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Summary

A New Direction
In 2007, the University of North 

Carolina at Chapel Hill committed to 
achieving climate neutrality by mid-
century, reducing its greenhouse gas 
emissions to zero through renewable 
energy, alternative transportation, 
and efficiency programs.  Now, in 
the third year of its commitment, the 
University has turned a very impor-
tant corner by realizing its first year of 
greenhouse gas reductions since the 
program began.

The turn was sharp; emissions in 
2009 were twenty percent lower than 
the previous year, reflecting the com-
pounding effects of internal efficiency 
programs and external market influ-
ences.  The biggest factors, outlined 
in these pages, fall into three broad 
categories: economic, scientific, and 
programmatic.

Energy Economy
As 2009 revealed the depth and 

breadth of an international economic 
collapse, energy markets also took 
a surprising turn.  Gasoline prices 
that had ratcheted up for months fi-
nally gave motorists some relief at the 
pumps.  Natural gas and electricity 

demand dipped due to a flagging in-
dustrial sector, causing prices to follow.

Taken together, these changes in en-
ergy pricing allowed University staff to 
explore alternative strategies for heat-
ing, cooling, and powering an eighteen 
million square foot campus.  Tons of 
coal were replaced by cubic feet of nat-
ural gas at half the carbon emissions for 
an equivalent output of heat.  Electric-
ity purchased from the grid also had a 
lower carbon impact - a greater propor-
tion having been generated by nuclear, 
hydroelectric, and renewables.

At the same time, state budget cuts 
drove a team of building energy tech-
nicians to seek out efficiency improve-
ments in campus buildings.  Their 
efforts to implement low-cost and 
no-cost solutions saved 15,000 met-
ric tons of carbon dioxide equivalent 
(MTCDE) in just five months, as well 
as over $1 million.  

Taken together, these economic 
factors, and the University staff that 
responded to the constantly shifting 
landscape, drove fully half of the emis-
sion reduction observed in 2009.

Accounting Evolves
Carbon accounting is a relatively 

young field, with most corporate ac-
counting standards emerging within 
the last five years.  It should come 
as no surprise, then, that the met-
rics and methods organizations use 
to tally their global carbon footprint 
are evolving rapidly.

This evolution shouldn’t be sur-
prising, but it can have a dramatic 
impact on the emissions an organi-

zation reports even when their opera-
tions and activities remain constant.

Case in point: while the amount of 
waste the University sends to its re-
gional landfill decreased in 2009, re-
ported emissions of the greenhouse gas 
methane doubled.  The reason?  The 
Environmental Protection Agency re-
leased new estimates of how much 
methane  each ton of waste emits when 
sent to a landfill, so reported emissions 
increased.  In these cases, emission to-
tals don’t track with operational im-
provements.

A similar situation arose in 2009 
when the EPA released its Greenhouse 
Gas Reporting Rule.  Previous pub-
lished factors for nitrous oxide emis-
sions from the University’s coal-fired 
boilers were not supported by extensive 
testing.  Newer factors recommended 
by the EPA are fully 97 percent lower 
than previous estimates,   immediately 
slashing the campus carbon footprint 
by 50,000 tons.

Looking Ahead
The successes of 2009 did not oc-

cur by chance, but are the result of each 
member of the campus community 
contributing time, expertise, and talent 
to reducing energy use and greenhouse 
gas emissions while optimizing on 
cost.  It is their work, through the de-
velopment of the Climate Action Plan, 
Commuter Alternatives Program,  sus-
tainability outreach and education, en-
ergy management, and countless other 
efforts that will help the University to 
achieve its goal of climate neutrality.

The following pages provide further 
data and insight into those efforts, and 
the trends in energy use, transportation, 
and behavior that make up the campus 
carbon footprint.
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Emissions Over Time
In 2009, greenhouse gas emissions on 

campus decreased significantly from previ-
ous years, dropping by almost 120,000 met-
ric tons of carbon dioxide equivalent.  This 
returned emissions to near 2003 levels, and 
lies below the University’s emission reduc-
tion target.

Emissions by Demand
Building energy, which contributed 

about 85% of campus emissions in 2008, 
showed a dramatic decrease in 2009 due 
to updates in boiler emission factors, lower 
prices for natural gas, cleaner grid elec-
tricity, and a successful energy efficiency 
program.  Increases in waste management 
emissions reflect a doubling of the EPA 
emission factor for landfilled waste, while 
fugitive emissions from chillers decreased 
to pre-2008 levels.

By the Numbers
Campus growth slowed in 2009 as a ten-

year capital campaign came to an end.  At 
the same time, dramatic decreases in green-
house gas emissions drove improvements 
in key metrics like emissions per full-time 
student and emissions per 1,000 square feet 
of building space.
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Key Figures 2008 2009 Change

Greenhouse Gas Emissions (MTCDE) 568,533 452,272 -20.4%

Full-Time Equivalent (FTE) Students 26353 26707 1.3%

Emissions per FTE 21.6 16.9 -21.5%

Campus Population 40,649 41,120 1.2%

Emissions per Capita 14.0 11.0 -21.4%

Gross Square Footage (Million Sq.Ft.) 18.5 18.6 0.9%

Total Emissions/1,000 Sq.Ft. 30.8 24.6 -21.1%

Building Energy Emissions/1,000 Sq.Ft. 26.5 20.2 -24.1%

O
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Source CO2 CH4 N2O
HFCs/
CFCs* SF6 Subtotal

Scope 1  277,921  20  1,498  3,978  2,393  285,810 

Stationary Combustion

Blackstart Generators  33  -    -    33 

Individual Building Boilers  6,072  2  43  6,117 

Cameron Cogeneration Plant  258,150  12  1,316  259,478 

Emergency Generators  136  -    -    136 

Manning Steam Plant  11,180  5  8  11,193 

Fugitive Emissions

HVAC  2,082  2,082 

Laboratory Gases  316  115  431 

Water Chillers  1,896  1,896 

Electrical Switchgear  2,393  2,393 

Mobile Combustion

Vehicle Fleet  2,034  1  16  2,051 

Scope 2  169,979  116  1,125  171,220 

Purchased Electricity

Duke Energy  169,650  116  1,123  170,889 

Piedmont Electric  1  -    -    1 

Progress Energy  328  -    2  330 

Scope 3  (16,276)  11,816  (298)  (4,758)

Commuting

Mass Transit  7,435  -    6  7,441 

Employee Commute  19,241  17  51  19,309 

Student Commute  10,960  10  29  10,999 

Energy Sales

Hospital Chilled Water  (286)  -    (2)  (288)

Hospital Electricity  (37,456)  (19)  (232)  (37,707)

Hospital Steam  (34,387)  (2)  (167)  (34,556)

Solid Waste

Compost  (459)  (459)

Landfill  18,178  18,178 

Recycling  (5,909)  (5,909)

Other

Air Travel  18,215  18,215 

Landscaping  2  17  19 

Grand Totals  431,624  11,952  2,325  3,978  2,393  452,272 

Emissions by Source

* Hydrofluorocarbons and Chlorofluorocarbons

All values in metric tons of carbon dioxide equivalent (MTCDE)
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Energy Supply and 
Generation

Fuel Mix
The economic downturn of 2008 had 

significant effects on the University’s 
2009 carbon footprint.  Lower natural 
gas prices made it financially possible 
to burn natural gas instead of coal at 
the Cameron Cogeneration Plant and 
the Manning Steam Plant for a brief 
period.  At roughly half the carbon 
emissions per unit of heat, switching 
from coal to natural gas is a viable car-
bon reduction strategy when market 
prices for the two fuels are comparable.

Boiler Emission Factors
As the science and policy of climate 

change evolve, so do the methods and 
metrics organizations use to track their 
carbon footprints.  Emission factors, 
the multiplier constants used to convert 
tons of coal into tons of carbon dioxide 
(CO2), nitrous oxide (N2O), or meth-
ane (CH4), are subject to change as new 
measurements and data become avail-
able.  Unfortunately, minor changes to 
an emission factor can have large ef-
fects on reported greenhouse gas emis-
sions and mask the underlying trends 
in energy consumption.

The University’s previous green-
house gas inventories used factors from 
the EPA’s AP-42 Compilation of Air 
Pollutant Emission Factors, but the 
Greenhouse Gas Reporting Rule pro-
mulgated by the EPA in 2009 uses a sig-
nificantly different factor for N2O from 
coal fired boilers.  This factor change 
results in a much smaller amount of re-
portable N2O and accounts for a nine 
percent decrease in the campus carbon 
footprint.

The Cameron Cogeneration Facil-
ity on UNC’s campus utilizes a pair of 
circulating fluidized bed (CFB) boilers 
with coal as their primary fuel source.  
The emission factors for this type of 
boiler listed in the AP-42 documen-
tation have a low rating of “D” due to 
an insufficient sample size (for more 
information see UNC’s 2007 Green-
house Gas Inventory.) As the best data 
available at the time, the University 
used those AP-42 factors in its emis-
sion inventories from 2000 to 2008.  

Now, evidence from boiler emission 
tests supports the new, lower factors 
published by the EPA.  During test-
ing at the Cameron facility in August 
2010,  engineers found that measured 
carbon monoxide (CO) levels were sig-
nificantly lower than the AP-42 factor 
for CFBs, and N2O emissions tend to 
closely track CO emissions as the two 
combustion by-products form under 
similar thermal conditions.

Direct testing of N2O will occur in 
early 2011, and moving forward, the 
University will adhere to  the EPA’s Re-
porting Rule.  Because of this change, 
the campus carbon forecast (“Emis-
sions Over Time,” p.3) was updated to 
reflect the new lower emission factor 
for nitrous oxide.

Grid Electricity
The University’s demand for grid-

purchased electricity continued to grow 
in 2009, yet surprisingly, greenhouse 
gas emissions for this category went 
down.  Demand increased due to three 
primary factors: 

Analysis
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Leaner and Cleaner
Campus energy consumption de-

creased overall in 2009, with a greater 
proportion of that energy coming 
from purchased electricity and natu-
ral gas burned in the Cameron Co-
generation Plant and the Manning 
Steam Plant.  A decrease in coal com-
bustion helped to reduce the campus 
carbon footprint.
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Conservation

Efficiency improvements and carbon 
reduction strategies were not limited to 
the supply side of the energy equation; 
the University also reduced its demand 
for energy in campus buildings.

Energy Policy
In 2009, Chancellor Holden Thorp 

signed a comprehensive Energy Policy 
that outlined conservation practices 
and standards for the entire campus 
community.  The policy established 
temperature and occupancy standards, 
efficient purchasing guidelines, and 
recommendations for new construction 
and renovation.  The policy also created 
a central e-mail address for faculty, staff, 
and students to share their ideas for en-
ergy efficiency projects, marking a clear 
path for continuous improvement.

Energy Conservation Measures
As a public University, UNC Cha-

pel Hill is dependent on state appro-
priations for funding its programs and 

operations, but budget cuts for state 
institutions left the University with a 
significant deficit.  Staff in the Energy 
Management department of Facilities 
Services looked to building energy ef-
ficiency as a way to both meet the Uni-
versity’s climate commitment to bridge 
the budget gap by reducing utility costs.

The energy management team iden-
tified seven energy conservation mea-
sures (ECMs) and building control 
strategies that could be completed 
with little or no capital costs to save 
energy, carbon, and money in campus 
buildings.  Their efforts from August 
through December 2009 saved an es-
timated 15,000 MTCDE, or over two 
percent of net campus emissions in 
2008.  Importantly, the same strategies 
resulted in an avoided cost of over $1.2 
million in just five months!

The ECM project was continued 
and expanded throughout 2010.  At the 
time of this writing, the program boasts 
an emission reduction of over 40,000 
MTCDE and an avoided cost of over 
$4 million.

1. Continued expansion of the 
built environment, population, and 
programs;

 2. Lower electricity prices caused 
by a weak economy; and 

3. An inability to cogenerate elec-
tricity when boilers at the Cameron 
Plant are fired with natural gas in-
stead of coal

The economic downturn not only 
reduced peak electricity prices across 
the region, it also drove the carbon 
intensity of grid-based electric-
ity to record lows by allowing utili-
ties to produce a greater proportion 
of their energy with carbon-free 
nuclear power (see figure “Unload-
ing the Grid” above).  In fact, power 
produced by Duke Energy Carolinas 
was at it’s lowest carbon emission in-
tensity since 1995, showing a nearly 
20 percent decrease from the previ-
ous year.  

Even though the University pur-
chased ten percent more electricity 
in 2009 than in 2008, emissions from 
this source decreased eight percent 
due to the lower emission intensity of 
grid purchased electricity.
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Unloading the Grid
Power plants on an electrical grid 

are utilized, or “dispatched,” according 
to their fuel costs and ease of scaling.  
Traditionally, nuclear power is includ-
ed in the “always-on” base load, while 
fossil fuel fired plants scale their pro-
duction to meet demand during peak 
hours.

When economic factors reduce the 
need for electricity, a greater propor-
tion can be produced by the carbon-
free nuclear base load.  This electricity 
tends to be less costly, and greenhouse 
gas emissions per kWh decrease.
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Operations

Fugitive Emissions
The expansion of UNC’s district 

chilled water system, along with main-
tenance and re-commissioning of ex-
isting chillers, made fugitive emissions 
of refrigerants the third highest emis-
sion source in 2008, even surpassing air 
travel.

In 2009, refrigerant emissions re-
turned to baseline levels, decreasing 75 
percent and sliding to the fifth position 
in terms of campus climate impact.  
Emissions of sulfur hexafluoride (SF6), 
an insulating gas used in electrical 
switch gear, decreased 21 percent. 

Waste Management
UNC’s Office of Waste Reduction 

and Recycling (OWRR) helped the 
University break an internal record in 
2009 - the lowest tonnage of landfilled 
waste since reporting began in 1991.  
In fact, the per capita level of landfilled 
waste was down 49 percent compared 
to that base year.  The recycling rate 
stood at an impressive 38 percent.

Despite record-breaking perfor-
mance, greenhouse gas emissions due to 
waste management appeared to rise in 
2009, caused by a change in the EPA’s 
estimated emissions for landfilled 
waste.  The emission factor in their 
Waste Reduction Model (WARM) 
rose from 1.34 MTCDE per ton of 
landfilled waste to 3.09 MTCDE, 
driving the carbon footprint for this 
category higher even though the actual 
amount of landfilled waste decreased.

Situations in which emission factor 
changes mask the underlying energy or 
behavioral trends are challenging, but 
the University is committed to using 
the newest and most accurate factors 
available while still tracking the under-
lying trend to ensure program success.

Reclaimed Water
Though the University does not in-

clude the life cycle impact of potable 
water and wastewater treatment in its 
Scope 3 emissions category, reserving 
the highest quality water for drinking 
and domestic use has an impact on re-
gional greenhouse gas emissions.

An extensive reclaimed water system 
that utilizes highly-treated wastewater 
in cooling towers and irrigation systems 
significantly reduces the amount of po-

O
perations

Back to Normal
The release of refrigerants 

and insulation gases increased 
in 2008 due to expansion of the 
chilled water system, but re-
turned to previous levels in 2009.

Factor Change
The EPA more than doubled 

its estimate of methane emis-
sions from landfilling one ton of 
waste, increasing the University’s 
reported greenhouse gas emis-
sions despite a decrease in land-
filled tonnage in 2009.  

R-134

R-11

SF6

R-22

20082007 2009

20,000

10,000

M
TC

D
E

Fugitive Emissions

1990 2000 2010

10,000 20,000

Sh
or

t T
on

s

M
TCD

E

Solid Waste

Landfilled

Reported

Waste

Emissions

table water the University consumes 
in a given year, and reclaimed water 
has about half of the carbon impact 
of potable water due to a reduced 
need for treatment and pumping.

By replacing 98 million gallons of 
potable water with reclaimed water 
in 2009, the University avoided the 
release of 80 metric tons of carbon 
dioxide equivalent.  In 2010, that 
number will increase as the use of re-
claimed water in irrigation and cool-
ing towers expands.
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Transportation

Commuting
Quantifying commuter activity is of-

ten the most complex emission source 
for greenhouse gas accounting.  Reliable 
data on travel distance and mode are 
difficult to obtain through surveys and 
self-report, and generalizations about 
behavior over-simplify the complexi-
ties of weekly work and class schedules 
and commuters who use multiple travel 
modes to reach campus.

While there are myriad ways to esti-
mate commuter emissions, UNC Chapel 
Hill utilizes GIS-based route mapping 
software to measure the distance be-
tween employee addresses and campus, 
along with data from a semi-annual 
commuter survey to explore the impacts 
of travel mode and frequency on campus 
greenhouse gas emissions.

In 2007, the geocoded address data 
contained many outliers, with clusters 
of employees apparently driving from 
Wilmington, Charlotte, and points be-
yond.  Those outlying data points were 
excluded, and the mean distance of the 
remaining points was utilized for fuel 
consumption and emission calculations.

In 2009, updated geocoding software 
matched address data with lattitude-lon-
gitude coordinates with greater accuracy, 
revealing a high-density cluster of points 

in the Raleigh-Durham-Chapel Hill cor-
ridor.  This group has mean commute dis-
tance of  10.1 miles and a median of 6.1 
miles, underscoring a distribution with a 
large  cluster near campus with long tails 
extending into the surrounding regions of 
North Carolina.

The tighter clustering, combined with 
travel mode survey data that is largely un-
changed since 2007, meant that estimated 
commuter emissions decreased by eight 
percent.

Vehicle Fleet
The UNC Chapel Hill vehicle fleet 

passed a significant milestone in 2009 
-  elimination of traditional, unblended 
gasoline.  Instead, the fleet used etha-
nol-gasoline blends, as well as diesel and 
biodiesel blends.

An E85 (85 percent ethanol blended 
with 15 percent gasoline) fuel tank was in-
stalled at the Facilities Service Station in 
2008, and in its first full year of operation, 
fleet vehicles consumed 43,500 gallons 
of fuel, offsetting approximately 37,000 
gallons of petroleum-based gasoline with 
renewable ethanol fuel.  Fleet petroleum 
consumption was down 18 percent since 
2005, and put the University within reach 
of its goal of 20 percent reduction by 2010.

Commuter Origins

2007

2009

Improved Data
The 2007 employee commute 

geodata contained many outlying 
points that may have represented 
incorrect address information.  
In 2009, geocoded data formed 
a more predictable cluster in the 
Raleigh / Durham / Chapel Hill 
area with about 90% of employ-
ees living within a 25 mile com-
mute to campus.
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Air Travel
Greenhouse gas emissions 

from University-funded air travel 
increased slightly in 2009, despite 
budget-driven travel restrictions.  
Because the single most frequent 
destination was Washington 
D.C., opportunities exist to re-
place air travel with alternative 
forms of transportation including 
rail, car, or vanpooling.
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Foreign Nations
1. Great Britain
2. Canada
3. Spain
4. Italy
5. France

 Foreign Cities
1. London
2. Sevilla
3. Florence
4. Toronto
5. Vancouver

States
1. District of Columbia
2. California
3. New York
4. Florida
5. Illinois

 Domestic Cities
1. Washington D.C.
2. Chicago
3. New York City
4. Atlanta
5. Boston

Climate Action

After publishing its first Climate Ac-
tion Plan in 2009, the University devel-
oped a framework to ensure that each 
recommendation could be tracked and 
implemented.

Dubbed the “Climate Action Program,” 
this cross-departmental effort  identified a 
project manager for each greenhouse gas 
mitigation strategy outlined in the Cli-
mate Action Plan document and set a 
time line and reporting system to ensure 

their success.  The program will update 
sponsors on a quarterly basis with infor-
mation on project status and greenhouse 
gas reduction estimates, and will iden-
tify roadblocks or resources that managers 
need to complete their tasks.

By actively tracking, managing, and 
reporting on the individual projects sev-
eral times a year, the University will make 
steady progress toward its goal of climate 
neutrality by 2050.

Clim
ate Action
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Climate Action Program
http://www.climate.unc.edu

UNC Energy Policy
http://www.unc.edu/campus/policies/Energy_Use_Policy.pdf

Commuter Alternatives Program
http://www.dps.unc.edu/Transit/gettingtowork/gettingtowork.cfm

Energy Management
http://www.save-energy.unc.edu

Energy Services
http://www.energy.unc.edu

Office of Waste Reduction and Recycling
http://www.fac.unc.edu/WasteReduction/
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