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Overview

The primary objective of the quantitative andysis done as part of this sudy is to identify a collection of
measures that would reduce North Carolina s GHG emissions to 93% of their 1990 levels by the year
2010. There are three essentid steps to performing such an andlysis. base year inventory, business as
usua forecast, and emisson reduction analyss.

Base Year | nventory

With 1990 as the base year, the first step in the andysisis to count the GHG emissonsin North
Cardlinain 1990. The base year inventory is the essentid starting point of any systemetic
drategic plan for emisson reduction because it identifies both the level and pattern of emissons
and therefore provides an initid indication of where emisson reductions will have to teke place if
the target isto be met.

In fact, the main reason for doing an emissonsinventory at the State level isto support an
emission reduction strategy. If we were only interested in counting total GHG emissions, it
would be sufficient to know afew key numbers, such astotal energy consumption by fud in the
State. But we need an inventory that has enough disaggregation that we can begin to see where
the opportunities for emisson reduction lie, and we need an inventory with enough detail that we
can use it to forecast future emissions according to projections of key driving forces (e.g.
population, number of households, economic activity, vehicle-miles-traveled, etc.). The
inventory must therefore not only reved the totd level of emissonsin the State, but it must be
broken down in ways (e.g. by fuel, by economic sector, or by source) that help to identify
emission reduction opportunities. At the sametime, it isimportant in astudy like this that the
inventory exercise not become so detailed that it takes the focus off the primary objective,
which isto identify and analyze emission reduction measures. Thisis why we have left some of
the smaller terms out of the exercise (e.g. PFC's, HFC's, SF6).

The Base Year Inventory is aso where the boundaries of the andlysis are defined. For example,
in this study we exclude jet fud consumption from the State emissons inventory and emission
reduction strategy.
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The GHG emissons inventory developed in this study is based on the inventory done for the
State of North Carolina by Appaachian State University (1996), with some revisions and
updates that are explained more fully in Chapter 3. In the interests of making the results of this
anaysis comparable with other standard references on North Carolina s energy use, we have
used the historical energy consumption figures by sector and fue in the U.S. Energy Information
Adminigtration (1999) database as the basis for the inventory of energy-related GHG emissions.
Thisis the same database that is used in the North Carolina Energy Outlook, 1998 published
by Standard & Poor’s DRI (1999).

Business-As-Usual Forecast

The second basic step in the method used in this sudy isto forecast GHG emissonsin the year
2010, under what we cdl “business-as-usua” conditions, or conditions under which no specid
effort is made to reduce GHG emissons. Thisisimportant for severd reasons. Firg, it defines
the challenge represented by the 7% target. Aswe will show in more detail below, under
business-as-usud conditions, North Carolina GHG emissions are projected to be 49% higher in
2010 than they were in 1990. This means that to meet the 7% target, emissonsin 2010 must be
brought down 38% below what they are forecast to be under business-as-usua conditions.

Secondly the forecast reveds how much of the emissonsin the target year (2010 in this study)
will consst of new activity, as opposed to activity dready in place in the base year. Thisis
especialy important in sectors, such as residentia and commercid buildings, where there are
very different opportunities and costs associated with reducing energy in new structures, as
opposed to retrofitting of older buildings that were dready existing in the base year.

Anather important function of the forecast isthat it provides the basdine againgt which emisson
reduction measures can be quantified. Without a clear and fairly disaggregated forecast of
emissions in each sector, measures could get included that are aready included in the forecast.
For example, if improvementsin the energy efficiency of commercid lighting sysems are to be
included in the strategies for meeting the reduction target, it isimportant that the contribution of
the lighting technology in question be measured relative to what is expected to aready be
happening under business-as-usud conditions, and not relative to base year practice. The
andys must undergtand the level of energy efficiency improvement thet is dready embedded in
the forecast so that additiona improvements can be measured from that reference point and not
from where energy efficiency stood in the base year.

The forecast dso reved s the predicted dynamics of GHG emissionsin away that the snapshot
provided by the base year inventory does not. Not al GHG emissions are projected to grow a
the same rate, and the forecast revedsif there are fast growing sources that merit greater
priority in the emisson reduction strategy than would be suggested by the base year inventory.
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Growth in GHG emissions cannot be forecast directly; it is necessary to forecast emissons by
relaing emissions to some other driving force that can be forecast and that is routingly forecadt,
such as population, number of households, economic growth, energy demand, livestock
population, etc. In this study we have endeavored to produce a business-as-usua forecast of
GHG emissionsin year 2010 that accepts current conventional wisdom on these key factors.
For example, in forecasting energy related GHG emissions, we have accepted the population,
household and fuel and dectricity forecasts contained in the North Carolina Energy Outlook,
1998 released earlier this year (Standard & Poor’s DRI 1999). We adopt these standard
forecasts S0 that we can focus the study on the technical and economic potentia for reducing
GHG emissons, given a conventiona and optimistic outlook for demographic and economic
growth in North Carolina

Emission Reduction Strategies

The find and most important basic sep in the method used here is the identification, quantification and
andyss of measures for reducing emissons below their forecast leve in 2010, with the ultimate god of
identifying sufficient measures to close the gap between the business-as-usual forecast and the target. In
the case of North Carolina, an emissions level of 93% of 1990 levelsis 135.0 megatons of eCO, and
the business as usua forecast for 2010 is 216.1 megatons of eCO,, S0 emission reduction (and carbon
sink) measures equaling 81.1 megatons are required to close the gap between the forecast and the
target.

As noted in the discussion above about the business-as-usua forecast, to avoid double counting, it is
important that measures included in the emission reduction strategy are defined relative to forecast
practices in the target year. The specific methods used to do thisin this study varied from sector-to-
sector and are described in the sector chapters. In generd, the sector analysts developed spreadshect
modelsto assst them in developing their base year inventories and business-as-usud forecasts. These
spreadsheets broke down energy use into asimple formula that included activity variables (e.g. number
of households in the residentid sector), energy use variables (e.g. energy use per household for space
heeting, water heating, appliances, etc, in the resdentia sector) and fuel share variables (e.g. share of
space hesating provided by naturd gas, fue ail, eectricity, propane, etc.). These soreadsheets
supplemented the Greenhouse Gas Emissions Softwar e used as the primary anaytica framework for
this study, as described more fully below.

Sector variations are described in the sector chapters, but the basic approach to quantifying emisson
reduction measures in this study was an engineering based, “bottom up” method that computes the totdl
impact of ameasure by multiplying its effect in asingle gpplication by its potentid when gpplied across
an entire sector. All measures were entered in to the Greenhouse Gas Emissions Software, which dso
holds the base year inventory and business-as-usud forecast, thus allowing tracking of progress toward
mesting the 7% target.
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While the outline of this method is smple enough in principle, the application can be complex, depending
on the leve of disaggregation and the precison required. Fortunately, about 90% of GHG emissonsin
North Carolina consst of CO, emissons from fossl fud combustion, and there are very detailed
databases and alarge body of analytical experience in energy andysis that can be directly gpplied to
GHG emissons andyss. Burning foss| fud resultsin CO, emissons and, for any particular fossil fud,
the emissions per unit of fue burned are wdll known and very nearly congtant. This meansthat if we
know how much of each foss| fud is burned, we adso know how much CO, isbeing emitted. If we
know how much fossi| fudl is saved by a particular measure or strategy, we aso know how much GHG
emissions have been reduced by the measure. So when it comes to the energy-reated GHG emissons
(which are 90% of GHG emissions in North Carolina), the three step method outlined above trandates
to athree sep method for taking an inventory of energy use by fud, projecting future energy use by fud,
and identifying measures for ether reducing foss| fudl use or switching from afud that emits more CO,
per unit of energy to one that emits less (e.g. from cod to naturd gas).

About 10% of North Carolina s GHG emissons are from non-energy sources, with the two principa
sources being agricultura operations (CH,, N,O) and sanitary landfills and sewage trestment operations
(CHy,). For these sources, emissions must be estimated based on assumptions about the quantities of
gases given off be various types of operations, and the results tend to be less precise than for CO,
emissons from foss| fue combustion.

Further details are provided below about the method used for the energy and non-energy GHG
emissons andyssin this study, but first the concept of the Global Warming Potentia needsto be
introduced.

Global Warming Potential and * Equivalent CO,”

Throughout this report, reference is made to “equivaent CO,” or “eCO,” asaunit. The effect of a
particular GHG emission in contributing to globa warming will depend on how much of it is emitted,
how long it remainsin the amosphere, and how effective it is a causing radiaive forcing (the physica
phenomenon in the upper atmosphere that leads to globd warming). To facilitate comparison of the
relative impacts of different GHGs, climate scientists use a concept caled the Global Warming
Potential, which expresses the “radiative forcing” impact of different GHGs, rlative to CO,". Inthis
report, the globa warming impacts of different GHGs are compared using the 100-year Global
Warming Potentia vaues (the stlandard used in the U.S. nationd GHG inventory) -- 21 for CH, and
310 for N,O. In other words, one ton of CH, emissions has the same globa warming impact as 21 ton

! The Global Warming Potential of aGHG istechnically defined as the cumulative radiative forcing between

the present and some chosen future time “horizon” caused by a unit mass of gas emitted now, expressed relative to
CO,. Thefuture global warming commitment of a GHG over the reference time horizon is the appropriate GWP
multiplied by the amount of gas emitted.
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of CO,, and aton of N20 has the same effect as 310 ton of CO,. However, dthough both CH, and
N,O are more potent GHGs than CO,, CO, emissions and atmospheric concentrations are so much
higher than the other GHGs that it is by far the most important GHG. The Globa Warming Potentid
concept oversamplifies the complexities of aimospheric chemistry and the role of various trace gases
such as CFC's, HCFC' s and HFC' s in determining the net radiative forcing of climate, but it does
provide a convenient way of approximeting the relative importance of the different anthropogenic
GHGs.

M ethods and Assumptions for Enerqy Related Emissions Analysis

We adopted an end use sector gpproach to the analysis of the energy-related GHG emissons. The
generic method described above was gpplied to each of the four mgor energy consuming sectors—
industrid, resdentid, commercid, and trangportation. As noted above, some 90% of North Carolina's
GHG emissons are due to foss| fuel combustion and the method used in this Study for andyzing these
emissions adopts the standard emission coefficient gpproach. In this gpproach, totd emissons are
caculated by multiplying total fud consumption by the appropriate emission factor for each fuel and
adding up the totd. Because the emission factors are well known and essentidly congtant for each fud,
once energy use by fue isknown, the associated CO, emissions can be easly caculated. Therefore, to
develop an inventory of CO, emissions from fossil fud combustion, we gart with the State energy
supply and demand statistics. In particular we chose 1990 as the base year for the inventory and we
developed our base year emissonsinventory from standard U.S. Energy Information Adminigtration
data sources on the consumption of fuelsin North Carolina

In mathematica tarms;

Energy-Related CO, Emissions = danrueis <Total Fuel Use> X <Emission Coefficient>

A rdaively smdl number of energy forms account for nearly dl the CO, emissons. Theseinclude
electricity, natura gas, light fuel oil, motor gasoline, diesdl fud and propane. For each of these fuels,
CO, emissons were computed using the emission coefficients used in the 1605(b) reporting process by
the Department of Energy?. These coefficients represent the CO, emissions that teke place a the point
of end use, except for eectricity, in which case they represent a prorating of the total CO, emitted by
the power plants on the State grid across tota eectricity production.

For each of the four end use sectors, models of energy use by fud were tuned to the actua energy use
by fud in 1990, asindicated in the Energy Information Adminigration (USEIA) database. This
completed the first step of the analys's, which is to produce an inventory of emissons with sufficient
disaggregation to support the identification and analys's of emisson reduction opportunities.

2 see*Voluntary Reporting of Greenhouse Gases -- Instructions’, Form EIA-1605 (1996), Energy Information Administration,

US Department of Energy, 1996.
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To complete the second step -- the business-as-usud forecast — the sector models were “tuned” to the
fud and dectricity projectionsin the North Carolina Energy Outlook, 1998 (Standard & Poor’s DRI
1999) for the year 2010. For example, given the forecast of population and households and the fina
consumption of fuds and eectricity by households forecast in the North Carolina Energy Outl ook,
1998, it was necessary to adjust the energy use per household in our residentia model until the mode!
reproduced the totd fuel and eectricity consumption numbersin the State Outlook. This exercise
defines the base from which emission reduction measures can be defined and it dso ensures that this
study is directly comparable to the North Carolina Energy Outlook, 1998. The business-as-usua
forecast of GHG emissonsin this study representsthe level of emissions (at least for the 90% of
emissons that are energy rdated) that would accompany the fud and eectricity forecast in the North
Carolina Energy Outlook, 1998.

Finaly, each of the sector analysts proceeded to identify energy saving, fud switching and other
messures that could be used to reduce emissions from the business-as-usua forecast for the sector.
While the overdl target isto identify strategies for reducing emissions to 93% of their 1990 levels, there
was no requirement to achieve this result in every sector. The forecastsin the North Carolina Energy
Outlook, 1998 define different potentids for each sector; the information on technologies varies for
each sector; and the sector authors took somewhat different approaches to measures identification and
quantification. As aresult the percent reductions achieved in each sector (relative to the busness-as-
usud forecast) vary over awide range.

A Special Note on Electricity

Although dectricity does not emit GHG emissonswhen it is used, CO; is emitted in great quantities
when eectricity is generated at power ations fueled by cod or oil or naturd gas. For each of the
energy end use sector analyses included in this study, power plant emissions were pro-rated over end
use kilowatt-hours of eectricity use in North Carolinato produce an emissions coefficient for eectricity.
This gpproach isrequired so that the end use sector analyses can be comprehengive in their evauation
of fue switching options. It iswel known thet there exist large opportunities for moderating the demand
for dectricity at the point of end use through the gpplication of modern, efficient technologies, and these
options are best evaluated as part of the sector end use analyses.

Briefly, the method used to compute the eectricity coefficient was as follows. CO, emissons from
electricity production were computed based on data from the U.S. Energy Information Administration’s
Sate Energy Data Report (USEIA 1999). The State Energy Data Report provides state-by-state
edimates of energy inputs a dectric utilities by fud, in naturd units and trillion Btu. In order to determine
tota emissons from eectricity production from North Carolina generating stations, the amount of cod,
natural gas, and petroleum utilized are multiplied by their respective CO, emisson coefficients.

Hydrod ectric, nuclear, and biomass generation are dl assumed to be zero GHG emitters. Once totd
CO, generation from dectricity production in North Carolina has been computed, it is divided by the
tota end use consumption of dectricity in the State. Electricity imports into North Carolina are assumed
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to have the U.S. average CO, coefficient for eectricity, and this adjusment for importsis Sgnificant in
North Carolina. In 1990, asmple divison of emissons from power plantsin North Carolina by total
eectricity in North Carolinayields an average kilowatt-hour emission coefficient of 0.152 tons per
million Btu. Applying the correction for imported power in 1990 increases the coefficient to 0.188 tons
per million Btu, which isthe vaue used for the base year emissons inventory in this sudy. Applying the
same method to 1996 yieds an emissions coefficient of 0.202 tons per million Btu. In the absence of
any better dternative for predicting where the coefficient might be in 2010 under business-as-usud
conditions, the 1996 coefficient of 0.202 tons per million Btu was used for computing emissons from
electricity in the 2010 forecast and in computing the emission reduction impact of eectricity saving
measures in year 2010. As Table 2-1 illudtrates, eectricity is by far the most GHG intensive form of
energy being used in North Carolina

Table 2-1: Carbon Dioxide Emissions of Fuelsand Electricity in North Carolina

Tonsof CO, per
End Use Fue or Electricity million Btu
Direct use of natural gas .059
Direct use of gasoline 079
Direct use of coal 103
Direct use of propane 064
Electricity (average end use kW.hour in 1990) .188
Electricity (average end use kW.hour in 2010) .185
Heating Oil and Petroleum Fuels .081

The end use coefficient for dectricity has the disadvantage of not being useful for andyzing the impact
on GHG emissonsthat the utility industry itself can have by making changes in the way that they make
and deliver dectricity. For this reason, we have dso included the Utility sector in our method. In the
utility sector analysis, changes in the mix of generation sources (e.g. subgtitute natural gas for cod
generation) and the efficiency of eectricity generation are evauated in terms of their ability to further
reduce the total emissons from dectricity. To avoid double counting emission reductions, the impact of
electricity-saving measuresin the sector anaysesis first computed, assuming the business-as-usud
emission coefficient for dectricity in 2010 (i.e. 0.202 tons per million Btu). Then in the utility andyss,
we examine ways in which fud switching and efficiency improvements in the eectricity generation
indugtry itself could reduce the average emissions per kilowatt-hour, thus reducing emissons from the
demand for eectricity that remains after the sector-based demand side measures have been
implemented.

M ethods and Assumptions for Non-Energy Related Emissions Analysis

About 10% of North Carolina’s GHG emissons come from a variety of non-energy sources, with the
two most important ones being Agriculture and Waste. Estimating emissions from these sourcesis less
precise and relies on more assumptions and less hard data than is the case for CO, emissions from foss
fud combustion.
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The specifics of the methods used for these two sectors are described in the sector chapters. In generd,
emissions from the North Carolina GHG inventory were used for the base year emissons, and smple
models were congtructed that alowed the growth of those emissonsto be tied to growth in population,
or agricultura output, or livestock population, or some other appropriate variable for the specific
emission source under consderation. Demographic and economic growth rates consstent with the ones
inthe North Carolina Energy Outlook, 1998 were used to ensure that the energy and non-energy
components of the business-as-usua forecast were mutualy consstent.

The Greenhouse Gas Emissions Software

A secondary objective of this study was to adapt an innovative software tool that was first developed
for the International Council for Locd Environmentd Initiatives (ICLEI) to assst locd governmentsin
developing strategies for GHG emission reduction at the local level. The software, developed by Torrie
Smith Associates, was designed to make the task of GHG emisson andysis, including both inventories
and emission reduction measure assessment, more accessible to non-energy experts, and to provide a
comprehengve framework for supporting the development of GHG reduction strategies.

The software provides a user-friendly point-and-click interface for entering information and displaying
results of both emissions inventories and measures quantification. (See Figures 2-1, 2-2, and 2-3.) It
embodies a sector gpproach, and supports analysis of al the GHGs consdered interndly as criticd,
athough emphasisis on CO, from energy use and CH, emissions from landfilled waste. The software
comes equipped with default values for emission coefficients and other factors that dlow the andyst to
concentrate on researching the necessary input information. A variety of generic types of emisson
reduction measures are supported with sandardized dgorithms that facilitate “what if” andyss of
various measures. In addition to being an emissons inventory framework, the software supports the
“business-as-usud” forecast and the setting of reduction targets, and provides the user with reports
showing the gap between the forecast and the sum total impact of emission reduction measures that
have been entered.

In addition to quantifying GHG emissons and emission reductions, it provides estimates of the reduction
in criteria pollutants from GHG reduction measures, estimates of smple financid paybacks, and a
variety of other outputs in pre-formatted reports. The Greenhouse Gas Emissions Software is not
intended to replace more sophisticated specidized moddsfor detailed building energy andysis or
eectricity DSM andysdis, but rather it isintended to provide a place where emisson inventories and
emission reduction strategies can be kept in asingle, easy-to-use framework to facilitate target-oriented
drategic planning. An underlying objective in developing the software has been to bring a certain degree
of standardization to the gpproach being taken by local governments in devel oping emission reduction
drategiesin the hope that such standardization would facilitate the sharing of information and

experience, and make the maintenance of thistype of specidized software tool more feasible.
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A version of the software was adapted for this sudy and was successfully used by the study team to
hold the inventory, forecast and dozens of emission reduction measures, of which about 75 were
included in the find scenario. A number of recommendations are being developed for how the Torrie
Smith software could be adapted for permanent use as atool for aiding state governmentsin forming
ther GHG emission reduction plans.

Figure 2-1: Greenhouse Gas Emissions Softwar e Screen, Example 1
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Figure 2-2: Greenhouse Gas Emissions Softwar e Screen, Example 2
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Figure 2-3: Greenhouse Gas Emissions Softwar e Screen, Example 3
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