
The PMM rep re sents domestic refinery operations and
the marketing of liq uid fu els  to  consumption  regions. 
PMM solves for liq uid fuel prices, crude oil and product
import activity (in conjunction with the IEM and the
OGSM), and domestic refinery capacity expansion and
fuel consumption. The so lu tion sat is fies the demand for
liq uid fu els, incorporating the prices for raw material in -
puts, im ported liq uid fu els, cap i tal investment, as well
as the domestic production of crude oil, natural gas liq -
uids, and other un con ven tional re fin ery inputs. The
relationship of PMM to other NEMS modules is
illustrated in Figure 16.

The PMM is a re gional,  lin ear pro gram ming for mu la tion
of the five Pe tro leum Administration for De fense Dis tricts
(PADDs) (Fig ure 17).  For each re gion two dis tinct re -
finery are mod eled. One is highly com plex us ing over
40 dif fer ent refinrry pro cesses, while the sec ond is de -
fined as a sim ple re fin ery that pro vides mar ginal cost
eco nom ics.  Re fin ing ca pac ity is al lowed to ex pand in
each re gion, but the model does not dis tin guish between 
ad di tions to ex ist ing re fin er ies or the build ing of new fa cil i -
ties. In vest ment cri te ria are de vel oped ex og e nously, al -
though the de ci sion to in vest is endogenous.

PMM as sumes that the pe tro leum re fin ing and marketing
in dus try is com pet i tive. The mar ket will move to ward
lower-cost re fin ers who have ac cess to crude oil and mar -
kets. The se lec tion of crude oils, re fin ery pro cess  uti li za -
tion,  and  lo gis tics (trans por ta tion) will ad just to min i mize
the over all cost of sup ply ing the mar ket with liq uid fu els.

PMM's model for mu la tion re flects the op er a tion of do -
mes tic liquuid fu els. If demand is un usu ally high in one
re gion, the price will in crease, driv ing down de mand and 
pro vid ing economic in cen tives for bring ing sup plies in
from other re gions, thus re stor ing the sup ply and de mand
bal ance.

Ex ist ing reg u la tions con cern ing prod uct types and
spec i fi ca tions, the cost of en vi ron men tal com pli ance,
and Fed eral and State taxes are also mod eled. PMM
in cor po rates pro vi sions from the En ergy In de pend ence 
and Se cu rity Act of 2007 (EISA2007) and the En ergy
Pol icy Act of 2005 (EPACT05). The costs of pro duc ing
new for mu la tions of gas o line and die sel fuel as a re sult
of the CAAA90 are de ter mined within the lin ear-pro -
gram ming rep re sen ta tion by in cor po rat ing spec i fi ca -
tions and de mands for these fuels.

PMM also in cludes the in ter ac tion be tween the do mes -
tic and in ter na tional mar kets.  Prior to AEO2009, PMM
pos tu lated en tirely ex og e nous prices for oil on the in ter -
na tional mar ket (the world oil price).  Sub se quent AEOs 
in clude an In ter na tional En ergy Mod ule (IEM) that es ti -
mates sup ply curves for im ported crude oils and prod -
ucts based on, among other fac tors, U.S. par tic i pa tion
in global trade of crude oil and liq uid fu els.

Re gions

PMM mod els U.S. crude oil re fin ing ca pa bil i ties based
on the five PADDs which were es tab lished dur ing
World War II and are still used by EIA for data col lec tion
and anal y sis. The use of PADD data per mits PMM to take 
full ad van tage of EIA’s historical da ta base and al lows
anal y sis within the same frame work used by the pe tro -

leum in dus try.
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PMM Outputs Inputs from NEMS Exogenous Inputs

Pe tro leum prod uct prices
Crude oil im ports and ex ports
Crude oil de mand
Pe tro leum prod uct im ports and ex ports
Re fin ery ac tiv ity and fuel use
Eth a nol de mand and price
Com bined heat and power (CHP)
Nat u ral gas plant liq uids pro duc tion
Pro cess ing gain
Ca pac ity ad di tions
Cap i tal ex pen di tures
Revenues

Pe tro leum prod uct de mand by sec tor
Do mes tic crude oil pro duc tion
World oil price
In ter na tional crude oil sup ply curves
In ter na tional prod uct sup ply curves
In ter na tional ox y gen ates sup ply curves
Nat u ral gas prices
Elec tric ity prices
Nat u ral glas pro duc tion
Mac ro eco nomic vari ables
Bio mass sup ply curves
Coal prices

Pro cess ing unit op er at ing pa ram e ters
Pro cess ing unit ca pac i ties
Prod uct spec i fi ca tions
Op er at ing costs
Cap i tal costs
Trans mis sion and dis tri bu tion costs
Fed eral and State taxes
Ag ri cul tural feedstock quan ti ties and costs
CHP unit op er at ing pa ram e ters
CHP unit capacities
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Fig ure 16. Pe tro leum Mar ket Mod ule Structure
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Petroleum Market Module

Fig ure 17. Pe tro leum Ad min is tra tion for De fense Districts



Prod uct Cat e go ries

Prod uct cat e go ries, spec i fi ca tions and rec ipe blends
mod eled in PMM in clude the fol low ing:

Liquid Fuels Mod eled in PMM

Fuel Use

PMM de ter mines re fin ery fuel use by re fin ing re gion for
pur chased elec tric ity, nat u ral gas, dis til late fuel, re sid -
ual fuel, liq ue fied pe tro leum gas, and other pe tro leum.
The fu els (nat u ral gas, pe tro leum, other gas eous fu els,
and other) con sumed within the re fin ery to gen er ate
elec tric ity from CHP fa cil i ties are also de ter mined.

Crude Oil Cat e go ries

Both do mes tic and im ported crude oils are ag gre gated
into five cat e go ries as de fined by API grav ity and sul fur
con tent ranges.  This ag gre ga tion of crude oil types al -
lows PMM to ac count for changes in crude oil com po si -
tion over time. A com pos ite crude oil with the
ap pro pri ate yields and qual i ties is de vel oped for each
cat e gory by av er ag ing char ac ter is tics of for eign and
do mes tic crude oil streams.

Re fin ery Pro cesses

The fol low ing dis tinct pro cesses are rep re sented in the
PMM:

Natural Gas Plants

Nat u ral gas plant liq uids (eth ane, pro pane, nor mal bu -
tane, iso bu tane, and nat u ral gas o line) pro duced from
nat u ral gas pro cess ing plants are mod eled in PMM.
Their pro duc tion lev els are based on the pro jected nat -
u ral gas sup ply and his tor i cal liq uids yields from var i ous 
nat u ral gas sources. These prod ucts move di rectly into
the mar ket to meet de mand (e.g., for fuel or pet ro chem -
i cal feedstocks) or are in puts to the re fin ery.

Petroleum Market Module
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Mo tor gas o line: conventional (oxygenated and
non-oxygentated), reformulated, and California
reformulated
Jet fu els: ker o sene-based
Dis til lates: kerosene, heating oil, low sulfur (LSD)
and ultra-low-sulfur (ULSD) highway diesel,
distillate fuel oil, and distillate fuel from various
non-crude feedstocks (coal, biomass, natural gas)
via the Fischer-Tropsch process (BTL, CTL, GTL)
Alternative Fuel: Biofuels [including ethanol,    
biodiesel (methyl-ester), renewable diesel,         
biomass-to-liquids (BTL)], coal-to-liquids (CTL),               
gas-to-liquids (GTL).
Re sid ual fu els: low sulfur and high sulfur residual
fuel oil
Liq ue fied pe tro leum gas (LPG): a light-end          
mixture used for fuel in a wide range of sectors
comprised primarily of propane
Natural gas plant:ethane, propane, iso and normal
butane, and pentanes plus (natural gasoline)
Pet ro chem i cal feedstocks
Other: as phalt and road oil, still gas, (refinery fuel)
pe tro leum coke, lu bes and waxes, special naphthas

1) Crude Oil Dis til la tion 
         a. At mo spheric Crude Unit
         b. Vac uum Crude Unit

2) Re sid ual Oil Up grad ing
         a. Coker - De layed, fluid
         b. Ther mal Cracker/Visbreaker
         c. Re sid uum Hydrocradker
         d. Sol vent Deasphalting

3) Crack ing
         a. Fluidized Cat a lytic Cracker
         b. Hydrocracker

4) Fi nal Prod uct Treat ing/Up grad ing
         a. Tra di tional Hydrotreating
         b. Mod ern Hydrotreating
         c. Alkylation
         d. Jet Fuel Pro duc tion
         e. Ben zene Sat u ra tion
         f. Cat a lytic Re form ing

5) Light End Treat ing
         a. Sat u rated Gas Plant
         b. Isomerization
         c. Dimerization/Poly mer iza tion
         d. C2-C5 Dehydrogenation

6) Non-Fuel Pro duc tion
         a. Sul fur Plant
         b. Meth a nol Pro duc tion
         c. Oxgenate Pro duc tion
         d. Lube and Wax Pro duc tion
         e. Steam/Power Gen er a tion
         f.  Hy dro gen Pro duc tion
         g.  Aromatics Pro duc tion

7) Spe cialty Unit Op er a tions
         a. Olefins to Gas o line/Die sel
         b. Meth a nol to Olefins

8) Mer chant Fa cil i ties
         a. Coal/Gas/Bio mass to Liq uids
         b. Nat u ral Gas Plant
         c. Eth a nol Pro duc tion
         d. Biodiesel Plant



Biofuels

PMM con tains submodules which pro vide re gional sup -
plies and prices for biofuels: eth a nol (con ven -
tional/corn, ad vanced, cel lu losic) and var i ous forms of
bio mass-based die sel: FAME (methyl es ter), bio -
mass-to-liq uid (Fisher-Tropsch), and re new able
(“green”) die sel (hy dro ge na tion of veg e ta ble oils or
fats). Eth a nol is as sumed to be blended ei ther at 10
per cent into gas o line (con ven tional or re for mu lated) or
as E85. Food feedstock sup ply curves (corn, soy bean
oil, etc.) are up dated to USDA base line pro jec tions; bio -
mass feedstocks are drawn from the same sup ply
curves that also sup ply bio mass fuel to re new able
power gen er a tion within the Re new able Fu els Mod ule
of NEMS. The mer chant pro cess ing units which gen er -
ate the biofuels sup plies sum these feedstock costs
with other cost in puts (e.g., cap i tal, op er at ing). A ma jor
driv ing force be hind the pro duc tion of these biofuels is
the Re new able Fu els Stan dard un der EISA2007. De -
tails on the mar ket pen e tra tion of the ad vanced biofuels 
pro duc tion ca pac ity (such as cel lu losic eth a nol and
BTL) which are not yet com mer cial ized can be found in
the PMM doc u men ta tion. 

End-Use Mark ups

The lin ear pro gram ming por tion of the model pro vides unit
prices of prod ucts sold in the re fin ery re gions (re fin ery
gate) and in the de mand re gions (whole sale). End use
mark ups are added to pro duce a re tail price for each of
the Cen sus Di vi sions. The mark ups are based on an av -
er age of his tor i cal mark ups, de fined as the dif fer ence be -
tween the end-use prices by sec tor and the
cor re spond ing whole sale price for that prod uct. The av er -

age is cal cu lated us ing data from 2000 to the pres ent. Be -
cause of the lack of any con sis tent trend in the his tor i cal
end-use mark ups, the mark ups re main at the his tor i cal av -
er age level over the projection period.

State and Fed eral taxes are also added to transportation
fuel prices to de ter mine fi nal end-use prices.  Pre vi ous
tax trend anal y sis in di cates that state taxes in crease at
the rate of in fla tion, while Fed eral taxes do not.  In
PMM, there fore state taxes are held con stant in real
terms through out the pro jec tion while Fed eral taxes are 
felated at the rate of in fla tion.18

Gas o line Types

Mo tor ve hi cle fuel in PMM is cat e go rized into four gas o -
line blends (con ven tional, ox y gen ated con ven tional, re -
for mu lated, and Cal i for nia re for mu lated) and also E85.
While fed eral law does not man date gas o line to be ox y -
gen ated, all gas o line com ply ing with the Fed eral re for -
mu lated gas o line pro gram is as sumed to con tain 10
per cent eth a nol, while con ven tional gas o line may be
“clear” (no eth a nol) or used as E10. As the man date for
biofuels grows un der the Re new able Fu els Stan dard,
the pro por tion of con ven tional gas o line that is E10 also
gen er ally grows. Cal i for nia re for mu lated mo tor gas o -
line is as sumed to con tain 5.7% eth a nol in 2009 and 10
per cent there af ter in line with its ap proval of the use of
California’s Phase 3 reformulated gasoline.

EIA de fines E85 as a gas o line type but is treated as a
sep a rate fuel in PMM. The trans por ta tion mod ule in
NEMS pro vides PMM with a flex fuel ve hi cle (FFV) de -
mand, and PMM com putes a sup ply curve for E85. This 
curve in cor po rates E85 in fra struc ture and sta tion costs, 
as well as a logit re la tion ship be tween the E85 sta tion
avail abil ity and de mand of E85. In fra struc ture costs dic -
tate that the E85 sup plies emerge in the Mid west first,
fol lowed by an ex pan sion to the coasts.  

Ul tra–Low–Sul fur Die sel 

By def i ni tion, Ul tra Low Sul fur Die sel (ULSD) is high -
way die sel fuel that con tains no more than 15 ppm sul -
fur at the pump.  As of June 2006, 80 per cent of all
high way die sel pro duced or im ported into the United
States was re quired to be ULSD, while the re main ing
20 per cent con tained a max i mum of 500 parts per mil -
lion.  By De cem ber 1, 2010 all high way fuel sold at the

pump will be re quired to be ULSD.  Ma jor as sump tions
re lated to the ULSD rule are as fol lows:

• Highway die sel at the re fin ery gate will con tain a max i -
mum of 7-ppm sul fur. Al though sul fur con tent is lim ited
to 15 ppm at the pump, there is a gen eral consensus that 
re fin er ies will need to pro duce diesel be low 10 ppm sul -
fur in or der to al low for contamination dur ing the dis tri -
bu tion pro cess.

• De mand for high way grade die sel, both 500 and 15 ppm
com bined, is as sumed to be equiv a lent to the total
trans por ta tion dis til late de mand. His tor i cally, highway 
grade die sel sup plied has nearly matched to tal trans por -
ta tion dis til late sales, al though some high way grade

Petroleum Market Module
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18 http://www.eia.doe.gov/oiaf/archive/aeo07/leg_reg.html.



die sel has gone to non-transportation uses such as
con struc tion and ag ri cul ture.

Gas, Coal and Bio mass to Liq uids

Nat u ral gas, coal, and bio mass con ver sion to liq uid fu -
els is mod eled in the PMM based on a three step pro -
cess known as in di rect liq ue fac tion. This pro cess is
some times called Fischer-Tropsch (FT) liq ue fac tion af -
ter the in ven tors of the sec ond step. 

The liq uid fu els pro duced in clude four sep a rate prod -
ucts: FT light naph tha, FT heavy naph tha, FT ker o -
sene, and FT die sel. The FT des ig na tion is used to
dis tin guish these liq uid fu els from their pe tro leum coun -
ter parts. This is nec es sary due to the dif fer ent phys i cal
and chem i cal prop er ties of the FT fu els. For ex am ple,
FT die sel has a typ i cal cetane rat ing of ap prox i mately
70-75 while that of pe tro leum die sel is typ i cally much
lower (about 40). In ad di tion, the above pro duc tion
meth ods have dif fer ing im pacts with re gard to cur rent
and po ten tial leg is la tion, par tic u larly RFS and CO2.
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