
The re new able fu els mod ule (RFM) rep re sents re new -
able en ergy resoures and large–scale tech nol o gies
used for grid-con nected U.S. elec tric ity sup ply (Fig ure
11). Since most renewables (bio mass, con ven tional
hy dro elec tric ity, geo ther mal, land fill gas, so lar
photovoltaics, so lar ther mal, and wind) are used to gen -
er ate elec tric ity, the RFM pri mar ily in ter acts with the
electricity market module (EMM). 

New re new able en ergy gen er at ing ca pac ity is ei ther
model–de ter mined or based on sur veys or other pub -
lished in for ma tion. A new unit is only in cluded in sur -
veys or acccepted from pub lished in for ma tion if it is
re ported to or iden ti fied by the EIA and the unit meets
EIA cri te ria for in clu sion (the unit ex ists, is un der con -
struc tion, un der con tract, is pub licly de clared by the
ven dor, or is man dated by state law, such as un der a
state re new able port fo lio stan dard). EIA may also as -
sume min i mal builds for rea sons based on his tor i cal ex -
pe ri ence (floors). The pen e tra tion of grid-con nected
re new able en ergy gen er at ing tech nol o gies, with the
exception of landfill gas, is determined by the EMM. 

Each re new able en ergy submodule of the RFM is
treated in de pend ently of the oth ers, ex cept for their
least-cost com pe ti tion in the EMM. Be cause vari able
op er a tion and main te nance costs for re new able tech -
nol o gies are lower than for any other ma jor gen er at ing
tech nol ogy, and be cause they gen er ally pro duce lit tle
or no air pol lu tion, all avail able re new able ca pac ity, ex -
cept bio mass, is as sumed to be dis patched first by the
EMM.  Be cause of its po ten tially sig nif i cant fuel cost,
bio mass is dis patched according to its variable cost by
the EMM. 

With sig nif i cant growth over time, in stal la tion costs are
as sumed to be higher be cause of grow ing con straints
on the avail abil ity of sites, nat u ral re source deg ra da -
tion, the need to up grade ex ist ing trans mis sion or dis tri -
bu tion net works, and other re source-spe cific fac tors.

Geothermal-Electric Submodule

The geo ther mal-elec tric submodule pro vides the EMM
the amounts of new geo ther mal ca pac ity that can be
built at known and well char ac ter ized geo ther mal re -
source sites, along with re lated cost and per for mance
data. The in for ma tion is ex pressed in the form of a
three–step sup ply func tion that rep re sents the ag gre -
gate amount of new ca pac ity and as so ci ated costs that
can be of fered in each year in each region. 

Only hy dro ther mal (hot wa ter and steam) re sources
are con sid ered. Hot dry rock re sources are not in -
cluded, be cause they are not ex pected to be eco nom i -
cally ac ces si ble dur ing the NEMS pro jec tion horizon. 

Cap i tal and op er at ing costs are es ti mated sep a rately,
and life-cy cle costs are cal cu lated by the RFM. The
cost ing meth od ol ogy in cor po rates any ap pli ca ble ef -
fects of Fed eral and State en ergy tax con struc tion and
pro duc tion in cen tives

Wind-Electric Submodule 

The wind-elec tric submodule pro jects the avail abil ity of
wind re sources as well as the cost and per for mance of
wind tur bine gen er a tors. This in for ma tion is passed to
EMM so that wind tur bines can be built and dis patched
in com pe ti tion with other elec tric ity gen er at ing tech nol -
o gies. The wind tur bine data are ex pressed in the form
of en ergy sup ply curves that pro vide the max i mum
amount, cap i tal cost, and ca pac ity fac tor of tur bine gen -
er at ing ca pac ity that could be in stalled in a re gion in a
year, given the avail able land area and wind speed.
The model also eval u ates the con tri bu tion of the wind
ca pac ity to meet ing sys tem re li abil ity re quire ments so
that the EMM can ap pro pri ately in cor po rate wind ca -
pac ity into cal cu la tions for re gional reliability reserve
margins.

So lar-Elec tric Submodule

The so lar-elec tric submodule rep re sents both pho to -
vol taic and high-tem per a ture ther mal elec tric (concen-
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RFM Outputs Inputs from NEMS Exogenous Inputs

En ergy pro duc tion ca pac i ties
Cap i tal costs
Op er at ing costs (in clud ing wood sup ply prices for
    the wood submodule)
Ca pac ity factors
Avail able ca pac ity
Bio mass fuel costs
Bio mass sup ply curves

In stalled en ergy pro duc tion capacity
Gross do mes tic prod uct
Pop u la tion
In ter est Rates
Avoided cost of elec tric ity
Dis count rate
Ca pac ity additions
Bio mass con sump tion

Site-spe cific geo ther mal re source quan tity data
Site-spe cific and re source qual ity data
Plant uti li za tion (capacity fac tor)Trans mis sion and dis tri bu tion costs
Tech nol ogy cost and per for mance pa ram e ters
Land fill gas ca pac ity
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Fig ure 11. Re new able Fu els Mod ule Structure



trating so lar power) in stal la tions.  Only cen tral-sta tion,
grid-con nected ap pli ca tions con structed by a util ity or
in de pend ent power pro ducer are con sid ered in this
por tion of the model.

The so lar-elec tric submodule pro vides the EMM with
time-of-day and sea sonal so lar avail abil ity data for
each re gion, as well as cur rent costs.  The EMM uses
this data to eval u ate the cost and per for mance of so -
lar-elec tric tech nol o gies in re gional grid ap pli ca tions.
The com mer cial and res i den tial de mand mod ules of
NEMS also model pho to vol taic sys tems in stalled by
con sum ers, as dis cussed in the de mand mod ule de -
scrip tions un der “Dis trib uted Gen er a tion.” 

Land fill Gas Submodule 

The land fill gas submodule pro vides an nual pro jec tions 
of elec tric ity gen er a tion from meth ane from land fills
(land fill gas).  The submodule uses the quan tity of mu -
nic i pal solid waste (MSW) that is pro duced, the pro por -
tion of MSW that will be re cy cled, and the meth ane
emis sion char ac ter is tics of three types of land fills to
pro duce pro jec tions of the fu ture elec tric power gen er -
at ing ca pac ity from land fill gas.  The amount of meth -
ane avail able is cal cu lated by first de ter min ing the
amount of to tal waste gen er ated in the United States.
The amount of to tal waste gen er ated is de rived from an
ec ono met ric equa tion that uses gross do mes tic prod -
uct and pop u la tion as the pro jec tion driv ers. It is as -
sumed that no new mass burn waste–to–en ergy
(MSW) fa cil i ties will be built and op er ated dur ing the
pro jec tion pe riod in the United States.  It is also as -
sumed that op er a tional mass-burn fa cil i ties will con -
tinue to op er ate and re tire as planned through out the
pro jec tion pe riod. The land fill gas submodule passes
cost and per for mance char ac ter is tics of the land fill
gas–to–elec tric ity tech nol ogy to the EMM for ca pac ity
plan ning de ci sions. The amount of new land-fill-gas-to-

elec tric ity ca pac ity com petes with other tech nol o gies
us ing sup ply curves that are based on the amount of
high, me dium, and low meth ane pro duc ing land fills lo -
cated in each EMM re gion.

Bio mass Fu els Submodule 

The bio mass fu els submodule pro vides bio mass-fired
plant tech nol ogy char ac ter iza tions (cap i tal costs, op er -
at ing costs, ca pac ity fac tors, etc.) and fuel in for ma tion
for EMM, thereby al low ing bio mass-fu eled power
plants to com pete with other elec tric ity gen er at ing
tech nol o gies. 

Bio mass fuel prices are rep re sented by a sup ply curve
con structed ac cord ing to the ac ces si bil ity of re sources
to the elec tric ity gen er a tion sec tor.  The sup ply curve
em ploys re source in ven tory and cost data for four cat e -
go ries of bio mass fuel - ur ban wood waste and mill res i -
dues, for est res i dues, en ergy crops, and ag ri cul tural
res i dues. Fuel dis tri bu tion and prep a ra tion cost data
are built into these curves. The sup ply sched ule of bio -
mass fuel prices is com bined with other vari able op er -
at ing costs as so ci ated with burn ing bio mass. The
ag gre gate vari able cost is then passed to EMM.

Hydroelectricity Submodule

The hy dro elec tric ity submodule pro vides the EMM the
amounts of new hy dro elec tric ca pac ity that can be built
at known and well char ac ter ized sites, along with re -
lated cost and per for mance data. The in for ma tion is ex -
pressed in the form of a three–step sup ply func tion that
rep re sents the ag gre gate amount of new ca pac ity and
as so ci ated costs that can be of fered in each year in
each re gion. Sites in clude un de vel oped stretches of
rivers, ex ist ing dams or di ver sions that do not cur rently
pro duce power, and ex ist ing hy dro elec tric plants that
have known ca pa bil ity to ex pand op er a tions through
the ad di tion of new gen er at ing units. Ca pac ity or ef fi -
ciency im prove ments through the re place ment of ex ist -
ing equip ment or changes to op er at ing pro ce dures at a
fa cil ity are not in cluded in the hy dro elec tric ity sup ply.
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