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Economic Impacts of Carbon Taxes and
Biomass Feedstock Usage in Southeastern
United States Coal Utilities

Burton C. English, Kim Jensen, Jamey Menard, Marie E. Walsh,
Craig Brandt, Jim Van Dyke, and Stanton Hadley

The Scutheastern United Siates dopends on coal (a supply 0% of {13 eleetricity noeds, The
rogion leads in &0y emizsions and ranks sceond m emizsions of 303 and N0, Compared
with coal, hiomass feedstocks have lower emission levels of sulfur o sulfur compounds and
can potentially redure nitrogen oxide emissions. Thrs study cxamines the economic impacts
of coliring biomass feedstocks with coal in coal-fired plants under three emission cradit and
two cofiting f=vel scenarins. Economic impacts are estimated for producing, eollecting, and
transporting (esdsiock; retrofitting coal-fired utilities for burning fesdstocl; operating
cofired utilities; and cogl displaced from burning the feedstock,

Key Wards: Morass, eoal, cofining, economic impacts, electrieity, input-ouiput model

JEL Classifications: 42, R135

Electricity from coal utilities provides over
50% of the electricity generated in the United
States, In 2003, 29% of the electricity in the
Southeast Energy Reliability Couneil region,
excluding Flonida's panhandle, wasz praoduced
from ouclear, 50% from coal, over 3% from
hydroelectric, and 1.6% from wood, primarily
black liguor (U.8. Department of Energy
2005)." Altheugh eoal-fired plants are impor-
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Envirentnental Sctences Dhvision, Oak Ridge Mational
Laboratery, Oak Ridpe, TN, Stanton Hadlcy works in
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Ridege Wational Laboratons, Cak Ridge, T,

' Thic study includes the Southeastorn atates of
Alsbama, Georpia, Kentucky, Missizsippi, Morth
Carolina, Bouth Carnlina, Tennesses, and Virginia
and does not include the Florida panbandle, which the
Southeastorn Elaetticoy Reliability Council includes.

tant sources of cleetricity in the United States,
negative environmental impaets are associated
with this type of electricity peneration. About
twa-thirds of sullfor dioxide (50.), one-third
of carbon dioxide [(C0.), and cne-fourth of
nitregen oxide (N0} emissions are produced
by burming coal. Particulate matter is also
emitled when eoal s converted to electricity.
The Scutheastern Region of the United States
leads in COy emissions and ranks second in
emissicns of 30y and WO, (U8, Department
of Energy [9949),

When compared with coal, biomass faed-
stocks (agricalture residues, dedicated energy
crops, forest residues, urban wood waste, and
wood mill wastes) have lower emissiom levels
of sulfur or sulfur compounds and can
potentially reduee nitropen oxide emissions.
In a system where biomass crops are raised for
the purposes of energy production, the system
is considered cerbon npeutral sinee crops
absorb carbon during their growth process.
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Thus, the nel emissions of the CO; are much
lower eompared with coal firing (Haq).

The ctedits to electricity providers for
offsstting sulfur emissions, priced at about
%100 per ton of sulfur at the time of this
research, provide an incentive [or cofiring
biomass with coal (Comer, Gray, and Pack-
ney), Casts of conversion of power plants {or
eofiring are relatively modest at Jow percent-
age levels of biomass. Power companics also
have the potential in the foture to obtain
marketable value thronpgh offsetting C0y and
MO, for preenhouse gas mitigation, Replacing
coal with biomass ofiers 4 means for achieving
O, reductions while maintaining operational
eoal penerating capacity (Comer, Gray, and
Packney).? Cofiring when compared with
100% biomass use is not as refiant on
a continnons supply of biomass becavse of
a ready snpply of coal (Demirbas).

The purpose of this study is to estimate the
economic impacts of cofiring biomass fzed-
stocks (forest residues, primary mill wasts,
agricultural residues, dedicated energy crops,
switchgrass, and urban wood wastes) with
coal in coal-fired plants in the Southeastern
Umnited States (Alabama, Georgia, Kentucky,
Missisgippi, North Caralina, South Carolina,
Tennessee, and Virginia), The impacts of using
each type of feedstock are evaluated for three
emission credit and two cafiving level scenar-
ins. The potential economic impacis (total
industry output, employment, value added)
for producing/collecting/transporting the feed-
stock, retrofitting the coal-fired utilities for
burning the feedsiock, operating eofired util-
ities, and the coal displaced from buming the
feedstock are estimated.

Legislation

In 2002, the Bush Admmistration anneunced
legiglation o implement the Clear Skies

*Coal contracts might irpact whether a pfant can
moves towrard & 2% or 159 cofire and these impacts
are not insorporated into the study, However, the
Bncrgy Informetion Administration (EIA) indicates
that these long-term contracts are becoming less
prominent (U.5.DOE-ETA 2005),
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Initiative. Passage of the recent energy bill
may give Congress the opportunity to further
examine the market-based cap-and-trade sys-
tem to teduce S50;, NO,, and mercury
emissions from power planis in the next two
decades. A summary of the projected redue-
tions with the caps is displayed in Tabie 1. For
the Seutheast, the infliative would potentially
result in & reduction of 75% in SO, emissions,
77% in NO, emissions, and 74% in mercury
cmissions (UJ.8. Environmental Protection
Agency).

Under the Energy Policy Act of 2005, the
term bismass is defined as “any lignin waste
material that iz sepregated from other waste
materials and is determined to be nonbazard-
ous by the Administrator of the Envirantnen-
tal Protection Agency and any solid, non-
hazardous, cellulogic material that is derived
from—{A) any of the following forest-related
resourees: mill residues, precommercial thin-
nings, slash, and brush, or nonmerchantable
material; {B) solid wood waste materials,
including waste pallets, crates, dunnage,
manufactiring and construction wood wastes
{other then pressure-treated, chemically-trea-
ted, or painted wood wastes), and landscape
or right-of-way tres trimminps, but noot in-
cluding municipal solid waste (garbapge), sas
derived from the bicdegradation of solid
waste, or paper that iz cormmonly reeycled;
{Cy agriculture wasies, including orchard tree
crops, vinevard, grain, legumes, sugar, and
aother crop by-producis or residuss, and
livestock waste nutrients; or (D) a plant that
is grown exclusively as a foel for the pro-
duction of electricity” (1.8, Congress, p, 597

The Jenate version of the Energy Policy
Act of 2005 contained a renewable portfolio
standard that would have reguired wutilities
selling electricity t0 customers to have a min-
imum level of remewable emerpy contained
within their portfolio, This requirement could
be met either through direct production or
purchase with another utility. In 2003, Senator
Jeff Bingamar, the ranking minonty member
of the Senate Committes on Energy and
Matural Resourees, requested that the ULS.
Department of Energy (DOE) conduct an
analysis of 3 nationwide renewable porifolio
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Toble 1. EPA’s Bstimate of Annuel Emission for 2000 Compared with 2020 under the Clear

Skies Initiative, by State’

504 1,000 tons)

N0, (1,000 tons) Wercury (tonm)

State/Remon 2000 2020 2004 2020 200K 2020
Alabama 500 TS 182 n 253 0,38
Georgia S08 66 185 7 1.47 0.25
Kentucky 588 194 244 44 1.78 0.3z
Missizsipm 128 o &3 il 0.24 0.04
MNorth Carolina 438 133 161 45 1.52 0.87
South Caroline 200 &4 g7 26 0.53 0.1%
Tannesses 425 119 156 £l 1.12 0.38
Virginin 213 £1 82 32 0.64 0.30
Regional total 3022 Td1 1,162 285 9.83 2.5%
United States 11,818 3,800 4,595 1,704 67 18

L 230y 1k sulfur disstid: and NGO, bcludes niropen axids eotapeutids,
Soums: U5, Environmentn! Trotoction Ageney, Office of sir and Radation, Clear Skics, 2003,

standard (RPS} propram. This program was
propased to amend energy lepislation before
the 1I.5. Senate. The program specified by
Sen. Bingaman included;

* FExtension of the renewable energy produc-
tion tax credit (PTC) for electrical generation
from eligible facilites entoring servics by
December 31, 2006, but no longer indexed
to inflation

* Tmplementation of an RPS with meremental
increpses in required remewable generation
reaching 10% of most sales by 2020 (effec-
tively 8.8% of all sales)

* Exemption of amall utilities, those generating
lzsz than 4,000 hillion Lilowatt-hours per
vear, from holding renewable energy credits,
pius exemnption of all generation from existing
hydroelectric and ather renewahles from the
requirement

* Only rencwable facilities cormmissioned alter
the cnactment of the legislation quoalify to
produce renewable energy credits

# The allowanece price for renewable energy
credits is copped at 1.3 cents per kilowatt-
hounr, with no indexing for inflation (1.5,
Department of Encrgy 20037,

By Aupuzt 2005, 19 states and Washington
IDC had adopted renewable portfolio stan-
dards. The Southeast is notably absent in
adopting thiz policy larpely because wind and
solar options are not as viable as in other parts
of the nation.

Frier Stodices

Engiish, Short, and Heady e¢xamined the
economic feasibility of using crop residuves
for direct combustion in electric generating
power plants Joeated in Iowa, They found that
coal prices nezded to double for residues to
become economically feasible. However, if
S50, constraints existed, a net benefit of
50.25 per million Buns in 1975 prices (about
FOO023Wh in 2005 prices) was estimated
when cofiring at & 20% residua/30% coal mix.

hMann and Spath use a life cycle assess-
ment, whare all processas are exarmined eradle
ta grave. They found both life cycle and plant
emissions are reduced with cofiring from
a closed-loop biomass gystemn (biomass pro-
duction dedicated for cnergy use) cotnpared
with coal-baged electtieity generation. Reduc-
lion: in emissions include CO, particulates,
804, and WO, Their results showed that at
rates of 3% and 15% by heat input, cofiring
reduces greenhouss gas emissions on a COx-
equivalent basis by 5.4k and 18.2%, respec-
tively.

Morris notes that nse of certain types of
biomass tnay provide valuable waste disgposal
services. Morris examines the benefits from
biomass use accruing from changes w air
pollutants and greemhonse gases, landfill
capacity use, lorest and watershed improve-
ment, rural employment, cconorme develop-
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mentf, and energy diversity and seenrity. The
study found that loss of the biomass industry
would result in & foss of 12,000 rural jobs.

Hag examined issues affecting uses of
biomass for clectricity peneratiom in the
United States. Estimates of about 390 mil-
lion toms of biomass are available on an
antinal basis, with 20 million tons available
at prices of $1.235 per million Bt or less, while
the average price of coal to electric utilities
was $1.23 per million Btu. Therefore, for the
majority of bigrnass production, sost compet-
itiveness with coal is an issue. Under a 20%
nenhydroelectric renewables portfolio stan-
dard (206 RPS), sbent 2.6 1o [4.4 million -
aeres of land would be deveted to enerpy
crops by 2020,

Walsh et al. found that if producers were
paid $48/dry ton for swilchprass, nearly
41.9 million acres of agricultural cropland in
the Tnited States could produce bioesnergy
crops at a profit greater than existing agricul-
tural uses. Also, farm wcome conld increasa
by nearly $6 billion as a result of bicenergy
crop production. Total annual biomags pro-
duction is estimated at 188 million dry tons,
sguivalent to 2.07 ¥ 102 MJ (2.9] Quads) of
primary energy, potentially displacing about
253 million barrels of oil or supplying 7.3% of
1.5, electricily needs.

Gallagher et al. estimated the supply
response for orop residues across vanous
regions of the United States and types of crop
residues. They found that the potential bio-
mass supply from crop residues in the United
States would range from 297 to 322 millioo
pounds and would supply about 3% of
slectricity consumption.

Graham and Walsh note that the eommu-
nity level job creation potential inereases with
larger biomass facilities as lebor, farmer
participation, inpul nse. and transportation
and product distnibution needs increase. Di-
rect job ereation associated with the conwver-
sion facility can be meagured by determining
the number of people (people per umit of
putput generally decrease in the ptant opeora-
tion) needed to build and operate the facility.
Jobs may be created in associated supply and
support industries, Increased emplayment will

Jovned of dgprieuliural and Applied Econoeies, April 2007

have a multiplier effect throughout the com-
munity. However, job: may be lost if 4 new
omass Tacility displaces conversion facilities
using conventional technalogies, Dernands
(and thue costs) on local infrastructure facil-
ities might alsa inerease as facility size
Increases.

Most of the regiomal studies on the
econpmic feasibility of biomass have examined
the supply of biomass feedstocka. Alich and
Tnman conducted an injtial study where the
amouvnt of different types of feedstoek that
existed was quantified. Epplin, Mapemba, and
Tembo condusted a study in Oklahoms and
found that the most economical bioenergy
syatem would process a variety of feedstecks.

This study evaluates the cofiring of various
biomass feadstocks (forest residues, primary
mill wasle, appeultural residnes, dedicated
energy crops, switchgrass, and wban wood
wastes) with coal in coal-fired plants in the
Southeastern Tlnited States. It contains an
cconomic comparizen between traditional
feedstock {coal) and the five source: of
biomass. The study not only attempts to
compare the use of biomass to the use of coal
as an enetpy feedstock, but alao incorporates
the regional economic impacts that such an
idustry would have on the region.

An input-ontput model (IMPLANY) i3 used
lo estimate the economde impacts of carbon
laxes and emission allewances for 50; and
MO, on biomass lecdstock use under two
cofiring level sesnarios. Eeonomic impacts are
estimated for producingfesliectingftransport-
ing the feedstock, retrofitting the coal-fired
utilities for buming the feedstock, and oper-
ating cofired wtilitice, In addition, the coal
displaced from hurning the feedstock is
estinated, Intraregional transfers of sconomic
activity that result from eofinng and displace-
ment of enal use are evaluated.

Methodology

wedy Arvea

The power plants studied in this analysis were
associnted with the Southeastern Electric Re-
liability Council (SER.C), the tegional organi-
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Table 2. State Total Poteniial Biofuel Demands per Year
Plant Estimated Max]m'l?m Quan‘my of
; L Biofuel at:

Capacity Eiectricity Coal Use

blodeled* Generpted at 0% 2% Cofire 15% Cofire
State (W (WGllion MWh) Cofire {(Tons}  (Dry Tons) {Cry Tons)
Alabama 11,524 101,83 320735970 746,297 5,833,074
Cieorgia 13,155 115.24 34,187,067 821,343 6,217,369
Kentucky 12,700 111.25 41,651,990 955,816 1,625,523
Missizsippi 1,228 19.52 P,283 087 2rATe 233,514
N. Carolina 12438 108.06 36,203,167 853,325 6,600,390
&. Carolina 5,777 30,61 16,266 923 381,595 2,958,354
Tonnessee 8,751 76,66 28,137,147 £59,303 s,115.111
Yirginia 5,009 44,67 12,666,353 285,200 2,303,543

Totai 1,772 629.00 202,360, 604 4,770,756 36,892,874

* Dieia ot individual plants modeled avnilpble upon oquest. The axvempge Bio eontent of coal is 24.8 MMEmfton.

zation for the coerdination of the operation
and planning of the bulk power electric
sysiems in the southeastern United States.
This region includes the folloming areas:
Alabama, Florida Panhandle, Georgia, Ken-
tucky, Mississippi, Morth Caroelina, South
Carolina, Tennessee, and Virginia. Power
plants in each of these areas, except the
Florida Panhandle, were identified and in-
corporated into the analysis* (Table 2). In
prder to conduct the regional economic
impact analysis, trading repions within the
eight states were ideniified. These regions were
based on the Burean of Economic Analysis
trading areas (referred to as economic trading
areas (ETAS) in this study)

The analysiz uses the Oak Ridge county-
level biomass supply database [ORCBS),
a peagraphic information sysiem (GIS)-based
transportation model (Oak Ridge mtegrated
bicenergy analysis aystem [ORIBAS]). the
Oak Ridge competitive clectricity dispatch
{OR.CED) meadel, and a regional input-outprt
mode] (impact analysie for planning [IM-
PI.AND (Tigure 1). The QORCBS database
provides county hiomass guantitics available
at several feedstock supply price {in 2002 U 5.

'Information fegarding the location, capacity,
capacity factor, and production of power plants vsed
Ity the analysis 35 gvailable from the suthors upon
rcQuesk.

dollarg) levels for muliiple feedstock categories
(forest, agmicultural, and mill waate; dedicated
enerfy orops; urban wood wastes) and sub-
catepories (e.g., spring and winter wheat
straw, corn stover for apricuitural residoes)
for the Tnited States. The ORIBAS® is n GIS-
based transpertaiion model used to estdmate
the delivered costs {in 2002 U.8. dollars} of
biomass to power plant facilities {(Graham et
al; Noon et al), The ORCED mode] is
a dynamic elecinicity distribution model that
estimates the delivered feedstock price (in 2002
dollars) utilities can pay for biomass feed-
stocks., ORCED models the elecirical system
for a region by matching the supplies and
dernands for two seasons of a single vear. The
IMPLAN mode] nses mput-output analysis to
derive estimated economic impacts for con-
gtructing and operating the pawer plants, the
transporting of the biobased feedstocks, and
the prowinpg/eollecting of wastes, residues, and
dedicated crops in the eight states. Input-
output analysis creates a picture of a regional
economy to describe flows of goods and
services to and from industries and institu-

*ORIBAS sequentially sclects btomass based on
lowest to highast biemass eoats delivered to the plant
gate in sufficient quantities (o mest power plast
demand, The transportation cosls ineorporate costs
i Yoad and transport the matetinl to 2 tajor highoray
and then costs required to deliver the material to the
plant by trock
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ORIBAS
+ GIS-based tremaporiation madel
egtitnates delivarad costs of biomass
to pewer plant facilitics

Cngat and Enecation
nf Blo-based Reaourees
Transporiation EXpense

ORCED

+ thmamc electricity distribution modek
estimales price otilities cin pay for biomass
feedatocks

+ maxlels the electrical systent for B region by
malching the wpplies and demands for tvo
sepsons of A single year

Liocation nf
Power plant

institutions

TMPLAN
» uses input-mtnet analysis 1o dedve
estimpted economic impacts
= greAtes & picture of @ mgionsk
eopmorny to deseribe flonas of goods
and services to and from industries and

Figure 1.

tioms. For this analvsis, county-level IMPLAN
databases were aggregated to Bureau of
Leonomic Analyss trading areas. Each trad-
ing area within the region was used to
determine the economic impacts.

For each power-generating location, OR-
IBAS provides the delivered cost of the
biobased fecdstock, the cost of transporting
the feedstock from the collection point to the
demand center, the feedstock supply price
paid to the owner of the feedstock, and the
location of the fesdstock and the power plant.
The delivered feedstock price that each power
facility is willing to pay per deliverad MMBw
is eatimated by ORCED apd is Jess than or
equal (0 a price that will result in no increases
i the cost of producing electricity via cofiring
hiotnass eorpared with coal only production.
Economically wiable electricity production
levels are identified ns those in which 2 utility
can obtain all of the biomass leedstock
quantities it requires at a delivered feedsiock

Flaw of Information within the Analvsis

price that is less than or equal to the maximum
puice the utility is willing to pay. The location,
guantity, and cost of the biomass supplies are
identified for each ullity where biomass
cofiring is economically viable,

To deterimine the cconormie feasibility of
cofiring, infermation from the three model-
ing compeonents is necessary. For cach poten-
tial 1-km pixel (f), the cost aad quantity of
biomass (Cpy, Oy were caleuniated given
current lend use and county supply estimates
lor each biomass type (7 crop residues, forest
residues, mill wastes, switchgrass, and urban
wood wastes (from ORCBS). A road network
is used ta determine the costs of transporting
{T; 1) the five diffcrent biomass sources to each
plant (4} from each supply pixel. The cost
function of the road network depends on
road type and proximity of the pixel to
a road nede. The cost of supply (Cyy)
{growing, land use competition when examin-
ing awitchgrass, notrient replacement, harvest-
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ing/collecting, storage costs, etc.), plus trans-
portation costs (T4), equals the cost of
supplyving biomass from that pixei to the plant
{Equation 1),

(h

All C8;;; for a given state is calculated and
then ranked from least cosl to greatest cost.

The gquantities associated with the cost of
supplying biomass are summed until the
guantity demanded by the plant (BDy) s
attained. Once the condition in Equation (2) ia
met,

(2 ZZQU=ED;C.
T

the C;; of the highest cost pixel included ia
compared with the price the plant s willing 1o
pay (estimated from ORCED), If the price the
plant iz willing to pay i3 greater than the
estimated supply price, then the plant pur-
chases the biomass and eofires. If the price the
plant ts willing to pay iz less than the supply
price, the plant is assumed to vse only coal in
creating eectricity.

This mformation i3 then converted into
diteet eeonomic impact catimates and modeled
in TMPLAN. Economic or direct impacts
ccclf when changes in policies or other
acHons stinulate changss i final deraand for
a sector’s product. Indirect impacts measure
the change in interindustry purchases due 1o
the change in final demand from the industry
diregtly affected. In addition, induced impacts
measure the changes in the incomes of house-
holds and other ipstitntions and the resulting
increases/decrenses in spending power as a re-
sult of the change in final demand (Olson end
Lindall},

impacts are estimated for four coonomic
seotora, A one-tirme only impact in the
construction sector is estimated, Ammual im-
pacts arc estimated for electrical pencration,
growingfeollecting of the biobaged feedstock,
and transportation sectors. In addition, the
difference betwesn the amount the powsr
plant is assumed to pay for the residue and
the eost of growing/oollecting that residue is
cstimated, This amount is assumed to go to

Cra+ Ne=C8,x.
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Table 3. Tax Level by Pollutant for the Three
Beenarios Analyzed

1.5, Dollars per Ton

Carbon Mitrogen Sulfur
Scenario Tax ¥Value  Taxz Value Tax Value
Moltay 0 0 id42
Low e 70 23474 142
High(Crax 120 2374 142

the original owner of the feedstoek and ia
considered az a change in propristary income
within IMPLAN.? In areas where coal pro-
duction is displaced by biomass cofire in the
Southeast, a negalive impact from the re-
duction of coal mining is estimated.

Cofiring Scenarios Anelvzed

Two levels of cofiring are examined in the
analysis: 2% or 15% (by weight) of the coal
replaced by biobased feedstocks. In addition,
three levels of carbon taxes are assumed: 30
(o carbon tax [NoCrax]y, 570 (low carbon tax
[LowCrax]), and $120 (high cacbon tax [High-
Ctax]) per ton of carbon within the carbon
compound emitted. Further, each ton of sulfur
within the sulfur eompound emissions is taxed
at pI142. In the positive carbon tax scenarios,
cach ton of nitropen within the nitrogen
compound emisstons is taxed at $2,374 (Ta-
ble 3) (U5, Department of Energy 2001).°
Five scenariog are established and estimated:
NoCtax 2% cofire, LowCtax 296 cofire, Low-
Ctax 15% cofire, HighCiax 2% cofire, and
HighCrax 15% cofire. & 15% cofire under the
NoClax scenario was evaluated; however,
power plants could not attain a sufficient
supply of residues at prices less than coal costs
te meel the 15% demand leval,

*Proprietary incomes is the incame genearated from
eoonomic activity to propristorships,

*Based on table 11 in the tefatenead report—NO,
is the 2005 relerence ease, OO0y, 13 the price value for
200z, and sulfur is & vajue from Stanton Hadley at
Dak Ridpe Mational Laborarory {meference case is
F17%; used $1432),



114

Total Project Fvestment [ Plant Construction)

The costz of converting power plants to
cofiring differed depending on whether a 2%
or 159 cofire was assumed, If a 2% cofire is
assumed, the casts of conversion are estimaled
to equal $50WMKW (Wan Dylke). Lileewise, for
the 13% cofive scenario, the investment coat
was estimated to be R20MWEW {Van Dyke,
Antares Group Inc. and Parsons Power). Each
power plant was rated with a plaat capacity
and a capaeity factor (Wan Dvke). Using this
inforroation, the total cosis were assipned to
appropriate machinety, squipment, and con-
strurtemn IMPLAN gectors. When these two
values are multiplied, the number af kilowatis
produced is delermined. The kilowatts pro-
duced muliplied by the cofire level assumed
{285 or 15%) multiplied by either the $30 or
S200 investment cost provides an estimate of
the tota] investment required (INVEST, .,
where pois the power plant and m is the
percentapge cofire assumed) (Van Diyke).

Basad on the information provided by Van
Dvke, 2 milllon dollar investment was pro-
portioned throush the cconomy and assigned
to the appropriate IMPLAN industry sectors.
Each ETA was then impacied with a million
dollar investment for both the 2% and 15%
cofiring scenarios. The impact of this miilion
dollar investment was then divided by the
direct impact ta develop a multiplier for each
ETA and percentage cofire, MULTrrsm
where m is the percentage cofire assumed.

To determine the impact of the investiment
stage within an ETA, the total investment
required for all power plants within the ETA
expressed i milions of dollars was multiplied by
the toultipliers for total indostry antput, employ-
ment, and velue added. Thiscan berepresented as

(3} SMPACT sy =MUL s> 3 _ INVEST,m
=1

where p is the number of plantz in the ETA.
Amimual Operating Cosis

The TMPLAN sector representing electricity
production was modified to reflect an increaze

Journal of Agricultural and Applied Economics, Aprfl 2007

in annual maclupery repair expenditures.
Employment compensation was inereased to
teflaet the additional labor reguirements.
Aszsuming 2 %1 millien change, emplayment
compensation was increaszed by §750,000 and
machinery by $250,000 {Van Drnvkel. Using
IMPLAN resunits, operating multipliers were
estimated for tonal indnatry output, number of
jobs, and value added (Olson and Lindalll. To
catimate the increased amount spent per vear
to operate the power plant, the amount of coal
replaced by biomass was multiplied by 22
million Btu's times the operating cost {50,009/
MMEBEtu) (Van Dyke). The total impact on the
ccanomy in terms of output, jobs, and value
added is estimated by multiplying the amount
spent per vear with the appropriate multiplier.

Binbased Feedstonk Costs

Each of the five types of biobased feedstocks
considered o the analysiz had a different cost
structure. The distribution of expenditures
across mput sectors is displayed in Table 4.
These distributions were then multiplied times
a millien dollars and assigned to the appro-
priate IMPLAN sector. The nonlabor costs
were uged to adjunst the ewrrent production
function of the sector moest likely to provide
the gutput.

A new economic impact model was ereated
for each biobased feedstock with adjusted
praduction function cocfficients reflecting the
new activity i the economy. Total industry
output, emplovment, and value-added multi-
pliers were then generated for each biobased
feedstock. These multipliers were muitiplied
by the cost of producing/collecting the feed-
gtock that ORIBAS indicaied would be used
by the power plant, The economic impact that
cofiring would have in the arcaz where the
feedstock originated was then estmated.

Froprictary Income fmpacts

The value paid for the biobased feedstock
determined by ORIBAR for each scenario was
subtracted from the per-acre cost to estimate
impactz on proprietary income, An impact
anAlysis on proprietary income was conducted
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Table 4. Expenditures, by IMPLAN Sector, Associated with Producing 81,000,000 of each

Biomass Feedstock

1,000 Dollars

IMPLAN

Apriculture Forest Mill Urban

Sector Diescription Residue" R.egjduet Switchprass®  Waste Waste
a0 Seeds 0 0 30 0 fl
26 Iiscellaneous lad () 43 0 0
26 Operating ¢0sts a 1] 20 1 0
202 Fertihzer 0 0 3§D 4] g
204 Chemicals 0 0 140 0 g
451 Fuclfiube T &0 B0 360 310
456 Depreciation 240 280 220 140 180
436 Capital | o0 10 10 10
460 Insarance o [ 0 10 10
432 Repair 330 170 L0 130 160
Labor 130 3an 150 isn 330

Total 1004 1,000 1,000 1,000 1,000

= Agricultuce ragidue ts eost §or crop esidues including round haling and mesviog to edge of feld and stacking.
b Forest residus 18 costs for forest residues ineluding felling-hunching/skiddmg 1o Geld edipfehipping at field edps and biowltg

into trailer.

® Switchgrisa m casts for switthgrass icluding production eosts atid harvest eosts af coond T»aling, moving 1o edge of ficld,

apd stacking

in each ETA. The eeonomic multiplier gener-
ated multiplied by the Lotal change in pro-
prietary income served as an estimate of the
impacts that would occur as a result ol an
inctease in proprietary income within the
region,

Transportation Sector Impacis

Totel transportation sector impacts were de-
termined by summing costs of the biomass
tranaported 1o the power-generating fasitity
ovet all trips and residue types. The result was
A change in total industry outpul. Input-
sutput multipliers for the ETAs in which the
power plants are located were then used to
estirnate the impact on the economy, tmpaet
on employment, and value added.

Results

Canstmption of Residues by Scenario

Tn each of the scenarios evaluated, some
residues were projected to replace coal as

a fuel. With the NoCiax, a 2% cofire scenario
generates a demand of 0.56 million tons of

residue, The residue demanded consists of mill
residues {213,432 dry tong [di]) and urban
wastes {319,125 dt), plus forest residues
(31,350 dt). Feedstock owners aie projected
to receive nearly $22.00/dt for urban waste to
324.06/dt for forest residue {Table 5. At these
priecs, no dedicated crop or apricultural
residoes are purchased by the power plants,
Ower 561,510 dry tons of residues are usad
producing 8.4 trllion Btw's. Using a conver-
sion factor of 293 kilowatt-hours per million
Btu's, and an energy conversion efficiency of
one-third from fuel in to electnesity out, an
estimated 317.6 pigawatt-bours (GWh} of
glectricity is produced. Demand for residue
occur: in seven of the eight states with
conecilrations tear urban areas and power-
generating facilities,

In the other four scenarios, as percentags
cofire Increases so does the amount of residue
demanded, The amaunt the utility is willing to
pay increases as the demand for those residues
merease (Table 6], However, this increase is
not umform among all units since competition
ameong units for placing electricity on the grid
changes as the cosl of generating electricity
chanpes.
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Indeed, as the system moves from low
carbon ta a high carbon tax, less total residne
iz demanded in the 29 cofire solution. Ta the
HighCiax 15% cofire scenanio, 31.9 million -
dry tons of biomass are wsed annually in the
generation of 45,685 GWh ol eleciricity.
While the delivered feadstock price for these
residues to the powet plant range from $57. 724
dt to $58.54/dt, the feedstock farmpate de-
mand price averpped $55.00/t in the 2%
LowCrax scematio (Table 5). The deliversd
feedstock price of the regidues to the power
plant increases as the valoe of cosl decreases,
With the NoCiox, the deliversd lzedstock
price ranged from $27.98 to $28.86 per dry
ton, With the HighCiax 15% cofire seenario,
the delivered feedstock price averaged 363,19/
dt with the feedsiock supply price ranpging
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from a low of $61.29/dt for agricufturc
residoes to $64.28/dt for mill waste. The
difference between what a power plant can
afford to pay for fuel and the amount requiced
by feedstock owners to cover the cost of
prowing (for dedicated crops anly), harvest-
ingfeollecting, storing, and tramsporting is
allocated to changes in propristors’ income,
In both the 2% and 15% HighCrax cofire
scenarios, dedicated crops play a large role in
the mix of biomass. Nearly 408 of the
biobased feedstock used in the cofire comes
from dedicated crops in hoth cofire solations
(Tabhle &), Dedicated crops increase from & low
of zero tons of use with the NoCtax to
1.8 million dry tons i the 2% cofire High-
Crax and 12,1 miliion dry tops . the 15%
colire High Crax tax scenarios. Total biomass

Table 5, Average Feedstock Demand Prices by Utilities

.8 Dollars per Dry Ton

2% Cofire 15% Cofire
Farmgpate Delivered Fannpate Delivered
Feedstock Feadstock Feedstock Feadstock
Scanario and Residue Diemand Price® Demand Pocc®  Dremand Price Demand Price
NoCrax:
Agriculture residues MNAC NA NA NA
Forest $24.66 52848 MNA NA
Mull waate h23.687 F2R.B5 NA NA
Dedicated crop NA NA NA MNA
Trrban waste 521,94 §27.98 NA NA
Low{Crax;
Agriculmure residues £54.79 85707 546 414 53825
Forost F53.48 55846 34013 §60.60
Mill westa £34.20 F57.97 F400% ha0.63
Dedicated crop £54.91 F35.85 F42.71 F59.25
Lirban wastc £54.92 H56.07 F41.70 50920
HishCrax:
Agriculure residues £55.00 £57.72 535,10 F51.29
Forest £55.00 53%.46 F53.00 ho4, 22
Wil waste £35.00 H3%.10 £55.00 F64.28
Dedicated crop £35.00 538,54 $55.00 ha3
Tithan waste §355.00 H58.30 F35.00 56245

1 Farmgate fecdstock demand nrice is the averape price the utility would he willing ta pay the supplior given the scenario and
eost of other feedriocks and the costs involved in franeporting, hendling, and on-ste storage.
h Tralivarad [eadstock demand price determined brsed on information [rem ORIBAS and includes imnsportation, handling,

atid] on=sile stoTAEE COStE
B WA i npone avalable at the estimaled value.

4 4 mueh larger quantity of residnes would he demanded by power plants teanling in ncrepsed tansportotion cogta and
mereased investoent custs tesulting in a lower fesdsteck detpnd prce.
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Table 6. Residoe Use, Energy Content, and Electricity Produced by Scenario

Enerpy Taota) Total Energy
Caontent Residue Content Eleetrisity
Feedatock {MMELLton) {1,000 dry tons) (Eillion B}  Produced (GWh)
LowCtnx 29 cofire:
Apgriculture residue 13.6 193 263 28
Forest residus 1540 1,025.1 15,363 1,504
Mill waste 150 7956 11,923 1,183
Dedicated crop 14.1 1,825.7 23702 2510
TIrban wasts 150 B71.2 13,058 1,275
Total 45369 66,307 6,476
Fercentage electnaty scnerated by rosiducs: 1.03%
Lowltax 159 cofire:
Agticulivure residue 135 100.2 1,363 133
Foreat cesidue 15.0 8.558.2 128 256 12,526
Mill waste 150 64525 0g, 700 9,444
Dedicated crop 14.1 6,959.4 07974 9,589
Ultben wagte 15.0 40680 60, kel 5,944
Total 26,1314 385157 37516
Percentage clectricity generated by restdoes: 5.95%
HighCiax 2% colinc:
Apgreulture residue I13.6 20.8 284 2B
Farest residue 150 248.1 14208 1,388
Mill waste 150 762 11,642 1,137
Dedicated crop 14.1 1,789.9 23,198 2,481
Uthan waste 150 B24.6 12,359 1,207
Total 4,360.3 63,601 6,221
Fercentage electricity generated by residues: 0,99%
HighCtax 15% cofire;
Apnicultors residue 13.6 158.4 2,159 ) B
Forest residue 15.0 7,720.4 115,101 11,300
M1l waste 15.0 g053.0 120,699 11,788
Dedicated erop id.l 121346 170,832 16,665
Tirhan waste 150 3,894.7 58,367 5,701
Totel 318620 487,758 45,635

Percentage electnicity penerated by residues: 7.27%

use increases to 4,5 million dry tons in the 2%
cofire LowCiax tax scenanio and 26.]1 and
31.%9 million dry tons in the FfowCrax and
HighCrax tex 15% cofire scenarios, respec-
tively. Geopraphic locations preducing the
biobased feedstosks expand as the amount of
hiobased feedstock produced increases,

Impacts to the Coal Industry

Using biomass instead of coal to generale
electricity will result in a decresse in coal

demand within the region. The ameount of
decrease depends on the amount of coal that
would bave been purchased within the region
had the substitution of biobased feedstocks
not occurred. This study estimated the amount
of decrease for each ETA study region by
taking the amount of coal displaced specified
by state and multiplying that quantity by the
ratio of coal mined i an ETA compared (o
the total coal mined m the state.

With the NoCtax scenario, 355 thousand
tons of coal is replaced by biomass, including
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B decreaze of 3,344 tons of sulfur emizsions
(Table 7). A decline of 8.4 million dollarz in
direct coal purchases within the region is
estimated (Table ), and a declire of 34.4 jobs
in the coal industry is estimated (Table 9.
This is about one-tenth of 1% of the region’s
ditect total industry cuiput and direct jobs
from epal. This decrease in coal purchass
reduces total economic activity within the
region by $15.5 million and 127 jobs (Tables 8
and 9%, These impacts increase as demand for
coal declines. For example. under the 15%
cofire HighCrax seenanie, 3440 mllion of coal
direet total industry output (5.5% of the
repion’s direct total industry output from
coal) is replaced by residues, weste, and
dedicated crops (Table £). The direct job
impact iz a losa of 1,823 jobs out of the coal
industry or 5.6% of jobs in the cosl industry
{Table 9). This decreass In coal purchases
generates an $800 milkien reduction in eco-
nomic activity including direct, indirect, and
indueed economic mpacts (Table 5.

Total Impacts Resnlting from
Cofiring Bioresidnes

For the NoCiax 2% scenario, the biobased
fredstock sectors gain §11.6 million anoually
(forest residues, $0.7 million; mill waste, 4,59
milhion; and urban waste, 36,37 million) for
producing, harvesting, and collecting the
feedstock, Tn addition, for NoCrax 2%, §51.44
million is peid toward the transportation of
the feedstock to the power-generating [acilities
{Table 8). An estimated $0.7 million n oper-
ating costs occur anoually with an additional
$4.6 million in investment required to convert
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the exclusive coal-burning svstem to cofire.
Proprietors within the region would earn over
$1.3 million.

Incorperating the decrease in coal demand
that would ocour with the substitution of
hiomass of $2.4 million, the region’s annusl
nerease o direct econoqmic activity in the
NoCtax 2% eofire scenario is estimated at $5.5
millicn and nearly 63 additional jobs (Tables 8
and 9. The direct, indirect, and induced
impacts yield a total impact of $7.4 million
annually and close to 0D jobs, with an
spdditional one-time impact of $7.5 millicn as
a result of increased investment for converting
1a eofire units,

In the 29% cofite scenatios, as the carbon
tax jncreases, economic activity first increases
and then slightly declines. A companson of
the NoCrax with the LowCrax scenarfos shows
total ecopomic activily impacis measured by
total industry output inereazes from 3$7.3
million to $260.5 million, The inerease in total
industry output oceurs despite & $110 million
decrease in etonomic activity as a result of
replacing coal in the 2% FowCigr scenario.
An estimated $6.5 inillion is spent operating
the power plants, and §14.6 million i spent
transporting the bichased feedstocks. Thess
direct impacts resnit in total economic activity
of $9.2 and $29.9 million for operation and
transporiation sectors, respectively (Table B).
Job increases within the region are projected
o exceed 3,800 in both the low and high
carbon tax 2% scenarios (Table 9).

In the 15% cofire scenarios, the potential
impacts could be much larger. With the
LowCtax scenario, nearly 51 billion in direet
economic activity i3 spent on the production,

Table 7. Characteristice of Coal Replaced by Biobased Feedstocks for Alternative Scenarios

Coat Replaced % Sulur (81 Coal Value® Sulfur Replaced
Scenario (tons) {Fo) (5 {tans)
NoeCrax, 2% cofite izsz 54 12 ART 203 3,344
LowCrax, 2% colire 3251073 1.33 01,389,191 43,160
Low(Ciax, 1550 cofire 15,198,575 1.24 525,177,225 225,093
HighCrax, 2% cofite 3,251,073 1.33 91,389,091 43,1680
HighCrax, 15% cofire 23987 435 1.32 678,051,258 ar7, 708

* Coal value differs by power plant in the study and iz based on anrual coel expenditores,



Table 8, Estimated Total [ndustry Output Tmpact on the Economy as a Result of Tnereased Deraand For Biobased Feedstocks by Carbon Tax
and Cofire Percentage Scenario®

Toiat Industry Culput (51,000}

NeCrax 2% LerwClex 20 LowCrax 15% HighCeax 2% HighClax 15%
Direct Total Direct Taolul Direct Total Direiet Total Diirect Tixtul
Transportation 1,455 2,895 14,562 20, 8582 215291 432,973 13,431 27,559 257,456 533,618
Crperating 04 1,011 6,437 0,231 36,034 51,356 o437 9,231 47,465 68,154
Coal replacement —8,368 —[5,512 —60, 117 —110063 —323,295 —506.173 —60,117  —110.063  —439.634 —805,137
Biobasud feedstocks 11,663 18,854 218,340 331,425 075,438 1,516.413 217815 3239 1,504 662 2,438,748
Tetal annual impact 5454 7348 170,225 260,455 a01, 465 1,404,772 177,566 256966 1,459,979 2,255,382
Iovestment {ocoannual) 4855 7,377 43,533 TL204 1,080,603 1,830,102 43,533 71,204 1,382,542 2.367.249

* Informanicn ar the siare or Burcan of Economic Avalysia region level is available upoa regpuest,

Table 4. Estimated Total Job Impact on the Economy as a Result of Increased Demand [or Biobased Feadstocks by Carbon Tax and Cofire
Percentage Scenano*

Total Eatimated Job Impacts (number of jobs creeted)

NeCrax 2% LowClax 2% LowClax 15% HightCrax 2% HighCrax 15%

Dirsut Tortal Direct Total Direct Total Divert Total nrect Total
Transportation 143 349 142.8 3421 2,120.50 5,0:42.90) 1316 357 25208 60955
Ciperating 36 g0 330 1.7 187.0 474 33.0 TL.7 243.8 3305
Coal replacement 344 —1269 —24%.4 —H599.6 —1,348.3 —4,881.9 —2404  —@%9.6 —1,823.0 —&,586.5
Biobased fecdstovks 9.8 1808 277160 43681 12,540.5 20,1954 27745 43689 10,2092 335706
Total net annuat jobs 633 5.8 26580 3Ea23 £3,459.7 20,7638 26807 38557 21,2508 326105
Invesiment (nouannual) 208 67.8 2750 631.0 8.720.9 19,2104 2750 631.0 11,0578 24,3581

= Infarmation at the stale or BEA remion level is availuble uptn cequest,

FIHNG) JHO0 LY FYDOIPAAS BSTILOIT JU siemdiuiy chaoueag 7o e yerdusg

£l



118

harvest, andfor collection of the hobased
feedstocks. This amount incremses to nearly
51.6 billion under the HighCiax tax situation.
Adding the indirect and induced impacts to
the direct impacts that occusrred in the
feedatock sectors resulted in an estbmated
1.5 and 32.4 billlon annual total indusiry
output impeact to the region’s economy. A
total impact of $430 million and $533 million
pocurs as a result of increased transportation
af biobazed feedstocks in the 15% Lowrax
and HighCrax tax scenarios, respectively.
Cperating costs in the power acility are
estimated at $36 and $47 million for these
same sconarios, respectively, With the added
impects that cccur as a reswit of these
expenditures, an estimated increase in eco-
nomic activity of $52 million and $68 million
is projected for the LowCrax and HighCrax
tax scenarios, respecttvely. Finally, for both
the LowCrax and HighCrax tax seenarios, less
coal i1z purchaged from the region, and this
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decreage in economic actvity is estimated at
F600 or $800 millicm, respectively,

The net number of jobs within the region
will increase overall, A decrease in jobs caused
by a decrease in coal demand (over —6,500 in
the HighCiax, | 3% cofire anlution) is offset by
the increase in emploviment of 6,000 as a result
of changes in the transportation industry, over
500 jobs in the power industry, and over
32.000 jobs in the supply of biomass in-
dustries. Tmpacts are simidlar for all the cofire
seenarios (Tabie 9).

Economic impacts are not consistent across
trading arcas in the study region. Most trading
areas show a benchit. however, some coal-
producing regions are impacted negatively
(Figure 2}. Eastern Kentucky inonrs the larg-
est losses in economdc activity that oecur
within the study area. Trading areas that
receive the majority of economic benefits
typically have a major population center (i.e.,
Atlanta, Nashwille, and Memphis) though

Tt |

High Carbaon Tax 15% Cofire
Millior: Dollars

[ TR
| ELEY
e R
K 10t 100
R 100 m 4Ea

Figore 2. Regional Location of Economic Benefits and Losses, HighCiax, 1 5% Cofire Scenario
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MNorthern Alabama and Western North Car-
olina also receive significant economic bene-
fits. Proximity to a power plant increases the
likelihood that a trading srca will accrue
significant benefits from cofiring, Tranaporta-
ton costs of residues, wasies, and dedicated
crops are high and, 85 a result, the closer that
you are ta the demand eenter the more likely
the treding ares will benefit,

Conclosions

Cofiring doe: not appear economyically cost
competitive under the current market conditions
exeepdl in certain urbanforest situations and
under low cofire levals, Very small amounts of
residue {248 are economically fesstble for cofire
in the NoCrax scenario. Under a 2% cofire,
some planis can [nd residue at a lower cost
than coal phes sulfur emissions cost. However,
upon examination of the 13% cofire NoCrax
geenario, e analysis indicates paying the
sulfur emissions cost is mors economical than
burning resmdue, The apnalysis ndicates that
thers are areas now that would benefit from
generating electricity vsing forest residues, mill
waste, and urban waste. In fact, nearly 817
sieawatt-hours of electricity eould he praduced
using these residues replacing 355,000 tons of
coal with the NoCiex 2% cofire scenario.

Whils thers is increased economic activity
agz a result of producing and transporiing the
feedstock in the region near the coal-fired
power plant, there is a reduction in economic
activity that occurs in coal-produocing regions
as the demend for coal decreases as m result of
the cofire. Displacement of coal with biomass
would result in $O; and NO, reductions
from the fnng to electricity conversion pro-
cess. However, it should be noted that to
messore the overall effects on air emissions,
the decreases in emissions resulting from
transport and handling of coal alonpg with
the reduced emissions from firtng would need
te be compared with any incresses in emis-
sipns resulting from adeditional production
and transport of biomass feedstocks in the
region near the coal-fired power plant.

There is litile difference between the Low-
Ctax and HighCtlox tax seenaros under the
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29 cofire level. There is a slight change in the
mix of the residues. However, the power
plants uging the residues do nol change
between the two scenanios. Total mdustry
cuntpui within the region increases by over
$175 million, incleding 8 reduetion in the
demand for coal of $60 million. Analysis
indicates that an estimated 2,700 net jobs
would be ereated.

With the NoCraxy scenaneo, increases in
percentapge cofire from 2% to 15% resulted in
no additional residue demand, while in both
the LowCrax and HighCrax emissions cost
scenarios, the amount of residues consurned
increase from 4.5 million dry tons in the Zow-
Ctax 2% cofire scenario to 26,1 {(LowCrax
15% cofite) and 31.9 (HighCrax 159% cofire)
millien dry toms. The expansion in residoe
demand resulizs in significant increases
regional economic impaets, There iz an
estimated $1.4 to B2.2 billion impact that
occurs to the Sputheast Region under the 15%
cofire levels with LowCnax and HighCrax
emission cost seenarios, respectively, Concur-
rent with this incrasse in economic activity is
an estirnated inerease of 21,000 to 33,000 jobs
under these emission cost scenarios.

Driscussion

The cost data for conversion of the boilers to
accept regidues is extrapolated from a study of
a singie power plant (Van Dyke; Antares
Group and Parsons Power). Tt is expected that
these costs would vary between power plants
and between units within power plants. The
costs of producing, collecting, and/or harvest-
ing the biobased fesdstocks are estimated
costs, and while road type and condition ere
incorporated in the analysis through ORIBAS,
these eosts will vary depending on the locations
and infrastrocture available in the regmion.
More residues might be demanded than
indicated in the moalysis. The model used in
determining whether elestricity could be gen-
erated from biobased feedstocks in a compet-
itive enwvironment assumed that the entire
power-generating facility would be cofired at
the 2% and 153% levels, If the amount of
residoe required far each Iewvel was not avarl-
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able at & competitive delivered feedstock price,
the entire famlity would continue burning
1009 coal. However, most power plants
consist of multiple units and cofirmg could
oeeur at the individual umt level vather than
the entire faghty level, Lower unit demand
levels result in lower delivered feedstock costs
compared with total facility demand, resulting
in the potentiali {or more cofiring than is
estimated in the analysis. Mo attempts are
made to evaluate the overali U8, impacte, nor
is the impact of increased feedstock costs as
a result of the employment of eovironmental
taxes Incorporated inte the analysis. The
authors recopgnize that additional economic
Impacts that are not captured would ocour 1o
the rail industry (transporiation of coaly and
other forward linked sectors to the coal
industry. In addition, loss of eoonomic activity
resulting itom shifting of current cropping
syatems to dedicated energy erops mipht occur
and 15 not included in tlus analysis, Further,
estimation of the long-term economic benefits
accruing to the region as a result of a cleaner
environment s beyond the seope of Lthis study.

This study iz limited to the sputhern region
af the United States. Certain factors make this
study region unique. The region contains lacge
ampunts of forest restdues and mill wastes, In
addition, wood from municipal solid waste
strea i1s also available for cofiring. The
region has significant potential to produocs
high-vielding dedicated energy crops. In addi-
tiom, other renewable sources such as wind
and solar are not realistic utility scale options
in the Seutheast. In part due to coal guality
and io part due to power plant characteristics,
the southeastern region of the United States
leads in CO; emissions and ranle second in
emissions of 30, and NG, These factors Hmit
the application of the analysis contained in
this study to this region. Furither research
should be conducted to extend the impacts ta
other regions,

Finally, the analysis provides a first cul at
estimating the economic benefits of substitut-
ing biobased feedstocks for eeal in the
generation of elestoicity. As conducted, the
analysis estimates the amount of benefits that
would aceur within a trading area, Seme of
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the lealkages that oeccur from B transaction
within the region would likely oceur in the
might-state area. Thus, the actwal economic
impacts for the eight-state region might be
greater than those presented in this analysis.

Based oo EIA projections, the future
demand for clectricity will increase and the
growth is ptimarily in coalproduced electric-
ity. Therefore, the negative impacis that the
sindy projects for the coal industry may net
cccur. However, the growth would likely
decrease by the projected amounts.

The study provides inleresting insiglts into
ntraregional transfers of economic activity
that would ocour with displacement of coal by
other types of feedstocks. The arsas adopting
cofiring would new only achieve the greatest
air emission reductions, they would alse
achieve added economic activity, The tratiafers
of economic aclivity out of the Bastern
Kentucky region suggest the potential need
for ecanomie development policy or programs
to offset Iosses,

{ Recerved February 2006, Accopred Jufe 2006, ]
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