
The elec tric ity mar ket mod ule (EMM) rep re sents the
generation, transmission, and pricing of electricity,
subject to: delivered prices for coal, petroleum
products, and natural gas; the cost of centralized gen -
eration from renewable fuels; macroeconomic
variables for costs of capital and domestic investment;
and electricity load shapes and demand. The
submodules consist of capacity planning, fuel
dispatching, finance and pricing, and load and de mand
(Figure 9). In addition, nonutility supply and electricity
trade are represented in the fuel dispatching   and   ca -
pac ity planning   submodules. Nonutility  generation 
from CHP and other facilities whose primary business
is not electricity generation is represented in the
demand and fuel supply modules. All other nonutility
generation is represented in the EMM. The generation
of electricity is accounted for in 15 supply regions
(Figure 10), and fuel consumption is allocated to the 9
Census divisions.

The EMM de ter mines air borne emis sions pro duced by
the gen er a tion of elec tric ity. It rep re sents lim its for sul -
fur di ox ide and ni tro gen ox ides spec i fied in the Clean
Air Act Amend ments of 1990 (CAAA90) and the Clean
Air In ter state Rule.  The AEO2009 also mod els
State-level reg u la tions im ple ment ing mer cury stan -
dards. The EMM also has the abil ity to track and limit
emis sions of car bon di ox ide, and the AEO2009 in -
cludes the re gional car bon re stric tions of the Re gional
Green house Gas Ini tia tive (RGGI). 

Op er at ing (dis patch) de ci sions are pro vided by the
cost-min i miz ing mix of fuel and vari able op er at ing and
main te nance (O&M) costs, sub ject to en vi ronmen tal
costs. Ca pac ity ex pan sion is de ter mined by the
least-cost mix of all costs, in clud ing cap i tal, O&M, and
fuel. Elec tric ity de mand is rep re sented by load curves,
which vary by re gion and sea son. The so lu tion to the
submodules of EMM is simultaneous in that, di rectly or
in di rectly, the so lu tion for each submodule de pends on
the so lu tion to ev ery other submodule.  A so lu tion se -
quence through the submodules can be viewed as
fol lows:

• The  elec tric ity load  and  de mand submodule pro -
cesses elec tric ity de mand to con struct load curves

• The elec tric ity ca pac ity plan ning submodule pro -
jects the con struc tion of new util ity and nonutility 
plants,  the  level  of  firm  power trades,  and  the 
ad di tion  of  equip ment  for en vi ron men tal com pli -
ance

• The  elec tric ity  fuel  dis patch  submodule dis -
patches  the  avail able  gen er at ing  units, both util ity
and nonutility, al low ing sur plus ca pac ity in se lect re -
gions to be dis patched to meet an other re gions needs 
(econ omy trade)

• The elec tric ity fi nance and pric ing submodule cal cu -
lates to tal rev e nue re quire ments for each op er a tion
and com putes av er age and mar ginal-cost based
elec tric ity prices.

Electricity Capacity Planning Submodule

The elec tric ity ca pac ity plan ning (ECP) submodule de -
ter mines how best to meet ex pected growth in elec tric -
ity de mand, given avail able re sources, expected  load 
shapes,  ex pected  de mands  and  fuel prices, en vi ron -
men tal con straints, and costs for utility and nonutility
tech nol o gies. When new ca pac ity is re quired to meet
growth in elec tric ity de mand, the tech nol ogy cho sen is
de ter mined by the tim ing of the de mand in crease, the
ex pected uti li za tion of the new ca pac ity, the op er at ing ef fi -
cien cies, and the construction and op er at ing costs of
avail able technologies.

The ex pected uti li za tion of the ca pac ity is im por tant in the
de ci sion-mak ing pro cess. A tech nol ogy with rel a tively
high cap i tal costs but com par a tively low op er at ing
costs (pri mar ily fuel costs) may be the ap pro pri ate
choice if the ca pac ity is ex pected to op er ate con tin u -
ously (base load). How ever, a plant type with high op er -
at ing costs but low cap i tal costs may be the most
eco nom i cal se lec tion to serve the peak load (i.e., the
high est de mands on the sys tem), which oc curs in fre -
quently.  In ter me di ate or cy cling load oc cu pies a mid dle 
ground be tween base and peak load and is best served
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EMM Outputs Inputs from NEMS Exogenous Inputs

Elec tric ity prices and price com po nents
Fuel de mands
Ca pac ity ad di tions
Cap i tal re quire ments
Emis sions
Re new able ca pac ity
Avoided costs

Elec tric ity sales
Fuel prices
Cogeneration sup ply and fuel con sump tion
Elec tric ity sales to the grid
Re new able tech nol ogy char ac ter is tics, al low able
    ca pac ity, and costs
Re new able ca pac ity fac tors
Gross do mes tic prod uct
In ter est rates

Fi nan cial data
Tax assumptions
Cap i tal costs
Op er a tion and main te nance costs
Op er at ing pa ram e ters
Emmissions rates
New tech nol o gies
Ex ist ing fa cil i ties
Trans mis sion constraints



by plants that are cheaper to build than baseload plants 
and cheaper to op er ate than peak load plants.

Tech nol o gies are com pared on the ba sis of to tal capital
and op er at ing costs in curred over a 20-year period. As
new tech nol o gies be come avail able, they are com peted
against con ven tional plant types. Fossil-fuel, nu clear,
and re new able cen tral-sta tion generating tech nol o gies
are rep re sented, as listed in Ta ble 11.  The EMM also
con sid ers two dis trib uted gen er a tion tech nol o gies
-baseload and peak.  The EMM also has the abil ity to
model a de mand stor age tech nol ogy to rep re sent load
shift ing.

Un cer tainty about in vest ment costs for new technologies
is cap tured in ECP us ing tech no log i cal optimism and
learn ing fac tors. The tech no log i cal optimism fac tor re -
flects the in her ent ten dency to un deres ti mate costs for
new tech nol o gies. The de gree of tech no log i cal op ti mism 
de pends on the com plex ity of the en gi neer ing de sign
and the stage of de velopment. As de vel op ment pro -
ceeds and more data become avail able, cost es ti mates
be come more ac cu rate and the tech no log i cal op ti mism
fac tor de clines.

Learn ing  fac tors  rep re sent  re duc tions  in  cap i tal costs
due to learn ing-by-do ing. For new technologies, cost re -
duc tions due to learn ing also ac count for in ter na tional ex -
pe ri ence in build ing gen er at ing capacity. These fac tors
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are cal cu lated for each of the ma jor de sign com po nents 
of a plant type de sign. For mod el ing pur poses, com po -
nents are iden ti fied only if the com po nent is shared be -
tween mul ti ple plant types, so that the ECP can re flect
the learn ing that oc curs across tech nol o gies. The cost
ad just ment fac tors are based on the cu mu la tive ca pac -
ity of a given com po nent. A 3-step learn ing curve is uti -
lized for all de sign com po nents. 

Typ i cally, the great est amount of learn ing oc curs dur ing 
the ini tial stages of de vel op ment and the rate of cost re -
duc tions de clines as com mer cial iza tion pro gresses.
Each step of the curve is char ac ter ized by the learn ing
rate and the num ber of doublings of ca pac ity in which
this rate is ap plied. De pend ing on the stage of de vel op -
ment for a par tic u lar com po nent, some of the learn ing
may al ready be in cor po rated in the ini tial cost es ti mate.

Cap i tal costs for all new elec tric ity gen er at ing tech nol o -
gies (fos sil, nu clear, and re new able) de crease in re -
sponse to for eign and do mes tic ex pe ri ence.  Foreign
units of new tech nol o gies are as sumed to contrib ute to
re duc tions in cap i tal costs for units that are in stalled in
the United States to the ex tent that (1) the tech nol ogy
char ac ter is tics are sim i lar to those used in U.S. mar kets,
(2) the de sign and con struc tion firms and key per son nel
com pete in the U.S. mar ket, (3) the own ing and op er at ing
firm com petes ac tively in the United States, and (4) there
ex ists rel a tively com plete in for ma tion about the sta tus of
the associated fa cil ity. If the new for eign units do not
sat isfy one or more of these re quire ments, they are given
a re duced weight or not in cluded in the learn ing effects
cal cu la tion.  Cap i tal costs, heat rates, and first year of
availablilty from the AEO2009 ref er ence case are shown 
in Ta ble 12; cap i tal costs rep re sent the costs of building
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new plants or dered in 2008. Ad di tional in for ma tion
about costs and per for mance char ac ter is tics can be
found on page 89 of the "As sump tions to the An nual En -
ergy Out look 2009."17

Ini tially, in vest ment de ci sions are de ter mined in ECP
us ing cost  and per for mance  char ac ter is tics that are
rep re sented as sin gle point es ti mates corresponding to 
the av er age (ex pected) cost. How ever, these pa ram e -
ters are also sub ject to un cer tainty and are better rep re -
sented by dis tri bu tions. If the distributions of two or
more op tions over lap, the op tion with the low est av er -
age cost is not likely to cap ture the  en tire  mar ket. 
There fore,  ECP  uses  a mar ket-shar ing al go rithm to
ad just the ini tial solution and re al lo cate some of the ca -
pac ity ex pan sion decisions to technologies that are
competitive but do not have the lowest average cost.

Fos sil-fired steam and nu clear plant re tire ments are
cal cu lated en dog e nously within the model. Plants are
re tired if the mar ket price of elec tric ity is not suf fi cient to
sup port con tin ued op er a tion.  The ex pected rev e nues
from these plants are com pared to  the  an nual  go -
ing-for ward  costs,  which  are mainly fuel and O&M
costs. A plant is re tired if these costs ex ceed the rev e nues 
and the over all cost of elec tric ity can be re duced by
building replacement capacity.

The ECP submodule also de ter mines whether to con -
tract for un planned firm power im ports from Can ada
and from neigh bor ing elec tric ity sup ply regions. Im ports
from Can ada are com peted us ing sup ply curves de vel -
oped from cost es ti mates for potential hy dro elec tric pro -
jects in Can ada. Im ports from neigh bor ing elec tric ity
sup ply re gions are competed in the ECP based on the cost 
of the unit in the export ing re gion plus the ad di tional cost of 
trans mitting the power. Trans mis sion costs are com puted 
as a fraction of revenue.

Af ter build ing new ca pac ity, the submodule passes to tal
avail able ca pac ity to the elec tric ity fuel dispatch
submodule and new ca pac ity ex penses to the elec tric ity
fi nance and pric ing submodule.                               

Elec tric ity Fuel Dis patch Submodule 

Given  avail able  ca pac ity,  firm  pur chased-power 
agree ments, fuel prices, and load curves, the elec tricity 
fuel dis patch (EFD) submodule min i mizes variable

costs as it solves for gen er a tion fa cil ity utilization and
econ omy power ex changes to sat isfy demand in each
time pe riod and re gion.  Lim its on emis sions of sul fur di -
ox ide from gen er at ing units and the en gi neer ing char ac -
ter is tics of units serve as con straints. Coal-fired ca pac ity 
can co-fire with biomass in or der to lower op er at ing
costs and/or emissions.

The EFD uses a lin ear pro gram ming (LP) ap proach to
pro vide a min i mum cost so lu tion to al lo cat ing (dis patch -
ing) ca pac ity to meet de mand. It sim u lates the elec tric
trans mis sion net work on the NERC re gion level and si -
mul ta neously dis patches ca pac ity re gion ally by time
slice un til de mand for the year is met. Tra di tional
cogeneration and firm trade ca pac ity is re moved from
the load du ra tion curve prior to the dis patch de ci sion.
Ca pac ity costs for each time slice are based on fuel and 
vari able O&M costs, mak ing ad just ments for RPS
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Fossil

Existing coal steam plants (with or without environmental
controls)
New  pulverized coal with environmental controls
Advanced clean coal technology
Advanced clean coal technology with sequestration
Oil/Gas steam
Conventional combined cycle
Advanced combined cycle 
Advanced combined cycle with sequestration
Conventional combusion turbine
Fuel cells

Nuclear

Conventional nuclear
Advanced nuclear

Renewables

Conventional hydropower
Pumped storage
Geothermal
Solar-thermal
Solar-photovoltaic
Wind - onshore and offshore
Wood
Municipal solid waste

En vi ron men tal con trols in clude flue gas desulfurization (FGD), se lec tive cat -
a lytic re duc tion (SCR), se lec tive non-cat a lytic re duc tion (SNCR), fab ric fil -
ters, spray cool ing, activated car bon in jec tion (ACI), and par tic u late re moval
equipiment.

Ta ble 11. Gen er at ing Technologies

17 Energy Information Administration, Assumptions to the Annual Energy Outlook 2009,
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/0554(2009).pdf (March 2009)



cred its, if ap pli ca ble, and pro duc tion tax cred its. Gen er -
a tors are re quired to meet planned main te nance re -
quire ments, as defined by plant type.

In ter re gional econ omy trade is also rep re sented in the
EFD submodule by al low ing sur plus gen er a tion in one re -
gion to sat isfy elec tric ity de mand in an import ing re gion,
re sult ing in a cost sav ings. Econ omy trade with Can ada
is de ter mined in a sim i lar manner as in ter re gional econ -
omy trade. Sur plus Canadian en ergy is al lowed to dis -
place en ergy in an import ing re gion if it re sults in a cost
sav ings. Af ter dispatch ing, fuel use is re ported back to the
fuel sup ply mod ules and op er at ing ex penses and rev e -
nues from trade are re ported to the elec tric ity fi nance and
pricing submodule.

Electricity Finance and Pricing Submodule

The costs of build ing ca pac ity, buy ing power, and gen -
er at ing elec tric ity are tal lied in the elec tric ity finance and
pric ing (EFP) submodule, which simulates both com -
pet i tive elec tric ity pric ing and the cost-of-ser vice
method of ten used by State regulators to de ter mine the
price of elec tric ity. The AEO2009 ref er ence case as -
sumes a tran si tion to full com pet i tive pric ing in New
York, Mid-At lan tic Area Coun cil, and Texas, and a 95
per cent tran si tion to com pet i tive pric ing in New Eng -
land (Ver mont be ing the only fully-reg u lated State in
that re gion). Cal i for nia re turned to al most fully reg u -
lated pric ing in 2002, af ter be gin ning a tran si tion to
com pe ti tion in 1998. In ad di tion elec tric ity prices in the

Energy Information Administration / The National Energy Modeling System: An Overview 2009 47

Electricity Market Module

Technology
Capital Costs1

(2007$/KW)
Heatrate in 2008 

(Btu/kWhr) Online Year2

Scrubbed Coal New 2058 9200 2012

Integrated Coal-gasification Comb Cycle (IGCC) 2378 8765 2012

IGCC with carbon sequestration 3496 10781 2016

Coventional Gas/Oil Comb Cycle 962 7196 2011

Advanced Gas/Oil Comb Cycle (CC) 948 6752 2011

Advanced CC with carbon sequestration 1890 8613 2016

Conventional Combusion Turbine 670 10810 2010

Advanced Combusition Turbine 634 9289 2010

Fuel Cells 5360 7930 2011

Adv nuclear 3318 10434 2016

Distributed Generation - Base 1370 9050 2011

Distributed Generation - Peak 1645 10069 2010

Biomass 3766 9646 2012

MSW - Landfill Gas 2543 13648 2010

Geothermal3 1711 34633 2010

Conventional Hydropower 3,4 2242 9919 2012

Wind4 1923 9919 2009

Wind Offshore4 3851 9919 2012

Solar Thermal 5021 9919 2012

Photovoltaic 6038 9919 2011

Table 12.  2008 Over night Cap i tal Costs (in clud ing Con tin gen cies), 2008 Heat Rates, and On line Year by Tech nol ogy for the
AEO2009 Ref er ence Case

1Over night cap i tal cost in clud ing con tin gency fac tors, ex clud ing reigonal mul ti pli ers and learn ing ef fects.  In ter est charges are also ex cluded.  These rep re sent costs
of new pro jects ini ti ated in 2008.  Cap i tal costs are shown be fore in vest ment tax cred its are ap plied, where ap pli ca ble.
2On line year rep re sents the first year that a new unit could be com pleted, given an or der date of 2008.  For wind, geo ther mal and land fill gas, the on line year was
moved ear lier to ac knowl edge the sig nif i cant mar ket ac tiv ity al ready occuring in anticipation of the ex pi ra tion of the Pro duc tion Tax Credit in 2009 for wind and 2010 for
the oth ers.
3Be cause geo ther mal and hy dro cost and per for mance char ac ter is tics are spe cific for each site, the ta ble en tries rep re sent the cost of the least ex pen sive plant that
could be built in the North west Power Pool re gion, where most of the pro posed sites are lo cated.
4For hy dro, wind, and so lar tech nol o gies, the heatrate shown rep re sents the av er age heatrate for con ven tional ther mal gen er a tion as of 2007.  This isused for pur -
poses of cal cu lat ing pri mary en ergy con sump tion dis placed for these re sources, and does not im ply an es ti mate of their ac tual en ergy con ver sion ef fi ciency.



East Cen tral Area Re li abil ity Coun cil, the Mid-Amer i can 
In ter con nected Net work, the South east ern Elec tric Re -
li abil ity Coun cil, the South west Power Pool, the North -
west Power Pool, and the Rocky Moun tain Power
Area/Ar i zona are a mix of both com pet i tive and reg u -
lated prices. Since some States in each of these re -
gions have not taken ac tion to de reg u late their pric ing
of elec tric ity, prices in those States are as sumed to
con tinue to be based on tra di tional cost-of-ser vice pric -
ing. The price for mixed re gions is a load-weighted av -
er age of the com pet i tive price and the reg u lated price,
with the weight based on the per cent of elec tric ity load
in the re gion that has taken ac tion to de reg u late. In re -
gions where none of the states in the re gion have in tro -
duced com pe ti tion—Florida Re li abil ity Co or di nat ing
Coun cil and Mid-Con ti nent Area Power Pool—elec tric -
ity prices are as sumed to re main reg u lated and the
cost-of-ser vice calculation is used to determine
electricity prices.

Us ing his tor i cal costs for ex ist ing plants (de rived from
var i ous sources such as Fed eral En ergy Regulatory Com -
mis sion Form 1, An nual Re port of Ma jor Elec tric Util i -
ties, Li cens ees and Oth ers, and Form EIA-412, An nual
Re port of Pub lic Elec tric Util i ties), cost es ti mates for
new plants, fuel prices from the NEMS fuel sup ply mod -
ules, unit op er at ing lev els, plant de com mis sion ing costs,
plant phase-in costs,  and  pur chased  power  costs,  the  
EFP submodule cal cu lates to tal rev e nue re quire ments for
each area of op er a tion—gen er a tion, trans mis sion, and
dis tri bu tion—for pric ing of elec tric ity in the fully  reg u -
lated  States.  Rev e nue  re quire ments shared over sales 
by cus tomer class yield the price of elec tric ity for each
class. Elec tric ity prices are returned to the de mand
mod ules. In ad di tion, the submodule gen er ates de tailed
fi nan cial state ments.

For those States for which it is ap pli ca ble, the EFP also
de ter mines com pet i tive prices for elec tric ity gen eration. 
Un like cost-of-ser vice prices, which are based on av er -
age costs, com pet i tive prices are based on mar ginal
costs. Mar ginal costs are pri mar ily the operating costs of
the most ex pen sive plant re quired to meet de mand. The
com pet i tive price also in cludes a re li abil ity price ad just -
ment, which rep re sents the value con sum ers place on
re li abil ity of ser vice when de mands are high and avail able 
ca pac ity is lim ited. Prices for trans mis sion and dis tri bu -
tion are assumed to re main reg u lated, so the de liv ered
elec tricity price un der com pe ti tion is the sum of the
marginal price of gen er a tion and the av er age price of
transmission and distribution.

Electricity Load and Demand Submodule

The elec tric ity load and de mand (ELD) submodule gen -
er ates load curves rep re sent ing the de mand for elec -
tric ity. The de mand for elec tric ity var ies over the course 
of a day. Many dif fer ent tech nol o gies and end uses, each
re quir ing a dif fer ent level of ca pac ity for dif fer ent lengths
of time, are pow ered by elec tric ity. For op er a tional and
plan ning anal y sis, an an nual load du ra tion curve, which
repre sents  the  ag gre gated  hourly  de mands,  is 
constructed. Be cause de mand var ies by geo graphic area 
and time of year, the ELD submodule gen er ates load
curves for each re gion and sea son.

Emissions

EMM tracks emis sion lev els for sul fur di ox ide (SO2)
and ni tro gen ox ides (NOx).  Fa cil ity development, retro -
fit ting, and dis patch are con strained to com ply with the
pol lu tion con straints of the CAAA90 and other pol lu tion
con straints in clud ing the Clean Air In ter state Rule.  An
in no va tive fea ture of this leg is la tion is a sys tem of trad -
ing emis sions al low ances.  The trad ing sys tem al lows a 
util ity with a rel a tively low cost of com pli ance to sell its
ex cess com pli ance (i.e., the de gree to which its emis -
sions per unit of power gen er ated are be low max i mum
al low able lev els) to util i ties with a rel a tively high cost of
com pli ance.  The trad ing of emis sions al low ances does 
not change the na tional ag gre gate emis sions level set
by CAAA90, but it does tend to min i mize the over all
cost of com pli ance.

In ad di tion to SO2, and NOx, the EMM also de ter mines
mer cury and car bon di ox ide emis sions.  It rep re sents
con trol op tions to re duce emis sions of these four
gases, ei ther in di vid u ally or in any com bi na tion.  Fuel
switch ing from coal to nat u ral gas, renewables, or nu -
clear can re duce all of these emis sions.  Flue gas
desulfurization equip ment can de crease SO2 and mer -
cury emis sions.  Se lec tive cat a lytic re duc tion can re -
duce NOx and mer cury emis sions. Se lec tive
non-cat a lytic re duc tion and low-NOx burn ers can lower
NOx emis sions.  Fab ric fil ters and ac ti vated car bon in -
jec tion can re duce mer cury emis sions.  Lower emis -
sions re sult ing from de mand re duc tions are de ter mined 
in the end-use de mand mod ules.

The AEO2009 in cludes a gen er al ized struc ture to
model cur rent state-level reg u la tions call ing for the best 
avail able con trol tech nol ogy to con trol mer cury.  The
AEO2009 also in cludes the car bon caps for States that
are part of the RGGI. 
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