbon 

accounting, and in partnership with our peers, 

to identify more robust methods for measuring 

and managing greenhouse gas emissions. 

U 
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 Notes on Cogeneration 

 ¢ƘŜ ŎƻƎŜƴŜǊŀǘƛƻƴ ǇƭŀƴǘΩǎ primary fuel is 

bituminous coal, mined from the mid-

Appalachian region.  Due to strict air quality 

standards, the coal is obtained under contract 

from individual mines recognized for the purity 

of the coal they produce.  In addition, extensive 

chemical testing is conducted on each 

shipment, including measurements of the heat, 

ash, and moisture content per ton.  

Sophisticated control and monitoring systems 

maintain constant records of plant operation 

and ensure that it meets stringent 

environmental and emission standards. 

 Carbon dioxide emissions from the 

combustion of coal and natural gas in the 

ǇƭŀƴǘΩǎ ōƻƛƭŜǊǎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ 83% of its 

greenhouse gas emissions in 2007.  Another 2% 

came from the addition of pulverized limestone 

to prevent the release of sulfur dioxide, a 

leading cause of acid rain.  Calcium carbonate in 

the limestone reacts with sulfur dioxide to form 

calcium sulfate which is removed with the coal 

ash and carbon dioxide which is emitted from 

the stack. 

 Another emissions control technology 

had surprising consequences for the 

UniversityΩǎ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ.  Circulating 

fluidized bed (CFB) boilers are employed at the 

plant because their lower combustion 

temperatures limit the formation of nitrogen 

oxides (NO and NO2), another contributor to 

acid rain.  Unexpectedly, EPA documentation 

states that combustion at lower temperatures 

actually contributes to the formation of nitrous 
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Figure 3. GHG Emissions by Source 
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oxide (N2O), a greenhouse gas6 .  The EPA 

emission factor for circulating fluidized bed 

boilers stands at 61.1 grams of N2O per million 

BTU of fuel burned in the CFB - more than two 

orders of magnitude higher than for other coal 

boiler technologies.  With a global warming 

potential 310 times that of carbon dioxide, even 

a small amount of nitrous oxide can have a 

large impact on the overall emissions profile. 

 Though the current AP-42 emission 

faŎǘƻǊ Ƙŀǎ ŀ ά.έ ǊŀǘƛƴƎΣ ǘƘŜ ƳŜǘƘƻŘǎ used to 

measure nitrous oxide release from the stack 

have been questioned.7,8 It was found that 

nitrous oxide could form inside sample vessels 

as they sat in storage, challenging the validity of 

some measurements.  Because nitrous oxide 

ultimately accounted for 15% of the emissions 

from cogeneration in 2007, we feel it will be 

critical to verify or refute these published 

factors through empirical emissions testing on 

our own boilers. 

The Great Divide 

 In order to facilitate more granular 

analysis of greenhouse gas emissions by 

individual departments, buildings, or groups on 

campus, it was necessary to develop emission 

factors specific to our campus energy grid.  

Estimating the emissions from a stationary 

boiler is relatively simple, but it is a 

philosophical and engineering challenge to 

                                                                 
6
 AP 42, Fifth Edition, Volume I, Chapter 1: External 

Combustion Sources, Section 1.1.3.9. 
7
 "Nitrous Oxide Emissions from Fossil Fuel 

Combustion," W.P. Linak, J.A. McSorley, R.E. Hall, 
J.V. Ryan, R.K. Srivastava, J.O.L. Wendt, and J.B. 
Mereb, Journal of Geophysical Research, V. 95, No. 
D6, pp. 7533-7541, 1990. 
8
 "Nitrous Oxide Behavior in the Atmosphere, and in 

Combustion and Industrial Systems," J.C. Kramlich 
and W.P. Linak, Progress in Energy and Combustion 
Science, V. 20, pp. 149-202, 1994. 

divide those emissions among two energy 

streams that are generated simultaneously 

from the same fuel. 

 Many methods have been proposed for 

dividing carbon between the steam and 

electricity produced by cogeneration.  The 

WRI/WBCSD, EPA, and Climate Registry 

protocols suggest that the carbon be divided 

based on the relative efficiencies of separate 

steam and electric generation.  We felt that this 

method did not accurately describe the 

efficiency of a cogeneration system, and so 

sought to develop a method for apportioning 

greenhouse gas emissions that more closely 

mirrored the energy flow through an extraction 

turbine. 

 This method depends on the concept of 

άŜƳōƻŘƛŜŘ ŜƴŜǊƎȅΣέ ŀƴŘ ƛǘǎ Ŏƻunterpart 

Figure 4. Cogeneration Model 
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άŜƳōƻŘƛŜŘ ŎŀǊōƻƴΦέ  ±ŜǊȅ ǎƛƳǇƭȅΣ ǘƘŜ ŜƴŜǊƎȅ ƻǊ 

carbon emissions used in creating a product are 

άŜƳōƻŘƛŜŘέ ƛƴ ǘƘŀǘ Ŧƛƴŀƭ product.  In the 

cogeneration plant, chemical energy in the fuel 

is converted to heat and electrical energy, and 

so the carbon in the fuel becomes embodied in 

the heat and electricity products.  Moreover, 

the division of carbon should proportionately 

follow the division of energy. 

Understanding this division requires a 

conceptual trip through the cogeneration 

process (Figure 4).  First, fuel burned in the 

combustion chamber is used to boil water, 

forcing high-pressure steam through the main 

header on its way to the turbine that will 

generate electricity.  Since all the energy 

present in the fuel has been spent to bring 

steam to this main header, all of the 

greenhouse gas emissions are now embodied in 

that high energy product. 

 After passing through the main header, 

steam enters the turbine, an exceptionally 

efficient machine that converts heat present in 

the steam into electricity.  Every kilowatt hour 

produced by the generator consumes 

approximately 3,412 BTUs of heat that was 

present in the steam, and conceptually, a 

proportion of the greenhouse gas emissions are 

άǘǊŀƴǎŦŜǊǊŜŘέ ŦǊƻƳ ǎǘŜŀƳ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦ  9ŀŎƘ 

kilowatt hour now embodies a portion of the 

greenhouse gas emissions from burning the 

original fuel.   

There are additional losses in this 

process, as no energy conversion is perfectly 

ŜŦŦƛŎƛŜƴǘΦ  ²ŜΩǾŜ ŜǎǘƛƳŀǘŜŘ ǘƘŜǎŜ ƭƻǎǎŜǎ ŀǘ ŀ 

conservative 5% for our system and attributed 

that embodied carbon to the electrical side of 

the equation.  Finally, a portion of the steam 

leaves the turbine at insufficient quality for 

usage on campus, and so it is rejected to the 

environment through cooling towers - an 

energy loss also attributed to electrical 

generation. 

 All told, approximately 80% of the 

energy arriving at the main header is sent to 

campus as steam for heating, sterilization, and 

other processes.  The other 20% is used in the 

production of electricity.  Greenhouse gas 

emissions are divided by these same 

proportions, representing the embodied carbon 

in each energy product.  Each year, records of 

plant operation can be used to divide the 

energy and carbon for campus specific emission 

factors. 

It must be noted that not all entities 

have access to this level of data granularity, and 

so the other recommended methods for 

estimating the carbon intensity of cogeneration 

may be useful.  We feel that this embodied 

carbon model is more descriptive of our 

cogeneration process, and could inform 

decision making on plant operations. 

 

The Electrical Average 

 Emissions from purchased electricity 

accounted for over ор҈ ƻŦ ¦b/Ωǎ ƎǊŜŜƴƘƻǳǎŜ 

gas emissions in 2007.  Because North Carolina 

operates under a state-regulated utility 

structure, all of the grid-supplied electricity on 

main campus is generated by Duke Energy 

Corporation.  aŜƳōŜǊǎ ƻŦ ¦b/Ωǎ 9ƴŜǊƎȅ 

Services Department partnered with 

representatives and engineers from Duke 

Table 3. 2007 Campus Emission Factors (kg CO2 Eq.) 

Electricity 0.54 kg/kWh 

Steam 0.18 kg/lb 

Chilled Water 0.59 kg/Ton-Hr 
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Energy to understand and assess their energy 

infrastructure and carbon accounting 

methodologies. 

 In the North and South Carolina region, 

Duke Energy operates a fleet of coal and 

nuclear power plants, with limited amounts of 

hydroelectric capacity and gas fired plants that 

meet peak demand.  According to company 

representatives, the amount of power they 

purchase from outside their grid for resale to 

customers is negligible.  For this reason, we 

were able to use the yearly emission factors 

supplied directly by Duke Energy rather than 

employing regional estimates from eGRID data9. 

 While the specificity and transparency 

of these factors is enviable, the concept of using 

emission factors that represent a blended 

average of all electrical generation was the 

subject of some debate.  Carbon accounting 

standards encourage using the average of 

emission rates for all the generation plants in 

the region because once pooled on the grid, it is 

impossible to tell where a purchased kilowatt 

hour originated.  While conceptually satisfying 

on one level, average emission rates may 

muddle decision making when it comes to 

carbon mitigation strategies. 

 As a simplified example, assume that 

the regional grid is supplied by two power 

plants ς one coal and one nuclear.   The 

emission rate for a typical coal fired power 

plant is approximately 1 metric ton of CO2 

equivalent per megawatt hour (MWh).  A 

nuclear plant, of course, has an emission rate of 

0 MTCDE/MWh.  Thus, if the two plants have 

equal electrical output, the average emission 

rate for the grid will be 0.5 MTCDE/MWh.   If a 

                                                                 
9
 http://www.epa.gov/cleanenergy/energy-

resources/egrid/index.html 

campus purchases 100 MWh in a year, the 

average emission rate yields a carbon footprint 

of 50 MTCDE (Figure 5). 

 This simple picture is sufficient until we 

consider the way that individual power plants 

on the grid are actually managed, placing as 

much load as possible on the least expensive 

production.  ¢Ƙƛǎ ƛǎ ŎŀƭƭŜŘ άōŀǎŜ ƭƻŀŘƛƴƎΣέ ŀƴŘ ƛǎ 

a strategy typically employed with nuclear 

power plants and some forms of renewable 

energy because the cost of fuel and operation 

are comparatively low.  Because coal, oil, and 

natural gas are more costly, fossil fuel burning 

plants are often scaled, increasing their output 

when demand on the grid increases. 

 Back in our imaginary two-plant system, 

we set the nuclear plant to run at maximum 

capacity all the time and scale the coal plant to 

meet demand.  Thus, the average emission 

factor at any given moment ranges between 0 

and 0.5 MTCDE/MWh, depending on demand.  

Now suppose you turn on the air conditioner at 

home and add 1 kW of demand to the grid for 

an hour.  The coal power plant alone must 

increase its fuel usage to meet that demand, 

because the nuclear plant is already at its 

maximum capacity.  If the coal plant burns more 

coal to supply that kWh to your home, does 

Figure 5. GHG Emission from Electricity Purchases 


