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FOREWORD

G¢KS $2NIR Ad RNRBSYAYIA Ay AYF2NNIGA2Yy odzi Aa atz2é Ay |
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

YTF2NXIFGA2Y 2@FSNI 21 Robill Hagi (bath daksed (i fooll Spifided yadd may

you getevery time the newspapaprints inadvertently lead to incresed greenhouse gas

a story on globalvarming The phrase emissions. Time is of the essence, of course, but
G@A Sy A aiais iniaigbR follived éby a our decisions must be based in facts and data, not
string of planetary catastropheswith no mentionof on good intentions, gut feelings, hearsay, rhetoric,
proactivesolutions or reasons for hopeMany of us political pressure, or public image. Too often, these
eventually reach a threshold where additional distractions obscure themost viable solutions,
information moves from motivating to paralyzing. leaving critics with ample fodder against those who

leapt before they looked.
But why do we feel so out of control? One

answer may be that we lack understandiqgthe Thankfully, there is no need for delay in our
problem is monmental, the causes of global efforts to retrieve and analyze high quality data.
warming are literally invisible, and the scope of our Engineers, scientists, financial analysts, and quality
individual impact seems vanishingly small.e ¥are specialists in all areas of industry hadeveloped

up from the base of aBnormousmountainand balk tools for exploringa process or problem with
becatse we can see no way wfoving forward statistics. By adapting themethodsand research

_ _ to the current goal of reducing greenhouse gas
Instead of succumbingtnewsstand-pani emissions, we may bable toextract theknowledge

PSNKI LJa 2dzNJ FANRG | kilgﬁlasu)\Qmedapfgr%pafolarlm%rﬁ]g“onal 26
the peak ¢ hyte FFGSNI 68 YSIadNB G(KS KSAIKAG | yR

breadth of the challenge, and how each of us All data tells a story, and often, the more
contributes, can we make progress toward detailed data tells a richer and more nuanced story
2PSNOD2YAYy A A budinessYLHiyQiaNI (i K&S, tAaimf cBn be gained from summary statistics. This
OFyQiG YIFyF3S gKFG @&2dz O ybecdmes Giticalyimbaant as we BRbBE dm odirS
management has never been more critical, and so  mission to describe thecarbon footgint for an
our measurements must rise to new standards. 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, wmight see moe

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 L Sparchinger et al. 2008. Science
NEaSI NOKSNE 0SfASOS 2dzNJ ybgggigg.sf%ng,gooz Ny Ayidz2 SaKFy2f¢é




subtle trendsg 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 obscuned
aggregate numbers.

Now what happens when we look not by
year, but by month? Seasonal trends emerge and
show us the underlying patternscauses and effects
-in the data. And what if we look at weekly, daily, or
hourly data? Clearly, this higherved of precision
allows the datastory 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 whicmany
analysisefforts 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 d 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
gl & 2F dzyRSNRGFYRAY3I gKI
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
disconnectbetween the numbers and the process
they were meant to describe.

To solve these problems we need to apply
cutting edge analysis tools anpartner with the

operators and stakeholders who own eaghocess.
These efforts willfoster a creative environmenin
whichwe are able toidentify and implemenunique
and effective greehouse gas reduction strategies

And while our story begins in the data, it
certainyR2 Say Qi SyR G(KSNB®
and shared witha wider campus and community
audience. We must make the abstract numbers into
concrete, actionable feedback. This may take the
form of highimpact visualizations or policies that
create meaningflincentives for energy savings. As
leaders striving toward a sustainable society, we
become the interface between the observation and
the call to action. That tratetion must be both
clear and compelling.

L G

In preparing the University of North
Carolina &/ KI LISt | Aff Qa
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 régn, and invested in the tools
that will allow us to extract the most value from our
measuRdchts. Thar/iRgd mucks ikde wié Ndd vdR
but already our efforts are paying off: as we turn
our attention to greenhouse gas mitigation
strategies, we have a solighderstanding 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.

Y o
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INTRODUTION

THE UNIVERSKIY

s the first public university in

the country, the University of

North Carolinaat Chapel Hill
has long been committed to serving North
Carolina and the nation as a center for
education, research, and the artsLocated on
729 acres in the heart of Chapel Hihe
University is home to over 8,000 students,
faculty and staff.

In 2006,then-Chancellor James Moeser
signed the American College and University
Presidents Climate Commitment (ACUREC)
pledgingUNCChapel Hi to climate neutrality
by midcentury. This  comprehensive
greenhouse gas inventory and retrospective is
offered in fulfilment 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 partnershigtween
the World Resources Institute (WRI) and the
World Business Council for Sustaileab
Development (WBCSD). The success and
usefulness of theilGreenhouse Gas Protodsl
evidenced by its adaptation to protocols
employed bythe US Environmental Protection

2 http://www.presidentsclimatecommitment.org/
3 http://www.ghgprotocol.org/

/ haalL¢¢achd¢ Agency (EPALClimate Leaders Prografrthe

International Standards OrganizatioQY and
otherswith minor modifications.

In an effort to comply with the
AYRdzaAGNR QA o0Sai
state or federal regulationwe have adhered to
this WRI/WBCSD standard as closely as possible,
taking guidance from EPA, I1SO, and &km
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 aredescribed in teir 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 reaclan international scale, it is
important to explicitly define which aspects of
our operations we will measure for a
comprehensive inventory.

Organizational boundaries forthe
UniversitRd SYAdaAizy Ay@Syid2z2NEe
by the Operational Control Approach.

Operational Control will be determined Hlifie

4

http://www.epa.gov/climateleaders/resourcegive
ntory-guidance.html
®ISO Standard 140642006

LINF OG A OSaz


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

University & I dzi K2 NR& (@ 02
AYLX SYSyi L2t A OASa&
activities, purchases or other operationsThis
will include alloperations centered in Chapel
Hill, as well as owned and le= space across

the state.

Notably, emissions resulting from the
operation of UNCHospitalswill be excluded
from this inventory. The hospithre funded,
operated, and manageds an entityseparate

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 darthe
town of Chapel Hill, or statewned 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 theharing 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
NEIAZ2Y D I fAal 27
facilities currently m use may be viewed at
http://www.planroom.unc.edul.

|@9éﬂé%3&?@é@r§jarie§' yrR
A2 SNy Ay 3 Ly SyuAueQa
Defining operational boundaries

involves identifying all cordirect (Scope 1) and
core-indirect (Scope 2) emissions sources per
the WRI/WBCSIBHG Protocol. Where credible
and relevant data exists, and in compliance with
the ACUPCamplementation 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 follang
greenhouse gasas regulated under the Kyoto
Protocol carbon dioxide €Q), methane CH),
nitrous oxide N,O), hydrofluorocarbons (HFCs),
and sulfur hexafluoride S). There are no
known sources of the sixthategory ofKyoto
gaes the perfluorocarbors (PFG), utilized in
campus operations. In this inventory, we have
also chosen to include theemissions 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 consideretb be
insignificant, or emissions where no credible
reporting mechanisms cahe devised, will be
excluded with explanation. All emissions are
given in metric tons of carbon dioxide
equivalent (MTCDE), to allow for comparison of

I £ i KEX NJ INBR & (2 @85S RO 22yNI NASIdAIS\R

impact.

Scope 1 Emissiongsult from onsite

fuel combustbn (generators boilers, etc),



mobile emissions from university owned or
leased vehicles, use of laboratogases and
fugitive emissions from refrigeration equipment
and electrical equipment.

Scope 2 Emissioneesult exclusively
from purchased electricity On main campus
and most offcampus sites, this is provided by
Duke Energy CorporatiorDff-campus locations
may also besupplied by Piedmont Electriar
Progress Energy.

Scope 3 Emissiomasise as the result of
university operations, but are not undehe
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 elécity,
steam, and chilled war 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 1998007 for this inventory. In
some cases, historical fuel and resource
consumption data were unavailable for all
reporting yearsso attemptshave beemmade to
backestimate 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 tying 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.



RESULTS

Table 1 2007 Greenhouse Gas emissions by S¢&murce, and Gas

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

Source CO CH N>.O HFC,CFC,HCI Sk Subtotal

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

Blackstart Generators - 1 - - 549
Combined Heat and Power - 59 - - 320,935
Emergency Generators - - - - 37
Individual Building Boilers - 2 - - 5,145

Water Chillers
HVAC
Laboratory Gases
Electrical Switchgear

2,952
2,524

344
732

Vehicle Fleet 3,308
Scope 2 194,971 5,384 3,528 203,883

‘ N

Duke EnergyMain Campus - 5,156 - - 195,200
DukeEnergy- Off Campus - 223 - - 8,460
Piedmont Electric - - - - 3
Progress Energy - 5 - - 220

(15,026) 252 (7,166)

4,682
19,656
9,776

Mass Transit
Employee Commute
Student Commute

Hospital Chilled Water
Hospital Electricity
Hospital Steam

(813)
(37,288)
(33,903)

Compost - (527)
Landfill R 9,235
Recycling - (8,445)

15,673
29

Air Travel
Landscaping
GRAND TOTALS 462,146 5,700 44,415

10



DISCUSSION

TheBig Picture

he University
of North | Figurel. Population and Building Growth over Time
i 60 20
] Carolina  at Gross Square Footage
Chapel Hill has grown | 50 - 18
extensivelyover the last ten 'c% - 16 =
H | Q
years Increases intotal § 40 14 0
population and research | - 12 o
©
grant money led to an E 30 Employes - 10 (%
aggressivegrowth plan for -% - 8 <
building and utility |5 20 L6 =
infrastructure  (Figure 1). |& 10 Full TimeStudents 4 2
Since 2000 the University -2
has addedover four million 0 PartTimestudents L0
square  feet of new 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
construction, pushing the
total past 17 million. This

trend promises to continue with expanded gradually grown to the most recent estimates
coure offerings, a growing student body, and over 500,000 MTCDESome of this increase
the planned addition of Carolina North, a may be an artifacof more robust data capture
satellite campus that will host new classrooms,  and analysis in the most recent inventory years,
labs, andiving space. but there is little question that campus and
population growth are fueling increased

Greenhouse gagGHG)emissions for greenhouse gas emissions.

the University have also grown slowly but

steadily oer the last ten years. The 1998 The World Resources Institute and

emissions ofjust over 400,000 metric tons of World Business Council for Sustainable
carbon dioxide equivalent MTCDE have Development (WRI/WBCSD) categorize GHG
Table 2UNC By The Numbers 1998 | 2007 | Change| emissions into three

| | | RATFSNByiSa¢ a{ O2
Students (Full Time EquivaleqtFTE) 21,939 | 25,895 | 16.8% | representing the entity
‘ ‘ directly responsible for
: that emission. Scope 1
Campus Population 33,857 | 39,669 |17.2%
—‘!‘!‘- emissions arghe direct
. results of campus
Gross Square Footage (Million square feg 12.1 17.5 49.6%
q ge ( quarefed 121 1175 149.86 | o 4T

fossil fuels are burned
as part of those

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

11



operations for example we record the

greenhouse gas emissions under Scap

Scope 2 emissions are those for which
the Universityis indirectly responsibléncluding
electricity purchases Though we do not
directly burn the fuels usedo 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 doubleounting the same
emissions.

Scope 3 emissions are an indirect result
of our operations, and in most casethe
University has only limited control over these
sources. They typically involve the wagtated
activities of enployees and students and the
lifecycle costs of material useSources such as

air travel and employee commuting fall under
Scope 3.

The lines inFigure 2 show how the
emissions from each scope contribute to the
total greenhouse gas¥A aadA2yaz 2NJ aO
footprint,¢  tAeFUniversityp LiQa AyidSNEB:
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 ofampus
energy systems such as the cogettiera plant
have remained steadyor improved their
efficiency over the years. The stable or
downward trend of the Sqme 1 line is
dominated by changes in thedarge energy
suppliers

This dflaté emissiontrend for Scope 1
does not however, A Y RAOF S GKIFG
energy need$ave also remained constanOn
the contrary, the campus is growing and with it

KS

Figure2. GHG Emissions by Scope

600,000

500,000

Total Emissions

400,000 -

300,000 -

MTCDE

200,000 -

100,000 -

0 -

Scopegw

-100,000

1998 1999 2000 2001 2002

2003 2004 2005 2006 2007
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the need for heating, cooling and electricity.
The difference betweemn-campus supply and
building demand is met by the Scope 2
emissions from purchased electrigitywhich
have increased at almost the same rate that
Scope 1 emissions have decreased. \itie
on-campus production capacity, growth in
demand must be met btheseexternal sources.

Scope 3 emissionsappear as anet
negative due to the sale afteam, electricity,
and chilled wateto UNC Hospitals Sincethe
University is not responsible for the
consumption of these energy resources, their
associated greenhouse gas emissions transfer
with the sale and are recorded irthe
Universitad o £ yOS aKSSi
They appear in Scope 3 to pemt double
counting as data araggregated.

Carbon dioxide is the principle
O2YLRYSyld 2F !b/ Qa
making up about 89% ohe total. Another9%

STRAIGHT TO THE SOBR

nderstanding emission

G{ O02L)Sa¢ Aa

carbon accounting, but there is
more to be learned by examing the
infrastructure and processes that actually lead
to greenhouse gas releag€igure3). The two
largest emission sources fAfNCChapel Hill are
the cogeneration plant and the electricity
purchased from thdocal grid. Because of
their relative magnitudes, these sources were

ANBSYK2dzaS 3l &

of the emissions com&om nitrous oxide and
the remaining 2% is made up of methane and
the fugitive release obulfur hexafluoride and
various refrigerants.

Becausethe Universityis growing, it is
helpful to normalize greenhouse gi@&missions
to other statistics to determine the emissions
intensity of campus operatian(Table 2.) The
population emission intensity, in metric tons
per capita, appea to be growing. In 2007,
emissions per person reached 13 metric tons
per year, a9% increaseover 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.

- Becalise t0d- éndr@y yinfrabtraciu® (o campus

has remained stable or even improved, it is
likely that these changes represent increased
demand for energy in buildings and for

transportation. ~
SYAaaAzyaz

investigated and documented with the highest

K St Lidedzte oF Roghistic@iondzNailabls, under the

guidance of the engineers, administrators and
operators who manage trs® energy systems
everyday Byshay 3 gKI G0 6SQ@S
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.

13
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Figure3. GHG Emissions by Source

Notes onCogereration

camefrom the addition of pulverized limestone
to prevent the release of sulfur dioxide a

¢ KS 02 3Sy S Ntiniad fielis LI 8a¢INg gause of acid rairCalcium carbonate in

bituminous coal, mined from the mid
Appalachian region Due to strictair quality
standards, the coal is obtained under contract
from individual mines recognized for the purity
of the coal they produceln addition, extensive
chemical testing B conducted on each
shipment, includingneasurements othe heat,
ash, and moisture content per ton.
Sophisticated control and monitoring systems
maintain congant records of plant operation
and ensure that it meets stringent
environmental and emissionatdards.

Carbon dioxide emigms from the
combustion of coal and natural gas the
LX I yiQa
greenhouse gasmissions in 2007. Anoth&fo

02Af SNEB% df O 2 dzy G SR

the limestonereacts with sulfur dioxide to form
calcium sulfatewhich is removed with the coal
ash and carbon dioxiderhich is emitted from

the stack

Another emissions control technology
had surprising consequences forthe
University & O ND 2y  Gie'aingINR vy i
fluidized bed(CFBYoilers are employed at the
plant because their lower combustion
temperatures limit he formation of nitrogen
oxides (NO and Ng), another contributor to
acid rain Unexpectedly EPAdocumentation
statesthat combustion at lower temperatures
actually contributes to the formation dafitrous

T2 NJ
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oxide (N,O), a greenhouse gas The EPA
emission factor for circulating fluidized bed
boilersstands at 61.1 grams of }D per million
BTU offuel burned in the CFBmore thantwo
ordersof magnitude higher thator other coal
boiler technologies. With a global warming
potential 310 timeshat of carbon dioxide, even
a snall amount of nitrous oxide cahave a
large impact on the overall emissions profile.

Though the current AR2 emission
faOi2NJ KFa +  a. é
measure nitrous oxide release from the stack
have beenquestioned!® It was found that
nitrous oxide could form inside sample vessels
as they sat in storage, challenging the validity of
some measurements Because nitrousoxide
ultimately accounted for 15% of the emissions
from cogeneration in 2007we feel t will be
critical to verify or refute these published
factors throughempirical emissions testingn
our own boilers.

The Great Divide

In order to facilitate more granular
analysis of greenhouse gaemissions 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 mgineering challenge to

°AP 42, Fifth Edition, Volume |, Chapter 1: External
Combustion Sources, Section 1.1.3.9.

""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. 7533541, 1990.

8 "Nitrous Oxide Behavior in the Atmospikeeand in
Combustion and Industrial Systems," J.C. Kramlich
and W.P. Linak, Progress in Energy and Combustion
Science, V. 20, pp. 1492, 1994.

UdédioA y 3 =

divide those emissions among two energy
streams that are generated simultaneously
from the same fuel.

Energy and Embodied-Carbon
Flow Through Cogeneration

Figure4. Cogeneration Model

Many methods have been proposed for
dividing carbon between the steam and
electricity produced by cogeneration. The
WRI/WBCSD, FA, 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
GSY02RASR SySNHénemart ' YR A
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carbon emissiongsedin creating a product are
aSYo2RASRE
cogeneration plantchemical energy in the fuel
is converted to heat and electrical energy, and
so thecarbonin the fuel becomegmbodiedin
the heat and electricityproducts Moreover,
the division of carbon shoulgroportionately
follow the division of energy.

Understanding thisdivision requires a
conceptual trip through the cogeneration
process (Figure 4).  First, fiel burned in the
combustion chamber is used to boil water,
forcing highpressure steam through the main
header on its way to theturbine that will
generate electricity Since all the energy
present in the fuel has been spemo bring
steam to this main header, all of the
greenhouse gas emissions are now embodied in
that high energy product.

+ § NanviranmantJthioagh téolfg oS NBw@

2 NJ

energy loss also attributed to electrical

Apyoducti K Iniithe ¥ A ygkrieration

All told, approximately 80% of the
energy arriving at the main header is sent to
campus a steam for heating, sterilizatiorand
other processes. The other 20% is used in the
production of electity. Greenhouse gas
emissions are divided by these same
proportions, representing the embodied carbon
in each energy productEach 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

After passing through the main header, cogereration process, and could inform
steam enters the turbine, an exceptionally decision making on plant operations.
efficient machine that converts heat present in
the gdeam into electricity. Every kilowatt hour
produced by the generator consumes | El€ctricity 0.54 kg/kWh
approximately %12 BTUs of heat that was | >am 0.18 kg/lb
present in the steam, andconceptually, a Chilled Water 0.59 kg/TonHr
proportion of the greenhouse gas emissions are
GOGNI YAFSNNBRE FNRY aidStry G2 StSOGNROAGEO® 91 OK
kilowatt hour now embodies gortion of the TheElectrical Aerage
greenhouse gas emissions frobwurning the
original fuel. Emissions from purchased electricity

accounted forovero pz'z 2T | b/ Qa

There are additional losses in this  g55 emissions in 2007. Because North Carolina
process, as no energy ogersion is perfectly  gperates under a stateegulated  utity
STTAOASYU® 25Q0s  SalA GhdureRal & the Gidupplicd ictidty oh U T
conservative 5%or our systemand attributed main campusis generated by Duke Enegy
that embodied carbon to the electrical side of Corporation a $Y 6 SN& 2 F ''b/ Q&
the equation. Finally, aportion of the steam Services Department partnered  with

leaves the turbine at insufficient quality for
usage on campus, and so it is rejected to the

representatives and engineers from Duke
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Energy tounderstand and assedbeir 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 faesale 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 data

While the specificityand transparency
of these factors is envide, the concept of using
emission factorsthat represent a blended
average of all electrical generatiowas the
subject of some debate. Carbon accounting
standards encourage using the average of
emission ratedor all the generation plants in
the regionbecause once pooled on the grid, it is
impossible to tell wherea 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 ¢ one coal and one nuclear. The
emission rate for a typical coal fired power
plant is approximately 1 metric ton of CQ@
equivalent per megawatt hour (MWh). A
nuclear plam, of course, has an emission rate of
0 MTCDE/MWh Thus,if the two plants have
equal electrical outputthe average emission
rate for the grid will be 0.31TCDE/MWh If a

? http://www.epa.gov/cleanenergy/energy
resources/egrid/index.html

campus purchases 100 MWin a year, the
average emission ratgieldsa carbon fotprint
of 50 MTCDHE-{gure5).

Figure5. GHG Emission from Electricity Purchase

This simple picture is sufficient until we
consider theway that individual power plants
on the grid are actually managedplacing as
much load as possible on the least expensive
producton ¢ KAa Aa OFffSR aol
a strategy typically empied with nuclear
power plants and some forms of renewable
energybecause the cost of fuel and operation
are comparativelydw. Beause coal, oil, and
natural gas are more costly, fossil fuel burning
plants areoften scaled, increasing their output
when demand on the grid increases

Back in our imaginary twplant system,
we set the nuclear plant to run at maximum
capacity dlthe time and scale the coal plant to
meet demand. Thus, the average emission
factor at any given momemangesbetween 0
and 0.5MTCDBVIWh, depending on demand.
Now suppose you turn on thair conditionerat
home and add 1 kW of demand to the gfat
an hour The coal power planalone must
increase its fuel usage to meet that demand,
because the nuclear plant is already at its
maximum capacitylf the coal planburns more
coal to supdy that kWh to your home, does
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