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For Further Information...

The Petroleum Market Model (PMM) of the National Energy Modeling System is developed and
maintained by the Energy Information Administration (EIA), Office of Integrated Analysis and
Forecasting. General questions about the use of the model can be addressed to James Kendell (202) 586-
9646, Director of the Oil and Gas Division. Specific questions concerning the PMM may be addressed to:

William Brown

Mail Code: EI-83

U.S. Department of Energy

1000 Independence Avenue, S.W.
Washington, D.C. 20585

(202) 586-8181

william.brown @eia.doe.gov

This report documents the archived version of the PMM that was used to produce the petroleum forecasts
presented in the Annual Energy Outlook 2005, (DOE/EIA-0383(2005). The purpose of this report is to
provide a reference document for model analysts, users, and the public that defines the objectives of the
model, describes its basic approach, and provides detail on the methodology employed. The model
documentation is updated annually to reflect significant model methodology and software changes that
take place as the model develops. The next version of the documentation is planned to be released in the
first quarter of 2006.
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Acronyms and Abbreviations

EIA Annual Energy Outlook

American Petroleum Institute

American Society of Testing Materials

Business As Usual

Barrel

Barrels Per Calendar Day

Billion cubic feet

British thermal unit

Benzene, Toluene, and Xylene Aromatics

Barrels Per Stream Day

Clean Air Act Amendments

California Air Resources Board

Census Division

Conventional Gasoline (referred to as TRG in the PMM code)

Combined Heat and Power

Represents a hydrocarbon stream containing n atoms of carbon, i.e. C1 is methane, C2 is
ethane, C3 is propane, C4 is butane, etc.

Coal-To-Liquids (converting coal through syngas to diesel-grade blending streams)
Crude Oil Equivalent

Department of Energy

Gasoline blend of 85 percent ethanol and 15 percent conventional gasoline (annual
average of ethanol content in E85 is lower when factoring in cold start need in winter)
Energy Information Administration

Enhanced Oil Recovery

Environmental Protection Agency

Ethyl Tertiary Butyl Ether

Fluid Catalytic Cracker

Fuel Oil Equivalent

Gigawatthour

Gas-To-Liquids (converting natural gas through syngas to diesel-grade blending streams)
International Energy Agency

EIA International Energy Outlook

Inside the battery limit

Kilowatthour

Linear Programming

Liquefied Petroleum Gas

Gasoline blend of 85 percent methanol and 15 percent conventional gasoline
Mansfield-Blackman methodology for new technology market penetration
Thousand Barrels Per Calendar Day

Thousand British Thermal Units

Thousand cubic feet

Motor gasoline

Million Barrels Per Calendar Day

Million British Thermal Units
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MTBE Methyl Tertiary Butyl Ether

MRM Multi-Refining Model

MW Megawatts, electric generation capacity

N2H No. 2 Heating Oil

NACOD North American Crude Oil Distribution

NEMS National Energy Modeling System

NES National Energy Strategy

NETL National Energy Technology Laboratory

NGL Natural Gas Liquid

NIPER National Institute for Petroleum and Energy Research

NOx Nitrogen Oxide

NPC National Petroleum Council

NPRA National Petrochemical and Refiners Association

OB1 Optimization with Barriers 1

OGSM Oil and Gas Supply Module

OML Optimization and Modeling Libraries

ORNL Oak Ridge National Laboratory

ovC Other Variable Costs

PADD Petroleum Administration for Defense District

PCF Petrochemical Feed

Petcoke Petroleum Coke

PMM Petroleum Market Model

ppm Parts per million

PSA Petroleum Supply Annual

RFG Reformulated Gasoline

RFS Renewable Fuels Standard (optional for regulatory analysis purposes)

RHS Right-hand side

RVP Reid Vapor Pressure

RYM Refinery Yield Model (EIA)

SCF Standard Cubic Feet

SIC Standard Industrial Classification

SPR Strategic Petroleum Reserve

STEO Short Term Energy Outlook

Syngas Gaseous products from hydrocarbons (e.g., natural gas, petroleum coke, or coal) reacting
with steam/O,, mostly consisting of CO and H,

TAME Tertiary amyl methyl ether

TAP Toxic Air Pollutant

TAPS Trans-Alaska Pipeline System

TRG Conventional gasoline (replacing old nomenclature for traditional gasoline)

ULSD Ultra-Low Sulfur Diesel

VOC Volatile Organic Compound

WOP World Oil Price

WORLD World Oil Refining Logistics Demand (model)
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APPENDIX B. Mathematical Description of Model

@h refiner is trying to minimize the cost of meeting demands. Therefore, the market moves toward
lower-cost refiners who have access to crude oil and markets. A key premise is that the selection of crude
oils, refinery process utilization, and logistics will adjust to minimize the overall cost of supplying the
market with petroleum products.

In order to generate refined product prices, the PMM contains a static linear programming (LP) model of
the U.S. petroleum refining and marketing system that meets demand for refined products while
minimizing costs. The PMM, like the other NEMS models, is written in FORTRANO90. The software
includes the Optimization Modeling Library or OML, a set of FORTRAN callable subroutines. The LP
portion of the PMM is a complete problem matrix prepared prior to NEMS processing. The LP remains in
fast memory throughout the NEMS run, thereby avoiding many disk I/O operations.

It is necessary to view the PMM in the context of the NEMS program to understand its function. For each
cycle, the main NEMS model calls the demand models to calculate energy demands. Each supply model is
then called to calculate energy prices. When the prices and demands converge to within the specified
tolerance, the NEMS iteration is complete and the next yearly NEMS cycle begins. If the computed prices
have not converged, new demand quantities are computed, passed to the supply models, and the cycle is
repeated. In the case of the PMM, a supply model, the refined product prices are obtained from the
marginal prices of an optimal solution to the PMM LP, with transportation costs and taxes added. These
product prices are sent to the NEMS demand models. The LP matrix is updated with the new demands for
refined products and the cycle continues until convergence is reached. The demand level modifications to
the PMM LP and the re-optimization of the LP matrix, which remains in core memory, are accomplished
by executing FORTRAN callable subroutines.

For AEO2005 the original generation of the PMM matrix is performed using OML' and FORTRAN. OML
(Optimization Modeling Library) is a library of FORTRAN callable subroutines for data table
manipulation, matrix generation, and solution retrieval programs for report writing. The matrix is solved
with the optimizer, C-WHIZ.?

B.1 Mathematical Formulation

'Ketron Management Science, Inc., Optimization Modeling Library, OML User Manual, (November 1994).
Ketron Management Science, Inc., C-WHIZ Linear Programming Optimizer, User Manual, (July 1994).
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TableBl. PMM Linear Program Structure

PMM Linear Program Overview

p = price o
Q = product specifications

z = policy ratio

= stream quality

ct = crude transportation cost pt = product transportation cost

C = pipeline/marine capacity E = environmental quality limiti = investment cost

Purchases Crude Other
Crude Crude Oil, Distillation Process Capacity Stream Blending Product Product Row RHS
Trans. Other Inputs Unit Expansion Transfers Sales Trans. Type
Operations

Objective -ct -c -0 -0 -1 +p -pt NC Max
Crude Oil +1 +1 -1 GE 0

Balance +1 +1 -1

-1 +1

Intermediate +y -1 -1 GE 0

Stream Balance +y -1 +1 -1 -1

+y +1
ty -1
Utilities +1 -u -u +l GE 0
Policy Constraints +z +z GE 0
-z -Z LE

Environmental +q GE E

Constraints +q LE
Unit Capacities LE K

+1 +1 -1

Quality +q +q -Q GE 0

Specifications LE
Product Sales GE 0

-1 -1 -1 +1
+1 -1

Pipeline/Marine

Capacities +1 +1 +1 +1 LE C
Bounds

Up/Lo/Fix Up/Lo/Fix Up/Lo/Fix

Legend: ¢ = crude cost y = yield u = utility consumption K = unit capacity 0 = operating cost

=
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B.2 Matrix Indices

Several indices are used in the column and row definitions presented below. The definition of these
indices is shown in Table B2.
Table B2. Index Definitions

[ndex Symbol Description

(a) Alcohol and renewable fuel

(b) Domestic crude oil production region
() Crude oil type

(col) Coal type

(d) Marketing region (demand)

(e) Emissions source

) Fuel type consumed at US refineries
(2 Dry gas (CC1)

(h) Product recipe

(1) Intermediate stream

)] Utility type

(m) Processing mode or shipping mode
(p) Refined product

(pc) Shipping class

()] Pricing level (step on curve)

(r) Refinery region

(s) Refinery stream

(u) Processing unit type

v) Crude oil source (foreign(F), domestic(D), Alaska(A))
(y) Product specification quality
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Column Notation

Ba,d,q

Dy

Eur

Gi,p,r

Hp,h,r

Hp,h,da HRFN,h,d

Hypjir

Hgir
HKWHMCH;,
HCTL

HMP FR,TO,ir

IZp,d

Ip,r,q

B.3 Column Definitions

Table B3. Column Definitions

Description

Volume of alcohol or renewable fuel (a) purchased in demand region (d)
at price level (q). At present, this column exists for ethanol and
biodiesel.

Sales volume of product (p) in demand region (d).

Stream day capacity added during this simulated period for processing
unit type (u) in refinery region (r).

Volume of intermediate stream (i) blended into spec blended product (p)
at refinery region (r).

Volume of product (p) produced in refinery region (r) using recipe (h).

Volume of product (p) made by recipe (h) in demand region (d) by
splash blending; volume of intermediate stream (i) from gas plant to
refinery (RFN) in region (1)

Volume of product (p) from gas plant stream (i) in refinery region (r).
Volume of dry gas (g) from gas plant stream (i) in refinery region (r).
Electricity usage at merchant plant in refinery region (r).

Volume of CTL stream (i) transferred from facility to refinery region (r).

Merchant plant stream transfers from plant (FR) to plant (TO): Volume
of GTL liquid stream (i) transferred from Alaska (merchant plant) to
refinery region (r); volume of CTL liq stream (i) transferred from facility
to refinery region (r); volume of misc. stream (i) from merchant plant to
refinery region (r); volume of misc. stream (i) from refinery to merchant
plant in region (r) ; volume of misc. stream (i) from gas plant to merchant
plant in region (r); volume of misc. stream (i) from merchant plant to gas
plant in region (r).

Volume of distress import of product (p) into demand region (d) where d
=2,3,7,8,9.

Volume of refined product (p) imported into refinery region (r) at price
level (q).
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Column Notation

Kur

Lu,r

M;

Mr,

Mt

NCL r,q,col

NGA .

NZAMHN,
NZAMHP,
N.NGRFN,
N.NGRFP,

Oc,v,b

Py

PiC,l’yq

PNGL

Qpr

Ragy,

Rc .,

Description

Base processing capacity in processing unit (u) at refinery region (r) in
Mbbl/cd. This column is upper bounded.

Cumulative stream day capacity added for processing unit (u) at refinery
region (r) during the previous simulated periods. This column is fixed.

Volume of methanol consumed by the chemical industry in refinery
region (7).

Volume of methanol transferred from refinery or imported to meet U.S.
methanol consumption by the chemical industry in refinery region (r).

Total volume of U.S. methanol consumption by the chemical industry, an
input.

Coal supply curve (steps (q)), type (col), used to generate CTLs for
transport to refinery region (r).

Alaska natural gas supply curve (steps (q)) used to generate GTLs for
transport to refinery region (r).

Volume at price discount q of Alaskan Crude (AMH) exports.
Volume at price increment q of Alaskan Crude (AMH) exports.
Volume at price discount (q) of natural gas in refinery region (r).
Volume at price increment (q) of natural gas in refinery region (r).

Export volume of crude oil (¢) with source code (v) produced in
domestic region (b). At present, only Alaska exports are allowed.

Volume of domestic crude oil produced at producing region (b).

Volume of imported crude oil type (¢) imported by refinery region (r) at
price level (q).

Alaska production of NGLs.
Volume of spec product (p) manufactured in refinery region (r).

Crude oil volume distilled in refinery region (r) from source (v) of crude
oil type (c).

Manufacturing activity level for cogeneration in refinery region (r).
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Column Notation

Rchp 1

Ru,r,m

Tu

Ti,
TAAMHXZ
TATOT,
TAGTL
TANSO

TCBN;

TXspr

TXppr

TXs,s’,r

Ul,r

Vc¢j

Vects

chb,r

Description

Manufacturing activity level for combined heat/power burning syngas
(from coke gasifier) in operating mode (m) in refinery region (r).

Manufacturing activity level in mode (m) operation in processing unit (1)
at refinery region (r).

Total volume of imported unfinished oil over all refinery regions.
Volume of unfinished oil component (i) processed in refinery region (r).
Volume of AMH crude transported from Alaska to Valdez.

Volume of crude type (c) produced in Alaska.

Volume of GTL transported from Alaska to Valdez.

Volume of North Slope oil transported from Alaska to Valdez.

Total tax levied on total carbon emissions resulting from refinery
operations in refinery region (r).

Volume of stream (s) transferred into product (p) in refinery region (r).

Volume of product (p) transferred into product (p') storage in refinery
region (r).

Volume of stream (s) transferred to stream (s') at refinery region (r).
Quantity of utility (1) that is purchased in refinery region (r): (1) = KWH,
STM, and NGF (power, steam, and natural gas fuel) with units in

thousands of kWh, Mlbs., and MMcf respectively.

Total dead weight ton capacity of Jones Act crude oil tankers. This
column is constrained to some maximum.

Total dead weight tons of Jones Act product tanker of shipping class
(pc). This column is constrained to some maximum.

Total crude oil transshipped from PADD III to PADD II. This column is
constrained to some maximum.

Total crude oil shipped by pipeline from domestic producing region (b)
to refinery region (r). This column is constrained to some maximum.
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Column Notation

Vppr,d,m

thlr,d,m

Wa,d,r,m ,Wa,d,d',m

Wa,r,d,m

Wp,r,d,m

Woddm

WGTL,,,
Xpd
XZp’d

Yc,v,b,r,m

Zt

ZET,

Z,FLO,

70X,

ZZAMHTOT

Description
Total volume of light products (p) shipped via pipeline mode (m) from
refining region (r) to demand region (d). This column is constrained to
some maximum.
Total volume of LPG products (p) shipped via pipeline mode (m) from
refining region (r) to demand region (d). This column is constrained to

some maximum.

Volume of alcohol or renewable fuel (a) shipped from demand region (d)
to refinery region (r) <or demand region d"> via transfer mode (m).

Volume of alcohol or renewable fuel (a) shipped from refinery region (1)
to demand region (d) via transfer mode (m).

Volume of product (p) shipped from refinery region (r) to demand region
(d) via transfer mode (m).

Volume of product (p) transshipped from demand region (d) to demand
region (d') via transfer mode (m).

Volume of GTL shipped via transfer mode (m) to refinery region (r).
Volume of product (p) exported from demand region (d).
Distress volume of product (p) exported from demand region (d).

Volume of crude oil type (c) with source code (v) shipped from domestic
region (b) to refinery region (r) via transfer mode (m).

Total volume of crude oil processed over all refinery regions.

Total volume of ethanol (from corn and cellulose) supplied from demand
region (d).

Sum of the base, build, and expanded capacity in processing unit (u) at
refinery region (r).

Total quantity of percent oxygen-barrels in reformulated gasoline
produced in refinery region (r).

Export volume of Alaskan Crude Oil.
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B.4 Objective Function

The objective function has been established based on the premise that costs associated with product

imports, non-crude oil inputs, and crude oil supplies are based on a given world oil price. With this in

mind, the following objective function has been defined for the PMM.

Given:
PR, 4

PRAMH
PRAMHP,

C.NGRFN,

TEq4

Cu,r,m

CAMHXZ
CAMHN,

C.NGRFP,

is the unit price of product (p) sold in demand region (d). It is the price
associated with the demand volume for that product in the specified demand
region, 1.e. it is associated with D, 4. Similarly, each of the other 'PR' coefficients
represents the unit price of the activity it is associated with.

is the target price for Alaskan crude exports.

is the premium added to the Alaskan crude target price.

is the discount from target natural gas fuel price in refinery region (1), to
differentiate steps on the supply curve.

is the sum of Federal and State tax credits for use of ethanol in gasoline.

is the variable cost per unit of column R, i.e. the cost of one unit of
manufacturing activity R in mode (m) operation in processing unit (u) at refinery
region (r). Similarly, each of the other 'C' coefficients represents the unit cost of
the activity it is associated with in the objective function as stated below.

is the cost of transferring Alaskan exports to Valdez.

is the discount from Alaskan crude target price.

is the premium added to the target natural gas fuel price in refinery region (r) to
differentiate steps on the supply curve.

Maximize the difference between the following sum of product revenues and costs. Thus the objective
function is represented as the maximization of a quantity defined by the following revenue terms:

2524 Dpa*PRy g + 22X Hp o *PRy 1y + 222, Hy i, *PR

+ 2,54 Xpd*PRy ¢ + 5,54 Xz, *PR, g + £g ZETy * TEg + ZZAMHTOT * PRAMH

+ %, NZAMHP, * PRAMHP, + %, £, N.NGRFN, * C,NGRFN, + £, Re, *PR,

+ X2 Rehpym *PR; 1y

minus the following cost terms:
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52080 Badq*Cadg + ZpZiZq Losg*Cprg + Zpa 12pa*Cpa + Ty Py*Cy,
+ 228 Plerg*Cong + E2 Ti*Cip + S8 UL *Cry + 208, Rypn*Corn
+ 208 Eur*Cur + ZoZ Lo *Cr + 56 5 5 51 Wadrm*Cadran
+ 25 Woram*Cordm + ZpEaZaZm Wpddm*Cpddm
+ 2 55 Youbrm*Cevbrm + Z TCBN; + 2,5, NNGRFP, * C,NGRFP,
+ %, NZAMHN, * CAMHN, + TAAMHXZ * CAMHXZ
+ 3 M, *C, + S5, Hpir * Cpir + 208 HMPrr10.s * Crrrosir
+ %, HKWHMCH, * C, + £, £, NGA, *C, 4 + PNGL *C + TAGTL *C + TANSO *C

+ z‘fmzr WGTLm,r * Cm,r + Zr 2q NCLr,q,col >kcr,q,col + szhzd Hp,h,d*cp,h,d

Note: (1) Z,Z:2m Ryyrm®Cyrm term is represented in the matrix as T(r)OVCOBJ + T(r)GPLOVC +
T(r)MCHOVC as represented by rows P(r)OVC, G(r)OVC, H(r)OVC, respectively.
(2) ZZAMHTOT=TAAMHXZ as defined by row CZAMH.
(3) Row P(r)CBNTAX is used to set TCBN; regional totals for tax on carbon emissions.
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B.5 Row Constraints

1. The implicit world oil price, WOP (the refiner's acquisition cost of imported crude oil), must be at least
some fraction of premised WOP:

255 Pierg*Cerg - WOP * Nwop * Zt > 0

where:

Pic;q

Cc,r,q
WOP

Nwop

Zt

the volume of imported crude oil acquired by refinery region (r) of crude type (¢)
at price level (q). The volume of each crude type (c) is upper bounded by each
step of the supply curve.

is crude oil cost applicable to Pi.,q. $/bbl

is the premised World Oil Price. $/bbl

is minimum fraction of the WOP by which refiners must acquire crude oils by
volume weighted average; and Nwop < 1.

is total processed foreign crude oil over all refinery regions.

L.e., the average refiner acquisition cost of crude oil will be at least some input
fraction of WOP.

Note: The index (v) denoting crude oil source is always "F" for imported crude.
Therefore, no summation on (v) occurs for Pi .

2. The implicit world oil price, WOP (the refiner's acquisition cost of imported crude oil), must not be
greater than some fraction of premised WOP:

2524 Picrg*Corq - WOP * Xwop * Zt < 0

where:

Xwop

is the maximum fraction of the WOP by which refiners must acquire crude oils
by volume weighted average, and Xwop > 1.

L.e., the average refinery acquisition cost of crude oil must not exceed some input
fraction of WOP.

Note: This constraint in conjunction with the previous constraint confines the
imported crude oil volumes so that their composite unit cost is close to the WOP.
Since the costs of the five types of imported crude oil bracket the WOP, there is
a continuum of import possibilities. The crude oils vary in cost according to
crude quality and transportation cost. However, to avoid infeasibilities due to an
overly restrictive constraint, it is presently the practice to allow a variation of 50
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cents per barrel. This is also made necessary when maximum import restrictions
are placed on all but a "swing" crude oil. Clearly, if the tolerance is sufficiently

relaxed, a single crude type could be imported rather than a reasonably balanced
mix.

3. Calculate total foreign crude oil processed by summing all crude oil volumes processed over all
refinery regions:

25 Rag, - Zt = 0
where:

Ra ., is the crude oil volume distilled in refinery region (r) from foreign source (F) of
crude oil type (c).

L.e. the total U.S. refined foreign crude oil volume equals the sum of all foreign
crude oils refined over all regions.

4. Place an upper bound on product import volume:

25 % Iprg < IPmax

where:
Lhrg is the volume of product (p) imported into refinery region (r) at cost level (q).
Ipmax is the maximum assumed volume of imported products allowed into the United

States, an input value.

L.e., the sum of product volumes imported at all price levels over all refinery
regions must not exceed some maximum.

5. Assure that the volumes of methanol consumed in each refinery region sum to the assumed total
volume.

%M -Mt = 0

where:
M, is methanol consumed by the chemical industry in refinery region (r).
Mt is total U.S. methanol consumption by the chemical industry, an input.

I.e., methanol consumed by the chemical industry in each refinery region must
sum to the projected chemical industry total.

Note: The PMM models domestic methanol production aggregated to the refinery
region level as though the plants were processing units integral to the refinery.
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The methanol production is allocated to two demands: chemical industry demand
and transportation sector demand.

6. Limit capital investment for refinery expansion in each refinery region:

z:u Er,u * Ar,u

where:

Eiu

Ary

Emax,

< Emax, forall r

is a capacity addition for this operating year for processing unit type (u) in
refinery region (r).

is the capital investment required per unit of capacity for processing unit type (u)
in refinery region (r), million dollars per Mbbl/d.

is the upper limit on capital expenditures per year in refinery region (r), an input.
$MM per year

L.e., total capital expenditures are limited for each refinery region. This limit
allows the user to place limits on expansion for a given scenario. The limits set
for PADD's I and IT phase down to $500 million per year by 2025. This value is
based on analyst judgment to reflect the low expectation of refinery expansion in
these regions. The assumption has been that the lack of environmental waivers
and permits will preclude capacity additions in these regions. PADD's Il 1V,
and V investments have been limited to 12,000, 2,000, and 19,000 million
dollars, respectively (generally non-constraining).

7. Limit total U.S. refinery capital investment:

Zrzu Er,u*Ar,u

where:

Emax

< Emax

is the upper limit on capital investment over all refinery regions, an input. MM

L.e., total capital expenditures are constrained to some maximum. This limit
allows the user to place limits on expansion for all regions in the United States.
The default value is $50 billion and is not constraining.

Note: This constraint has been used to determine maximum product import
needs by setting Emax to zero. It has not been operative in any production runs
thus far. However, like the previous row, it is a potential policy exploration
handle. For instance, one could hypothesize that in a capital-short domestic
environment, total industry investment is limited.
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8. Limit the volume of unfinished oil processed in U.S. refineries:

255 Ragy, - Bl *Tu > B0

where:

Ra.,, is the crude oil volume distilled in refinery region (r) from source (v) of crude oil
type (c).

Tu is total processed unfinished oil over all refinery regions.

B0,B1 are regression equation coefficients (see Appendix A). B0 =11,674.3, Bl =
4.087.

L.e., the maximum allowable unfinished oil processed is a linear function of total
crude oil processed.

9. Limit the volume of each unfinished oil component processed in each refinery region:

Ai;*Tu - Ty, = 0 forall r,i

where:
Tix is the volume of unfinished oil component (i) processed in refinery region (r).
Ay is the fraction of component (i) of total unfinished oil that is processed in refinery

region (1), an input (X2, A, = 1.0).

L.e., the volume distribution of each type of unfinished oil processed at each
refinery region is constrained to the historical pattern.

Note: No unfinished oil processing in PADD's Il and IV.
10. Balance by volume, at the demand regions, each alcohol/renewable fuel purchased by the petroleum
industry and domestic methanol shipped in from the refinery regions against alcohol/renewable fuel

blended by recipe in the demand region and alcohol/renewable fuel shipped out of the demand region:

Z:q Ba,d,q + 2:rzm Wa,r,d,m + Z:d'zm Wa,d',d,m = Z:p Hp,a,d*Ap,a
- Zer Wa,d,r,m - Zdem Wa,d,d',m =0 for all a, d

where:
a eh sothatais a subset of all recipe blends (h) and in fact, a = ETH, BIM, BIN, and MET.

Badg is the volume of alcohol (a) purchased in demand region (d) at price level (q). At
present, this column exists only for ethanol.
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Wa,r,d,m

Wa,d',d,m

Hp,a,d

AP,a

Wa,d,r,m

Wa,d,d',m

is the volume of alcohol (a) received in demand region (d) from refinery region
(r) via shipping mode (m). This column exists only for methanol.

is the volume of alcohol (a) received in demand region (d) from demand region
(d") via shipping mode (m). This column exists only for ethanol.

is the volume of recipe product (p) manufactured by alcohol blend recipe (a)
consumed in demand region (d).

is the volume fraction of recipe product (p) represented by alcohol (a), an input.

is the volume of alcohol (a) shipped from demand region (d) to refinery region (r)
via mode (m). This column is valid only for ethanol.

is the volume of alcohol (a) shipped from demand region (d) to demand region
(d") via mode (m). This column is valid only for ethanol.

Le., in each demand region, all alcohol/renewable that is purchased or produced
and shipped in from the refinery regions must be either splash blended into or
shipped to a refining center.

Note: It is assumed that all ethanol/renewables purchases are made in the
demand regions. Thus, ethanol/renewables needed by the refinery for processing
or blending must be shipped from the demand regions.

11. For those products which are not blended by recipe at the demand regions, for each demand region,
and for each product: imports plus what is received via domestic shipment must equal the volume blended
into recipes plus regular sales volume (local and exports):

Lat+ZZm Woram + 20 Hona - ZpZn Hyna®*Apn - Dpa- Xpa-Xzpa = 0 forall d,p

where:

Iha is volume of product (p) imported into demand region (d).

W rdm is product (p) received in demand region (d) from refinery region (r) via transfer
mode (m).

Xpd is volume of product (p) exported from demand region (d).

X7p4 is distress volume of product (p) exported from demand region (d).

Hpha is volume of product (p) manufactured by recipe (h) at demand region (d).

Hpy ha is volume of product (p') manufactured by recipe (h) at demand region (d). This

column exists only when product (p) is consumed to produce product (p') by a
recipe blended at the demand region, i.e. splash blended at the terminals.
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Apn is the volume fraction of product (p') represented by product (p), consumed by
recipe (h), an input.

Dy is a sales volume of product (p) in demand region (d), this activity is fixed at the
last NEMS iterative demand value; i.e., it does not influence the cost decision in
the solution.

Le., in each demand region, for each product, a balance is made whereby the
volume imported and the volume shipped in from the refinery regions must equal
the volume splash blended at the terminal plus straight sales volume.

12. Balance, at each demand region, the volumes for each of the recipe products M85 and ES85 - the

products which are blended at the demand terminals - so that manufactured volume plus imports equals
the recipe sales volume for these terminal splash blended recipes:

ZhwHppatlya-Dypa = 0 forall p',d
where:

p' € p so thatp'is a subset of all products and in fact, p' = E85 and M8S5.

Hpha is volume of recipe product (p') made by recipe (h), produced at demand region
(d) by splash blending.

| is volume of product (p') imported into demand region (d).

Dya is the sales volume of product (p') in demand region (d).

Le., for each demand region, all M85 and E85 blended at the terminals plus M85
and E85 imported into the demand region must equal sales of the corresponding
products.

13. For Census Divisions (demand regions) 5 and 6, balance the volume of each product that is shipped
into the demand region with volume shipped out of the demand region:

2 2 Woram T ZaZm Wpdadm - ZaZm Wpaam = 0 forall d,p

where:

d' e d and in fact, d' = Census Divisions 5 (South Atlantic) and 6 (South Central).

W,ram 1S volume of product (p) received by demand region (d') from refinery region (r) via
pipeline (P/L) mode (m). These columns are generated only for the pipeline shipping

mode when (d') is CD 6.

W,,44.m 1s volume of product (p) received in demand region (d') via transshipment from demand
region (d) by mode (m), e.g. from 6 to 5 or from 5 to 2. For these columns, d' = d is not
allowed.
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W,.a.4m 1 volume of product (p) transshipped from demand region (d') to demand region (d) by
mode (m). However, for these columns, d' = d is allowed; in this case the activity
represents P/L sales

Le., pipeline product received in CD 5 or CD 6 must balance P/L product sales
and transshipments.

Note: CD 5 and CD 2 (Mid Atlantic) receive much of their product volumes via
pipeline (P/L) originating in PAD District III. Thus PAD District II production
which is transported via P/L is split into one activity representing P/L product
which is sold in CD 6 and another activity which is product transshipped through
CD 6 into CD 5. Similarly, this latter component is split into two column
activities, one which represents P/L product sales in CD 5, and another which
represents product transhipped through CD 5 to CD 2.

14. Balance the domestic production of each crude type at each producing region (b) against shipments to
domestic refineries (r) and exports:

Lower 48 regions (all crude types) and Alaska crude type ALL :

Po*Acyvb - ZZm Yevbem - Ocvp = 0 forall b,c,v  (currently, O.yp =0)

Alaska crude type AMH only (takes into account gain due to mixing of GTLs during transport from N.
Slope; exports from AK = 0 for 2005 and beyond.) :

Py*Acyp + GTLLOS *TAGTLTOT - %, Yeybem - TAAMHXZ = 0 forall b,c,v

where:

Py

Ac,v,b

Yc,v,b,r,m

TAGTLTOT

GTLLOS

TAAMHXZ

is total volume of domestic crude oil produced at producing region (b).
NOTE: for Alaska, P,*A.yp = TATOT,

is the fraction by volume of Py, that is crude type (c¢) with source code (v), an
input.

is volume of crude oil type (c) with source code (v) produced in domestic region
(b) that is shipped to refinery region (r) via mode (m).

is total volume of GTL transported in Alaska to Valdez.

percent of GTL lost due to mixing with AK oil during transport in Alaska to
Valdez.

is total volume of AMH crude transferred from Alaska to Valdez. Only used
with Alaska production region (A) row constraint.
(Note: TAAMHXZ = ZZAMHTOT as defined by row constraint CZAMH.)
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NOTE:

for Alaska, P,*A.,p = TATOT,

Le, for each production region and crude oil type, domestic production must be
balanced against exports and shipments to refinery regions.

15. Set minimum renewables required in total US gasoline and diesel production (special study ONLY):

2424 2q Bagg *As = MinRen

wher