Petroleum Market Module

The PMM represents domestic refinery operations and
the marketing of liquid fuels to consumption regions.
PMM solves for liquid 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 solution satisfies the demand for
liquid fuels, incorporating the prices for raw material in-
puts, imported liquid fuels, capital investment, as well
as the domestic production of crude oil, natural gas lig-
uids, and other unconventional refinery inputs. The
relationship of PMM to other NEMS modules is
illustrated in Figure 16.

The PMM is a regional, linear programming formulation
of the five Petroleum Administration for Defense Districts
(PADDs) (Figure 17). For each region two distinct re-
finery are modeled. One is highly complex using over
40 different refinrry processes, while the second is de-
fined as a simple refinery that provides marginal cost
economics. Refining capacity is allowed to expand in
each region, but the model does not distinguish between
additions to existing refineries or the building of new facili-
ties. Investment criteria are developed exogenously, al-
though the decision to invest is endogenous.

PMM assumes that the petroleum refining and marketing
industry is competitive. The market will move toward
lower-cost refiners who have access to crude oil and mar-
kets. The selection of crude oils, refinery process utiliza-
tion, and logistics (transportation) will adjust to minimize
the overall cost of supplying the market with liquid fuels.

PMM's model formulation reflects the operation of do-
mestic liquuid fuels. If demand is unusually high in one
region, the price will increase, driving down demand and
providing economic incentives for bringing supplies in
from other regions, thus restoring the supply and demand
balance.

Existing regulations concerning product types and
specifications, the cost of environmental compliance,
and Federal and State taxes are also modeled. PMM
incorporates provisions from the Energy Independence
and Security Act of 2007 (EISA2007) and the Energy
Policy Act of 2005 (EPACTO05). The costs of producing
new formulations of gasoline and diesel fuel as a result
of the CAAA90 are determined within the linear-pro-
gramming representation by incorporating specifica-
tions and demands for these fuels.

PMM also includes the interaction between the domes-
tic and international markets. Prior to AEO2009, PMM
postulated entirely exogenous prices for oil on the inter-
national market (the world oil price). Subsequent AEOs
include an International Energy Module (IEM) that esti-
mates supply curves for imported crude oils and prod-
ucts based on, among other factors, U.S. participation
in global trade of crude oil and liquid fuels.

Regions

PMM models U.S. crude oil refining capabilities based
on the five PADDs which were established during
World War Il and are still used by EIA for data collection
and analysis. The use of PADD data permits PMM to take
full advantage of EIA’s historical database and allows
analysis within the same framework used by the petro-
leum industry.

PMM Outputs

Inputs from NEMS

Exogenous Inputs

Petroleum product prices

Crude oil imports and exports
Crude oil demand

Petroleum product imports and exports
Refinery activity and fuel use
Ethanol demand and price
Combined heat and power (CHP)
Natural gas plant liquids production
Processing gain

Capacity additions

Capital expenditures

Revenues

Petroleum product demand by sector
Domestic crude oil production

World oil price

International crude oil supply curves
International product supply curves
International oxygenates supply curves
Natural gas prices

Electricity prices

Natural glas production
Macroeconomic variables

Biomass supply curves

Coal prices

Processing unit operating parameters
Processing unit capacities

Product specifications

Operating costs

Capital costs

Transmission and distribution costs
Federal and State taxes

Agricultural feedstock quantities and costs
CHP unit operating parameters

CHP unit capacities

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




Petroleum Market Module

Figure 16. Petroleum Market Module Structure
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Figure 17. Petroleum Administration for Defense Districts
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Product Categories

Product categories, specifications and recipe blends
modeled in PMM include the following:

Liquid Fuels Modeled in PMM

Motor gasoline: conventional (oxygenated and
non-oxygentated), reformulated, and California
reformulated

Jet fuels: kerosene-based

Distillates: 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).

Residual fuels: low sulfur and high sulfur residual
fuel oil

Liquefied petroleum 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)
Petrochemical feedstocks

Other: asphalt and road oil, still gas, (refinery fuel)
petroleum coke, lubes and waxes, special naphthas

Fuel Use

PMM determines refinery fuel use by refining region for
purchased electricity, natural gas, distillate fuel, resid-
ual fuel, liquefied petroleum gas, and other petroleum.
The fuels (natural gas, petroleum, other gaseous fuels,
and other) consumed within the refinery to generate
electricity from CHP facilities are also determined.

Crude Oil Categories

Both domestic and imported crude oils are aggregated
into five categories as defined by API gravity and sulfur
content ranges. This aggregation of crude oil types al-
lows PMM to account for changes in crude oil composi-
tion over time. A composite crude oil with the
appropriate yields and qualities is developed for each
category by averaging characteristics of foreign and
domestic crude oil streams.

Refinery Processes

The following distinct processes are represented in the
PMM:

1) Crude Oil Distillation
a. Atmospheric Crude Unit
b. Vacuum Crude Unit

2) Residual Oil Upgrading
a. Coker - Delayed, fluid
b. Thermal Cracker/Visbreaker
¢. Residuum Hydrocradker
d. Solvent Deasphalting

3) Cracking
a. Fluidized Catalytic Cracker
b. Hydrocracker

4) Final Product Treating/Upgrading
a. Traditional Hydrotreating
b. Modern Hydrotreating
c. Alkylation
d. Jet Fuel Production
e. Benzene Saturation
f. Catalytic Reforming

5) Light End Treating
a. Saturated Gas Plant
b. Isomerization
c. Dimerization/Polymerization
d. C2-C5 Dehydrogenation

6) Non-Fuel Production
a. Sulfur Plant
b. Methanol Production
c. Oxgenate Production
d. Lube and Wax Production
e. Steam/Power Generation
f. Hydrogen Production
g. Aromatics Production

7) Specialty Unit Operations
a. Olefins to Gasoline/Diesel
b. Methanol to Olefins

8) Merchant Facilities
a. Coal/Gas/Biomass to Liquids
b. Natural Gas Plant
c. Ethanol Production
d. Biodiesel Plant

Natural Gas Plants

Natural gas plant liquids (ethane, propane, normal bu-
tane, isobutane, and natural gasoline) produced from
natural gas processing plants are modeled in PMM.
Their production levels are based on the projected nat-
ural gas supply and historical liquids yields from various
natural gas sources. These products move directly into
the market to meet demand (e.g., for fuel or petrochem-
ical feedstocks) or are inputs to the refinery.
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Biofuels

PMM contains submodules which provide regional sup-
plies and prices for biofuels: ethanol (conven-
tional/corn, advanced, cellulosic) and various forms of
biomass-based diesel: FAME (methyl ester), bio-
mass-to-liquid (Fisher-Tropsch), and renewable
(“green”) diesel (hydrogenation of vegetable oils or
fats). Ethanol is assumed to be blended either at 10
percent into gasoline (conventional or reformulated) or
as E85. Food feedstock supply curves (corn, soybean
oil, etc.) are updated to USDA baseline projections; bio-
mass feedstocks are drawn from the same supply
curves that also supply biomass fuel to renewable
power generation within the Renewable Fuels Module
of NEMS. The merchant processing units which gener-
ate the biofuels supplies sum these feedstock costs
with other cost inputs (e.g., capital, operating). A major
driving force behind the production of these biofuels is
the Renewable Fuels Standard under EISA2007. De-
tails on the market penetration of the advanced biofuels
production capacity (such as cellulosic ethanol and
BTL) which are not yet commercialized can be found in
the PMM documentation.

End-Use Markups

The linear programming portion of the model provides unit
prices of products sold in the refinery regions (refinery
gate) and in the demand regions (wholesale). End use
markups are added to produce a retail price for each of
the Census Divisions. The mark ups are based on an av-
erage of historical markups, defined as the difference be-
tween the end-use prices by sector and the
corresponding wholesale price for that product. The aver-
age is calculated using data from 2000 to the present. Be-
cause of the lack of any consistent trend in the historical
end-use markups, the markups remain at the historical av-
erage level over the projection period.

State and Federal taxes are also added to transportation
fuel prices to determine final end-use prices. Previous
tax trend analysis indicates that state taxes increase at
the rate of inflation, while Federal taxes do not. In
PMM, therefore state taxes are held constant in real
terms throughout the projection while Federal taxes are
felated at the rate of inflation.18

18 http://lwww.eia.doe.gov/oiaf/archive/aeo07/leg_reg.html.

Gasoline Types

Motor vehicle fuel in PMM is categorized into four gaso-
line blends (conventional, oxygenated conventional, re-
formulated, and California reformulated) and also E85.
While federal law does not mandate gasoline to be oxy-
genated, all gasoline complying with the Federal refor-
mulated gasoline program is assumed to contain 10
percent ethanol, while conventional gasoline may be
“clear” (no ethanol) or used as E10. As the mandate for
biofuels grows under the Renewable Fuels Standard,
the proportion of conventional gasoline that is E10 also
generally grows. California reformulated motor gaso-
line is assumed to contain 5.7% ethanol in 2009 and 10
percent thereafter in line with its approval of the use of
California’s Phase 3 reformulated gasoline.

EIA defines E85 as a gasoline type but is treated as a
separate fuel in PMM. The transportation module in
NEMS provides PMM with a flex fuel vehicle (FFV) de-
mand, and PMM computes a supply curve for E85. This
curve incorporates E85 infrastructure and station costs,
as well as a logit relationship between the E85 station
availability and demand of E85. Infrastructure costs dic-
tate that the E85 supplies emerge in the Midwest first,
followed by an expansion to the coasts.

Ultra—Low-Sulfur Diesel

By definition, Ultra Low Sulfur Diesel (ULSD) is high-
way diesel fuel that contains no more than 15 ppm sul-
fur at the pump. As of June 2006, 80 percent of all
highway diesel produced or imported into the United
States was required to be ULSD, while the remaining
20 percent contained a maximum of 500 parts per mil-
lion. By December 1, 2010 all highway fuel sold at the
pump will be required to be ULSD. Major assumptions
related to the ULSD rule are as follows:

« Highway diesel at the refinery gate will contain a maxi-
mum of 7-ppm sulfur. Although sulfur content is limited
to 15 ppm at the pump, there is a general consensus that
refineries will need to produce diesel below 10 ppm sul-
fur in order to allow for contamination during the distri-
bution process.

« Demand for highway grade diesel, both 500 and 15 ppm
combined, is assumed to be equivalent to the total
transportation distillate demand. Historically, highway
grade diesel supplied has nearly matched total transpor-
tation distillate sales, although some highway grade
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diesel has gone to non-transportation uses such as
construction and agriculture.

Gas, Coal and Biomass to Liquids

Natural gas, coal, and biomass conversion to liquid fu-
els is modeled in the PMM based on a three step pro-
cess known as indirect liquefaction. This process is
sometimes called Fischer-Tropsch (FT) liquefaction af-
ter the inventors of the second step.

The liquid fuels produced include four separate prod-
ucts: FT light naphtha, FT heavy naphtha, FT kero-
sene, and FT diesel. The FT designation is used to
distinguish these liquid fuels from their petroleum coun-
terparts. This is necessary due to the different physical
and chemical properties of the FT fuels. For example,
FT diesel has a typical cetane rating of approximately
70-75 while that of petroleum diesel is typically much
lower (about 40). In addition, the above production
methods have differing impacts with regard to current
and potential legislation, particularly RFS and CO2.
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