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.1. Introduction 

. 1.1 Purpose of this Report 

The purpose of this report is to defke the objectives of the Petroleum Market M&l (PMM), descnk its 
basic approach, and provide detail on how it w&. This report is intended as a refer- document for 
model analysts, users, and the public. Documentation of the model is in accordance with EIA's legal 
obligation to provide adequate docuthentation in support of its models (Public Law 94-385, secfion 57.b.2). 

I 1.2 Model Summary 

The PMM models petroleum rei3nhg activities, the m a r k h g  of petroleum products to consumption regions, 
the production of natural gas liquids in gas processing plants, and domestic meihanol production. The PMM 
projects petroleum product prices and sourm of supply for meeting petroleum product demand. The sources 
of supply include crude oil, both domestic and imported, other inputs including alcohols and ethers; natural 
gas plant liquids production; petroleum product imports; ani  refinery processing*gain. ~n addition, the PMM 
estimates domestic refinery capacity expansion and fuel consumption. eoduct prices are estimated at the 
Census division level and much of the refining activity information is at the Petroleum Administration for 
Defense (PAD) District level. 

, 

. 1.3 Model Archival Citation 

The PMM is archived as part of the National Energy Modeling System for AE097. The model contact is: 
Thomas White 
MailCode: EL823 

- U.S.DepartmentofEaergy . 
lo00 Independence Avenue SW 
Washington, D.C. 20585 
(202) 586-1393 

. 1 D4 Report Organization 

The remainder of this report is organized as follows: Chapter 2, Model Purpose; Chapter 3, Model Overview 
and Rationale; ChMter 4, Model Structure; Appendix A, Inventory.of Input Data, Parameter Estimates, and 
Model Outputs; Appendix B,-Det.ailed Mathematical Description of the Model; Appendix C, Bibliography; 
Appendix D, Model Abstract; Appendix E, Data Quality; Appendix F, Estimation Methodologies; Appendix 
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G, Matrix Generator Documehtation; 'Appendix H, Historical Data Processing'and Appendix I, Biofuels 
Supply Submodde. 

.. 

. #. 

- .  

r . .  

' I  

\ 
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. 2. Model Purpose - 

2.1 Model Objectives 

The Petroleum Marke M d e l  (Ph4M) models petroleum refining and marketing. The purpose of the PMM 
is to project petroleurn product prices, refining activities, and movements of petroleum into the United 
States and among domestic regions. In addition, the PMM estimates capacity expansion and fuel 
consumption the refining industry. The PMM is also used to analyze a wide variety of pemleum-re&ed 
issues and policies, in order to foster better understanding of the-ptroleum refining and marketing industry 
and the effects of certain policies and regulations. 

The PMM simulates the operation of petroleum refineries in the United States,' including the supply and 
transportation of crude oil to refineries, the regional prkssing of these raw materials into petroleum 
products, and the distribution of petroleum products to meet regional demands. The production of natural 
gas liquids from gas processing plants is also represented. The essential outputs of this model are product 
prices, a petroleum supply/demand balance, demands for refinery fuel use, and capacity expansion. 

PMM inputs include petroleum product demands, parameters for production functions which estimate the 
amount of domestic crude'oil production, and information on the costs and available quantities of imports 
of crude oil and petroleum products. In addition, the costs of refinery inputs such as natural gas and 
electricity are needed, as well as the costs and available quantities of blending components such as ethanol, 

' methanol, and methyl tertiary butyl ether (MTBE). Yield coefficients for crude oil distillation and other 
processing units, processing unit capacities, . I  investment costs for capacity additions, capacities and costs 
for pipeline and other transportation modes, and product specifications are other essential model inputs. 

9 

\ 

From these inputs, PMM produces a slate of prices forpetroleum products, the quantity of domestic crude 
oil prd,uction, impoits of crude oil and petroleum products, estimates of other refinery inputs and 
processing,gain, domestic refinery capacity expansion, and refinery fuel congumption. - 

The Ph4M is used to represent the petroleum refining Bnd marketing sector in projections published in the 
Annual Energy Outlook. The model is also used for analysis of a wide variety of petroleum-dated issues. 
The PMM is able to determine the impact on refinery operations and on the marginal costs of refined 
products of changes in any one or several, variables including demands for various kinds of petroleum 
products; crude oil prices; refinery processing unit capacities; changes in certain petroleum product 
specifications; energy policies and regulations; and taxes, tariffs, and subsidies. 

' 

i " 

'The International Energy Model contains representation for foreign refinery operations. 
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The P W  is comprised of five geographical regions, defined by the Petroleum,Administration for Defense' 
(PAD) Districts. Jndividual'refineries aie aggregated into one refinery representationfor each P p  
District. Product demands are input at the Census division level and end-use product prices are produced 
by Census division. A trarispoaation structure linking the PAD District relining regions to the Census 
division demand regions is also represented. The PMM produces annual ksulp, currently from 1990 

. 

, through2015. 0 

? 
. .  

2.2 Relationship to Other Models 
(. ' ' 

The PMM is part of the National Energy Modeling System (NEMS), representing the'petroleum refix& 
land marketing sector.' The PMM.projec& prices A d  sources of supplies of petroleum products. These 
projections are generated as part of a NEMS supply/demhd/price equilibrium solution. ' 

Several other models in NEMS provide inputs to the PMM. These inputs include: 

. I  

0 Demands for petroleum products from the Residential, Commercial, Industrial, 
T&sportation, and Electricity Market Models. The demands include motor gasoline, jet 
fuel, kerosene, distillate fuel, low- and high-sulfur residual fuel, liquefied petroleum gases 
(LPG), petrochemical feedstocks, petroleum coke, and other petroleum. 

I . .  Import supply curves for crude oil and petroleum products from the International Energy 
Model (EM). -The crude oil supply curves are provided for each of thePAD Districts for 
five types of crude defined by sulfur and gravity characteristics. The prices on the crude 
oil supply curves are based on the world oil price, which is determined in the EM. 
Petroleum product import supply curves are provided for traditional and reformulated 
gasoline, distillate fuel, low-sulfur diesel fuel, jet fuel, low- and high-sulfur residual fuel, 
LPG, petrochemical feedstocks, and other petroleum. This information is used to evaluate 
the tradeoff between domestic product production and imports. 

Import supply curves for methanol and MTBE provided by the Jntemational Energy 
Model and ethanol supply curves from the Biofuels Supply Submodule(Appendix I). The 
use of methanol and ethanol in the PMM takes into account the consumption of alcohol 
fuels in the transportation sector (E85 and M85), ahd &e chemical use of methanol. 

0 

0 

. .  Parameters for production functions from the Oil and Gas Supply Model f9r estimating 
domestic production of crude oil. The crude oil is categorized into the same five types 
incorporated into the import supply curves. Natural gas liquids, which are among the non- 

u 
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crude inputs to refineries, are estimated using natural gas production from the Natural Gas 
Tksmission and Distribution Model. 

- 

Prides for natural gas and electricity from the Natural Gas Transniission and Distribution 
Model and the Electricity Market Model, respectively. The PMM estimates the refkery 
consumption of these energy sources. 

The market shares of oxygenated, reformulated, conventional, and California specification I 
gasoline. These parameters are estimated offline and &put to the PMM. In +similar 
fashion, the shares of low-sulfur diesel and distillate fuel are provided to the PMM. The 
shares change over time, based on assumptions about market penetration (see Appendix F 
for more details). By bredcing gasoline and distillate into these ckgories, the PMM is 
able to account for additional costs of producing products that meet Clean Air Act (CAA) 
and Clean Air Act Amendments (CAAA) requirements.’ . 

The PMM also proyides information to other NEMS models. The output variables include petroleum 
product prices, petroleum supply sources, refinery fuel consumption, and capacity expansion. 

Output variables include: 

0 Prices of petroleum products, passed to the Residential, Commercial, Industrial, 
Transportation, Electricity Market, and Natural Gas Tmsmission and Distribution 
Models. The prices are used to estimate demands for the various fuels. 

‘0 Supply balance quantities, including crude oil production, non-crude refinery inputs, and 
processing gain, provided for reporting purposes. 

0 Capacity expansion and uezation ratks at refineries. 

0 Fuel consumption from refineries. This information is passed on to the Industrial Model 
for inclusion in the industrial sector totals. In addition, refinery cogeneration capacity and 
generation levels are also sent to the Industrial Model. 

0 The amount of sulfur allowances earned’by smalI refiners, as described in the CAAA. , 

0 The market prices and consumption of ethanol’and methanol. 

Figure 2.1 provides a detailed PMM Inputloutput flow diagram. 
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3. Model Overview and Rationale 

3.1 Philosophi.cal o.r Theoretical Approach 

The NationdEnergy Modeling System, & a whole, produces a general eqbilibrium solution by iterating 
until convergence to a stable result occurs. For example, the various demand mbdels use the petroleum 
p;oduct prices from PMM to estimate product demands. The PMM then takes the petroleum product 
demands as given, and estimates petroleum product prices. If the computed prices from PM?$.converge to 
within the specified tolerance, the NEMS iteration is complete and the next yearly NEMS cyclebegins. If 
the computed prices have not converged, new demand quantities are computed, passed to PMM, and the 
cycle is repeated. This process continues until a stable solution is found. 

Within the PMM, the refinery sector is mode1ed.b~ a linear programming representation. A linear 
programming model is developed for each of the five Petroleum Administration. for Defense (PAD) 
Districts and represents an aggregation of the individual refineries in the PAD District. The PMM linear 
programming model also contains a transportation structure to move products fiom the-reiining regions to 
,the Census division demand regions. Because a single demand region can be supplied by more than one 
refining region (if the transportation connections e&st), changes in one refining region can affect 
operations in other refining regions. An optimal solution for the five PAD District representation as a 
whole is found by minimizing ‘the tosts of meeting the demands. Revenues are derived from product sales, ’ 
and costs are incurred from the purchase and processing of raw materials and the transportation of finished 
products to the market. The model chooses a set of petroleum industry activities (e.g. crude oils, 
processing units, etc.) to produce a product mix that maximizes the refine#s economic benefits. The I 

activities are constrained by material balance requirements on the crude oil and intermediate streams, 
product specifications, processing and transportation capacities, and demand. Economic forces also 
govern the decision to import crude oil or refined products into the regions. See Appendix B’for a 
complete description of the column activities and constraints. 

3.2 Comparison with Oil Market Module 

The inclusion of a linear programming model directly into the integrated refining and marketing 
representation is a significant change f;om predecessor models. The Oil Market Module (OMM), which 
represents petroleum refining and mkketing in the Intermediate Future Forecasting System, uses 
econometric equations to represent the relationship between refinery production costs (product costs) and . 

product yields. The econometric equations are estimated from pseudodata derived from a refinery linear 
programming model. Pseudodata were developed by running a refinery LP for hundreds of scenarios 
where the yield of a reduced set of petroleum products was recorded in response to independently varying 
product prices over a predefined range. This was done for a b k e  case and three representative world oil 
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prices (WOP). Additionally, a number of runs ultimately were made where prices of all products were 
simultaneously increased for each WOP. In total, nearly 400 runs were made to create the pseudodata. An 
accountingkconornetkc framework is used to estimate sources of supply to meet demand. Product imports 1 

are calculated as the difference between demand and domestic supply. 

I 

The decision to change the approach for PMM within NEMS resultedfrom the identification of seve* . a  

disadvantages for using the OMM approach.' 

. o  

0 
. .  

0 

0 

0 

4- 
The econometric equations produce only national level refinery gate (or wholesale) prices 
for the product slate defined, with regional end-use prices being estimated from predefined. 
regiondy specific distribution cost characteristics. Thus, regional differences in input 

production levels are not represented. 

Product imports are used'as balancing items, &us preventing both a realistic assessment of 
import dependence and a realistic analysis of import restrictions or tilriffs. 

The current OMM cannot model changes in product specifications such as those included 
in the CAAA. 

The OMM lacks the capability to decide between domestic and foreign capacity expansion 
efforts. This is an important decision activity directly affecting import levels. 

The OMM cannot be used to analyze the impact of requiring oxygenates in gasoline and 
the competition between oxygenates. 

~ costs or product specifications are not being refl ected in the resulti since regional 

. <  

! 

! 

. .  

. 

In addition, any changes to refinery operating scenarios within Oh4M (whether significant or minor) would' 
involve a three-step process - (1) modify the linear programming model to reflect the changes, (2) rerun 
the LP model to generate new pseudodata (involving several hundred runs), and (3) reestimate the 
econometric equation coefficients. This-is a resource-intensive process. 

3.3 Fundamental Assumptions 
C. 

The PMM assumes the petroleum refining and marketing industry is competitive. The market will move 
toward lower-cost refiners who have access to crude oil and markets. The selection of crude oils, refinery 

'Energy Information Administration, A Critique of the Oil Market Module, internal study by S. MacInty-re, Energy Supply and 
Conversion Division, Office of Integratd Analysis and Forecasting (Washington, DC, January 1992). 
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process utilization, and logistics will adjust to mipimize the overall cost of supplying the market with 
petroleum products: Although the petroleum market responds to pressures, it rarely strays frod the 
underlying refining costs and economics for long periods of time. If demand is unusually high in' one 
region, the price will increase, driving down demand and providing econ.omic incentives for bringhig 
supplies in from o,ther regions, thus restoring the supply/demand balance. 

Each PAD District is treated as a single firm. h i s  restricts the ability to,deal with issues such as . 
ration,alization of small refineries. Rationalization can only be dealt. with on a disaggregate basis. Capacity 
is.aliowed to expand, with some limitations, but the model does not distinguish between additions to 
existing refineries or the buil&ng of new facilities. Investment citeria are developed.exogenously, 
although the decision to invest is endogenous. The model.does not require foresight to be perfect, but uses 
the best available information concerning future prices, demands, and market conditions as the basis for 
investment decisions. 

Existing regulations concerning product types and specifications, the cost of enhonmental compliance, 
and Federal and State taxes are also modeled iq the PMM. The PMM reflects recent national and regional . 
legislative and reg&tory changes that will affect future petroleum supply and product prices. It 

' incorporates taxes imposed by the 1993 Budget Reconciliation Act & well as costs resulting &om the 
Clbn Air Act Amendments of 1990 (CAAA90) and other environmental legislation. 

. j  

, 

The costs of producing new'fomulations of gasoline and diesel fuel that will be phased in as a result of the 
CAAA90 are determined within the linear programming (LP) representation by incorporating 
specifications and demands for these fuels. The PMM assumes that the specifications for these new fuels 
will remain the same as specified in current legislation. 

Motor Gasoline Specifiations 

The Ph4M models the production and distribution of four different types of gasoline: traditional, 
oxygenated, and reformulated. The following specifications are included in PMM to differentiate between 
traditio& and reformulated gasoline blends: octane, oxygen content, Reid vapor pressure (Rvp), benzene 
content, aromatic content, sulfur content, olefin content, and the percent evaporated at 200 and 300 degrees 
Fahrenheit (E200 and E300). 

Starting in' 1998 the specifickions'for traditional gasoline reflect the Environmental Protection Agency's 
@PA) "1990 baseline." .These specifications prevent the quali6 of traditional gasoline from eroding over 
time, which is the intent of the EPA's "antidumping" requirements. 

Oxygenated gasoline, which has been required during winter in many U.S. cities since October of 1992, 
requires an oxygen content of 2.7 percent by weight. Oxygenated gasoline is assumed to have 
specifications identical to traditional gasoline with the exception of a higher oxygen requirement. Some 
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areas that requhe oxygenated gasoline will also require reformulated gasoline. For the sake of simplicity, 
the areas of overlap' are assumed to require gasoline meeting the reformulated specifications. 

. Reformulated gasoline has been required in many areas of the U.S. since January 1995. Beginning in' 
1 

1 
. 1998, the EPA will only certQ re formule  gasoline using the "complex model," wgch allows refiners to 
specify reformulated gasoline based on emissions reductions either from their companies' 1990 baseline or. 
from the EPA's 1990 b'aseline. The PMM uses a set of specifications that meet the "complex model" 
requirements, but it does not attempt to determine the optimal specif!ications: that meet the "complex 
model." Specifications such as Rvp, aromatics, sulfur, and olefin content change in-the year W 

.-reflecting further emissions reductions requirea by CAAA90. 

The CAAA90 provided for special treathent of California that would allow different specifications for 
oxygenated and reformulated gasoline in that State. In 1992, California requested a waiver from the winter 
oxygen requirements of 2.7 percent to reduce the requirement to a range of 1.8 to 2.2 percent. The P m  
assumes that PAD District V refiners must meet the California specifications. The specifications for 

0 

. reformulated gasoline in PAD District V are the California stanbds. 

.Xvp limitations are effective during summer months, which are defined differently in different regions. In 

.Defense (PAD) district. T h e ' P h  assumes that these variations in Rvp'are captured in the annual average 
:specifications, which are based on summer Rvp limik, winter Rvp estimates, &d seasonal weights. 

. :;addition, different Rvp specifications apply within kach refining region, or Petroleum Administration for 

- 

Motor Gasoline Market Shares , .  

Within the PMM, total gasoline demand is disaggregated into demand for traditional, oxygenated, and 
reformulated gasolines by applying assumptions about the annual market shares for each type. The shares 
change over time based on assumptions about the market penetrati.on of new fuels. Annual assumptions 
for each region account for the seasonal and city-bycity nature of the regulations. The market shares 
reflect the mandated use of reformulated blends in nonattainment areas as well as assumptions about opt-in 
and spillover demand from outside these areas. The PMM assumes a 5-percent spillover of oxygenated 
and refo&ulated gasoline into attainment areas.' 

I 

The oxygenated gasoline shares throughout the forecast assume wintertime participation of 39 carbon 
mqnoxide nonattainment areas: Year-round consumption of oxygenated gasoline in Minnesota is assumed 
beginning in 1997 in accordance with State legislation. The PMM also assumes that, starting in 1995, 

a 

d 

1 
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reformulated gasoline' will be consumed in the nine required areas plus areas that had petitioned the EPA 
to opt in? Areas that initially optkd-in but opted-out as of June 1995 are not included. 

Diesel Fuel'Specifications and Market Shares 

In order to account for diesel desulfurization regulations, low-sulfur diesel is differentiated from other ' 

distillates. Diesel fuel in Census divisions 1 through 9 is assumed to meet Federal specifications. 

The PMM contain! a sharing methodology to allocate distill& demands between low and high sulfur. 
Market shares for low-sulfur diesel and distillate fuel are estimated based on data from EIA's annual Fuel 
Oil and Kerosene Sales Report I992 @OE/EIA-0535(92), October 1993). Since about 20 p e r a t  of 
current demand in the transportation sector is off highway, 80 percent of transportation demand for 
distillate fuel is asspmed to be low sulfur. Consumption of low-sulfur distillate outside of the 
transportation sector is assumed to be zero. 

End-Use Product Prices 

End-use petroleum product prices are based on marginal costs' of production plus production-related fixed 
kosts plus distribution costs and taxes. The marginal costs of production are determined by the model and 
represent variable costs of production including additional costs for meeting reformulated fuels provisions 
of the CAAA90. Environmental costs associated with controlling pollution at refineries3 are reflected as 
fixed costs. Assuming that refinery-related ked costs are recovered in the prices of light products, fixed 
costs are allocated among the prices of liquefied petroleum gases, gasoline, distillate, kerosene, and jet . 
fuel. These costs are based on average annual estimates and are assumed to remain constant over the 
forecast peiod. 

The costs of distributing and marketing petroleum products are represented by adding fixed distribution 
costs to the marginal and refinery kd costs of products. The distribution costs are applied at the Census 
division level and are assumed to be constant throughout the forecast and across scenarios. Distribution 
costs for each product, sector, and Census division represent average historical differences between end- 
use and wholesale prices. The costs for kerosene are the average difference between end-use prices of 
kerosene and wholesale distillate prices. 

State and Federal taxes are also added to transportation fuels to determine final end-use prices. Recent tax 
trend analysis indicated that State taxes increase at the rate of inflation, while Federal taxes do not. In the 

2Required areas: Baltimore, Chicago, Hartford, Houston, Los Angeles, Milwaukee, New York City, PhiIadelphia, and San 
Diego. Opt-in Areas Within: Texas, District of Columbia, New Jersey, Maryland, Delaware, New York, Connecticut, Virginia, 
New Hampshire, Mqsachusetts, PennsyIvania, Maine, and Rhode Island. ' 
3Environmental cost estimates are based on National Petroleum Council, U.S. Petroleum Refining ~ Meering Requirements for 
Cleaner FueLr and Refineries, volume I (Washington, DC, August 1993). 
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PMM, therefore, State taxes are held constant in real tem’throughout the forecast while Federal taxes are 
deflated at the rate of inflation. 

. ,  . 

Crude Oil Quality I 

I .  

In the PMM, the quality of crude oil is characterized by average gravity and sulfur levels. Both domestic 
and imported crude oil are divided into five categones as defined by the ranges of gravity and sulfur shown 
in Table A2 in Appendix .A. 

0 . 

F -  
A f%omposite” crude oil kth the appropriate yields and qualities is developed for each degory by 
averaging the characteristics of specific crude oil streams that fall into each category. While the domestic, 
and foreign crude types have the same defiitions, the composik crudes for each category may differ 
because different crude streams make up the composites. For domestic crude oil, an estimate of total 
production is made first, then shared out to each of the five categories based on historical data For 
imported crude oil, a s\eparate supply curve is provided for each of the five categories. 

. . 
. 

’ 

RegionalAssumptions I , 
I .  - ,  

!PW refining regions are the five Petroleum Administration for Defense (PAD) districts. Individual 
refineries are aggregated into one linear programming representation for each PAD district reion. In order 
to interact with other NEMS modules with different regional representations, certain PMM inputs and 
outputs q converted from a PAD district to a non-PAD district regional stqcture and vie versa. 

Capacity Expansion Assumptions 

PhDh allows for capacity expansion of all processing units including distillationcapacity, vacuum 
distillation, hydrotreating, coking, fluid catalytic cracking, hydrocracking, alkylation, and methyl tertiary 
butyl ether. (MIBE) manufacture. Capacity expansion occurs by processing unit, starting from base year 
capacities established by PAD district using historical data. 

Expansion is determined when the value received from the additional product sales exceeds the investment 
and operating costs of the new unit. The investment costs assume a 15-percent rate of return over a 15- 
year plant life. Expansion through 1998 is determined by adding to the existing capacities of units planned 
and under construction that are expected to begin operating during this time. Capacity expansion is done 
in 3-yearincrements. For example, after the model has reached a solution for forecast year 1999, the PMM 
looks ahead and determines the optimal capacities given the demands and prices existing in the 2002 

percent in 2001, and 25 percent in 2002. At the end of 2002, the cycle begins anew. 

0 

, 

forecast year. The PMM then allows 50 percent of that capacity to be built in forecast year 2000,25 “ 
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Strategic Petroleum Reserve Fill Rate 

The PMM assumes no additions for the Strategic Petroleum Reserve du&g the forecast period. Additions 
to the Strategic Petroleum Reserve have not been included in recent budgets. 

Legislation 

The PMM reflects rekent national and regional legislative and regulatory changes that wiiaffect future 
petroleum supply and product prices. It incorporates k e s  imposed by the 1993 Budget Recpcili&ion 
Act as well as costs resulting from environmental legislation. 

The Budget Reconciliation Act imposes a tax increase of 4.3 &nts per gallon on transportation fuels 
including gasoline, diesel, liquefied petroleum gases, and jet fuel. The tax has been in effect since 
October 1,1993 for all fuels but jet fuel. Onset of the jet fuel tax was delayed until 1996. 

With a goal of reducing tailpipe emissions in.areas failing to meet Federal air quality standards 
(nonattainment areas), Title II of the CAAA90 established regulations for gasoline formulation. Starting in 
November 1992, gasoline sold during the winter in 39 carbon monoxide nonattainment areas was required 
,to be oxygenated: Starting in 1995, gasoline sold in nine major U.S. cities which are the most severe 
ozone nonattainment areas must be reformulated to reduce volatile organic compounds (which contribute 
to ozone formation) and toxic air pollutants, as well as meet a number of other new specifications. 
Additional areas with less severe ozone problems have chosen to “opt in” to the reformulated gasoline 
requirement. 

Title II of the CAAA90 also established regulations on the sulfur and aromatics content of diesel fuel that 
took effect on October 1,1993. All diesel fuel sold for use on highways now contains less sulfur and 
meets new aromatics or cetane level standards. 

A number of pieces of legislation are aimed at controlling air, water, and waste emissions from refineries 
themselves. The PMM incorporates related environmental investments as refinery fixed costs. The 
estimated expenditures are based on results of the 1993 National Petroleum Council Study: These 
investments reflect compliance wilh Titles I, III, and V of CAAA90, the Clean Water Act, the Resource 
Conservation and Recovery Act, and anticipated regulations including the phase out of hydrofluoric acid 
and a broad-based requirement for corrective action. No costs for remediation beyond the refinery site are 
included. 

’ 

. .  

‘Oxygenatd gasoline must contain an oxygen content of 2.7 percent by weight. - . . 
5National Petroleum Council, US. Petroleum Re@ing - Meeting Requirements for Cleaner Fuek and Refineries, Volume I 
(Washington, DC, August 1993). 

i 
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. 3.4.Alternative Approaches and Reasons for Selection I * 

In any model design a tradeoff must be made between finding an acceptable level of detail and p r e s e h g  
’ I .  a manageable framework for providing information in a timely fahion. The PMM was developed not only 

for forecasting purposes, but also to proide a policy analysis tool. These dual objectives were key to 
deciding the approach taken 
summary of the reasons for choosing the lin&programming approach. 

‘ 

. 
the PMM. Various alternatives are discussed below followed by a 

. .  . 
#. 

‘ 3.5 PseudodataEconornetric Equation Approach 
, 

., 
I .  

The O m ;  as described above, uses a pseudodataleconometric equation approach. .The objective of t@s 
approach is to Ftain the advantages of a large, complex refinery mod&, with the capability of responding 
to a wide vafiety of issues, in an integrated environment. The‘response surface generated by the large 
number of model runs represents the output 0fthe.G for given sets of inputs, and the econometric 
equations provide a means to quickly access the results. 

,Two primary problems with this approach are inaccuracy and preparation time: The model nins must be 

. 

. 
.~ 

- 
.devised so that the pseudodata adequately cover the range of each of the inputs. Since the exact 
combination of inputs-cannot usually be anticipated, the pseudodata only provide an approximation of the 
model response.‘ Moreover, the econometric equations are only an approximation of the shape of the 
response surface. 

Preparation time (i.e., the &e required before the model is ready for integrated runs) can be significant for 
this approach. The design, the geneition of pseudodata, and the estimation of the equations all require 
substantial time and effort. The OMM equations were reestimated only,about once every 4 years. 
However, because NEMS will be used for analytical studies as well as mid-range forecasting, the equations 
may have to be updated for each particular study. 

In addition, the capabilities of the PMM, compared to the O W ,  especially the increased regionality, the 
explicit treatment of imports, and the new products and product specifications, would increase 
considerably the number of runs required to adesuately cover the range of each input variable. For these 
reasons, the pseudodatahonornetricequation approach was not considered 

. *  

’ 

a basis for PMM. 
0 
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3.6 Linear Approximation Approach 

Another type of pseudodata approach, called the linear approximation or lookup approach, was considered. 
Pseudodata would still need to be generated. The output of several hundred model runs would be placed 
in a dakbase, with each record containing the refinery output quantities and prices associated with a given 
set of product demand levels and input prices. The runs would cover the expected range of product 
demands and input prices. 

In the integrated environment, the inputs to the PMM (a vector of demands and input prices) would be 
used to choose a specified number of data records (e.g. 10) from the database. The data records chosen 
would be those (10) that minimized the Euclidean distance to the input data vector. The output quantities 
and prices would then be estimated from a linear combination of the chosen set of data records. 

. E -  

Several advantages over the OMh4 approach are noteworthy. The econometric equations would not need 
to be reestimated with each new set of pseudodata, considerably reducing model preparation &e. 
Furthermore, the output variables could include more than just product prices. Any variable generated by 
the use of an LP model could be placed in the database and accessed by the linear approwation method. . 

However, the same pseudodata criticisms cited above apply to this method as well. Any study or scenario 
involving unanticipated changes to the refinery operating scheme would require regeneration of seved 
hundied data records using a detailed model. In addition, the number of required runs would rise above 
the roughly 400 used in the past, due to regionality and the increased interactions bemeen PMh4 and other 
mbdels. The number of runs must be sufficient to ade4uately cover the expected range of each input 
variable, so it increases substantially with each additional input. Also, the accuracy of this method relative 
to the other approaches has not bekn established, but is considered to be less accurate tJ~an even the 
pseudodakdeconornetric equation approach! 

6Energy Information Administration, Approaches to Estimating PMM, internal memorandum by J.. Kendell, Energy Supply and 
Conversion Division, Office of Integrated Analysis and Forecasting (Washington, D.C., November 1991). 
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3.7 Abbreviated Linear Programming Approach' 

. Extreme point modeling is similar to the pseudodata approach in that a detailed model is used to generate 
output vectors. The results of each run are expressed as column vectors of input/output coefficients 
derived over a k g e  of cases designed to span the potential solution space.' 

, .  

A linear programming refinery model can be appreciably condensed through the &*que of extreme 
point vectors.  he extreme point representation models the refinery as series of operating mdes or plans. 
A slate of products is produced her barrel of processed crude oiI. An illustration of two typical extreme 
point vectors is shoyn in Table 3.1. Each column of the table represents an operating mode for the 
refinery, such as maximum production of gasoline or distillate (No. 2 heating oil q d  diesel fuel). For each 
solution of the detailed refinery model, the crude @ls consumed as inputs are di6ded by the total crude oil 
processed to provide a volume fraction of each crude oil, which will sum to 1.0 as shown in the row 
labeled "Total Crude." Each solution also provides the product volumes produced as outputs, which are ' 

also divided by the total crude oil processedl After accounting for fuel bu,med and losses, not shown in the 
table, the sum of the outpuk will also sum to 1 .O. The result is a representation of a feasible and optimal 
operating plan expressed as inputs and outputs per barrel of total crude oil processed by the refinery model. 

-:Extreme point vectors typically have less than 50 equations for each refining region, including crude oil 
balance equations, refine& unit 'capacity equations, and product balance guations. 

The operating modes, such as maximum gasoline and'maximum distillate, are created by successive 
solutions of the detailed refinery model responding to increased prices for the product to be maximized. . . 

: 

. 

. I  

' Some.typical modes to be generated may be: .~ 

I 

0 

0 

0 

0 

0 

maximudminimum production of each grade of gasoline, 
maximudminimum production of jet fuel, 
maximudminimum production of No. 2 heating oil, 
maximum/minimum production of low sulfur highway diesel &el, or 
.maximudminimum production of residual fuel oil. 

The extreme point representations can be expanded to differentiate between various crude oil operating 
modes, such as incremental volumes of Arab Light or incremental volumes of West Texas Intermediate 
0. 

'Linear Programming, Inc., PALAEMS Integration Methodology Shidy, final report prepared for the EIA office of Statistical 
Standards, Contract No. DE-ACOI-84Ei-19633 (Washington, D.C., April 1987). 
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Table 3.1. E-pie of Extreme Point Vectors . 

. Yields per Barrel of Total Crude Flow 

The difference from the pseudodata approach is that these vectors are then placed in a linear programming 
environment. The extreme points are not just output quantities and prices from the LP model runs, as in 
the pseudodata approach, but coefficients which break input quantities into outputs of products, taking into 
account the associated costs. Solutions are derived by maximizing profits or minimizing costs using linear 
combinations of these extreme point column vectors to represent the refinery LP. A second important 
difference is that the required amount of extreme points ndmbers in the tens rather than the hundreds. 

The advantage of using extreme point vectors to represent refining operations is that the resulting model is 
smaller and solves faster than a detailed refinery model. The disadvantage is that the analyst must create 
enough extreme points to span most of the possible modes and product yields that might be required in an 
equilibrium pricing model such as NEMS. Moreover, extreme points should probably be regenerated for 
each new forecast and each particular analytical study. This would be a time-consuming process. Extreme 
points have also been criticized for inaccurately representing refinery operations,8 although increasing the 
rbge and number of the modes can respond in part to this criticism. 

' 8bid., pp. 25-39. 
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.. 
3.8 'Detailed Linear Programming Approach 

Detailed linear programming models have &en very successful at modeling refinery problems. The 
particular advantage of using linear programming models to represent refinery processes is that they allow 
refinery managers to calculate the marginal costs of products while sinydtaneously indicating the required 
operating conditions for maximum profitabhy. Furthermore, linear programming process models contain 
detailed engineering structure &tly related to the reiinery processes and product quality, and can 
therefore kadily incorporate new technologies and technological change. 

A linear programming approach in the PMM allows more flexibility for dealing with analytical issues than 
the other approaches considered. Changes to product specifications, the addition of new products or 
refinery inputs, andor changes in processing unit costs or capacities can be handled directly in the linear 
programming structure. Many of the shoItcomings of the pseudodata and extreme point approaches are not 
problems for a linear programming approach. The biggest drawbacks to LP models are size and execution 
time. The linear programming representation currently in the PMM will have to be reduced in size in order 
to achieve acceptable execution times. 

- 

8. 

. 

. ,  
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4. Model Structure 

During each NEMS iteration, product demand quantifies and other variables supplied by NEMS models 
are used to update the PMM matrix. An optimal solution is obtained from the updated matrix where 
marginal petroleum product prices and other material balance information.are extracted. Pos$processing 
takes place on the petroleum product prices and rehery input and output yolumes, system variables are 
updated, and reports are produced. The modification and optimization of the PMM matrix are both 
accomplished by executing FORTRAN callable I 2  subroutines available from an Ll? subroutine library. 
Appendix B describes the formulation ofthe linear pro&ammhg representation in the PMM. 

I 

The linear programming portion of PMM is prepared offline in the form of an MPS' file prior to NEMs 
processing. Offline generation of the P M M  matrix is performed using a datadriven mathematical 
programming language: The control program and optimizer are compatible with the MPS matrix format. 
FORTRAN and FORTRAN callable subroutines for data table manipulation, matrix generation, and 
solution retrieval programs for report writing are cuirently being used. Appendix A describes &e input 
data tables used to develop the input matrix of the PMM. Appendix G documents the matrix generator 
source code and data tables. 

- 

The REFINE subroutine is the main controlling subroutine for the PMM. The following paragraph 
describes the REFINE process flow, which is illustrated by Figures 4.1,4.2,4.3, and 4.4. The flow 
diagrams use descriptive text and make reference to PMM FORTRAN subroutine names, which are 
described in detail in sections 4.1,4.2,4.3, and 4.4. Additionally the REFINE calls the Ethanol 
subroutine, which provides the PMM with silpply.cwes for ethanol. The Ethanol subroutine is 
documented in Appendix I. 

. 
. I .  

The REFINE subroutine initializes variables and reads fixed data during the first year and first iteration of 
. any NEMS run (Figure 4.1). The subroutine ken  follows one of five branches during any NEMS iteration. 

0 If the history switch is on and it is the first year and first iteration, historical values are read 
from an input file and the PMM LP matrix is loaded into memory to await processing in the PMM 
base year. 

0 If the history switch is on and it is a historical year after the first year and first iteration, then the 
PMM performs no operations but simply returns to the NEMS system operations. No operations 

. 
'Mathematical Programming System format- 
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are performed because all historical data were retrieved and variables were updated on the first 
iteration of the first year: 

. .  

' 0 If the history switch is on, it is. not a historical year, and it is not a reporting iteration; or if the 
history switch is off and it is not a reporting iteration; then thePMM LP mat& is updated with 
data from other NEMS models and static PMM input data variables and an optimal solution is 
calculated (Figures 4.1,4.2, and 4.3). Petroleum product prices 'and other PMM output data are 
retrieved from the LP optimal solutions and output vari.ables are updated. 

0 If it is a reporting iteration, the history switch is on, and it is not a historical year; or if it is a 
reporting iteration and the history switch is 0% then several intemd PMM analyst reports are 
updated. If it is also a capacity exphsion year, then the PMM 
expectation values for a fu&e year to determine processing unit expansion for the intervening 
years (Figures 4.1' and 4.4). The capacity expansion methodology is described in more detail . 

$* 

is solved using input data using 

below. \ 

0 If it is a reporting iteration, the Short Term Energy Outhok (STEO) benchmarking switch is on, 
and it is NEMS year six, then the PMM LP is solved using input data using expectation values for 
a future year to determine processing unit expansion for the intervening years (Figures 4.1 and 

. -  

4.4). 

Capacity Expansion Methodology 

PMM models.capacity expansion for all the refinery processing units which include but are not limited to 
distillation capacity, vacuum distillation, hydrotreating, coking, fluid catalytic cracking, hydrocracking, 
alkylation, and MTBE manufacture. Capacity expansion occurs by processing unit, starting from base year 
capacities established by PAD District using historical data, . Expansion is determined by the LP when the 
value received from the additional product sales exceeds the investment and operating costs of the new 

' unit. .The investment costs assume a 15-percent rate of return over a 15-year plant life. For more details 
on the calculation of the investment costs, refer to the Appendix F section on Refinery Investment 
Recovery Factors. 

\ 

' ' 

~ 

I Expansion through 1996 is determined by adding to the existing capacities those units planned and under 
construction that are expected to begin operating during this time. Starting in forecast year 1997, capacity 
expansion is done in three year increments. For example, aftkr the model has reached a solution for 
forecast year 1996, the PMM looks ahead and 'det-erhines the optimal capacities given the estimated 
demands 9;ld prices expected in the 1999 forecast year. The PMM then &lows 50 percent of that capacity 
to be built in forecast year 1997,25 percent in 1998 and 25 percent in 1999. At the end of 1999, the cycle 
beginsanew. . 
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Figure 4.1 PMM Flow D i a M  
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Figure 4.2 Matrix Preprwsing Subroutines 
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Figure 4.3 Matrix Postprockssing Suboutixies 

' &  

. .  

Energy Information Admini.stra tion 
"EMS Petroleum Market Model Documentation Page4-5 



Figure'4.4 Capacity Expansion Subroutines 
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4.1 Main Subroutines. . 

. >  
Section 4.1 describes the functions of the subroutines in figure 4.1, .&e main controlling subrou&es. 

(REFINE) Main controlling subroutine for the PMM.. 

Purpose: R.F&INE is the driver subroutine for the PMM. It uses basic FORTRAN c~nt ro lkg  
structure, NEMS integrating mudel common variables, and PMM internal variables to set up and 
process the PMM LPmd to update NEMS variables based on an optimal 19 solution. 

. .  
Euuations: None. 

‘ (INITPMM) Initialize variables. 

Puruose: Opens PMM iteration report file and PMM solution print file and initializes certain 
variables. 

Euuations: . 

I 

I 

, 

Pucq*m,  = 0.0 
PuINvF,,, = 0.0 
RFQDINPOT,, = 0.0 
-PRDDMD,,,, = 0.0 
CRDOTHOTF,, = 0.0 
CRDUNACC,,, = 0.0 
CRDSTWD%,, = 0.0 
CRDPRbSUp,, = 0.0 

BLDIMP,, = 0.0 t .  

PRDSTKWD%,, = 0.0 

QEXCRDINF,,, = 0.0 
PUBASEF,,, = 0.0 

CFRGQ , = 0.0 
CFTGQ , = 0.0 

\ 

PUBASEUTF$,, = 0.0 

= 11.67 

P h I E q , 7  = 9 -23 

E85 price for STEO yeaq 7 and 8 

M85 price for STEO years 7 and 8 
P E m . 8  = 11.69 

PhIEq.8  = 9.23 
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where: 
. *  

pr = 1,2,3,4,5: PAD District 
pu = 1,2, ... 40: Processing unit identifier index 
yr = 1,2,,.29: NEMS year index 
prd = 1,2,.:.20: PMM product identifier index 

' - .  
. *  

, 

- 

4- . 
(FIXDPMM) Read fixed inputs. 

. ' Purpose: 'FIXDPMM reads in and i&tializes internal data required for processing the PMM. 
_ .  

. Euuations: None.. 
Inuut Files: MUlPRDS Tax input data , 

., Mu2PPRDS Sectoral end-use markups 
QDCRDCF Fixed Data input file. 

. I  

(RDPMMXP) ~eads  in the PMM specific expectation values fiom a &put file. 

Purpose: The RDPMMXP subroutine read the SPRFLRT input file and updates PMM specific 
expect?ions values. These values are used for refinery capacity planning. 

Euuations: None. 
/ 

Input file: SPRFLRT PMM specific expectations input file. 

(LOADPMM) Sets up the PMM LP for proecssing by the OML. 

Purpose: This subroutine defines the OML model space for PMM. Loads the PMM LP matrix into 
memory and initializes OML model specific variables. 

I 

Equations: None. 
4 

. (DEF'LP) Defines and OML LP'matrix model space and initializes common control variables for a given 
model. \ 

- 

Pumose: Defines and OML LP matrix model space and initializes common control variables for a 
given model using the OML function WFDEF. 

Energy Information Admhistmtion ' 
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Equations: None. 

Data Pksed: MODEL, model n q e ,  S I 2 6  model size 

(MPSINLP) Converts a model from and MPS format file and:stores it in the model +itabase. 

Purpose: Converts a model from and MPS format iile and stores it in the model database using the 
OML function WFMSPIN. 

Fquations: None. I 

#- 

(LOADLP) Loads the LP model from the database into memory. 

Purpose: Loads the LP model from the database into memory and prepares it for optimization 
. using the OML function WFLOAD. 

Ea uations: None. 

(RFHIST1) Read in history data for 1990 through 1994. 

Purpose: RFHISTl reads in history data from an external file and updates PMM output data for 
history years 1990 to 1995 and STEO year 1996 and 1997. - 

Equations: None. I .  

1 

Input File: ELCGPUR PMM historical data input file 

(NEXTDATA) Advances file pointer one record. 

* ’  Purpose: This subroutine-is used in to automate reading the historical data file. It advances the file 
pointer one record until the historical data record is loacted. 

Equations: None. 

(RETAX) Aggregates state and federal petroleum product taxes. 

Purpose: RFTAX aggregates the states and federal petroleum taxes. 

Ekpations: Total petroleum product tax are set at the state tax plus the nominal dollars federal tax. 

. .  
Energy Intorrnation Admipistration 
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(TlEMDPMM) Convert system demands. 

himose: Convert NEMS demands from trillion Btu to thousands of barrels per day for input into 
the refinery LP. Desegregates gasoline and distillate fuel into types. Calculates U.S. total 
petroleum product demand by sectors. 

Equations: The conversion from Btu to h4bbl/d is as follows: 

. 9 

' 

' 

. The motor gasoline share of M85 and E85 transportation fuels are also added to the total 
motor gasoline demands such &at 

. .  
, . RFQMG&((QMGASd+QMEix*O. IS+QME%*O. 15)/CFMGQ/365)* lo00 

where; , 

.RFQ(PR) = product demhnd by Census division 
PRDDMD = product demand by Census division 
Q(PR)AS = product demand in all sectors 
Q(FPR)RF = prckuct consumed for refinery .fuel 
CF(PR)Q = conversion factor from MMBtu/bbl 
(PR) = pr@uct types 
QTR) = refinery fhel products idenker 

- cd = Census divisions 1 through 9 
pd = PAD Districts 1 through 5 
0.15 = Motor gasoline share of the alternate transportation fuel 
365 = days per year ' 

1000 = millions to thousands 

, *  

- 3  
. .  . 

- 

. 
. 

, 

. .  

Refinery fuel consumption, Q(FPR)RJ?, is subtract& from the product demands since the refinery 
model is designed to meet demand for saleable products. The variables RFQ(PR)¶ Q(PR)AS, and 
Q(FPR)RF, and CF(PR)Q are defined ,explicitly in Appendix A 1.2, Refine Module Variables. 

Four types of gasoline are derived from total gasoline demand by applying market share estimates: 

I , 

* 

I 

.. 

Energy Information Administra tion 
NEMS Petroleum Market Model Documentation Page 4 - 10 



PRDDMD = prbduct demand by Census division 
t = motor gasoline product designator index, 2,3,4,5 
MGSHR = motor gasoline market shares 

Refer to Appendix F for more information on the derivation of the gasoline market shares, 
MGSHR. 

Low-sulfur diesel fuel is determined as a share of transportation distillate demand (RFfer to 
Appendix F, Estimation of Low-SUI& Diesel Market Shares,.for more details): 

d 

PRDDMDd14 = bSLSPLT*((QDST& /CFDSQ)/365)*1000 . 
where; 

14 = product index for low sulfur diesel @SL) 
DSLSPLT = 0.8 

. .QDSTR = quantity of transportation distillate 
CFDSQ = conversion factor for DSL MMBTUhbl 
365 = days per year 

. IO00 = millions to thousands - .  

Ethanol and methanol consumed in the transportation sector are assumed to be blends of 85 
. percent alcohol and 15 percent gasoline. Therefore, the demand for gansportation ethanol and 

methanol in the PMM are 85 percent of the transportation demand total, and 15 percent is added to 
gasoline demand. Finally, US. toas are calculated: - 

where; 

11 = total U.S. demand index 
pr = product index 1 through 19 
cd = Census divisions 1 through 9 
yr = NEMS year index 1 through 26 

.. 

@PRDPMM) Estimate domestic crude oil production. 

Purpose: Estimates domestic crude oil production. More detail on the domestic crude prodiction 
equations is available in the Oil &d Gas Supply Modd documentation. . 

Energy Wormation Administration 
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Eauations: Conventual domestic crude production are calculated for the nine lower 48 oil gas 
regions. Alaskan production and Enhanced Oil Recovery (EOR) production are obtajned .from the 
Oil Gas Supply Model (OGSM). Conventional lower 48 production is a function of wellhead 
price, beginning of year reserves, and the draw down rate such that 

0 

RFQiXXDw,F = (OGPRRCO,, * 

and when the cukent iteration'is the first iteration of a "EMS yek 

DCXDWHPm,F = O W m  * (WOPF-0.50)oDrAm 

and when the current iteration is past the first iteration of a NEMS year 

DCRDWHPb, = Margin value of domestic crude from the Pqi i t r - l )  

where; 

I 

RFQDCRD = conventional domestic crude production, MMbbl/cd 
D C R D W  = domestic crude well-head price 
OGPRRCO = production ratio, supplied by OGSM 
OGELSCO = production elasticity, supplied by OGSM 
OGRESCO = beginning of year reserves, supplied by OGSM 
O L D  = regression constant, supplied by QGSM 
WOP = World Oil Price, supplied by International 
OLBTA = Wellhead to WOP price elqsticity, from OGSM 
0.5 = benchmark constant to adjust WOP, supplied by OGSM 
or = Oil and gas region index, 1 through 9 
yr = NEMS year index, 1 through 26 
itr = NEMS iteration, 1 through 9 
365 = Day per year 

t 

Total domestic production is then calculated by adding conventional production with the EOR 
production such that; 

RFQTDCRD,,=~QDCRD,,,+ 

, .  
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where; 

RFQTDCRD = Total domestic production, MMbbycd 

OGQEORPR = EOR production, MBCY, supplied by OGSM 
loo0 = thousands to millions 
365 ='days per year 
or = oil k d  gas regions, 1 through 6 
yr = NEMS year index, 1 through 26 

(PIMMLP) Solve PMM LP. 

Purpose: PMMLP calls many subroutines that perform updates to the LP bounds, RHS, and input 
costs and optimizes the m w .  

Equations: Refer to Appendix B. 
c. 

(WRTBAS) Write advance basis. 

. Purpose: WRTE3AS writes the basis for the LP optimal solution to an external file for any given 
NEMS year by calling the PUNCHLP subroutine. 

Ekpations: None. 
Output File: BASPMMl PMM basis output file 

(SETLP) Activates a specified OML model memory space for processing. 

Purpose: Sets a given OML model space to be active using the WFSET function, such that any 
OML routines chled will bd applied to the given model,' 

. .  
Equations: None. 

(OPTLP) Optimizes the model. 

Purpose: Optimizes the model using the OML function WFOPT. 

Eauations: None. 

(WRTANL,Z) Writes an ANUYZE packed LP matrix and solution file. 
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' . I .  

Purpose: WRTANLZ writes an.ANiY2E packed LP matrix and solution file the LP matrix and 
solution specified in memory using the GOMOT subroutine. 

. .  Euuations: None. 

OutDut File: PACKPMM P$M ANALYZE output file 

1 

. 

4- 
(XCEPMM) Retrieve and calculate processing unit capacity expansion investment bounds. 

, 
Purpose:. XCEPMM retrieves -fie expected processing investment activik level by using the 
SCOLP subroutine and calculates the processing unit build and investment bounds. 

. . . Euuations: Processing unit cumulative builds and investment bounds are calcula&$ such that 

Prnpd.yr+l, = pu.Eqdyr+3,p / 2  
pmpd.yr+2, = p-pd.yr+3.p / 4 , 

pmpd.yr+3.p = P~qX%yr+3,p 14 

* ,  
I 

, I ,  

where; 

. PUINV = processing unit investment bound, Mbbl/cd 

,. determind in expansion year yr - 

PUEXPpd.yr+3,3.pu = processing unit expansion as 

pu = processing unit index, 1 through 60 
pd = PAD District index. 1 'through 5 
yr = . E M S  index years 7,10,13,16,19,22,25 

. I  

The decision to allow half of the expansion to come .on line in the first year of each three year 
period was made because of problems experienced in early testing of the model. This area of the 
model will be more thoroughly tested k d  the constraint may be changed. Capcity expansion for 
the crude unit has been limited to 1.4 MBCD for each PADD in the low macroeconomic and high 
world oil price cases and 1.1 MBCD for each PADD for all other cases. , ' 

8 

A 

I 

Processing unit cumulative builds, PUBLD is: 

PUBLD,,=O; when yr = 7 

, 

PUBLD&yr,p=PUBLDfi,-,p + PUINVfi,l,, 
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' where yr > NEMS index year 7 
pu = processing unit index, 1 through 60 
pd = PAD'District index 1 through 5 
yr = NEMS index years 7,10,13,16,19,22,25 

(RPTlPMM) Write report 1, LP solution. 
. .  

Purpose: RPTlPMM writes the LP solution'to an external file. 

Equations: 'None. 

Output File: PMhPF"  PMM solution output file 

(RPT4PMM) Write report 4, PMM iteration reports. 

#. 

Purpose: RPT4PMM pulls solution values from the LP using SROWLP, SCOLLP subroutines 
and writes to an external file PMM analyst reports during each NEMS iteration. 

. Equations: Solution values are extracted from solution m&,.refo.rmatted and converted to the 
properunits. . 

I 

Output File: ALPHADN I&ration reports output file 
, .  

(RPT6F'MM) Write report 6, OMNI formatted tables, supply curves and demands. 

Purpose: RPT6PMM writes OMNl tables used for stand-alone PMM matrix generation. 

&-uations: None. 

Output File: IMPCURV OMNI data table output file 

(RpT7pMM) Write report 7, PMM forecast reports. 

. Pumose: RPT7PMM extracts solution values from the LP using the SCOLLP and SROWLP 
subroutines and writes to an external file PMM,analyst reports at tbe.end of a NEMS run. 

Equations: Solution values are extracted from solution matrix reformatted and converted to the 
proper units. 

Output File: PMMRPTS PMM reports output file 
7 
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, ,  

(USTOT) Calculates totals by PAD District, Census ,&vision, and US. for RP'I'PMM, RPT8PMM, and 
RPTASPMM. 

' 

Purpose: ~o ta l s  various PMM output &+i. 

. GuationS: Performs units conversiois on some Of the totals. 

(RPTSPMM) Write report 8, continuation of iepoa 7. 4- - 
Purpose: RPT8PMM pulls solution values from the LP using the SCO&LP and SROWLP 
subroutines and wriies to ap. external file PMM analyst reports at the end of a NEMS run. 

muations: Solution values are extracted from solution matrix reformatted and converted to the. 
proper units. 

I .  

Outuut File: PMB&PTS PMM reports output file 

(RPTASPMM) Write report A8, contiquation of report 8. . 

. 

. 
Puruose: RPTASPMM pulls solution values from thew using the SCOLLP and S R O W  
subroutines and writes to an external file PMM analyst reports at the end of a NEMS mn. 

' muations: Solution values are extracted from solution matrix reformatted and converted to the 
proper units. - 

Outuut File: PMMRPTS PMM reports output file . 

(FCCRPT) Reports the fluid catalytic crackers level of operations. 

' Puruose: This subroutine reports the levels of operations for the modes of operation octhe 
fluidized catalytic cracker. 

Equations: None. 

Output File: PMMRPTS PMM reports output file. 

(ALKFWT) Prints the auCyla@ori report to the PMM forecast reports. 
h , .  
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Purpose: Solution values extracted using the subroutine ALKMODE are reformatted and printed 
to an output file.. .. 

Outuut File: PMMRPTS PMM reports output file. 

(SPECRPT) P h t s  the motor gasoline specifications report.. . 

Purpose: SPECRPT print the motor gasoline specification report to the detailed PMM reports. 

Euuations: None. 
(. 

Output File: PMh4RPTS PMM reports output file. 
. ‘ 

(OB- Prints the objective functian report. 

Purpose: 0BJRPT.print the objective function of the PMM for the NEMS forecast to the PMM 
detailed reports output file. 

Equations: None. 

Output File: PMMRPTS PMM reports output file. 

(PMMRPTHD) Prints the detailed PMM rkports header. 

Purpose: PMMRPTHD print the NEMS scenario name, date key, and reporting years as a header 
to each reporting the detailed PMM reports. 

Equations: None. 

. 

’ Output File: PMMRpTS PMM reports output file. 

(PMMRPTRW) Rewinds the record pointer during the PMM iterations report. 

Purpose: PMMRPTRW rewinds the record pointer for the PMM iterations repom such that only 
each years final iteration reports are remed. 

Equations: None. 

Outuut File: ALPHADN PMkl reports output file. 

. .  
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. 4.2 Matrix Preprocessing Subroutines 

Section 4.2 describes the function of the subroutines in figure 4.2, preprocessing of the PMM matrix. 

(INSRTLP) Loads an advance basis into the LP model. 

6. 
Purpose: Loads a standard format basis from a file into the LP model using the Oh& function 
WFINSRT. . .  

Eauations: None. 

(PRTRFLOC) Prints theNEMS itektion and year to the OML, output file. 

. Purpose: Prints the NEMS year and iteration in the OML, output file, SYSPRINT, by forcing an 
OML error message using enoneous calls to the PMM LP matrix. This function facilitates the 
location of PMM information in SYSPRINT file for debugging purposes. 

Euuations: None. 

. 

i 

(CHGTRANS) Updates the kinsportation costsFf crude and product. 

Pumose: Update the crude and product transportation cost with the U.S. 

Ecwations: Cost for moving crude and products from the supply region to the demand regions are 
updated to reflect changes in the world oil price, WOP. Afactor called priced delta is calculated 

. as the change between the current year WOP and the previous years WOP. The price delta is used 
to adjust the transporation cost for domestic crude and product shipments as the fractional change 
in price. 

(CHGNGCRV) Updates the natural g$ supply curve for refinery fuel use. 

hruose: Updates the bounds on the first point of the eight step natural gas supply curve using the 
CBNDLP subroutine. 

Euuations: The lower bound on step one of the supply curve is set at fifty percent of the sum of 
the upper bounds on the last four steps of the supply curve. The upper bound on step one of the 
supply curve is set at eighty percent of the sum of the upper bounds on the last four steps of the 

0 
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. . .  
. .  

supply curve during any first iteration of a NEMS year or the capacity planning iteration. During 
any other NEMS iteration the upper bound on the first point of the supply ciWe is set at the - 
difference between the sum of the upper bounds of the last four steps on the supply curve and the 
difference between the sum of the upperbounds on the fiist four points of the supply curve and the 
sum of activity IeveJs on all points of the supply curve from the previous NEMS iteration solution. 
*If the upper bound on the first,point of the supply curve, just described falls &low the lower 
bound on the first point of the curve, then the upper bound is set at value one percent above the 
lower bound on the first point of the curve. 

c. 

(CHGCESW) Update Capacity Expansion Switch. 

Purpose: CHGCESW changes the LP constraint.that AOWS investment in processing units 
capacities to compete with imported products by using the CWSLP subroutine. 

Equations: None. 

(ADDCAP) Update Capacity. 

Pumose: ADDCAP changes the capacity expansion investment and build bounds using the 
CBNDLP subroutine with values obtained from the XCEPMM subroutine. The upper investment . 
bounds on the aromatics recovery processing unit (ARP) are set at loo0 MBCD during years 
seven and nine in PAD District five to alleviate the bottleneck on processing unit expansion 
inherent with the three year look-ahead methodology. 

Equations: None. 

. 

(CHGPUBLD) Updates the bounds on the processing unit investment columns. 

Pumose: Sets the upper and lower bounds for the processing units investment colums to zero 
during initial model startup if the STEO benchmarking switch is off using the CBNDLP 
subroutine. During the first year the PMM model is run the CHGPUBLD subroutine insures that . 
the model will not build any additional capacity. Capacity additions are handled by the capacity 
expansion portion of the PMM. 

Equations: None. 

(CHGDNGP) Update Natural Gas Production and Prices. 
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Purpose: Natural gas production and prices come from the Natural Gas Transmission and 
Distribution Model and are inputs to the gas plant portion of the model. This subroutine updates 
these LP inputs using the CBNDLP and CVALLP subroutines. During thecapacity expansion 
iteration the CHGDNGP subroutine uses the expected natural gas production and prices as inputs 
into the LP model. 

Ecpations: The industrial intenuptable price of natural gas is used for the prices of gas to 
refineries in PAD Districts I and V. PAD District III refinery natud gaS prices are calculated as 
the quantity weighted average natural gas well-head price in NGTDM regions two, fp r ,  and eight. 
Natural gas well-head prices in NGTDM regions three and five are used for PAD Districts II and 
IV respectively. These prices are converted to $/M&. During the capacity expansion iteration 
the expected industrial intekptable price of natural gas and expected domestic production of 
natural gas is used as inputs into the LP matrix. 

(CHGELPR) Update electricity costs. 

Pumose: CHGELPR updates the cost of electricity in ea& of the five PAD Districts using 
industrial price of electricity ushg the CVALLP subroutine. During the capacity planning 
iterikon the CHGELPR subroutine uses the expected cost of electricity in each of the five PAD 
Districts. 

- 

5 Eauations: Industry price of electricity is mapped from Census division to PAD District and units 
are converted to kWh. 

(CHGDMDS) Update product demands for the Lp. 

Purpose: CHGDMDS sets &e upper and lower bounds for product demands. For all products 
except "other," the upper and lower bounds are equal. The bounds are set at the level of demand 
for each product in each Census division. For "other," the lower bound is zero and the upper 
bound is product demand in the Census division and year. This was done to provide more refining 
production flexibility and minimize infeasibilities. During the capacity expansion iteration the 
CHGDMDS updates bounds using the expected demands variables. 

Equations: None. 

(CHGDCRD) Update domestic crude production. 

Purpose: CHGDCRD updates the LP domestic crude production variables using the CBNDLP 
subroutines. During the capacity planning iteration the CHGDCRD subroutine updates the 
domestic crude production bounds using the expected crude production variables. 

' Energy Infohation AdminWa tion 
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. Eu-uations: Conventional and Enhanced Oil Recovery @OR) production are combined for the 
total U.S. cmde production and units are convertedn to MbbYcd. 

' (CHGGSPC) Updates the motor gasoline s&fications. 
. .  

Pumose: CHGGSPC updates motor gasoline specifi&tions using the,CVALLP subroutine.. 

Euuations: None. 

6- 
(CHGSPRE) Change Strategic Petroleum Reserve (SPR) and Crude Oil Exports for the 19. 

Purpose: Sets the upper and lower bounds for SPR additions and crude oil exporn. For both 
items, the upper and lower bounds are equaLand are set using the CBNDLP subroutine. They are 
set as exogenous inputs to the program. 

Eouations: None. 

(CHGMETD) Change methanol demand for the LP. 

Pumose: 'Sets the upper and lower bounds for methanol demand. The upper and lower bounds are 
equal. %During the capacity expansion iteration the expected methanol demand is used to update 

. 

the bounds. 

Euuations: None. . 

(CHGCGCOF) Updates the cogeneration sales to grid coefficients for the cogeneration procssing unit. 

Purpose: Updates the cogeneration sales to grid coefficients using the CVALLP subroutine for the 
cogeneration procssing unit. 

, 

where: 
COEF = sales to grid coefficient . 
CNST = Percentage constant, 0.63237,0.00870,0.05092,0.80775,0.46287 for each PAD District 
I-V respectively. 
PELAS = Prices of electricity to 
cd = census division index 
yr = year index 

sectors 
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(CHGPRDVL) Update the objective row of the product demands column. - 
. .  

1 

’ 
.Pumose: This subroutine updates the objective row value for the product demand columns. 

Euuations: The objective row is updated as afunction of two times the world oil price. 
. .  

(CHGETBSUB) Updates LP coefficient that handles the ethanol subsidy. 

Purpose: This subroptine updates the LP coefficient for the ethanol subsidy for ethanpl blended 
into motor gasoline. Only the ethanol portion of E85 receives the ethanol subsidy 

Euuations: The ethanol subsidy declines in real terms from $18.29/Bbl by the the macroeconomic 
GDP deflator. 

< 

I 

(CHGCGCAP) Updates the ref&ery cogeneration capacities. . .  

Pumose: This,subroutine updates the 6ase refinery cogeneration capacities with the planned 
additions. 

Euuations: No planned editions for AE097 due to unavailable cogeneration data. 

a -  

\ 

(CHGALKEXP) Updates the LP Alaskan export crude supply curve. 

Purpose: The LP Alaskan export crude supply curve. 

Equations: The prices steps on the supply curve are set as a function of world oil prices such that 
the price is the world oil price minus one dollars and thirty five cents. The volumes are set at fifty 
MBCD for each of the three points on the supply.curve. These prices and volumes were set based 
on analyst judgement. 

- (CHGAKNGL) Updates Alaskan natural gas liquids production. ‘ 

Pumose: This subroutine updates the Lp Alaskan natural g& liquid bounds using the OGSM 
variable.0GNGLAK. 

Euuations: None 
0 

(CHGD50FCC) Updates the minimum flow constraint on ‘the D50 mode in the fluid catalytic cracker. 

Energy Information Administration 
NEMS Petroleum Market Model Documentation Page 4 - 22 



Purpose: This subroutine updates the minimum percentage flow constraint on the D50 mode in 
the fluid catalytic cracker. 

Equations: Set the constraint at a minimum of 7.5 percent of through put. Thisvalue was made 
based on indyst judgement .to meet the minimum .winter mode of operation for the FCC unit. 

(EMISCOST) Updates the refinery emission cost vector. 

Purpose: Update the input cost of the vector of the burning petroleum products in theirefinery 
using the CVALLP subroutine. 

Equations: Emission input costs are set at value determke by the Emission Policy Module. , 

(CHGETHN) Update ethanol supply curves in LP. 

Purpose: CHGET" updates the LP ethanol supply curve representation with values obtained 
from the Renewable Fuels Model by using the CBNDLP and CVALLP subroutines. The ethanol 

. supply curves are represented in the LP by a stepwise function comprised of five price, quantity 
pairs. - 
Equations: Ethanol supply curve data &e only available ;or Census divisions 3 and 4. In addition, 
the supply curves for Census divisions 3 and 4 have data for only the Ia3t four steps of the supply 

I curve. The ethanol supply curve quantity ukts are converted to MbbYcd and the supply curve 
steps are converted from absolute quantities to differential step quantities. The ethanol supply 
curve volumes were adjusted to reflect nintey percent of current ethanol production on steps one 
and two and step three and four reflect eighty percent and one hundred s i A y  percent of current 
production. 

(CHGUMFO) Update unfinished oil costs. 

Pumose: CHGUNFO updates the cost of unfinished oils using the CVALLP subroutine. 

Equations: Unfinished oils costs are set at a value based on typical refinery gate prim for the 
streams heavy gas oil medium sulfur (HGM), naphtha paraffinic (NPP); and atmospheric residual 
type B (ARB) as a function of crude oil price where: 

I 

ARB, = 0.90 * WOP, 
NPPy = 1.14 * WOP, 
HGM, = 1.02* WOP, 
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where 
ARB = Atmospheric residual *- B cost 
NPP = Naphta parafinid cost 
HGM =heavy gas oil medium sulfur cost 
WOP =World oil price 
yr = NEMS year, 1 through 26 

(CHGEXPRD) Update total exported product. . 
f. 

Puroose: CHGEXPRD updates the total product export LP constraint by using the CRHSLP 
subroutine. 

Euuations: Total product exports are rela@:to total petroleum product demand and inversely 
related to total imported petroleum products such that 

P R D E ~  = (5.21~-08 L~OTPRDIMP~~~) * ( c r o ~ p ~ ~ ~ ~ ~ 3 5 1 )  8 * im) 

where, 
. .  

PRDEXP = Total product exports 
5.21E-08 = Log intercept 
TOTPRDIMP = Total petroleum product imports 
TOTPRDDMD = Total petroleum product demands 
3.51 = Regression coefficient 
1E06 = Unit conversion 

(CHGIMTOT) Update total product imported constraint. . 

Purpose: CHGIMTOT updates the. LP constraint for total maximum imported product using the 
CRHSLP subroutine. 

Eauations: Set to 9900 MbbYcd. m's value is based on analyst judgement and is currently set 
high enough that the constraint is not expected to be reached. 

. 
(CHGCKSU) Update petroleum coke and sulfur costs. 

Purpose: CHGCKSU updates the cost of petroleum coke, export and distress export petroleum 
coke costs, and the cost of sulfur using the CVACLP subroutine. 

I 
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Euuations: Petroleum coke costs are based on a 1991 price of $20/ton for low sulfur coke and 
$15/ton for high sulfur coke. These prices are converted to $/bbl and scaled by the 1991 world oil. 
price (WOP). f i e  results are values of0.203 and 0.152 which are multiplied by the current year 
WOP to set the cost of coke. Distress export of petroleum coke cost is set at 10.0 percent of the 
high sulfur coke costs. A similar.approach is used for sulfur, with a cost of $9O/ton ksformed .. 
into value of 5.0 times the WOP. 

(CHGZ9CST) Updatks the distress product imports supply vectors input cost. 
E -  

Purpose: Updates the distress product imports supply vectors input cost using the CVALLP 
subroutine. 

Euuations: The distress product imports input cost a set at five time the WOP. 

(CHGZ9EXP) Updates the distress product exports supply vectors input cost. 

Purpose: Updates the distress product expork supply vectors input cost using the CVALLP 
subroutine. 

Euuations: The distress product exports input cost a set at ten percent of the WOP. 

(CHGICRD) Update imported crude supply curve in the LP. 

Purpose: CHGICRD updates the LP imported crude supply curves using values obtained from the 
International Model. 

Eauations: The Internationd Model provides imported crude supply curves for each PAD District 
and five crude types to the PMM. These imported crude supply curves represent three price- 
quantity relationships for each imported crude in each PAJ? District. The second and third quantity 
steps for each supply curve are incremental supply volumes. The prices related to these 
incremental supply volumes are absolute prices. During the capacity expansion look ahead 
iteration CHGICRD updates imported supply curve bounds with the expected imported crude 
supply variables. ~ 

b 

(ADJICRD) Adjust the international crude supply curves. 

Pumose: This subroutine is used to make adjustments to the international crude supply curve 
prices. 

Energy Information Adminisb tion 
NEMS Petroleum Market Mode1 Documentation Page4-25 



Equations: For all crudes in each PAD District adjustmensts the costs as follows: The imported 
crude prices were adjusted to be directly related to the world oil price plus or minus a constant to 
account for crude quality and plus or minus the price differential between the supply step points on 
-the orginial supply curves. These adjustrpents are estimated based on analyst judgement, b 

(CHGJPRD) Update imported product supply curves. 

* Purpose: I CHGIPRD updates LP imported product supply curves using valuespassedXrom the 
I .  

#- . International Model. .~ 

Euuations: The Intemationd Model provides iniported product supply curves to the PMM for . 
each product and each PAD District. These imported product supply curves represent price- 
quantity rehionships for each imported product. The second and third quantity steps on the supply . 

. curves are incremental supply volumes. The prices related to these incremental supply volumes 
are absolute prices,. . 

(ADJIPRD) Adjusts the international product supply curves. 

Puruose: This subroutine make adjustments to the international supply curve prices and/or 
volumes. 

Euuations: Adjusts the prices on the imported product supply curves for the west coast PAD 
District five such that the addition amount is added to the import prices for each product 

Imported product Adjustment Amount 

RFG 1.62 
N6B . . .  . 3.03 
DSL 1.95 

* N61 3.03 

I 

In addition the volumes for the PAD District two, PAD District three, LPG were change such that 
each volume point on the supply curve are 33 and 25 MBCD respectively. Adjustments were made 
to the imported MTBE price such that the price is the WOP plus an adjusment factor for PAD , 

District one through five. The adjustment factors are $13.97, $13.97, $13.00, $13.97, $16.89 for 
each PADD respectively. 

These adjustments were made based on analysts judgement. 

/ 

(CHGEXPPRC) Update exported petroleum product trices. 
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Pumose: This subroutine updates the objective row for each exported petroleum product 

Euuations: None. 
\ 

(CHGMETIMP) Updates the MTBE and methanol imports supply function. - . . .  

Purpose: This subroutine updates the MTBE and methanol import supply curve costs and 
volumes. 
/ 6. 
Equations: The import supply curves are updated as a function of world oil price. These 
adjustment were made based on analyst judgement. . 

(CHGIRAC) Update average refinery acquisition cost parametes 

Purpose: CHGIRAC updates the average refinery acquisition cost constraints using the CVALLP 
subroutine. 

Euuations: Cost of crudes in each PAD District are updated and the minimum and maximum 
tolerance for the average acquisition cost are set$OSO/t;bl. This value was chosen based on 
analyst judgement. 

* 

(RFROS) Updates the renewable oxygenates constraint. 

Purpose: RFROS update the renewable oxygenates specificaton @OS) constraints for motor 
gasoline using the CVALLP subroutine. 

Equations: The motor gasoIine minimum renewable oxygenates constraints are set at zero, fifteen, 
and'thirty percent for'the NEMS years 1994,1995,1996 and beyond respectively if the ROS 
switch is on. If the ROS switch is off the contraint is set to zero. For the AEO 1997 the ROS was 
Off. 

(ADJFUVAL) Adjust refinery fuel use coefficient on all refinery fuels. 

* Pumose: This subroutine is used to calibrate refinery fuel consumption with historical estimates. 
For the AEO 1997 this value was 1.07. 

Euuations: None. I 

A .  
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. 

. (CHGCATCOIQ Updates catalytic coke coefficient. I 

Pumose: This subroutine updates the catalytic coke LP 'coefficient. 

. Equations: %e coefficient isupdated once at the beginning of the NEMS forecast and then 
remains constant throughout d e  NEMS forecast. The updated coefficient is the current vdue ai 
from the PMM database minus (5.0205. . 

. .  
'(AD JACUINV) Updates the crude unitsinvestment costs i- . 

:- .' l?u@ose: 'hiis subroutine updates the distillation unit investment costs.. 

Euuations: The investment coefficient is updated o n k  at the beginning of the NEMS forecast and 
then remains constant throughout the NEMS forecast. 

, 
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4.3 Matrix Postprocessing Subroutines 

Section 4.3 describes the function of &e subroutines in figure 4.3, postprocessing of PMM optimized 
matrix. 

(PMMOUTZ) Update Common Block Variables 

F: 
Purpose: Updates the PMM and N%MS system common block values 6f refinery production 
volumes by NEMSrefinery product and by PAD District. Also updates &.e total U.S. production 
volumes by product. This is done at each iteration for every projection year. 

Equations: Row activity solutipn values of the PhQf LP, representing total refinery production by 
PAD District by refined product are sequentially read and corresponding common block variables 
are set to the matrix solution values or to sums of several values as appropriate. For instance, the 
common block variable to be updated may be LPG production for PAD District L Then the 
solution activity for the row kat  controls LPG production volume in PAD District I is accessed 
from the LP solution area and the corresponding common block variable is set equal to that value. 

- (PRMWMM) Add refinery fixed costs. 

Purpose: Retrieves the marginal petroleum product prices fiom LP using the SROWLP subroutine 
and adds 'on the refinery fixed costs to determine the wholesale petroleum product costs. Demands 
are summed and weighted average prices for each product by Census division and total United 
States are calculated. The wholesale costs of residua fuel are determined using an econometric 
equation. Wholesale kerosene prices are set using.the wholesale distillate prices. 

, 

* 

Euuations: Refinery fixed costs are added to the marginal prices of each product 

I 

Ppr.cd = VALUE,, + RFPR.Dqd * FXPCT 
where: 
P, = refinery gate price of petroleum product pr 
VALUE = the marginal value of petroleum product pr 
RFPRDFX = 

FXPCT = percentage allocated of the fixed cost. Fix cost are allocated only at 80,80,90, 
and 100 percent during the years 1995 to 1998 respectively. This lag in applying total 
fixed costs takes into account the expected time fi-ame in refmery investment for 
environmental control costs. 

the refinery fixed costs, including refinery operating costs, i t u rn  on 
investment, and environmental control costs (see Appendix F). 

. .  
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. .  ~ 

. .  
. .  

pr = product 
, .  . cd=Censusdiiision , I . *  

P 
. . Wholesale prices of residual fuel are determined 

fraction such that: 
a function of WOP and residual demand 

8 .  - -  
PF,, = 42 * (INTCP + SI2 * (WOP/42) + (CNSNT * ((QRZ. + QRH)/QPRD))) 
where: 

INTCP = -0.57507 or -.117698 for low and high sulfur residual respectively 
SLP = 0.979872 OR 1.001313 for low &d high sulfur residual respectively 
WOP = World oil price 
CNSNT = 0.297792 or 0.42297 for low and high sulfur residual respectively 
QRL = Demand for low sulfur residual fuel 
QRH = Demand for high sulfur residual fuel 
QPRD = Total petroleum product demand 
pr = product 
cd = Census division 
.42 = gallons per banel 

P = refinery gate price of low and high sulfur residual fuel 6- 

. 

D e m d s  for all four types of gasoline are summed by Census division: 

MGDMD, 7 PRDDMD,, 
t=2,3,4,5 

where; 
cd = Census division 1 through 9 
t = motor gasoline index type 2,3,4,5 

A national gasoline total is estimated by summing Census division totals: 
c 

MGDMD- = MGDMD, 
cd=l,9 

where: 
us = U.S. total index 11 
cd = Census division 1 through 9 

National demand for each type of gasoline is estimated by: 

MGDMD, = MGDMD,,, 
cd=1,9 
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where: 
pr = motor gasoline index 2,3,4,5 
cd = Census division 1 through 9 

A weighted average gasoline price is calculated for e&h Census division bas.6d on prices of the 
various types of gasoline: 

PALMGd = ((PMGDMD,, * PRDDMDFJMGDMDJ 
pr=2,3,4,5 ' . 6- 

where: 
pr = motor gasoline index 2,3,4,5 
cd = Census division 1 through 9 . 

,National average prices for each product including individual types of gasoline are estimated by: I 

ppf,t = c (ppr.cd * PRDDMD~,Cd)~RDD~Fct ' . 

cd=1',9 . 

where: 
pr = petroleum product index 1, through '19 
cd = Census division 1 through 9 
t = total product demand index, 11, for product pr 

A composite national average gasoline price is estimated by: 

. 

PALMG, = (PMG, * MGDMDJPRDDMDFJ 
p1=2,3,4,5 

where: 
PMGDMD = motor gasoline price 
PRDDMD = product demand 
MGDMD = motor gasoline demand 
P = price of product \I 

PMG = price of motor gasoline of type pr 
pr = product index 
cd =Census division 
t = national total index 

(DSTCPMM) Estimate distillation capacity md refinery utilization. 

Energy Intormation Administration 
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Pumose: . Extracts q a c i t y  expansion information from LP. Estimates annual distillation capacity, 
utiktion and annual and cumulative capacity expansion. Totals PAD District estimates to 
national estimates. 

Equations: Refinery distillation capacity is *en at ninety percent total qapacity to account for 
over optimization and in the LP. Units are converted to MMBCD and U.S. total are determined. 

'. ' 

(COGNPMM) Estimate refinery cogeneration. 
4. 

. Pumbse: Reads refinery capacity, investxhents, and generation 'fiom LP using the SCOLLP 
subrouline. 
Euuations: Results are shared out to Census divisions, fuel categories, and self or grid categories. 
U.S. and PAD District totals.&e calculated. 

Electricity sales to grid 'are estimated in kwh: 
I 

RFCGGRIDPDp = RFCGGENPDp * PCGRDPDp 

Electricity usxi by refineries is estimated in kwh: 

RFCGSELFFDp = RFCGGENPDp - RFCGGRIDPDp 

Estimates are converted to trillion Btu. PAD District level estimates for iogeneration, cogeneration 
capacity, refinery fuel consumption, generation for self and for the grid are then allocated to the 
various Census divisions. The estimates for fuel consumption, capacity, generation are 
desegregated by fuel type and by generation to grid versus to self. Census division estimates are 
summed to U.S. totals. 

' 

- 

(ELPMMRD)' Calculate electricity consumption data. 

Pumose: ELPMMRD retrieves the electricity consumption activity from the LP using the 
SCOLLP subroutine. 

Euuations: Convert units to KWh and desegregates PAD District data to the Census divisions. 

I 

(SULF'PMM). Estimate sulfur allowances. . 
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Pumose: Estimates sulfur allowances award@ to small diesel refiners for years 1993 through 
1999. 

Euuations: Calculate the possible allowance volumes from s& refiners eligible fQr allowances 
in million barrels per year: 

where: 

PAV =(QDSAS/cn>SQ) * 0.128 * 0.59 

p .  

QDSAS is the quantity of distillate prqduced 
CFDSQ is distillate conversion factor MMBtu/bbl 

The ratio factor 0.128 represents the proportion of distillate produced at small refineries and 0.59 
ieiresents the proportion of distillate that is diesel fuel. 

Possible ailowance volumes (PAW are ionverted to possible allowance weight PAW): 

PAW = PAV * 302/2000 

Requested allowances (REQALTBW) are estimated based on the weight of possible allowances: 

REQALLOW = PAW * 0.00224 * 1OOOOOO * 2 
w 

Refiner's sulfur allowances (RFSAL) are set equal to the hinimurn of theestimated amount 
(REQALLOW) or maximum allowable amount of 35,000. 

RFSAL = hllN (REQALLOW,35000) 
I 

,' Allowances for 1993 are calculated as one-fourth of RFSAL due to the October 1993 start date. 

(PMMIWFU) Estimate refinery fuel use. 

Purpose: Estimates refinery consumption of distillate, residual fuel, coal, LPGs, natural gas, still 
gas, petroleum coke, and other petroleum products by PAD District. 

Euuations: Retrieve fuel use values from the LP using the SCOLLq subroutine and converts units 
to MMBtu. Sums PAD district data to U.S. totals and determines t o d  U.S refinery petroleum fuel 
use minus natural gas fuel use. 
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(RFDMDFU) Convert refinery fuel use to Census division demands. . .  

Pumose: Converts PAD District level estimates for refinery consumption to Census division 
demands. 

Eauations: Calculates refinery fuel consumption in-each Census division based on PAD District 
estimates. 

4. (PMMOUTP) Update the Common Block Variables 

Purpose: Updates a number of NEMS common block price and volume variables whose values are 
determined by output of the PMM LP. This subroutine is run at each NEMS iteration. 

Equations:? Various values are sequentially pulled out of the .W solution area g d  corresponding 
common block variables are set to various functions of the solution values. 

The row matrix solution values accessed'are activity, slack, lower bound, upper bound,'and pi. 
The column values are for activity, cosg'lower bound, upper bound, and DJ. For instance, the 
common block variable to be updated may be total product imkrts. Then the activity for the LP 
row that controls product imports is'obtained from the solution Ad  the corresponding common 
block variable is set equal to that value adjusted for any difference in units of measure. 

. .  

(PMMOUT3) Update Common Block Variables 

Pumose: Updates the PMM and NEMS system common Glock values of refinery production 
volumes by NEMS refinery product and by PAD District. k s o  upd&s the total U.S. production 
volumes by product. This is done at each iteration for every projection ye&. 

Equations: Row activity solution values of the PMM LP, representing total refinery production by 
PAD District by refined product are sequentially read and corresponding common block variables 
are set to the matrix solution values or to sums of several values appropriate. 

. (DCRDPRC) Retrieves domestic crude marginal prices from the LPsolution. 

Purpose: DCRDPRC retrieves the margin values of domestic crude by OGSM region and crude 
' type by using the SROWLP subroutine. ' 

Euuations: None. 

(WCNVFCT) Calculates the heat rates for petroleum product imports and exports and motor gasoline. 
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Purpose: WCNFCT dculates the quantity weighted average heat. dtes for petroleum product 
imports, exports, and motor gasoline. 

I 

Euuations: The heat rate of imported petroleum product is calculated using the weighted average 
of each pr&ucts heat rate. This calculation is also peiformed to the exported petroleum products. 
Each motor gasolines heat rate is used to calculated the quantity weighted average aggregate ' 
gasoline heat rate. 

* (DOMU) Calculate end-use prices by sector. ,'a 

Puxpose: DOMU breaks wholesale petroleum products.prices into sectoral end-use product prices. 

Ewations: Sectoial end-use prices are calculated by adding two sectoral markups, one for taxes 
the other for transportation costs, to the refinery gate prices for each petroleum product. UNts are 
converted to $/MMBTU and the motor gasoline price is calculated as the quantity weighted 
average price of the four motor gasoline types. 

(FCCMODOP) Retrieves the fluid catalytic crackers modes of operations activity level. from the Lp 
solution. 

- 
Purpose: This subroutine retrieves the activity level from the FCC modes of operations columns 
LP solution. 

* Euuations: None. ' 

' (ALKMODE) Retrieves the alkylation units mode of operation utilization. 

Purpose: This subroutine retrieve the activity amount for each alkylation mode of operation from 
the LP solution. 

Equations: None. 

(GETPMMO) Retrieve objective functions value from the LP solution. 

Purpose: This subroutine retrieve the objective function value from the LP solutions for reporting 
in the detailed PMM reports. 

Equations: None. 

(RFCAPX) Calculate refinery capital expenditure. 
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. ' Pumoie: WCNX calculate; refinery .capital expenditure. I 

Equations: RFREv, = RFREVF-, * 1.023, 
-. . 

. 

where: 

. RFREV = refinery revenue . I  

yr = NEMS year 
1.023 = growth rate .#- 

I .  

. (MGSPCDL) Retrieves motor gasoline specifi&on information. 
-. 

Purpose: This subroutine retrieves the motor gasoline specifications LP row status and dual value 
for reporting. 

* 

Equations: None. 
, 

I .  
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4.4 Capacity Expansion Subroutine . 

Section 4.4 describes the function of the subroutines in figure 4.4, preprocessing the Ph4M matrix for 
capacity expansion expectatibn. 

. 

@PMMLP) Set up and solve expected PMM LP for capacity expansion loop. 

Purpose: XPMMLP calls subroutines to set up the LP for thecapacity expansion lo&ahead‘year, 
solves the LP, and writes the basis for that solution. 

Euuations: None. 

(CHGPUINV) Update processing unit investment capacities bounds. . 

Purpose: CHGPUINV updates the processing unit investment and cumulative build bounds in the 
.LP during the capacity expansion iteration. 

Euuations: Processing unit investments are upper ljounded by loo0 MbbVcd and cumulative 
builds are fixed bounded based on the processing unit builds to date. 

’ 

The remainder of the subroutines in figure4.4 have been presented in section 4.2, the matrix preprocessin 
subroutine. 

. -  
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4.5 OML Specific Subroutines 

Additional subroutines used to perform Oh& specific matrix operations during the matrix pre and jkst 
processing are presented below. 

(CBNDLP) Updates LP column bounds. 
<' .#. 

Purpose: The LP column bounds are updated with using the OML function WFCBND. 

Equations: None. 

DatdPassed: COLNAME, column name, LWBD, lower bound, UPBD, upper bound 

(CNAMELP) Retrieves LP column name. .. 

Purpose: Retrieves LP column name using the OML function WFCNAME. 

Euuations: None. 

Data Passed: I, column index, NAME, column name 

(CRHSLP) Updates a LP RHS with the specified value. . 

Purpose: Updates an. LP matrix RHS using the OML function WFCRHS . 

Eauations: None. 

Data Passed: COLNAME, column name, RHSVAL, right hand value 

(CVALLP) Updates coefficient value in the LP matrix. 

Purpose: Updates coefficient value in the LP matrix using the OML function WFCVAL. , 

Equations: None. 

Data Passed: COLNAME, column name, ROWNAME, row name, VAL, coefficient value 
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(RVALLP) Retrieves coefficient value 6 the LP matrix. 

Purpose: Retrieves coefficient value in the L2 matrix using the OML function WFRVAL. ' 

Equations: None. 

DataPassed: COLNAME, column name, ROWNAME, row name, VAL, coefficient value 

(MPSINLP) ~ o a d s  the PMM LP matrix iie into an OML matrix He.. #. 

Pumose: This subroutine calls an OML function which reformats an M P S  formatted file into an 
OML LP matrix format. 

' Equations: None. 

(PUNCHLP) Saves the current basis to a file. 

Purpose: Saves the current basis to a file using the OML function WFPU". 

Equations: None. 

(RBNDLP) Retrieves bound values from a c,olumn. 
. %  

Pumose: Retrieves bound values from a column using the OML WFRBND function. 
? .  

Equations: None. 

Dati Passed: COLNAME, column name, LWBD, lower bound, UPBD, upper bound 

( R N W L P )  Retrieves row names from the matrix L2. 

Pumose: Retrieves row names from the matrix LP using @e OML function WFRNAME. 

Eguations: ,None; 

Data Passed: I, row index, NAME, row name 

L 

(SCOLLP) Retrieves solution column values from the LP solution. 
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' Purpose: Retrieves solution column values from the LP solution .using the OML function 
. .  , WFSCOL. 

, .  
. Euuations: None. 

Data Passed: COLNAME, column name, SLCT selected range, STATC, status value,VALXJE, 
values I ,  

(SROWLP) Retrieve the current solution row from memory. - 4- 

Purpose: Regeves the current solution row from memory using the OML function WFSROW, 
which retrieves the specified solution (activity, slack, lower limii upper limit, PI value) and status 
Basic, upper limited, lower limited, equal, free) into a predefined'array. 

Eauations: None. 

. .  
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APPENDIX A PMM Data and Outputs 

A.1 PMM Variables and Data Sources 

This appendix is divided in two parts; Setion A.l lists the variables and delinitions used in the PMM, 
Section $1.2 lists the data tables and their sources used in the &tion of the initial PMM matrix that is 
loaded to the NEMS environment. These data tables constitute the major portion ofthe p d - d a t a  as they 
represent the refining process unit technology and capacities, quality characteristics and specifications, 
used in eGh of the five refining regions. , 

' 

A.l.l PMM LP and NEMS Variable Names Cross References 

A cross reference listing between the Ph& LP matrix names and NEMS vdable names is shown in Table 
AI: The dimensional units are based on the PMM LP variables, the NEMS variable units may vary to 
conform to"EMS standards. 

Table Al.  PMM/NEMS Cross References 

LP Units NEMS Variable 

MbbYcd,$87/bbl QNPN 
MbbYcd,$87/bbl QPSP 
MbbYcd PRDDMD 
MbbYcd PRDDMDMD 
MbbYcd ?? 

. MbbYcd RFQEXCRD 
Mbbycd RFSPRFR 
wtkm PEUN 
MbbYcd,$87/bbl. WQElQa WPETOH 
BcVQy PRNG-PADD 
$87/MMcf PGI". OGWPRNG 
MbbYcd RFQDCRD. OGQEORPR 
MhG87mr constanrs 0 or 5oooO 
MbbYcd . Constant 9900 
MFOED PRPFU 
mED PRPFF 
MbbYcd 
MbbYcd 0.0 PUCUM PUJNV 
MbbYcd,$87/bbl 
S87/bbl 

\ 

PUINV, or constants of 0.1oOo 

QITIMCRSC, FHLADD, P-lTMCRSC D (cd) 
lTRvl??SC DISTPRC WHERE ?? = LG GS RF LD 
'DSRLRHJFOTPF 
ITM??SC WHERE ?? = uj GS RFUI DS RLRH 
JF OT PF 

MbbYcd,$87/bbl 

MbbYcd PRDEXFTOT 
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. *  
]LP Uoia 

MbbYcd $87/bbl 

$87/bbl 
$87/bbl - $87/bbl 

. $87/bbI 
$87/bbl 
W/bbl 
W/bbl 

,' 

s m b i  
$87/bbl 

$87/bbl 
$87/bbl 
MbbYcd 
MbbYcd 
MbbYcd . 

MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd . 
MbbYcd 
MbbYcd 
MbbYd 
MbbVcd 
MbbYcd 
MbbYcd 
MbbYcd 
MM$87Nr 
MbbYcd 
MbbYcd 
MbbYcd 
MbbVcd 

, .  MbbVcd 
MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 

' MbbYcd 
. MbbYcd 

MbbYcd 
MbbYcd , 

%87/bbl 
$87/bbl,Mbbllcd 
MbbYcd 
MbbYcd 
MbbYd 
MbbYcd 
MbbYcd 
MbbYcd 

. $87/bbl , 

MbbVcd 

pMM LP Variable 

D (cdXprd) SX 
Q@dXprd)(spec)(*) 
T@d)UNFNPP 
TOUNFHGM 
T O W A R B  ' 

X @a) CKILOK 
X@a)CKHCOK - 
D (cd) COKZ9 
D (cd) COKSX 
Z@IRACX 
Z@IRACN 
Z@TOTCRD 

. X@d)SULsAL 

D (0 @rd) 
K @;1) ACUCAP 
E @d) 
L @d) ACUBLD 
A @d) @d) 
A@CRDFCR 
A@PRDIMP 
A@.UNFIMP 
A@PRDDEM 
AQPRDEXP 
A@NGWRD 
A@GAIN 
A@NGLRFN 
A@PETCOK 
A@SULSAL 
A@FUEL 
P @d) COK 
A@INVST 
A@ETHPRD 
A@MFIMP 
A@METIMP 
G (pd) MOHO1 
A@hETDEM 
A@METM85 
A@CRDDCR 
A@CRDIA8 
A@CRDAKA 
A@CRDTOT 
A@NGROT 
R@d)ETHMTB 
R (pd) ACUF (crdrype) 
C @d) F (crdtype) 
I @dJ(ipd) R (so> 
R .@a) FUMNW 
R (pd) FUMN61 
R (pd) NMN6B 
R (pd) FLIMCC3 
R (pd)NMC2E 
R @d) NMUC3 

Variam 

Nochange 
MGSPCs -I 

lT-WOP, NPPCOEF 
. lT-WOP, HGMCOEF 
lT-WOP* ARBCOEF 
lT-WOP. mxL 
lT-WOP. PCOLH 
lT-WOP, sU?sAL 
IT-WOP, PCOIM. PRCPCNT 
lT-WOP, PCOKH 4- 
lT-WOP 
rr-WOP 
lT-WOP. IRACN, mcx 
P@rd) orconstant 0.99 
DSTCAP, DSTUTL 
RFDsTcAP,RFDsTuTL 
RFDSTCAP, RFDsm R F D s m  
RFDPRDW) 
R F Q 1 m  
RWQIPRDT 

. RFQUFC 
RFQPRDT I 

RFQEXPRDT 
RFPQNGL 
RFQPRCG . 

. RFQNGW: 
RFQPRCG 
RFQPRCG 

8 

QCDUUPD 
QCDUPD 

RFQDINPOTRFETHD 
FGQDINPOTRFMTBI 
RFQDINPOTRFMETl 
RFQDINPOTRFMETD 
RFQDINPOTRFMETCHM 
RFQDINPOT RFMTBM85 
RFCRDDCR 
RFCRDL48 
RFCRDAKA 
RFCRDTOT 
RFNGROT 
RFMTBD 
RFJPQC(crdtype) 

m i p d )  
QDISFU 
Q W F U  
Q E W  
QmFU 
QmN 
Q E W  

RFm3=iw? 
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Name 

LP Units 

MbbYcd 
MbbYcd 

MbbYcd . 
MbbYcd 
h4bbYcd 
MbbYcd 
MbbYcd 
-Y 
S87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 

‘ $87/bbl 
MbbYcd 
MbbYcd 
MbbYcd 
Bcf 
Bcf ’ 

MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 
hfbbYcd 
MMton ’ 

MbbYcd 

. . hibbvcd 

. . MbbYcd , ?‘ 

censusDivisions 
Oil and Gas’DiVkions 
P d U c t s  
Quantities 
Proms U@tS 

Importedproducts 
Roduct specificatons 
Minimum or Maximum 
Emissions 
CombustiodNoncombustion 
Refinery Fuels 
Refinery Fuel for Other 

Crude Types 

Importedproduct 
Imported product 

Imporied product 

Importedproduct , 

Imported product 

Imporb+ product 

Legend for Codes 

1-9 
1-W 
LPG-M85 
1-9 
ACU-PFA 
LGHV 
LPG-DSL 
RV-BZ 
N.X 
VOC-CAR 
C?N 

, NGS-JNH 
JM-NPN 
LPG 
Traditional mogas 
Reformulated mogas 
Low sulfur diesel 

Low sulfur residual 
,Distillate 

PJEMS Variable 

QIpGFu 
QWN 
Q m m  
QWN 
Q= 
QS- . I  

Qonmr 
QCOKRI 
RFs.iEAM 
PVALUE . 
PCRDRF 
PCRDRF 
PCRDRF 
PCRDRF 
QcRDRF 
QcRDRF 
QCRDRF 
QGPLTRF 
QGmTRF 
QGPLTRF 

. QGPLTRF 
QGPLl-RF 
QGPLTRF 
QGPLTRF 
QGPLTRF 
QPRDEX 
QPRDEXD . 
QPRDlMD 
RFEMISST . 
RFFMT 

5- 

. yo.inSet 

9 ’  
7 
20 
9 
37 

-5 
12 
6 ’  

6 

30 
. 19 
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A.l.2 PMM OuQut Variables 

REFINERY MODULE OzprpIpT VARIABLES, . 

‘ 4- Yms 
Reeery revenues 
Totapproductsupplied 
Domestic conventional crude 
Rfsprfillrate 
Spr impom 
Rfcapitalexpendihnes 
SulfuranoWanQs 
. Mquan of ngl by PAD district 
Quantity other input to reh. 

MMbbVcd Quantity of processing gains 
BCF 
W h b l  ’ , Dometic crude wellhead price 
$87/bbl 

Gas plant fuel consJhtal NG production 

Expeded domestic crude wend p r i , ~  
* MMbbYyr Expected domestic crude production 

Domesticcrude price by crude type 
L . MMbbyyr Total domestic crude Cmcl EOR) 

. I  

$87/bbl 

REFINERY REPORT OUTPUT VARIABLES 

$87AcWh 
mW 

Electricity purchases by PAD Distridt 
Cogen. capacity by Cen. Div. 

% mW ’ Cogen. capacity by PAD District 
RFCGCAF’PADDPD(MNUMPR,MNLJMYR) kWIy Cogen. capacity by PAD District 
RFDSTCAP(MNvhfPR.h@lUMYR) MbbYcd Refhexy distillation capacity 

-R.MNUMyRz) $87fbbl,MbbI/& Import crude-medium sulfur heavy 

R F D S ~ M P R W Y )  Percent capacityurilizatonrate 

7 R . M N U M Y R . 2 )  %87/bbl,MbbYcd Import crude-high sulfur light 
$87/bbl,MbbVcd Import crudehigh sulfur heavy RFPQC”WR.- )  

R”(MNvMpR,MNUhlMNvMyR2) $87hbl,MbbVcd Import crudehigh sulfur very heavy 
%87/bbl,Mbbl/cd Imports motor gasoline (P,Q R F I P Q M W U M P R M 2 )  

RFIPQlU(MNUMPR.~~%2)  ’ %87/bbl,MbbYcd Imports low sulfur resid (P.Q 

RFIPQRHO4NLJMPRMNVMW) %87/bbl,Mkblfcd Imports high sulfur resid (P,Q 

R F I P Q J F m m )  $87/bbl,MbbVcd Imports jet fuel (P,Q 

R F I P Q M E ( M N U r n ~ W )  . 

%87/bbl,Mbbl/cd Import crudelow sulfur light (P,Q RMNuMnR2) 

RFLPQDS&NUMPRAQWMYR.~) $87/bbl,Mbbl/cd Impoits distiuate (P,Q 

R l T Q w R . 7 M Y R . 2 )  $87/bbl,MbbVcd Imports IPg (Pa 
%87/bbl,Mbbl/cd Imports methanol (p,Q 
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NAME 
R F I P Q M T ( M N U M P W )  
RFIMCRWNUMFRMNUMYR) * 

RFMfP(MNUMPR,MNUMYR) 
RFQMG(MNUMCR.MNuMyR) 

* RFQDS(MNUMCI/MNUMYR) 
RFQJF(MNUMCR,MNUMYR) 
RFQ-CRMNUMYR) 
RFQRH(MNUMcRMNUMyR) 
RFQLci(MNuMcRMNUMyR) 
R F Q P F W c R W Y R )  
RFQKs(MNuMcRrnUMyR) 
rnwmma-) 
RFQARqMNUMCRMNUMYR) . 
RFQSTG(MNUMcRMNUMW 
RFQPCK(MNUMCR,MNUhfYR) I 

R F P Q I P R D T W U M P R . m )  
RFQEXPRDT(MNUMPRMNUMYR) 
RFQEXCRD(MNUMPR,tvlNUMYR) 
RFQIcRD(MNUMP-YR) 

' RFPQUFC(MNUMPR.$fNUW) 
RFQIN(MNUMYR) 
RFQrn(MNuMYR) 
RFQRC(MNUMYR1 
R F Q r n U M Y R )  
RFQSECT(MNUMYR) 
RFDPRDLPG(MNUMPR,MNUMYR) 

' W-PRDTRG(MNUMPR,MNLJMYR) 
RFDPRDRFG(MNUMPRMNUMYR) 
RFDPRDTRH(MNUMPRMNUMYR) 
RFD.PRDRFH(MNUMPRMNUMYR) 
RFDPRDJTA(MNUMPR.MNUMYR) 
RFDPRDKER(MNUMPRMNUMYR) 
RFDPRDN2H(MNUMPR,MNUMYR) 
RFDPRDN6I(MNvMpR,MNUMYR) 
RFDPRDN6B(MNUMPRMNUMYR) 
RFDPRDOTH(MNUMPR.MNUMYR) 
RFDPRDPCF(MNUMP&MNUMYR) 
PPRDAST(MNUMPR,MNUMYR) 
RFDPRDDSL@INUMPR,MNUMYR) 
RFDPRDSTG(MNUMPR,MNUMYR) 
RFDPRDCOK(MNUMPR,MNUMYR) 
RFDSCUM(MNUMPR.MNUMYR) 
RFBDSTCAP(MNWRMNUMYR) 
RFETHDOVINUMYR) . 
RFMm(MNUMyR1 
RFhETCHM(MNUMPR,MNUMYR) 
RFPQRG(MNUMPR,MNUMYR,2) 
RFIPQOT(MNUMPR,MNUMYR,2) 
RFIF'QPF(MNUMPRMNUMYR.2) . 
RFPQDL(MNUMPR,MNUMYR,2) 
RFCRDOTH(MNUMPR,MNUMYR 
BLDIMP(MNUMPR,MNUMYR) ' 

S 8 7 ~ ~ b Y c d  
MMbbYYR 
MMbbYYR 
W b Y c d  
MMbbYcd 
MMbbycd 
MMbbYcd 
MMpbvcd 
MMbbYcd 
MMbbYcd 

. MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
%87/bblJ4MbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 

- MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbycd 

MMbbYcd 
MMbbYcd 
MbbYcd 
MbbVcd 
MbbYcd 
MbbVcd 
MbbYcd 
MbbVcd 
MbbVcd 
MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 
MbbVcd 
MbbYcd , 
MbbYcd 
MbbYcd 
MbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbllcd 
MMbbYcd 
%87/bbl,MbbVcd 
%87/bbl,MbbVcd 
$87/bbI,MbbYcd 
$87/bbl,Mbbllcd 
MMbbVcd 
MMbbYcd 

Energy Jnformation Administration 
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+ports mtbe P.O 
Crude net imports 
Totalprodwtimports 
G t i t y  of motor gasoke 
Quantity of aistillate'fuel oil 
Quantity of jet fuel 
Quantity of resid low sulfur 
Quantity of resid hi& sulfur 
Quantity oflpg 
Quantity of petrochem feedsmks 

Quaneofother 
Quantity of asphalpt and road oil 
Quantityofstillgas * 

Quantity of petroleum coke 
Total imported pruduct 
Total product exported 
Crudkexported 
Importedtotalcrude 
Total impom of unfmished aude 
Indwttialprcductdemand 
Transportion product demand 
ResidentiallCommercial product demand 
Utility product demand 
Totalsectoraldemand 
Refinery production; IPG 
Refinery prd; motor gasoline 
Refinery prd; reformulated rnogas 
Refinery prd; high oxygenated mogas 
Refinery prd; reform. hi oxyg. rnogas 
Refinery prd, jet fuel 
Refinery prd;lcercsene 
Refinery prd; no. 2 distillate 
Refinery prd; low sulfixresid oil 
Refinery prd; high sulfur oil 
Refinery prd; other penoleurn 
Refinery prd; petrochemical feeds 
Refinery prd; asphalt & road oil 
Refinery prd; low sulfur diesel 
Refinery prd; still gas * 

Refinery prd; petroleum coke . 
Rocessin unit cumulative q. expansion 
Refinerybase distillation capacity 
Domesticethanol 
Domestic methanol 
Gem. Demand for methanol 
Imported refomulated mogas (P.0 
I m p o d  other P.Q) 
Imported -hem feeds P.O 
Imported low sulfur distillate (P,Q 
Other crude imports by PAD District 
Blending component imports 

QuantityofIrercrseae #- 

. 

,. 
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NAME 
PRICEVARIABLES 
l M T s .  

$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu . 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu. 
$87/MMBtu 
$87/MMBtu 

. $87/MMBtu 
$87IMMBtu 
$87IMMBtu 

$87/MMBtu 
$87/MMBtu 
$87lMIkBtu 

- $87iMMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$871MMBtu 
$87MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 
$871MMBtu 
$87/MMBtu 
$87/MMBtu 
$87/MMBtu 

I $87/MMBtu 
$87/MMBtu. 

$87/MMBtu 

$87/MMBtu 
$87/MMBtu 
$87/MMBtu’ 

’ %87/MMBtu 
$87/MMBtu 

. %87/MMBtu 
$87/MMBtu 

, 
. ,  

I 

ImportedMI’BE 
DomesticMTBE production. 
ImpOrted*ol 
EthandforE85production , 

Method for M85 production 

MotorGasoIine,commercial 
~o tor~aso l ine ,~&k 
Motor Gasoiiae, In- 
Motor Gasoline, An Sectors 
JetFue/TranspOaation 
Distillate, Residential 
Distillate.Commercial 
DistiUate.Traaspoxtation 
Distillate, Industrial 
Dism nectricity (+petroleum coke) 
~ A l l s e a o r S  
Kercsene, Residential 
Kerosene, Commercial 
Kerosene,Industrial , 

Kerosene, An Sectors 
Liquid Petroleum Gases. Residential 
Liquid Petroleum Gases. Commercial 
Liquid P m l m  Gases, Transportation 
Liquid Pm’Ieum Gases, Industrial 
Liquid PmIeum Gases, AU Seam 
Residual Fuel, Low Sulfur, Commercial 
Resid. FueI, Low Sulfur, Transportation 
Residual Fuel, Low Sulfur, Industrial 
Residual Fuel, Low Sulfur, Electricity 
Residual Fuel, Low Sulfur, An Seaors 
Residual Fuel, High Sulfur, Transp. 
ResidualFuel, High S m .  Electricity 
Residual Fuel, High Sulfur, Au seC,tors 
Residual Fuel. Commercial 
Residual Fuel, Transponation 
Residual Fuel, Induseial 
Residual Fuel, EIeceicity 
Residual Fuel, AU Sectors 
Petrochemical Feedstocks, Industrial 
Asphalt., Road OiI, Industrial ‘ 

Other’petroIeum, ~ran~portation 
Other Petrolwm, Industrial 
Other Petroleum, Industrial 
Total PmIeum, Residential 
Total Petroleum, Commercial 
Total Petroleum, Transportation 
Total Petroleum, industrial 
Total Petroleuh, Refinery 
Total Petroleum. Electricity 
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COGENVARIABLFS 
NAME *UNITS 

tBtu 
mW 
gm 

A.1.2.1 PMh Input Variables 

QMGCM(MNUMCR,MNUMYR) . 

QMGIN(MNUMCR,MNUMYR) 
QMGAS(MNUMCR,MNUMYR) 
QJFIR(MNUMCR.MNUMYR) 
QDSRS(MNUMCR,MNUMYR) 
QDSCM(MNUMCR,MNUMYR) 
QDSTR(MNUMCR,MNUhfYR) - 
QDSIN(MNUMCKMNUMYR) 
QDSRF(MNUMCR,MNUMYR) 
Q D S V C R , M N U M Y R )  
QDSAS(MNLIMCR,MNUMYR) 
QKSRS(MNUMCR,MNUMYR) 
QKSCM(MNUMCR,MNUMYR) 
QKSIN(MNLJMCR,MNUMYR) 
QKSAS(MNUMCR,MNUMYR) 
QLGRS(MNUMCR,MNUMYR) 
QLGCM(MNUMCR,MNUMYR) 
QLGTR@INLJMCR,MNUMYR) 
QLGIN(MNIJMCR,MNUMYR) 
QLG FS(MNUMCR,MNUMYR) 
QLGAS(MNUMCR,MNUMYR) 

QRLTR(MNUMCR,MNUMYR) 
QRLIN(MNUMCR,MNUMYR) 
QRLFtF(MNUMCR,MNUMYR) 
Q-MCR,MNUMYR) 
QRL@(MNUMCR,MNUMYR) 
QRHTR(MNLJMCRFvlNUMYR) 
QRHEJ-(MNUMCR,MNUMYR) 
QRHAS(MNUMCR,MNUMYR) 
QRSCM(MNUMCR,MNUMYR) 
QRSTR(MNUMCR,MNUMYR) 

QMGTR&UMCR,MNUMYR) 

QRLCM(MNUMCR,MNUMYR) - 

QUANTITYVARIABLES 
UNITS 

MMBWYr 
MMBtulYr 
MMBWYr 
MMBWYr 
MMBtulYr 
MMBWYr 
Mh&uNr.  
MMBWYr 
MMBdYr 
MMBWYr 
MMBtulYr 
MMBtulYr 
MMBWYr 
MMBWYr 
MMBWYr 
MMBtulYr 
MMBWYr 
MMBtulYr 
MMBtuNr 
MMBWYr 
MMBtulYr 
MMBWYr . 
MMBtulYr 
MMBtulYr 
MMBtuNr 
M M B N r  
MMBtuNr 
MMBtulYr 
MMBWYr 
MMBWYr 
MMBtuNr 
MMBWYr 
MMBtulYr 

Energy Information Administra tion 

DEFIMTloN 

~ b ~ i ~ r a a s p o a a t i o n  
T d  Petroleum, All Sectors 

Ethanol, Transportation 

- 
DEFINITION 

Motor Gasoline, Commercial 
Motor Gasoline, Transportah -on 
Motor Gasoline, Industrial 
MotorGasoline,AllSectors - ’ 
Jet Fuel, Transportab ‘on 
Distillate, Re$dential 
Distillate,- 
Distillate,TranspoItation 
Distillate, Industrial 
Distillate, Refinery 
Distillate, Electricity (+petroleum coke) 
Di-AllSedors- 
Kerosene,Residential 
Kerasene, Commercial 
Kemne+IndusrriaI . 
Kemsene,AllSectors 
Liquid Petroleam Gases. Residential ‘ 

Liquid Petroleum Gases. Transportation 
Liquid PetroIeum Gges, Indusrxial 
Liquid Pemleum Gases. Refinery 
Liquid Peboleum Gases, All Sectors 
Residual Fuel, Low Sulfur. Commercial 
Residual Fuel, Low Sulfur. Transp. 
Residual Fuel, Low Sulfur, Industrial 
Residual Fuel, Low S W ,  Reiinery 
Residual Fuel, Low Sulfur. Electricity 
Residual Fuel, Low Sulfur. All Sectors 
Residual Fuel, High Sulfur, Transp. 
Residual Fuel, High Sulfur. Electricity 
Residual Fuel, High Sulfur, An Sectors 
Residual Fuel, Commercial 
Residual Fuel, Transporration 

Liquid petroieum ~ases, commercial 

‘ 
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. /  

. U N I T S  

MMBtuNr‘ 
MMBtuNr 
MMBtuNr . 
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBWYr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
hilMBtuNr 
W i u N r  
MMBtuNr 
MMBtuNr 
MMBtuNr 
MMBtuNr 
-MMBWr 
MMBtulYr 
MMBtuNr 
‘MMBtuNr 

* MMBtulYr 
MMBtuNr 
MMBtuNr 

DEFI”. 

Other Pa. Tramp, (lubes, aviation gas) 
Other Petdeun, Industrial 
Other Petrolwm, Refinery 
Other Petroleum, An Sectors 
‘TotalPe&oleum,Residenbl * 

Total’PetroIeum, Commercial 
Total Petroleum, TranspOrtation 
TotalPetroIeum, Industrial 
Total Petrolwm, Refinery 
Total Petroleum, Electricity 
Total Petroleum, AU Seaors 
Methanol Transpor*lton 

. UhanolTranSpOrtation 
Purchased Elec.. Refinery 
NaturaiGas. Refiuery 
Coal, Refinery 
Biomass. Refinery 

NAMlE 

rLWOP(MNUMrn2) $87/bbl World oil price (2-units) 
Crude import supply curve quaut QlTIMCRSCWJUMYRS5.3) 

P~lTIMCRSC(MNUMYR.55.3) . , $87/bbl Crude import supply curve prices 
hfbbYcd 

Imported Product Supply curves p,Q) 
. $87/bbl,Mbbl/cd 

$87/bbl,Mbbl/cd 
. W/bbl,Mbbl/cd 

$87/bbLMbbl/cd 
$87/bbl,Mbbl/cd 
S87/bbl,hfbbl/cd 
$87/bbl,Mbbl/cd 
$87/bbl,Mbbl/cd 
$87/bbl,Mbbl/d 
$87/bbl,Mbbl/cd 
$87/bbl,Mbbl/cd 
$87/bbl,Mbbvcd 

Reformulated mogas 
Tradition mogas 
Distiuate 
Lowsulfurdistillate 
Low sulfur. Resid. 
High sulfur Resid. 
Jet fuel 
L p G 2  

Petchemical Feedstocks 
Other 
Methanol 
MTBE 
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NAME 

OGELSCO(h4NUMOR,hfNUMYR) 
OGPRRCO(MNUMOR,MWMYR) 

OGQEORPR(6,MNUMYR) 
OGTAXPREM(2,MNUMYR) 
0GNGLAKQdNUMY.R) 

O G R E S C O ~ O R ~ Y R ~  

OIL AND GAS SUPPLY MODEL VARIABLES 
UNITS I,um!mm 
Dimensionless ., oilekticity 
MMbblMhfbbVy oilPRrario 
MMbbllYr oilreserves 
MMbbllYr oilsupplyfromEORbyRegion 
$87/bbl OGSM taxsirnulation *able 
MbbVcd NGLfnrmAlaska 

NATURAL GAS TRANSMISSION AND DISTRIBUTION SUPPLY MODEL VARIABLES 
I2EmEaN 

/- 
NAME YE= 
OGPRDNGWWMOR,MNUMYR) , ' 

OGWPRNG(MNUMOR,htNUMYR) 
PRNG-PADD(MNVMPR,MNVMYR) 

NAME 

BcfNr 
S 7 M c f  
BctPYr 

PELIN(MNUMCR,MNUMYR) . 
PNGIN(MNUMCR,MNUMY R) 

PRICEVAIUABLES 
UNiTS 

%87/MMBTU 
s87/MMBTU 

' F A M E  

WPETOH(MNCROP,MNUMCR,MNUMYRMNETOH) %87/bbl 
WQETOH(MNCROP,MNUMCR,MMJMYR,~OH) hlbbVcd 

, .  ' Domestic dry NG production 
Ng wellhead price 
Total drygas production ( W W )  , 

DEFINITION, 

Purch. Elm. Industrial 
Narural Gas. Industrial 

Ethanol price/step 
Ethanol quadstep 

A.1.2.2 Other PMM VariabIes ' 

NAME 

PALMG(MNUMCR,MNUMYR) 
PMGTRG(MNUMCR,MNUMYR) 
PMGRFG(MNUMCR,MNUMYR) 

PMGRF€i(MNUMCR,MNUMYR) 
PMG2TR(MNUMCR,MNUMYR) 
PMG3TR(MNUMCR,MNUMYR) 
PMG4TR(MNUMCR,MNUMYR) 
PMGSTR(MNUMCR,MNUMYR) 
PDS(MNUMCR,MNUMYR) 
PDSL(MNUMCR,MNUMYR) 
PJF(MNUMCRMNUMYR) 
PRL(MNUMCR,MNUMY R) 
PRLUT(MNUMCR,MNUMYR) 
PRH(MNUMCR,MNUMYR) 
PRHUT(MNUMCR,MNUMYR) 
PLG(MNUMCR,MNUMYR) 

PMGTRH(MNUMCR,MNUMYR) 

VARIABLES USED INTERNALLY IN PMM 

Refinery products prices 
U N I T S .  DEFINITION 

. . $87/bbl Motor gasoline all  combined 
S87/bbl Tmditional mogas 
%87/bbl RFG mogas 
S87hbI TRH mops 
%87/bbl * . RFHmogas 
%87/bbl TRG mogas with markup 
%87/bbl RFG mogas with markup 

%87/bbl RFH mogas with mu 
%87/bbl Distillate fuel oil 

. %87/bbl Lowsulfurdiesel ' 

S87/bbl Jet fuel 
S87/bbl Residual fuel oil low sulfur . 
%87/bbl Lowsulfurutilityresid. 
%87/bbI High sulfurmid. 
f87hbl High sulfur utiltiy resid. 

%87/bbl TRHmogaswithmarkup 

. %87/bbl LPG 
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$87/bbl 
$87/bbl 

,$87/bbl . 
%87/bbl 
$87/bbl 
%87/bbl 

’ %87/bbl 

$87/bbl 
MMbbl . 
MMbbYdayMMbbl . 
Dimensionless 
%87/bbl 
Dimensionless 
’ Dimensionless 

%87/bbl 
MbbYcd 
MbbYcd 
MbbYd 
BCF 
MbbYcd 
MbbYcd 
MMbbYcd 
MbbYcd 
Mbbllcd 

. MbbYcd 
MMbbYcd . . 
MbbYcd 
MbbYcd I 

MbbVcd 
MFOEbbYday 
MFOEbbYday 
%87/bbl,MbbYcd 
%87/bbl,MbbYcd 
%87/bbl,MbbYcd 
$87/bbl,MbbYcd 
%87/bbI,MbbYcd 
%87/bbl,MbbYcd 

. $87/bbl,MbbYcd 

- $87hbl,MbbVcd 
Refinery fuel use 
TBtuNr 
mtulyr 

.TBWr . 
TBtuNr 
TBtuNr 

, TBtulYr 
TBtulYr 
TBtuNr 

, $87/bbl,MbbYcd 

%871bbl,MbbYcd . 

D- 

Peacchemicalfeedsmcks 
Pebolwm coke 
Kerosene 

Asphalt and road oil 
E85 
M85 

Crude used as product 

Production Ratio 
Price elasticity beta 
Well head price for (year - 1) 
Well head price alpha 
Wen head price beta 
Price of crude, refinery gate 
Quantity of crude. refinery gate 
Refinery production volume by product 
Total refinery production volumes . 
Refinery gas plant produnction volumes 
Refinery production export by product 
Prcduction diseess export by product 
Methanol for M85 
Domestic crude produeon 
Alaskan crude produdon 
Lower 48 crude production 
T& crude production 
Total nahual gas production 
Totaldiseessimports 
Total product demand for report 4 
RHS value for resid. by PAD District 
RHS value for resid. by PAD District 
Unfinished crude 1 
Unfinished crude 2 
Unfinished crude 3 
Unfinished aude 4 
Unfinished crude 5 
Unfinished crude 6 
Unfinished crude 7 
Unfinished crude 8 
Unfinished crude 9 
Unfinished crude 10 

other . 

End Of yea~reserve~ foroil /- 
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, NLV(9) 
NLV2(9) 
QNT(9) 
PRD(20) 
IPRD(12) 
PkDD(5) 
CRDTYP(5) 
MGSCHAR(65) 
BNDS(2) 
RFCESWTC 
MPSSWTC . 

YmE 

End kie marbyps by sector 
$87/MMBtu 
%87/MMBtu 
S871MMBtu 

. $87/MMBtu 
$87/MMBtu 
$871MMBtu 

Fuel oil 
$87/MMBtu 
%87/MMBtu 
$87 /MMBtu .  

%87/MMBtu 
%87/MMBtu 
%87/MMBtu 
%87/MMBtu 
%87/MMBtu 
%87/MMBtu 
%87/MMBtu 
$87/MMBtu 
%87/MMBtu 
$87/MMBtu 
$87/MMBtu 
%87/MfWtu . *  

%87/MMBtu 
S87/MMBtu 
$87/MMBtu 
S87MMBtu 
%87/MMBtu 
%87/MMBtu 
$87/MMBtu 
$87/MMBtu 
%87/MMBtu 
%87/MMBtu 
$87/MMBtu 
%87/MMBtu 
$87/MMBtu 
%87lhMBtu 
%87/MMBtu 
$87/MMBtu 

%87/MMBtu 

Text 
Texf 
Text 
Text 
Text 
Text 
Text 
Text 
Text 
Text 
Text 

Motor gasoliae mark ups AIl Sectors 
Transportation. 
Indumial 
commercial. 
M85 
E 8 5 -  

Distillate 

. #- 

Jet fuel transpoIfati on 
Low sulfur Resid. 

Hi@ Sulfur Resid. 

LPG' 

Petrochemicalfeedstodcs 
Asphaltandroadoil' . 
Kerosene 

other 

other markups transportation sector 
other markups industrial sector 

Census division character idenrifers 
Domestic crude.supplyregn identifen 
Quantity chamcter identifiers 
Product character identifies 
Imported product chrcaidentifm 
PAD District chamcter identifiers 
Crude type character identifiers 
Mogas share chamder identifiers 
Bwads character identifiers 
capacity expansion switch 
MPS m e  load switch 
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NAME 

WADVBAS 
RiTISwTC 
mswTc 
RFETSWTC. 
PRCUNlT(40) 

RFoT"(19) 
MGSPCS(65,MNUMYR) 
MGSHR@@WMYR,6,MNUMa) 
P R D D M D W C R . M N U M W O )  
P R D D M D V )  
LOWBND . 
UPBND 
P R I W  
PCOKL ' 

PCOKH 
PUCUM(MNUMPR.40.MNUMYR) 
PWNV(MNUMPR40,MNUMYR) 
FolPMM 
FozMM 
PMMINF 

RPTIyR2 
RPTlYR3 
RPTIYR4 
RPTIYRS 
RPTIYR6 
PUBASE(MNUMPR,4O,MNUMYR) 
PUBMEUT(MNUMPR40,MNUMYR) 
RFMETI(MNUMYR) ' 

RFMTBD-1 
RFMTBI(MNUMYR) 
RFEMISST(M"RMNLJMYR.12) 
RFFMTWPR,MNVMYR30) 
RFCGSW(MNUMPR,MNLJMYR 

- RFHET 

RqrlYRl 

RFSTEAMWNIJMPRMNkiYR) 
' RFCGCONS(MNUMPR,MNUMYR) 

RFCGREC(MNUMPR,MNUMYR) 
RFCGGENPD (MNUMPRMNUMYR) 
RFCGGRIDPD(MNUMPR.MNUMYR) 
RFCGSELFPD(MNUh4PR.MNUMYR) 
RFCGFLJEL.PD(MNUMPR,MNUMYR) 
RFCGGENCD(MNUMCR,MNUMYR) 
RFCGGRDCD(MNUMCRMNUMYR) 
RFCGSELFCD(MNUMCR,MNUMYR) 
RFCGnraCD(MNUMCR.MNUMYR) 
FLOWCRD(MNUMYR.14) 
CAPCRD(MNUMYR.14) 
FLOWRD(MNUMW1) 
cAPPRD(MNuMyR,ZI) 
FLOwLPGtMNUMYR,IO) 
CAPIJ"UMYR.10) 

YEm €!lmmm" ' .  

Text . Advance'basis load switch 
. .  

Text Reportlswitch ' 

Text Report 7 switch 
Text . Efhanol supply m e  switch 
Text Pnxkssunitcharacteaidentifier * /  . 
Text Historyswitch 
Text 
W Y  ., M&r &soline specifications 

Other fuel use character identifier 

' Percent Motor gasoline market shares, 

' Mbbllcd Chemicai meihaaol demand 
Productdemand f -  

Variabk for passing *to OML 
None ' variable for passing data to OML 
None ' variable for passing datato om 

' Mbbllcd . ,  

None 

None Variable for passing data to OML 
. None ,. Variable for passing data to OML 

Mbbllcd . Prccess unit curnulatiye builds 
Mbbllcd Prccess unit investment builds 
None Variable fqr file unit identifier . 
None Variable for file unit identifier 
None ' . IufeasiilesoIu&nswitcb 
Text . Reportlswitch 
Text Report1 switch 

. Text Repor t l swh  
Text Remi switch 
Text Report 1 switch 
Text . Report 1 switch * 

Mbbllcd Processingunitsbasecapacity 
Pecent ProQssingunitsbaseutilization 
MMbbYcd Iinpoxtedmethanol 
MMbbIkd DomesticMTBE 
MMbbllcd ImporteaMTBE 
Many . .. , Totalrefinery emissions 
Percent . Refinery fie1 mix 
Percent . Steam, PAD District perceut adjustment 
MMibldaY Steam by PAD D k c t  
*tu . . Refinery cogeneration PAD District * 

kwh 
TBtu 

TBtu Refinery'cogen. Self 
TBtu Refinery cogen. Fuel. 
TBtu Refinery cogen. Genemion , 

TBN 

TBtu 
hfbbllcd crude pi&ne flow 
Percent Cyde pipelhie utilization 
Mbbllcd Product pipeline flow 

3 Pecerent ' 

Mbbllcd . LPG pipeline flow 
Per&nt . . LPG pipeline ufilization 

I 

Receipts of electricity 
Refinery Cogeneation b;y PAD Ditrict - 

. T B m .  Refinery cogen. to &id by PAD District 

Refinery cogen. To grid by cenus division 
' TBtu Refinery cogen. Self by cenw division 

Refinery cogen. Fuel by cenus division 

Product pipeline utilization 

a* 

. .  

Energy Information Administration 
NEMS PetroIeum Market Model Documentation Page A -  12 



mRDnr(h4NuMCR,MNUMYo) 
RFQNGWW-1 
-D(MNUMPR) 
N6XQNT(9) 
N6XPRC(9) 

ma 
QPRDWWUMW,MNUMYR)  
RFNGFTOT(MNUMYR) 
QSUBFU(MNUMPR,MNUMYR) 
QTO"FU(MNUMPmYR) 
mSB(MNUMP-1 
m - R m y I 1 2 )  
MUFTAX(15) , 

RWOP(MNUMYR) 
FRSm 
PRDEXPTOT(MNUMYR) 
LHCDIST(2,MNUMY,7.30) 
LHCRUN 

WOPMTPLY 
woPz9ExP 
z9ExPRD 
SUBNM 
SUBNMX 
PhlMRGNS 
DMDRGNS 
RFETHMGS(MNLJMPR,MYR) 
RFETHETS(MNUMPR.MNUMYR) 
RFRJELU(MNIJMYR) 
CRDOTHOT(MNUMPR,MNUMYR) 

CRDSTWDR(MNVMPR,MNUMYR) 
NGLMK(MNUMPR,MNUMYR,6,2) 
NGLRF(MNIJMPR.-R,6,2) 
-(MNuMPR,MNUMNvMyR) 
PRDSTKWDR(MNUMPR,MNUMYR) 
MISCINP(MNUMPR,MNUMYR) 
BLDPRD(MNUMPR,MNUMYR) 
OTHOXY(MNUMPR,MNUMYR) 
XRFWOP(?vlNUMYR,2) 
XRFELP(MNUMPR,MNUMYR) 
XRFNGP(MNUMPR,MNUMYR) 
RFETBD(MNUMPR,MNUMYR) 
RFf)ED(MNLJMPR,MNUMYR) 
RX;TAMD(MNUMPR,MNUMY R) 

RFIXMD(MNUMPR,MNUMYR) 
NGRFUPIT(MNUMPR,MNUMYR) 
FCCACT(MNUMPR,MNUMYR,78) 
FCCMOD(78) 
ALKhfOD(9) 

. IRACN 

I 

* DSLSPLT 

' CRDUNACC(MNUNPR,MNUMYR)' 

RFI-HED(MNLIMPR,MN~MYR) 

%87/bbI 
MMbbYcd 
MbbYcd 
Fraction 
Fractiion 
%87/bbl 
%87/bbl 
MMbbYcd 
MCF/cd 
MMbbYcd. 
MMbbYcd 
MMbbYcd,$87/bbl 
MMbbYcd,%87/bbl 
$87/MMBtu 
%87/bbl 
Text 

. MMbbYcd 
Percent 

Percent 
P m t  
Percent 
Text 
Text 
Text 
Integer 
Integer 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd- 
MMbbYcd 
MMbbllcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd . 
MMbbYcd 
MMbbYcd 
&lMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MbbYcd 
Text 
Text 

Wge: 

IBimmsm 
Refinery capital cost by product 
Quantity of ngl inputs to refinery 
Additonal supply imports of HI. crude 
Supply step a d h e n t  for N6VB 
price step adjustment for N6UB 
Refiner acquisition cost min. tolerance 
Refiner acquisition cmt max. tolerauce 

I)omwtic namral to refineries 
Subtotal refinery fuel use w/o nat gas 
Total refinery fuel use with &suralgas 
Subtotal imported product w/o Methanol 
totaI imported product with Methanol 
Federal motorgasoline tax 
PMMloCalexpectedWOP 
write basis on fifitllast'iteration switch 
Total dowable product expons 
Model testing van'able 
Model testing switch 
Low sulfur diesel and distiIlate split 
Distress import price multiplier 
Distress export price multiplier 
Distressexportindexlist 
Subroutine name index 
Passing subroutine name index 
PMM remgregions index 
PMM demand regions index 
Ethanol for motor gasoline 
Ethanol for ETBE 
Total refinery fuel use wlopat gas 
Total other aude suplied 
unnaccouted aude 
Crude stodr withdrawals 
NGL to market 
NGLfromrefinery 
Methanol for ether 
Product stocks withdrawals 

product blending component 
Other oxgems 
Local expected WOP 
Local expected elecuicityprice 
Local expected nahlral gas price 
ETBE oxygeoate quantity 
TAE oxygenate quantity 
TAME oxygenate quantity 

THM oxygenate quantity 
Natuml gas fuel use previous'iteration 
FCC unit activity variable by mode 
FCC unit modes 
Ahlation unit mode 

Quantityofdiseessproductimpoa 

MisceIIaneous inputs 

THE oxygeoate quantity 
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A 9 1  
PrnOFU(MNmlYR) 
RFROSSWTC 
RFPCKYR 
IRAcBND(2) 
C A P E x P r n ( 5 , 4 0 ~ )  . 
RPTFY 
Rgny 
PMMBSYR 
HisTLyR 

SiEOBMSW 
RFBMLPG 
RFBMTRG 
RFBMRFG 
RFBMTRH 

RFBMJTA 
RFBMNW 
RFBMN6I 
RFBMN6B 
RFBMOTH 
RFBMPCF 

RFBMDSL 
RFBMN67 

, RFBMN68 
RFBMCOK . 
RFBME85 
RFBMM85 
RFBMKER 
Q E X C N X " M N U M ' M W  
PRLh.IARGWNUMCR?MNUMYR) 

PRLUTMAR@INUMCR,MNUMYR) 

RFBMRFH 

RFBMAsT 
~ 

P R " U M C R M 1  

.PRHUTMARm-) 

uM[Ts 

Mbbycd 
M%87Iday~ 
Text 
Integer 
W h b l  
Percent , 
Integer 
Integer 

hteger 
Integer . 
%87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 
V7/bbl 
%87/bbl ' 

$87/bbl 
%87/bbl 
%87/bbl 
$87hbl 
$87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 
%87/bbl 
$87/bbl 
$87/bbl. 
MbbVcd 
$87/bbl 
%87/bbl 
%87/bbl 
%87/bbl 

. 

RFDLMGtMNUMCRiiNUMYR) 
RFDJJX@QWMCR,MNUMYR) 
RFDLTRG(MNUMCR&iNUMYR) 
RFD-CRUMYR) 
RFDLTRH(MNUMCR,MNUMYR) 
RFDLRRIm-YR) 
RFDJJTA(MNUMCR,MNUMYR) 
RFDLNW(MNUMCR,MNUMYR) 

RFDLPCF(MNUMCR,MNUMY R) 
RFD~R(htNUMCR,h%NUMYR) 
RFDLDl-I-I(MNUMCRMNUMYR) 
RFDLtW(MNUMCRJWUh,lYR) 
RFDLN6B(MNUMCR,MNUMYR) 
RFDLN67(MNUMCR,MNUMYR) 
RFDLN68@fNUMCRMNUMYR) 

RFDLDSL(MNUMCR,M-%UMYR) 

AHylation unit activity variable by mode 
ObjectivefunctionvaIne by year 
ROS switch, 011 or off 
Packfileyear 
I R A C h d S  . 
Recessing unit capacity expansions factor 
~Protiwfirstyear 
Repotting last year 
PMMbaseyear, 1995 
PMMlasthistoryyear,1994 
sTEobenchmarkingswitch/' 
LPG benchmarking factor 
TRGbenchaskingfactor 
RFGbenchmarhhgfaaor 
TRHbenchmarkingfactor ' 

- RFHbenchmarkingfaaor 
JTAEnchmarkingfaaor 
N2H benchmarkiogfaaor 
N6I benchmarking factor 
N6B benchmarking factor 

. OTHbenchmarkiDgfaaor 
PcFbenchaskingfaaor 
AST benchm&hg faaor 

c DSE.benchmarkingfactor . 

Delivered petioleum product prices 
$87/bbl 
$87/bbl 
$87/bbl' - 

%87/bbl . ' . 
t , %87/bbl ' 

%87/bbl 
%87/bbl 
$87/bbl 
%87/bbl ' 
$87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 

$87/bbl 
. $87/bbl 

N67 bencbmark@g factor 
N68 benchmarldng faaor 
COK benchmskiag factor 
E85 benchmarking factor 
M85 benchmarking factor 
KERbenchmarkingfaaor 
Expoxted crude excep ahla6 
Marginal value of low sulfur &dual oil 
Margiidvalue of high sulfur residual oil 
Marginal value of low sulfur residual oil 
Marginal value of high sulfur residual oil 

Motor gasoline 

TRG 
RFG 
TRH 
RFH 
JTA 
N2H ' 

DSL . 
'PCF 
KER 

N6I 
N6B 
N67 
N68 

, I  

m, 

OTH , _. 
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RFGT"(MNUMPR+I.MNLJM'YR) 
RFGTN6B(MNVMPR+I,MNUMYR) 
RFGTAST(MNUMPR+I,MNUMYR) 
RFGTCOK(?vINUMPR+l,MNUMYR) 
RFGSPEC(9) 
TRGSPECU) 
RFGSPcLh.i(MNUMPR.MNUMYR3) 
RFGSPCDL(MNVMPR,h"UMYR,9) 

TRGSPCDL(MNLJMPR,MNUMYR,7) 
FCCDUAJJJV~NLJMPRWKJ?VIYR,~~) 
PMM-ORJvf RM 

RFXOADJ 
PMMSTEOBM 
PADDZCD-CT(Z.100) 
CDZCD-CT(Z,lOO) 
PADD2CD>T(Z, 100) 

, CDZCD-DT(2.100) 
PADDZCD_CB(2,100) 
CDZCD-CB(2,lOO) 
PADDZCD-DB(Z,lOO) 
CDZCD-DB(ZJ00) 
PADDZCDJT(2.100) 
CD2CDJT(Z.100) 
PADDZCD-ECB(2.100) 
CD2cD_u=B(2,100) 
PADDZCD_EDB(2,100) 
CDZCDJDB(2100) 
FlDWD-CT(MNUMYRJ00) 
FlDWCD-CT(MNUMYR, 100) 
FlDWPD-DT(MNUMYR.100) 
FlDWCD-DT(MNUMYR, 100) 
FlDWD-CB(MNLJMYR,l00) 
FlDWCD-CB(MNUMYR.100) 

- TRGSPCLM(MNUMPRMNUMYRUMYR,7) 

WIUIDPR(MNUMOR,MNUM+R) 

$87/bbl 
%87/bbl 
W h b l  
W h b l  

$87/bbl 
S87/bbl 
$87/bbl 
$87/bbl 

I $87/bbl . 
$87/bbl 
$87/bbl 
$87/bbl 
$87/bbl 
%87/bbl 
$87/bbl 

~ W h b l  
. S87hbl 

$87/bbl , 

%87/bbl 
S87/bbl . ' 

* Text 
Text *. ' . 
Text 
%87/bbl 
Text 

. S87hbl 
%87/bbl 
Text 
%1987/Bbl 
Text 
Text 
Integer 
Integer 
Integer 
Integer 
Integer , 

Integer. 
Integer 
Integer 
Integer 
I n e m  
Integer 
Integer 
Integer 
Integer 

. Mbblcd 
Mbblcd 
Mbblcd 

. Mbblcd 
wblcd 
Mbblcd 

Refinery Gate pr&ud prices 

I .  

AST . .  
COK / 
E85 
MSS . .  
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NEMS Petroleum Market Model Documentation 

Motor gasoline 
LPG 
TRG 
RFG 
TR" 
RFH 
JTA 
N2H 
DSL 
FJCF 
KER 
OTH 

N6B 
AST 
COK 
RFGspecifications 
TRGspecifications 
RFG specification row statlrr 
RFG specification row dual activity 
TRG specification row status 
RFG specifid& row dual activity 
RFG specification .row dual activity 
5 region to 3 region PMM switch 
Domestic aude wen head price 
Switch to turn on AEO adjustments 
switchtoturnonsTJ5obencbmarking 
Padd To Cd V i  Clean. Tanker 
Cd To Cd ViaCleau Tanker 
Padd To Cd Vi Dirty Tanker 
Cd To Cd Vi Dirty Tanker 
PaddToCdViCleanBarge 
CdToCdViQeanBarge 
Padd To Cd ViaDirty Barge 
CdTo Cd Vi Dirty Barge 
Padd To Cd Via Tanker &I& 
Cd To Cd Vi Tanker @& 
Padd To Cd Viaclean Barge (Eth) 
CdToCdViCleanBarge(Eth) , 

Padd To Cd Vi Dirty Barge (Eth) 
Cd To Cd ViDirty Barge (E&) 
Flow From Padd To Cd Vi Qean Tanker 
Flow From Cd To Cd Via CIean Tanker 
Flow From Padd To Cd Vi Dirty Tanker 
Flow From Cd To Cd Via Dirty Tanker 
Flow From Padd To Cd Via Clean Barge 
Flow From Cd To Cd Via Clean Barge 

4- 

Nfl. 

. 
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?dNUMYR=NEMSyearindex,Ithrough26 1 
MM'IMCR = census region index, 1 through 11 

.IkWMOR = Oil and Gas Region l n k  1 through 15 
MNCROP = Ethanol supply crop index, 1 and 2 
MNETOH = Ethanol supply curve point index 1 through 5 

' MNUMPR=PADDistriaindex,Ithrough6 
' 

?Vlbblcd 
. Mbblcd 
Mbblcd 
Mbblcd 
Mbblcd 
Wlcd  
Mbblcd 
hfbblcd 

M e n d  for Codes 

I2EmmQN - ,  

HOW ~ r o m  paha TO ~ i ~ i r t y  B- 
Flow From Cd To Cd ViiDirty Barge . 4 

Lpg Flow From Padd To Cd Vi Tanker 
Lpg Flow From Cd To Cd Via Tanker 
Eth Flow From Pd To Cd Viclcan Barge 
Eth Flow From Pd To Cd ViDirty Barge 
Etb Flow From CdTo Cd Vi Clean Barge 
Eth Flow From Cd To Cd ViDirty Barge 

. 

* 

#- 

. .  

* .  
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A.2 Data Sources 
- 

The PMM data have been developed by EIA and others since DOE received the ht model database from 
Turner, Mason Associates during 1975-76. These data were used extensively during 1983-1986 during the 
development of the EIA Refinery Yield Model (RYM). The RYM database underwent substantial review 
and update by oil industry experts when the National Petroleum Council ("C) used the RYM during the 
development ofhe& 1986 study on U.S. refining flexibility. In 1985, EIA provided the updated 
RyMMpC data and OMNI matrix and report generator programs to Oak Ridge National doratories 
(ORNL), and its consultant ENSYS, to support a study for the U.S. Navy.' The data used for this version 
of PMM was provided by ENSYS to EIA in September 1992 and is based on some ENSYS in-house data 
sources as well as review and commentary received from major oil companies. Much of the data has been 
updated from 1985 to 1992. The most recent vintage of data was provided by ENSYS to EIA in May 1995 
but has not yet been incorporated into Ph4M. The data sources include: * 

- The original Refinery Yield Model (RYM) Data Base provided by EIA in about 1981 to ORNL. 

Oil & Gas Journal, Hydrocarbon Processing, NPRA papers, API papers, ASTM specs and 

This data was then combined with the 1985 RYM/NPC updates and used by their consultant, 
ENSYS. 

correlation methods, Chemicd Engineering, Gary & Handwerk (mainly correlations), AIChE 
papers, Petroleum Review 

fuel study 

- 

- An extensive review of foreign journals obtained with the aid of ORNL for the highdensity jet 

Contractor reports and data - M.W. Kellogg, UOP, IFP, Snam Projetti and Foster and Wheeler 
Consultant reports and data as published - Bonner & Moore, A.D. Little, Chem Systems and 

- 
- 

Purvin & Gem. 

' A.2.1 Process Technology and Cost Data' 

Refining process technology and cost data need periodic review and update. This is because 
environmental legislation, lighter product slates, and heavier crude slates have'spurred new process 
technology developments affecting existing processes, new processes and costs. Sources for new 
developments include research and other papers in industry journals, papers from industry conferences and 
surveys (such as NPRA), engineering and licensing contractor data, and published consulmt studies. 

, 

c 

'Oak Ridge National Laboratory, EnSys Energy and Systems, Enhancement of EL4 Refinery Evaluation Modeling. 
System Refinery Yield Model Extension and Demonstration on Gasoline and Diesel Qualiv Issues, (August 1988). 
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A.2.2 Refinery Capacity Construction and Utilization Data 

The base capacity for refinery process unik, as published by EIA, provide the base year values. The 
planned construction of refinery process units, as published annually by the Oil &.Gas Joumul (OGJ), I 

together with published articles on national, company, or individual refinery activities are used to 
supplement and cross-check the base,data from EIA. Thesedab r6quire annualqxlating and careful cross- 
checkirig for error, omissions, and operating stati~s. , 

Construction project data are gathered principally from annual surveys published & the Oil &Gas Jounuzl ' 
and in Hydrocarbon Processing, again supplemented, crosschecked and updated by individual 
announcements or published studies. The approach used is to review all announced projects, but to only 

. ~ 

. ,  

I include as active those that have reached the engineering, constiuc6on, or start-up stage. 
. 5  

It is also necessary to track installed ana projected capacity for MTBE and TAh& plants, both in-refinery 
and merchant. Principal sources for these data are E V  surveys, Fuel Refonnulation, and the Pace 
Petrochemical Service publications. 

. /  , 

A.2.3 Crude Supply and Product Demand Data 

The crude oil supply is provided by two of tlie NEMS models, OGSM, which provides the production 
function to estimate the domestic oil production, including Alaska, and the International Energy Model 
which provides volumes and p.rices of imported crude oils in the form of supply curves. Individual crude 
oil streams for both domestic and imported crude oils are grouped in five categories differentiated by API 
gravity, sulfur content, and the yield of material boiling at a temperature higher than 1050 degrees 
Fahrenheit. Theimport supply curv,e values are stored in the NEMS restart file. Each year of a NEMS run 
contains quantities and import prices for crude oil in three step supply increments for each importing PAD 
District. 

Energy Information Administration 
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Both domestic and imported crude oils are grouped in the five categories shown below. W e  the domestic , 

and foreign categories have the same gravity and sulfur definitions, the composite characteristics of each 
type may differ because different crude streams make up the composites. The five domestic crude groups 
are tagged with the codes DLL, DMH, DHL, DHH, and DHV. The imported crude oil codes are FLL, 
FMH, FHL, F", and FHV. In addition, Alaska North Slope and Alas@ South are included as individual 
crude oil streams for a total of 12 crude groups. 

Table A2. Aggregate Crude Oil. Categories €or PMM/NE& 
J-  . 

Bottoms Yield, 1050 

Natural Gas Liquids (NGL's) 

The NGL's are produced by the gas plant model matrix that is a part of PMM. See 
Appendix F. ' 

Other Hydrocarbons and Alcohols 

Other hydrocarbons such as propane and butanes are supplied by the output of the gas plant 
model. Ethanol is supplied bysthe Biofuels Supply Submodule of the PMM (Appendix I) in 
Census Divisions 3 and 4. The supply of ethanol is represented as a step function with each 
increment of supply available at a higher price. . 
Some methanol is imported with the balance required by PMM supplied by the methanol plant in 
each refining region. Methyl Tertiary Butyl Ether (M'I'BE) is produced by MTBE plants (both 
merchant and refinery locations) in each refining region; additional supplies are imported. 
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' .  

Products 

Product demands are available from the "EMS restart file for a given scenario by year as produced. 
by the various demand models of NEMS. 

(I 

1' 

A.2.4 Product SpecificatiodGrade Split Data - 

For the United States, surveys by industry organizations such as NPRA, API, NPC and NIP= together 
with government sourdes such as Department of Defense, provide relatively &uent and det&d insights 
into actual US.' product qualities and grade splits. mese data are important for establishing case studies. 

A.2.5 Transportation Data - 

PMM transportation data for the hited States on capacities and rates have been developed from the OSPR 
NACOD Model a d  updated for environmental costs refiecling the Oil Pollution Control Act. The . 

. transportation costs were obtained from a recent National Petroleum Council study in 1993. 
J 

A.2.6 Product Yield and Quality Blending Data 

IU addition to the general sources &eady mentioned, a number of further sources relating to specific 
properties are given below: 

Cetane Number - API Refining Dept., Vol. 61, p.39 and appendix for the modified ASTM 0976-80 
Equation (George Urkelritan). 

Net Heat of Combustion - ASTM 03338 (API range 37.5 - 64.5) (relaxing ASTM 02382. 

Wt. percent hvdronen -'ASTM Method 03343 (replacing Dl 01 8) 
. .  

. Smoke uoint vs. hvdrogen content - empirical correlation developed by ENSYS Smoke point to 
Luminorneter Number conversion, ASTM 01322. 

I 

. Viscositv urediction - based on the work of PLI Associates (Dr. Paul S: Kydd) and from the 
. Abbon, Kaufinan and Domashe correlation of viscosities. (See PLI report- "Fuel and Engine 

Efect Correlations, Task 1 .I ,  Computerize Fuel Property Correlations and Validate". Viscosity 
interpolation includedand based on computerized formulae for ASTM charts. 

. 

# 

a 
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Viscosifl blending indices - computerization of Gary & Handwerk formulae - p.172 (le$ hand 
side). 

Static and Dvnumic Surface Tekions API Technical DatuBook method. 

. -  . :  

Flush point Blendina Index Numbers - Gary & Handwerk, p.173. 

Pour Point blendina Indices - ibid., p.175. 

RVP blendirip indices have.been gathered from several public and in-house sources and h e  
been verified against Gary & Handwerk, p.166. 

RON and MON blendina deltas are rejlective of base gasoline sensit& have been drawn from 
m a ~ y  sources and averaged. 

$- 

. ,  

A.2.7 Units of Measurement 

The general rule adopted in the model is that quantities of oil are in thousands of barrels per day, piices or 
costs are in dollars per b&l and quantities of money are, therefore, in thousands of dollars per day. 

Exceptions to the above rule are: 

1. 

. .  
- - 

1 .  

Gases lighter than propane are measured in thousands of barrels fuel oa equivalent (FOE) per day. 
These are based on the following conversion facto&: 

Gas stream 
Hydrogen 
Hydrogen sulfide 
Methanehatural gas 
Ethane . 

Process gas 
Ethylene 

- Code 

ms 
NGS 
c c 2  
PGS . 

C2E 

"i 
bbIFOE/lb 
.008190 . 
.001040 
BO3414 
-003245 
.0(33245 
.003219 ' 

L 

cEcbblFOE 
23,077 
10,145 
6,917 
3,861 ~ 

3,861 
4,180 

One barrel FOE is 6.3 million Btu. 

2. The assumed Btu content for other major refinery streams is shown below: 
i 

I Code MMBtu/bblFOE 
Gasoline TRG 5.253 
Jet Fuel JTA 5.670 

- .  
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3. 

4. 

5. 

6. 

7. 

8. 

NO. 2 Heating Oil. N2H 5.825 
Residual Ojl N6I,N6B ' 6.287 
LPG LPG 3.625 * 

MethanoVgasoline M85 2.820 

. .  

EthanoVgasoline E85 * 3.500 - 

Yields of coke are measured in short tons per barrel and demands are in short tons fir &ty. A 
factor of 5.0 crude oil equivalent (COE) barrels per short ton is used. 

Yields of sulfur & also measured in short tons per barrel and demands are in short tons per day.'A 
factor of 3.18 barrels per short ton is used. 

, 

#- 

Process unit capacities are generally measured in terms of feedstock volume. Exceptions are units, 
principally those with gaseous feeds and liquid products, whose capacities are measured in terns. 
of product volume. These include: 
OLE, ETH, C24, ALK, CPL, DIP, DIM, ARP, C4I, H2P, and SUL. 
Note also that unit activity level of H2P, and SUL activities represents the production of 0.1 
thousand fuel oil equivalent barrels of hydrogen and 0.1 thousand short tons of sulfur per day, and 
uses 0.l.units of capacity. 

Quality and specification units are those specified in &ch ASTM test method or are dimensionless 
(as in the case of blending indices). Gasoline sulfur contents and specs, SPM, are in parts per 
million by weight, while those for distillates, SPC, are 

S& consumption is given in pounds per barrel (Ibhbl). Thus an activity ih Mbbllcd consumes 
steam in thousands of pounds per day (Mlb/day). Steam generation capacity is in &lions of 
pounds per day (MMlb/dayj. The consumption of .00493 fuel oil equivalent bbl per day to raise 1 . 
l b k  of steam is equivalent to 1225 Btu per lb steam. 

Electricity consumption is in kWh/bbl. Generation is in Mkwday. 

, .  . .  

percent weight. 
. .  

A.3 PMM Model Data Tables 

This section describes in detail the function and content of the PMM model data tables used to generate the 
initial PMM matrix for NEMS. The entries in these tables are MbbVcd for volume and $/bbl for costs, 
unless otherwise noted. With the shift of computer processing to the EIA RS6000 in 1995, the OMNI 
c d e  was replaced with FORTRAN in conjunction with subroutines from the Optimization Modeling ' 
Library (Om). The data table formats used by OMNI were no longer valid which required a change in 
table format, organization and design from the AE095 version. These changes are incorporated into the 

' 

I 
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data tables presented in this section. The tables have been grouped into nine categories: Matrix Control, 
Crude Oil,Availab%ty, Other Raw Materials Availability, Product Imports, Product Demands, Crude and 
Product Transportation, Refinery Capacities and Operations, Product Blending and Specifications, and 
Refining Technology. All data tables are located in a directory on the RS6000 namd. fdefaulthiput. 

r 

The reference (filename) in the following pages refers to the individual file name with a .dat extension 
which contains the tables described. The symbols (R) and @) used'in the table names represent a refining 
region (R) or Census division @) where:. , .  

#- 

(R) Refining Refion (D) Census Division 
E PADDistrictI , 1 New England 
C PAD District II 2 Mid Atlantic 
G PAD District IU 3 '  EastNorthcentral 
M PADDistrictN 4 West North Central 
W PADDistrictV 5 South.Atlantic 

6 East South Central 
7 . West South CenM 
8 Mountain 
9 Pacific, including California 

* .  
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A.3.1 Matrix Control . . 

This section describes the tables used to control the number of constraints (rows) and coluqm variables in 
the matrix as well as. the stipulations for the limits on constraints and variables. 

.(m.ain) \ 

TABLE'RFNREG LIST OF ACTNE REFINING REGIONS 
column names * One colimn, PAD. 

Row names 

Entries 

One character region codes; E, C, G, M, W. 

numeiic value for PADD, 1-5. 

TALE DEMNDREG LIST OF ACTNE CENSUS DMSION DEMAND REGIONS 
Column names 

Row names 

Entries 

TABLE RFNEXP 
Colunin names 

\ 

. Rownames 
. I  

Entries 

TABLE EXPROD 
Column nijmes 

Rownames 

Entries 

One column, REGION. 

Two character codes, first character is demand region, second character is refining 
region E, C, G, M, W. 

numeric value for Census Division, 1-9. 

' ,, 

LIST OF REFINING'REGIONS LINKED TO EXPORT REGIONS 
One column, RFID. 

Two character codes, first chapcter is exporting Census division, second 
character is refining region E, C, G, M, W. 

numeric value for PADD, 1-5. 

LIST OF E&ORT PRODUCTS 
One column,.DUMMY. 

Three character product codes 

none 
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TABLE FORCRD 
Column names 

Row names 

Entries 

TABLE WOP 
Column names 

Row names 

Entries 

TABLE USERYEAR 
Column names 

Row names 

Entries ’ 

TABLE YRDOLLAR 
Column names, 

Row names 

Entries 

TABLE ZIRACFAC 
Column names 

Row names 

Entries 

U S T  OF FOREIGN IMPORT CRUDES 
One column, DUMMY. 

Three character crude strem group codes 

none 

WORLD OIL PRICE BY YEAR 
One colunin, WOP. 

Numeric value for year, e.g. 6 for 1995. 
1 

World Oil Price in 1987 $/bbl. 

YEAR FOR MODEL RUN 
One column, YEAR. 

/- 

Three character code, e.g. Y95. 

.Numeric value for year, e.g. 6 for 1995. 

CONVERSION FROiif 1987 TO 1991 DOLLARS 
One column, 1991. 

1987 

Numeric value for converting 1987$ to 1991$. 

FACTOR FOR IRAC SPREAD 
One column, DELTA. 

ZIRAC 

Rapge on average price, $/bbl. 
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. .  

TABLE TRSOVC 
Column names 

Row names 

FACTOR TO CONVERT OVC TO 1991$ 
. One column, OVC. 

One character refining region code. 

Entries Conversion of variable operating costs to 1991$. 

TABLE IWFACT INVEST~~ENT LOCATION AND ENWRONMENTAL FACTO& . 
Column- names 

Row names 

Entries 

Column names 

Row names 

Entries 

TABLE P R Q ~  
Coluihn names 

, .  
Row names 

Entries I 

LOC, ENV 

0ne.character refining region code. 

Column LOC contains the investment location factor multiplier, refining region * 
ID, U.S. Gulf coast is assumed to be 1.0. Column E~ contains the 
environmental investment cost multiplier, currently set at 1.0 for all regions. 

PRICEIQUANTITY VALUES FOR.ALASRA EXPORTS 
Two columns, P and Q 

Six rows, three negative shifts N1 N2, N3 and three positive shifts, P4, P5, and 
P6. 

I 

P column is $/bbl shift from reference price, Q column is bound value on volume 
. supplied. 

NGL PRICE QUANTITY FROM A&4SKA NORTH SL.OPE 
VOL, TRP, and EXPPRC 

. .  

OGSM code A for Alaska. 

Volume limit on NGL supply, MBbVcd, Transportation cost to region W, pseudo 
supply price;$/bbl. . .  
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TABLE NGLAR;4. NGL COMPOSITION FROMALASgA 
. Columnnames . One column, PER. 

Row names Three chkcter NGL stream.codes. 

Entries Volume fractich composition of NGL's. 

(avoids) (iao longer used) 
I .  

TABLE SADELQ DELTA FRACTION OF QUANl7TTES FOR PRODUCT SHIFTS . 
Column names Six columns, three negative shifts N3, N2, N1 and three positive shifts, P1, P2, 

andP3. . 

, Row names First three characteF finished product codes: 

Entries Percentage (as a hction) of demand quantity QO as an upper bound. The 
quantities are based on price shifts of 1 percent, 3 percent, and 9 percent using an 
elasticity of 0.1 for light products gasoline, jet fuel, heating oil and diesel, and an 
elasticity of 0.3 for all  other products. 

. 

- 

These column activities allow the shift of demands within a price range to help 
speed convergence in NEMS. 

TABLE SWELPX 
Column names One column, FACTORS 

Row names 

FRACTION OF PRICES FOR EACH QUANTITYSHIFT 

~ 

Six rows, three negative shifts N1, N2, N3 and.wee positive shifts, P1, P2, and 
P3. 

e ,  

Entries Percentage (as a fraction) of price of import step R3 for imported products. 

TABLE PRDAVOID LIST OF PRODUCTS FOR AVOIDS 
Column names One column, SOWHAT - 

Row names Three character product codes. 

Entries None. . 
I 
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'TABLE SPNGF 
Column names 

' Rownames 

En&es 

TABLE S Q N G ~  
. Columnnanies 

I Rownames ' 

Entries 
* 

T D U .  SCVAL 
Column names 

Row names 

Entries 

TABLE UNFEQT 
Column names 

Row names 

Entries 

. .  

- .  -. 

SUPPLY STEP PRICES FOR NATURAL GAS TO REFINERY 
One column, ALLREG 

Two character names, first character is N (negative shift) or P (positive shift), 
second character is a number from 1 to 8 representing steps on the supply curve. 

1 

Price'increments in $/Mcf from reference well head price. #- 

SUPPLY STEP QUANTITIES FOR NATURAL GAS TO REFINERY 
Two columns,'MAX and MIN 

Two character names, first character is N (negative shift) or P (positive shift), 
second character is a number from 1 to 8 representing steps on the supply curve. 

.Volume increments in Bcf from reference quantity supplied. 

SUPPLY OF NATURAL GAS TO REFINERY 
Five columns, one for each refining region. 

One row, VOL. ' 

Volume estimak'reference quantity supply in Bcf. 

(d&h)  

COEFFICIENTS FOR UNFINISHED OIL IMPORTS 
Two columns, SLOPE, CONST, that describe the regression equation 
coefficients. 

. .  

One-row, X Y Z  

Slope and intercept for equation that correlates unfinished oil3mpOrts to crude 
input. 

1 
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T U L E  UNFOIL 
Columnnames , 

. Rownames 

Entries 

TABLE EMUNS 
Column names 

Row names 

Entries 

TABLE EMFUM ' 

Column names 

Row names 

Entries 

TABLE (R)RCOL 
Columnnames . 

Row names 

Entries 

'UNFINISHED OIL IMPORT SHARES 
Three columns, E, G, and PD; represent three types of unfinished oil imports into 
the US refining regions. 

Rows NPP, HGM, and ARB are unfinished oil streams imported to U.S. 

Coefficients under refining regions represent volume fractions. Column PD 
values are imported costs in $/bbl. 

/. 
. .  

(emish) 
, .  

EMISSIONS FROM PROCESS. UNITS 
Five columns, representing type of emission - VOC, CO1, NOX, SOX, and CAR 
(Carbon): 

Three character process unit codes. 

Emissions in Mlb/Mbbl for VOC, NOX, SOX. Units of MM lbs/Mbbl for CO1 , 
CAR. . .  

* 

EMISSIONS FROM FUEL BURNING 
Five columns, representing type of emission - VOC, CO1, C02, NOX, SOX, and 
CAR (Carbon). 

three character stream codes burned in refinery fuel system. 

Emissions in Mlb/Mbbl for VOC, NOX, SOX. Units of MM lbs/Mbbl for CO1, 
c02 ,  CAR. 

(fBCOIs) 

LJST 0 F . V M U L E S  TO BE EXCLUDED FOR REGION (R) 
One column, FCC 

Three character FCC operating mode names 

A 1 .O indicates that column will be fixed at level of 0.0 
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TABLE ZPX 
Column names 

Row names 

Entries 

I 

. .  
. b  

(distress) 

MAPPING OF.DISTRESS IMPORT COSTS 
One column, VALUE. 1 

Three character product cddes. 

One character value to map costs ($/bbl): N O ;  1=0.1* import price at import 
curve step 1; 2=$.99; 33.201. 4- . 

, .  

. .  
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A.3.2 Crude Oil Availability 

Crude oil supply availability is provided from two sources: (1) domestic production from the Oil and Gas 
Supply Model (OGSM), and (2) foreign imports to each refining region with three supply step increments.' 

(domcrude) , .  
. b- 

DOMESnC CRUDE OIL IMPORTS BY OGSM REGION 
One column for each OGSM =@on 

TABLE DCRSUP 
Column names 

Rows for selqcted years from Y90 to Y10. Row names 

Production volume in each OGSM region Entries 

)le from the "EMS restart file for a given scenario. . ' These values ari ivaila 

SHARE.BY LOWER 48 CRUDE GROUP 
One column for each OGSM region 

Five domestic aggregate crude groups plus Alaskan groups. 

TABLE DCRSHR 
Column names 

Row names 

Fraction@ share of production volume in each OGSM region Entries 
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TABLE CREXP 
Column names 

VOLUME OF CRUDE EXPORTS FROM U.S. 
Two columns, CRDEXP &presents crude oil exports, CRDSPR represents the 
SPR fill rate. 

, 

Row names One row, VOL. ' 

+Entries . .  Export volume in MbbYcd 

/- 

TABLE ZCR(crt)(R) 
Column names Six columns, Cl,Ql,C2,Q2,C3,Q3 

CRUDE OIL IMPORTS BY CRUDE GROUP 

Row names NEMS year code 

Entries , Columns Q(n) represent the.availability in MbbYcd of each crude. Columns C(n) 
show the landed price in $hbl at each refining region. 

, 
These values are available from the NEMS restart file for a given scenario. 

(emcrude) 
% 

TABLE CRUDEG 
Column names 

CRUDE OIL QUALlTIES.AND COSTS FOR REGZON G 
Three columns, CST, MIN, MAX. 

Row names Three character crude codes. 

Entries Objective function cost information; and minimum and maximum crude quantities 
available. , .  
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. .  

A.3.3 ' Other Raw Materials Availability 

. ,  (ethanol) 

TABLE SUPETH(D) ETHANOL SUPPLY BY CENSUS DMSION (0) -  
- Columnnames six columns, Cl ,Ri ,C2~,C3Jt3 

NEMS Year code ' /- Row names 

Entries Columns R(n) represent the availability in MbbVcd of Ethanol. Columns C(n) 
show tKe supply price in $/bbl in each Census division. 

These values are available from the NEMS restart file for a given scenario. 

(utility) 

TABLES (R)UAP UTILITY PURCHASES - REFINERY R 
Column names I One column, CST. 

Rownames ' 

- 
Three character codes for purchased utilities. 

Column CST contains the purchase price of the utility in dollars per unit. . Entries 

TABLES UTITRS NATURAL GAS PURCHASES 
Column names One column, COEF. 

Row names 

Entries 

One row, NGFNGS. 

Barrels of fuel oil equivalent @FOE). 

TABLES VALPNG 
Column names 

INDUSTRUAL PRICE OF NATURAL GAS 
Single character ID for 5 PADDs (E,C,G,M,W). 

Row names Single character NEMS year code (1,2,3, etc.). 

Entries Price of Natural Gas by PADD. 

. * .  

, .. 
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(ermother) ' 

7 

TABLES OTHERG OTHER RAWMATERIAL QUANITTIESAND COSTS FOR REGION G 
Column names 

Row names 

Entries 

Three columns, CST, h!liN, MAX. 

Threk character codes for intermediate streams (raw materials purchased). 

Column CST contains the purchase price of thekw material; columns MIN and 
MAX contain minimum and maximum quantities of each material yowed to be 

* 
v 

. purchased. 
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A.3.4 Product Imports 

@rdimprt). 

TABLE IPR@rd)(R) PRODUCT IMPORTS TO REGION (R) 
Column names Six columns, Cl,Rl,C2,R2,C3,R3 c 

Row names NEMS Year code , .  f- 

Entries Column' R(n) represent the availability in MbbYcd of each broduet (PRD) 
imported. Columns C(n) show the landed price in $/bbl at each refining region. 

I 

These values are available from the NEMS restart file for a given scenario. , 

TABLE NEMSRSD 
Column names 

IMPORTED RESIDUAL OIL SUPPLY QUANTlTYAND PRICE 
Two columns, RIB is fraction of step 1 import quantity, RlPR is multiplier of 
step 1 price in increments of 2 percent. 

, .  

.Row names R1 through R9. Step name increments.. 

Entries R1B is fraction of step 1 import level. RlPR is price level over step 1 price. 

TABLE IMPLIM LIMIT ON U.S. PRODUCT~MPORTS 
. Column names One column MAX 

Row names 

Entries 

One row, @ implies all  regions. 

Limit on product imports in Mbbllcd 
. .  
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A.3.5 Product Demands . 

(demand) 
> 

TABLES @rd) PRODUCTDEWD 
Column names One column for each Census Division. 

Row names NEMSYearcode. . /- 

Entries Demand in MbbYcd 

These demands he available from the NEMS res- file for a given scenario. 

TABLE (D)PRDEXP PRODUCT EXPORTS 
Column names . One column VOL for volume exported 

Row names . ,Three character export finished product codes. 

Entries Export volume in MbbYcd 

TABLE EXPLIM 
Column names 

LIMIT ON PRODUCT EXPORTS 
Two columns, YRPC and FIX for percent per y~ growth and fixed volume for 
the start year. 

Row names * The start year, i.e. '1995 

Entries YRPC value is multiplier for growth. FlX column is in MbbYcd. 

TABLE MULTEXPR PRZCE MULTIPLIER FOR PRODUCT EXPORTS 
, Columnnames One column MULT. 

Row names Price 

Entries Multiplier for export price as function of step 1 import price. 
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TMLE'PRODLIST 
Column names 

Row names 

Entries 

. TABLEDEMMET 
Column names 

Rownames . 

Entries 

T U L E  ETHTAX . 
Column names 

. Row names 

. Entries . 

TABLE PRODUCTG 
Column names 

Row names 

Entries 

LIST OF PRODUCT FOR D E W D S  
One wlumn DUMMY 

'&ee characters for finished product codes. 
' 

None. 

CHEMICAL METHANOL DEMAND 
One column CHEM for volume demand by chemical industry. 

NEMS Year code. 

Demand volume in MbbYcd 

(ethanol) . 

, .  

. .  
ETHANOL TAX 
One column, TAX. 

One character code representing Census Divisions 1-9. 

/- 

Tax. 

(ermprod) 

PRODUCT DEMANDS AND REVENUES FOR REGION G 
Three columns, REV, MIN, MAX; 

Three character product codes. 

Objective function revenue information; and minimum and maximum product 
demands. 
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. .  

-. - . A.3.6 Crude and Product Transportation 
, ,  

. <  
. Transportation links are specified for movements between all regions the model; from domestic crude 

oil supply regions (Oil and Gas Supply Model - OGSM), crude oil import regions, refining regions, and 
demand regions. Modes of transportation are provided for marine vessel, pipeline, i d  barge/truck 
Explicit pipelines were identified and aggregated. where necessary to represent links from refining regions , 

to-Census divisions. The table name structure uses the.follo&ng first tuio charactek to represent the 
corresponding modes of transportation - TP for tanker movements, PL for pipeline and BV fq .  

'Bargflruck Characters 3 and 4 are CR for crude oil, PR for products, andLG for LPG. Shipping .costs 
are in $/bbl from a source to a destination r@ion. The value must be negative to allow movement. A 
positive value indicatesea disallowed movement. ~n explicit iero indicates a nicost movement. 

0 

. 

I 

(transit). 

TABLES TPCR(S) 

Column names Crude group domestic, three characters. . 

DOMESTIC CRUDE MOVEMENTS (TMKER) EXITING OGSM 
REGION (S) 

Row names First character is mode code; second character, code for destination refining. 
/ region. I 

Entries Shipping cost in $/bbl to destixlation region. 

TABLES PLCR(S) DOMESTIC CRUDE MOVEMENTS (PIPELINNE) EXITING OGSM 
REGION (S) 
Crude group domestic, three characters. Column names 

ROW names First character is mode code; second character, code for destination refining 
region. 

'shipping cost in $/bbl to destination region. Entries 
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TABLES PUIR(R) AZL CRUDE MOWMENTS (PIPELJNE) EXlTlNG REGION (R) 
. Column names Crude group domestic and foreign, three characters. I 

Row names First character is mode Code; second character, code for destination region. 

1 Entries Shipping cost in $/bbl to destination region. 
1 

TABLES TPPR(R) .. PRODUCT SHIPPING COSTS (TMKER) EXITIN& REGION (R) 
Column naines 

.Row names 

Entries 

TABLES PLPRCR) 
column nahes 

Rownames' , 

Entries 

TABLES BVPR(R) 
Column names 

ROW names ' 

Entries 

Codes for finished products that are shipped by tanker. 

Transportation mode (one character) and destination region codes (one character) 
for a total of tyo characters. 

Shipping cost in $/bbl.- . 

. .  

PRODUCT SHIPPING COSTS (PIPEUNE) EXITING kEG1ON (R) 
Codes for finished producti that are shipped by pipeline. 

Transportation mode (one character) and destination region codes (one character) 
for a total of two characters. 

Shipping cost in $/bbl. 

' 

. I  
E .  

. I  

PRODUCT SHIPPING COSTS (BARGE/TRUCK) EXITING REGION (R) 
Finished product codes for shipments by barge and/or truck 

Transportation mode (one character) and destination region codes (one character) 
for a total of two characters. 

Shipping cost in $/bbl. 
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T M h S  TPME(R) 
.Column names . 

Row names 

Entries 

TABLES WET(D) 
Column names 

Row names 

Enkies 

TABLES PLLG(R) 
Column names ' 

Row~names 

Entries 

. TABLEMVCCAP 
Column names 

Row names 

Entries 

I .  

. %  

METHANOL $HIPPING COSTS E X I ~ G  REGION (R) 
MET for methqnol. 

. .  
Transportation mode (one character) and destination region codes (one character) 
for a total of two characters. 

J 

shipping cost in $/bbl. 
I 

ETHANOL SHIPPING COSTS EXITING CENSUS DMSION @) 
ETH for ethinol. /. 

. .  
Transportation mode (one character) and destination region codes (one character) 
for a total of two characters. 

Shipping cost in $/bbl. 

L ~ G I  & PCF SHIPPING COSTS (PIPELINE) EXITING ~ G I O N  (R) 
LPG and Petrochemical Feed (PCF) products that are shipped by pip&ne. 

'Transportation mode (one character) and destination region codes (one character) 
for a totd of two characters. 

Shipping cost in $/bbl. 

MARl" VESSEL (CRUDE AND PRODUCTS) CAPACITY 
MAkfprmaxiiumcapacity . . 

TVC (crude) or TVP (product), each followed by transportation mode (one 
character)andCP . 

Capacity in thousands of dead weight tons (DWT) 
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TABLE PECAP 
Column names MAX for maximum capacity . 

PIPELINE (CRUDE, PRODUCTS, AND LPG) CAPACZTY 

Row names TPC (crude), TPP (products), or TPL (LPG), each followed by source region code 
(one character), transportation mode (one character) and destindon region d e  
(one character) 

Entries Capacity in MbbVcd 

TABI;E BWCAP 
Column names 

4. 
MARl" BARGE (PRODUCTS) CAPACITY 
MAX for maximum capacity 

Row names TVP followed by transportation mode (one character) and CP 
3 

Entries Capacity in thousands .of dead weight tons (DWT) 

T ~ L E  PLNK(R) PRODUCT PIPELINE TRANSPORT 
Column names Three character codes for finished products. 

Row names Transpoxtation mode (one character) and destination region code (one character) 
for a total of two characten. Currently shipped from PADD 3 (G) and CD 6 to 
CD 5 and CD 6. . 

.Cost of product pipeline transport Entries 

W 
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A.3.7 Refinery Capacities and Operations 

TABLES (R)CAP 
, ,  Column names 

Row names 

. Entries 

TABLEMATBAL. 
Column napes 

Row names 

Entries 

TABLE (urn) 

columi names 

Row names 

Entries 

U 

s 

(refproc) 
I 

REFINING CAPACITlES - REFINERY R 
CAP, Pa,-and BLD. 

.,. 

4- Process unit codes. 

Column CAP contains existing unit capacities, in thousands of barrels per calendar 
day capacity (MBbVCD). ' 

Column PUL; contains fractional utilizations, which convert nameplate calendar 
day capacity to capacity available to the PMh4 model. The PUL factors represent 
actual utilizations and will vary from unit to unit, from region to region, and from 
case to case. These factors are used to wntrol over optimization. 

Column BLD contains a 1 .O if a unit can be expanded, otherwise a 0.0 means no' 
capacity expansion for that unit. 

I *  f 

(refprocdat) 

STREAMS REQUIRING MATERLAL BALANCE CONSTWNTS 
One column, A. 

e 

Three character intermediate stream codes. 

A flag (l=yes) indicating a need for material balance constraint on intermediate 
S t r e a m .  

REFINERY PROCESS UNIT YIELDS AND OTHER OPERATIONS 
(S& Section k3.9 for detailed information on specific processing units.) 
Three character process operating mode. 

Three character input/output stream codes; three character utility codes; three 
character policy codes; and CAP. ' 

1 .  

I 

Consumption and yield fractions for streams, utilities (bbl outputibbl input); costs 
for OVC ($/bbl). 
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(accunit) 

Atmospheric distillation refinery process unit. This unit c h a q & k s  the crude oils by differentiating the 
yields of the following fractions: 

S- 
I 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
I 

23 
rC4 
Vc4 
LSR (c5:175) 
LSR ((3-175) 
LSR ((3-175) 
LT NAPH (175-250) . 
LT NAPH (1 75-250) 
LT NAPH (175-250) 
VAPH (250-3w) 
VAPH(250-325) , 

VAPH (250-325) 
H N/L J(325-375) 
3 N/L J(325-375) 
3 N& J(325-375) 

i N/L J(325-375) 
i N/L J(325-375) 
CERO(375-500) 
(ERO(375-500) 
CERO(375-500) 
(ERO(375-500). 
(ERO(375-500) 
(ERO(375-500) 
(ERO(375-500) 
(ERO(375-500) 

3 N/L J(325375) 

iKERO(500-550) 
iKERO(500-550) 
iKERO(500-550) 
iKERO(500-550) 
-IKER0(500-550) 
iKERO(500-550) ' 

iKERO(500-550) 
X L  B(550-650) 
X L  B(550-650) 
X L  B(550-650) 
X L  B(550-650) 
X L  B(550-650) 
X L  B(550-650) 
X L  B(550-650) 
X L  B(550-650) 
X L  B(550-650) 
ISL B(550-650) 
ISL B(550-650) 
X L  B(550-650) 
X L  C(650-690) 
X L  C(650-690) 
ISL C(650-690) 
ISL C(650-690) 
ISL C(650-690) 
ISL C(650-690) 
ISL C(650-690) 
xi0 (690-800) 
.GO (690-800) 

iKERO(500-550) 

Quality I Descriution 

LON 
ION 
HON 
P 
I 
N 
P 
1 
N 
P L F  
ULF 
N L F  
P/HF 
m .  
N/HF 
L F L W  
LFLLAIS 
L F W  

HFf"S 
L F L W  
LFLLAIS 
L F W  
LF/"HS 
HFLW 
"S 
H F W  
" U H S  
LP/LuLs 
L P W S  
L P m s  
L P / H r n S  
LP/Hc/Ls 
L P / H r n S  
HPLULS 
HPlLClMS 
"S 
HP/Hc/Ls 
H P / H C / M S  
"cMS 
LPMCRS 
L P / H r n S  
L P m  
L P r n S  
HPLUHS 
HP/Hc/Ls 
HP/HC/HS 
N U  
N,MS 

low octane 
inteamediateoctane 
high octane 
paraffinic 
intermediate 
naphthenic 
paraffinic 
inteamediate 
naphthenic 
paraffinic low frew p t  index 
intermediate low freeze p t  index 
naphthenic low freeze p t  index 
paraffinic high freeze p t  index 
intermediate high freeze p t  index 
naphthenic high freeze p t  index 
low fz pt,  low smoke pt. low sulfur 
low fz pt ,  low smoke pt. high sulfur 
low fi pt ,  high smokept, low sulfur 
low fi p t 7  high smoke pt ,  high s?llfur 
high fi pt7 low smoke pt ,  low sulfur 
high fi pt., low smoke pt ,  high sulfur 
high fz pt., high smoke pt. low sulfur 
high fi pt., high smoke pt ,  high sulfur 
low fi pt, low smoke pt, low sulfur 
low fi pt.. low smoke pt, high sulfur 
low fi pt.. high smoke pt.. low sulfur 
high fipt., low smokept, low sulfur 
high fi pt., low smoke p t ,  low sulfur 
high fi pt ,  low smoke pt., high sulfur 
high fi pt., high smoke pt ,  low sulfur 

low pour pt ,  low cetane index, low sulfur 

low pour pt, low cetdne index, medium snlfur 
low pour pt, high cetane index. medium sum 
low pour pt,  high cetane index, low sulfur' 
low pour pt ,  high cetane index, high sulfur 
high pour pt ,  low cetane index, low sulfur 
high pour pt ,  low cetane index, medium sulfur 
high pour pt, low cetane index, high sulfur 
high pour pt., high cetane index, low sulfur 
high pour pt, high cetane index, medium sulfur 
high pour pt. high cetane index, high sulfur 
low pour pt, high centane index, low sulfur 
low pour pt; high centane index, high sulfur 
low pour pt, low Centane index, low sulfur 
low pour pt, low centane index, high sulfur 
high pour pt, low centane index, high sulfur 
high pour pt, high Centane index, low sulfur . 
high pourpt, high centaneindex, high sulfur 
naphthenic, low sulfur 
naphthenic, medium suIfur 

. 

. 

. 

high fi pt., high smoke pt., @gh sulfur 

low pwr pt, low cetaneindex, high sulfur 

. 

i 

Energy Information Administration 
NEMS Petrolemi Market Model Documentation 

NC4 
SRL 

#- SRI 
SRH 
LNP 
LNI 

LNN 
I NPP 

NPI 
NPN 
JPL 
JIL 
JNL 
JPH 
m 

JNH 
l u L  

1 KLH 
KHL 
K H H -  
1LL 
1LH 
1HL 
1" 
3LL 
3LH 
3HL 
3" 

4LH 
4HL 
4" 
DLL 
DLH 
DLM 
DHM 
DHL 
D" 
2LL 

2LM 
2LH 
2HL 

2HM 
2" 
6HL 
6HH 
6LL 

. 6LH 
'7LH 
7HL 
7HH 

' 4LL. 

JXL 
LGM 
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m .  - *  M D t i o n  

paraffinic low sillfur 
LGO (690-800). N.HS 
LGO (690-800) P U  
HGO FD(800-1050) NAP@ 
HGO FD(800-1050) NAPMS 
HGO FD(800-1050) P l N U  paraffinic low sulfur 
VAC RES v LO SUL (0.5) very low sulfur 
VAC RES HISuL(2.3) highsulfur' 

naphWc,  high sulfur 

naphthenic, low sulfur 
naphthenic, medium sulfur 

ATMOS RED CRUDE (A-M) TypeAthroughM 

stream 
Mnemonic code 

LGH 
LGP 
HGL 

HGM 
HGP 
RSL 
RSH 

AL4-M 

Y 

Data sources are the parent Turner Mason model data (vintage 1978) provided to ORNL by EIA (vintage 
1985) and thereafter to ENSYS and in-house ENSYS assay data. These have been collectedhd compared 
from many sources and progressively built into the model. Assay data for stored SPR crude oils were 
.obtained from U. S. Department of Energy, "strategic Petroleum Reserve Crude Oil Stream Quality 
Characteristics", August 1,1990.. 

In the past, crude oil quality information resided in the crdvaLdat data file used for PMM matrix 
generation. It has been transferred into two MSAccess database files residing on the EIA LAN at the 
following location: 

\\FS-F1~007\PRJ\MSACCESS\CRD95GRP (MRM processing) 
\\FS-F1~7WRJWSACCESS\CRD95IW . (EI?M processing) 

The database file contains quantity, API gravity, sulfur, grade, and source information on individuk m d e  
oil streams. Macro programs have been developed to process this data to generate the following set of 
tables now residing in the accunihdat data file: Table ACUCUTS, Table ACUPOL, and Table ACUUTI. 
Note that the Table ACUCUTS yields have been volume balanced to 0; i.e., total yields equal 1.0 exactly. 
Process losses are accounted for using Tables PFA ahd REL. 

- TABLE ACUCUTS ATMOSPHERIC DISTILLATION n E i m  FOR CRUDE OILS 
Column names Three character crude stream group.cde AMH for Alaska North Slope, ALL for 

Alaska Light, D(U) for domestic crude oils and Fa) for imported &de oils. 

Row names ' Three character intermediate stream codes. 

Entries Volume fractions (bbl Outputhbl Input). . 

T U L E  ACUPOL .ATMOSPHERIC DISTILLATION NON-YIELD VALUES FOR CRUDE 
OILS , 

Column names OVC for variable operating cost and LOS for losses 
0 

Row names . Three character crude stream group codes 

Entries $/bbl for costs. Volume fractions (bbl Outputhbl Input) for LOS. 
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. T.LEACUUTI  ATMOS. aISTILLATION UlTLJTY CONSUMPTION. FOR CRUDE OILS 
Column names KWH and STM 

Row names Three character crude stream group codes 

Entries Electricity (kWh) and steam (Ibhbl). 

TABLE INvLlM 
Column names MAX 

INVESTMENT LIMIT BY REGION 
i- 

Row names s One character region code and @ for total U.S. 

Entries Million dollars of total capacity expansion investment. 

- .  

(setrows) ' 

TABLES (R)POL REFINERY POLICY ROW CONSTUNTS - REFINERY R , 

Column name ' TYPE. 

Row names The three character row names correspond to processing constraints (as discussed 
below). 

A non-blank entry in the TYPE column causes generation of a row of 
corresponding type, either a max, min or fixed. 

Entries - 

The process constraint rows in the current formulation are as follows: 
SVR, SVH, SVL, SVC limit severity on FCC, RFH, RFL and RFC respectively. 
PFH, PFL, PFU, PFF limit H,S, very low (0.3 percent), low (1 percent), and high (3 
percent) sulfur fuel os2 to refinery fuel respectively, 
FLX limits the use of flexicoking activities (which are actually depicted as modes of 
operation of the fluid coker) to the level of known flexicoker capacities, 

'PK, PFU and PFB are used to set the amount of residual fuel input to refinery fuel, generally based on historical data., 
If left uncontrolled, resid input to refinery fuel can swing wildly and unrealistically. 
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, ,  . 
. .  MSL, MSR, FCR, MSD, MSZ, FCU are used to control FCC activities: 

0 MSL maximum use of light olefin modes 
0 MSR maximum low sulfur residue feed 
0 , FCR: maximumhighsulfurresiduefegl 

, 
Y 

0 MSD: maximum distilla@ feed' , e  

0 MSZ maximum use of ZSM high ktane catalyst . .  
0 FCU: maximum ultra-low sulfur feed operations 

'MXU, Lo, LO5, HOO, H05, C05, RCU control reformer operations: _ .  
I 4. .MXU miximum use of R62 high octane catalyst 

LOO, LO5: maximum use of 100 and 105 severity on the RFL unit , 

.HOO, H05: maximum 100 and.105 severity on the RFH unit 
C05: maximum 105 severity operation of the RFC unit 
RCU maximum ultra-low pressure and low benzene operations on the RFC unit 

0 
' 0  

0 

. 0 

' 

DKU and DDU limit deep desulfurization of kerosene/h&vy kerosene and of dieseYlight cycle oil in the 
distillate desulfurizer. 

'(limpol) . ' . 

TABLE UNITPOL PROCESS UNITS WITH POLICY RO W CONSTRAINTS 
Column name DUMMY - 
Row names 

Entries None. 

Note that the entries in tables LIM(uns)(r), which represent fraction of throughput, will appear as entries in 
the column Z(r)FLO(uns). The current set of (uns) are: 

The three character row names correspond to processing Units that have policy 
limits. These units are described below as tables LIM(uns)(r). 

0 

. .  

FCC, RFL, RFH, DDS, FUMY KRF, ETH, and ETM. 

TABLES LIM(uns)(R) R E G I O N .  REFINERY POLICY LIMITS 1. 

Column name * "k&e character policy limit code. 

Row names 

Entries 
I 

One row, DUM. 

A value representing a volume fraction of the process unit capacity for the 
' restriction, i.e. 0.99 stipulates that this mode will be limited to 99% of the units 

total capacity. The total capacity is the sum of the existing capacity, builds, and 
new capacity 'expansion. 

I 
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TABLE INV INVESTMENT PARAMETERS REFINERY UNITS 
column napes INV, FXOC, CAPREC. 

r 

Row names Process unit codes. 

Entries \ ’ Column h ’ V  contains investment in $/bbl, FXOC has the fixed operating cost in 
$/bbl, and CAPREC has the daily annualized investment cost. 

#- 

This table provides the investment parameters required for the total annualized cost of investment and 
fixed cost coefficients which are placed on the process unit expansion activities. These values’ are 

. generatedoffline. 

The capital recovery factor is built up from cost of capital, economic life, depreciation life and tax pte. 
Straight-line depreciation is assumed and depreciation is considered as an expense to be offset as a & 
credit against the tax burden. The calculated capital recovery factor is on an &r-tax basis and the 
resultant investment purchase vector costs are on the same basis. 

(nrfPl@. 

TABLE I W O H  INVESTMENT PARAMETERS METRANOL PLANT 
Column names zNv,cAPREc,FXoc . 
* .  I 
Row names Process unit MOH. 

Entries Column IN!! contains investment in $/bbl, CAPREC has the daily annualized 
investment cost, and FXOC has the fixed operating cost in $/bbl. . 

This table provides the methanol plant investment parameters required for the total annualized cost of 
investment and fixed cost coefficients which are placed on the process unit expansion activities. These 
values are generated offline. 
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- .  TABLE GASPLT GAS.UQ.UIDS PROCESSING PLANT . 

Column names Five columns, (R)Ol for each refining region. 

Row names DGP, (gas plant feed), PGS, CC3, IC4, NC4, NAT, (Natural Gas Liquids NGL's), 
OVC operating cost, LOS processing loss. 

Gas plant feed in Bcflday, yields.in MbbllBcf. 

- 
Entries 

TABLE GASSHFT 
Column names 

Row names 

'Entries 

T U L E  GASCAP 
Column names 

Rownames ' 

ALLOWSHIFT OF ETHANEAND PROPME TONATURAJiGAS 
Two columns, SC2 for shift of ethane to natural gas, SC3 for shift of propane to 
natural gas. I . r '  

I 

CCl, (natural gas), LOS processing loss, and OBJ. 

. Amount shifted from gas plant yield to natural gas in MbbYBcf. OBJ represents 
credit for gas plant operating costs. 

CAPACITY OF GAS PLANT 
Five columns, (R)Ol  for each refining region. 

, 

CCI, dry gas supply limit, FAC, gas residue factor, CAP, gas plant capacity, LIM, 
limit on propane shift, PCU, percent utilization. 

I 

Entries Gas plant feed and CAP in'BcfldayY FAC is volume fraction, LIM in MbbVcd, 
PCU is percent utilization. 

TABLEMOHPLT M E T W O L  P M T  
Column names Five'columns, (R)Ol for each refining region. 

Row names CC1, (natural gas feed), MET methanol output, OVC operating cost. 

Entries . 

TABLE MOHCAP. 
Column names 

Natural gas plant feed in MMckay, yields in MbbVcd of methanol. 

CAPACITY OF METHANOL PLANT 
Five columns, (R)Ol  for each refining region. 

I 

. ,  

Row names 

Entries 

One row, CAP. 

plant capacity in MI+VC~. 
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I 

, 
.. 

TABLE (R)CA?'MCH MERCHANT PLANT CAPAClTIES - REGION R 
Column names 

Row names 

Entries I 

TABLE (uns)POL 
Column names 

- Row names 

'Entries 

TABLE (uns)UTI 
Column names 

. I  

Row names 

Entries 

TABLE (uns)CAP 
Column names 

Row names 

Entries 

CAP, PUL, and BLD 

PrOce~s unit coda - C4X, OLX, ETX, FUX, STX 

Column CAP' contains existing unit capacities in thousands of barrels per calendar 

Column PUL contains fractional utikations, which convert nameplate calendar 
day capacity to capacity available to the PMM model. The PUL factors represent 
actual utilizations and will vary from u&t to unit, from region to region, and from 
case to case. These factors are used to control over optimization. 
Column BLD contains a 1 .O if a unit can be expanded, otherkse no capacity . 
expansion allowed for that unit. 

day &pacity (MBbVCD). /- 

e .  

MERCHANT PLANT POLICYROW CONSTRA~NTS 
OVC for variable operating cost and LOS for losses 

Three character mode. 

$/bbl for costs. Volume fractions (bbl Outputhbl Input) for LOS. 

MERCHANT PLANT UTILITY CONSUMPllON FOR PROCESSING 
KWH and STM 

Three character mode. 

Electricity (kWh) and steam (lbhbl). 

MERCHANT PLANT CAPACITY FACTOR 
One column, CAP 

Three character mode. 

Capacity factor. 
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TABLE (uns)REP MERCHANT PLANT PROCESS YIELDS , 

Column names 

Row names 

Entries 

Three character process mode codes. 

Three character intermediate stream codes. 

Volume b t i o n s  (bbl outputhbl input). 
. -  

TABLE TRANSFER MAPPING OF STREAM TRANSFERS BETWEEN PLANTS 
Column names One column, DUMMY. 

- 

4- 

,Row names Two character plant code - GP, MP, or.RF. 

.. c 

. . Entries Noentry. . 

TABLE (=)TRANS STREAM TRANSFER COSTS ACROSS PLANTS 
Column names Two charact& plant code - GP, MP,  or.RF. 

\ 

. I  Row names Three character intermediate stream codes. 

- Entries Cost of ksfer ing  stream across plants ($/bbl). 
(XX = GP (gas plant), M p  (merchant plant), RF (refinery).) 

TABLE MCHINV 
CoIUmn names I 

Row names 

Entries 

TABLE CGNCAP 
Column names 

- Rownames 

INVESTMENT PWETERS FOR'MERCRANT PLANT UNITS 
INV, FXOC, CAPREC. 

Three character process unit codes. 

Column INV contains investment in $/bbl, FXOC has the fixed operating cost in 
$/bbl, and CAPREC has the daily annualized investment cost,' 

(cogener) I 

. . .  

COGENERATION PLANT CAPACITIES 
CAP, PUL, and BLD 

One character PADD ID (E,C,G,M,W). 

Energy Infobation Administra tion 
NEMS PetroIepn Market Model Documentation Page A - 50 



Entries Column CAP contains existing cogeneration capacities in Kwhlday units. 

Column PUL contains fractional utilizations, which convert nameplate calendar 
day capacity to capadty available to the PMM model. The PUL factors represent 
actual utilizations and will vary from unit to unit, from region to region, and fiom 
case to case. These factors are used to control over optimization. 

Column BLD contains a 1.0 if a unit can be expanded, otherwise no capacity 
expansion allowed. i- 

COGENERATION POUCY ROW CONSTRAINTS 
OVC for variable operating cost. 

TABLE CGNPOL 
Columnnames 

. .  One row, three character mode- CGN. . .  . Rownames 

Entries 

. TABLE CGNUTI 

$hbl for costs. . .  

UTILITY CONSUMPTION FOR COGENERATION 

KWH and STM Column names 

One character PADD ID (E,C,G,M,W). Row names 

Electricity (kWh) and steam (lbhbl). Entries 
- .  

TABLE CGNREP COGENERATION FUEL CONSUMPTION 

One column, CGN ' 

One row, FUL 

Fuel consumption 

Column names 

Row names 

Entries 

COGENERATION SALES BY PRDD 
One column, SOLD 

PADD Codes, E,C,G,M,W. 

TABLE SELCGh' 
Column names 

Row names 

. Fraction sold in each PADD. * Entries 
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TABLE TRS 
I Columnnames 

Row names 

Entries 

TABLE XSAtE 
Column names 

Row names 

(-1 

STREAM TO STREAM TRANSFERS 
Two columns, MIN and CST 

Six character code, consisting of a three character interrgediate stream code and 
another three character intermediate stream code; and OVCOBJ. . 

No entry; except CST column: -1 for OVCOBJ and -10 for BNZARP (premium 
placed on BNZ to ARO transfer). * 

STRIS~UMTOPRODUCTTWSFERS - 
One column, DUMMY. 

Six character code, consisting of a three character intermediate stream code and a 
three character product stream code. 
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A.3.8 Product Blending and Specifications 

(gasoblnd) 

TABLES Q(R)GSL REGIONAL GASOHNE SPECIFICATlONS 
Column names Finished gasoline codes 

Row names Two character quality codes, followed by X (maximum) or N (mhidum). 

Entries Columns contain specification levels for the corresponding qualities. 

TABLES(R)SSR . SUBSPEC RFG Q U U T Y  SPECIFICATIONS 
Column names SSR and RFH 

Row names Product qualities codes using six characters; the first three are RFG, the next two 
are quality codes, the last is either X for maximum or N for minimum. 

, 'Product quality specifications. The quality coefficients of SSR reflect a Entries 
reformulated gasoline that is to be blended with 7.8% Ethanol and therefore has a 
lower octane and other qualities to accommodate the quality barrels delivered by 
Ethanol. - 

TABLES (R)SST . SUBSPEC TRG QU.TYSPECIFICAZ7ONS 
Column names SST and TRH 

Row names 
\ 

Product qualities codes using six-charact&s; the first three are TRG, the next two 
are quality codes, the last is either X for maximum or N for minimum. 

- 

Entries ' Product quality specifications. The quality coefficients of SST reflect a traditional 
gasoline that is to be blended with 7.8% Ethanol and therefore has a lower octane 
and other qualities to accommodate the quality barrels delivered by Ethanol. 
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TABLES (R)SSE 
Column names 

Row names 

. .  

Entries 

TABLE GCB 
Column names 

ROW nimes 

0 

SUBSPEC TRG QUAUTYSPECIFICAZ~ONS 
SSE and TRG .. 

Product qualities codes using six characters; the.first three are TRG, the next two 
are qbality codes, the last is either X for maximum or N for dnimum. . . . 

Product quality specifi&ons. The quality coefficients of SSE reflect a 10% 
ethanol blend. . . 

GASOLINE Q U U 2 7 E S  (EX OCTmE) 
Quality codes . , ,  

. #- 

Entries - 
TABLE GCC 
Column names 

Row names 

Entries 

Column names 

Intermediate product codes 

Blending values 

GASOLINE COMPONENT USAGE CONTROL 
Finished product codes. 

I 

TMLJ% GASGROUP GAS GROUP CLASSIFICATION 

Row names 

Entries 

TABLE GSLUTI 
Column names 

Row names 

Entries 

Intermediate stream codes 

A non-blank entry indicates that the intermediate is allowed as a component to the 
finished blend. . I 

One.column7 TEXT(1). 

Three character stream code matching those in TdZe GCB. 

Three character gas group classification: G00-Gl2. 

GASOLINE BLEND UTILITIES . 
Utility, electricity7 KWh. 

Gasoline type. 

KWh per barrel of feed. 
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TABLE MCO 
Column names 

. R ~ W  names 

Entries 

TABLES (xxx)BV 
Column names 

Row names 

Entries 

GASOLJNE COMPONENT OCTANE RATINGS 
Eight colu&s, ROO, ROS, R15, R30, MOO, M05, M15, M30 of which the PMIvl 
model uses just two, ROO and MOO (iead-fke research and motor octanes) 

Intermediate stream gasoline component codes . 

Base research and motor octane blending numbers for each component at four 
levels of lead. 

' 

#- 
GASOLINE COMPONENTBONUS BLEND~" VALUES 
Nine columns, ROO, R05, R15, R30, MOO, M05, M15, M30, TEL of which the 
Ph4M model uses just two, ROO and MOO (lead-free research and motor octanes) 

Intermediate s t r m  gasoline component codes 

Bonus research and motor octane blending numbers for each component at four 
levels of lea$ Non-zero entries are added to the base octanes from Table MCO 
and used in the relevant gasoline blend. 
since the PMM model reduces all gasoline grades to an equivalent lead-* 
basis; the only entries relevant in these "BV tables are those under unleaded 
ROO and MOO octane columns. 

(xxx = UNC and RE34 (representing TRG and RFG. respectively).) 

TABLE GSPETH MINIMUM OXYGEN FRACTION IN RFG 
Column names One column, RE 

Row names One row, RFGN 

Entries Minimum fraction of oxygen in reformulated gasoline. EPA regulation requires 
15% in 1995 and 30% thereafter. 
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, (distblnd) . 
I 

TABLE Q(~)DFo . * REGIONM DISATILLATELFUEL OIL SPECIFICAATIONS 
Column names ' 

Finished distillate fuel oil codes; Distillags JTA, N2H, DSL and residual fuel oils ' J  

N6I36B. 
. . .  

Row names 

Entries 

T D W  DCB 
Column names Quality codes 

Two character quality codes, followed by X (maximum) or N (minimum). 

Columns contain specification levels for the corresponding qualitie?. 

. DISTILLATE QUALIATIES (EX OCTANE) . .  

Row names . Intermediate product codes 

Entries '' 

TABLE DCC 
Column names 

- 
Row names 

Entries - 

TABLE DFOUTZ 
coiumn names . 

Row names 

Entries 

Blending values 

DISTILLATE COMPONENT USAGE CONTROL . 
Finished product codes. 

Intermediate stream codes 

A non-blank entry indicates that the intermediate is allowed as a compoient to the. 
finished blend. . I 

DISTILLATE BLENDING UlZUTIES 
One column, STM, steam. 

Five distillate fuel oil products: JTA, N2H, DSL, N6I, N6B. 

Steam use per barrel of feed. 

J 
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TABLE RCP RECIPE BLEND CONTROL 
Column names Three columns, A, CST, and STM, plus intehnediate stream codes. 

Row names 
b 

Finished product codes followed by a number. The intention is to prov,,: for 
different recipes for a given product. The row ending in a zero must be present. 

Entries A non-blank entry 
Column CST contains any cost met in making the blend, e.g. TEL cost for 
production of aviation gasoline. 
The remaining columns contiin the volume fractions of the components making 
up the blend. 

column A activates the corres$nding blend. f - 

TABLE RCPEZA RECIPE BLEND CONTROL 
Column names Seven columns; A, CST, and five selected product streams (JTA, N2H, SLP, 

CKH, CKL). \ 

-Row names Special products: salable sulfur, low and high sulfur coke. 

Entries ' A non-blank entry in column A activates the conresponding blend. 
Column CST contains any cost met in making the blend, e.g. "EL cost for 
production of aviation gasoline. 
The remaining columns contain the volume fractions of the components making 
up the blend (including unit conversions). 

TABLE TRSPMM 
This unit a ~ o w s  the transfer of one refinery stream to another - the transfer vector names are in the form 
xrryyy where xxx is the source stream code and yyy is the destination stream code. 

Selected refinery minor finished product sales transfers are included in Table TRSPMM, namely: 

PIPING NETWORK AND MISCELLANEOUS TRANSFERS 

- optional condensation of C, and C, streams into sales LPG. This is useful where data are not 
separately available for propane and butane sales (Would normally be de-activated through 
asterisks in Column 1.) 

- condensation of benzene, toluene, and xylene into AROmatics and BTX sales. 
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. ,  

a 

Table TRSPMM is also Used for condensation of feed streams for several of the key refinery process units. 
This economizes on detail in ref&ery process unit representations at the expense of adding a relatively 
small number of LP transfer vectors. 

, ,  

I ,  

The original transfers were derived f;om the parent Tumer Mason model provided to EIA and has been, 
. amended and extended by ENSYS and EIA. 

TABLE BLNSP(D) 

I 

RECIPE BLENDING FOR KEROSENE AND RESIDUAL OIL TO 
UTIUTlES 
Three columns, KER, N67, and N68. 

Stream codes for components of each blend and blended product,codes. 

Volume fraction of each component in final blends. 
A table exists for each Census division. 

. #- . Column names 

Row names 

Entries 
, 

TABLE BLOX(D)YXX . ' RECIPE BLENDS FOR HIGH OXYGEN GASOLJNES IN 
CENSUS ( 0 )  

Column names 

Row names 

Six columns, E85, M85, TRH, RFW, RFG, and TRG. 

Stream codes for components ofeach blend and blenddproduct codes plus OBJ 
row. 

Volume fraction of each component in final blends. Row OBJ contains tax credit 

1 

I 

Entkes 
' fo; blends. 

TABLE HOXETH - ETHANOL RECIPES FOR SPLASH BLENDING 
Column names Four columns, TRH, RFH, RFG, TRG. , 

Rownames . Gasoline blend streams. 

Entries Consumption and yield fractions for ethanol blending streams. 

TABLE XETH OXYGEN CONTE~T OF ETHANOL 
~OIumn names One column, PO. 

Row names . One row, XETH. ,' 

- -  

Entries Percent oxygen .for ethanol. 
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I TABLESCB 
Columnnames . 

. Rownames 

Entries 

TABLE CKSMIX 
'Column names 

Row names 

Entries 

TABLE GROUP 
Column names 

Row names 

Entries 

,- 

'OXYGEN CONTENT OF OXYGENATES 
One coiumn, PO. 

Oxygenate stream codes. 

' Percent oxygen for Oxygenate s'treams. 
. .  

(demand) 
/ *  

SALABLE COKE RECIPES . 

Two columns, CKL &d CKH for low sulfur and high sulfur coke, respectively. 

Coke stream codes (CKL, CKH) and product coke (COK); OBJ is scaled for. 
selling price for coke. 

Price ratio for coke (to be multiplibed by WOP). Conversion from tons to bbls, and 
1 .O coefficient for material balance. 

- 

(fuelmix) 

FUEL MIX COMPONENTS . 

One column, DUMMY. 

I 

Six character code, consisting of a three character intermediate stream code and a 
three character fuel stream code. 

No entry. . 
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A.3.9 Refining Technology ' 
. ' ,  

~ 
The tables described in this section are essential to the representation of refiniig technology. ~ l l  the tables 
are names (uns), representing the refining technology processing unit. The Column names represent 
mdes of operation. The Row names repGsent refinery process input and output streaks (inte&ediate 
streams), policy (OVC;LOS, etc.) cost infomation, and utiity (KWH,STM) consumption. The table 
entries volume fractions (bbl Outputhbl Input) for intermediate streams; costs ($hbl) for policy 
information; and utility consumption rates (kWh/bbl and lbhbl) for electricity and steam, respectively. 

(refprk) 
~. 

TABLE VCU 
Vacuum distillation refinery process uiiit. This. unit separates atmospheric distillation tower bottoms into 
-the following fractions: 

CRUDE VACUUM DISTILLATION UNIT 

, .  

* '  . 

- Heavy diesel cut (656690 degrees Fahrenheit), according to sulfur content, pour point and cetane 
' index .. 

Light gas oil (690-800 degrees Fahrenheit), according. to sulfur content 
- Heavy gas oil (800-1050 degrees Fahrenheit), according to sulfur content 
- Vacuum residuum (1050 + degrees Fahenheit), &ording to sulfur con&nt, with the high 

. metdasphaltene content residua being undercut below 1050 degrees Fahrenheit. 

c 
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The atmospheric residua which f+ the vacuum distillation unit tower &e classified according to s h a r  

differentiation for the RYM regional model: 
, MI gravity, sulfur content, viscosity, and gas oil content into 13 categories. These provide sufficient 

. Table &. Atmospheric Residual Oil Qualities 

Data sources are based on in-house ENSYS data and ENSYS calculations and estimates. 

All the following tables described in this section &e located in file name (refproc). . The table entries are 
in volume fractions (bbl Outputhbl Input) except for costs ($/bbl) and utilities for electricity (kWh) or 
steam (lbhbl). 

(refproc) 

TABLE KRD DELAYED COKER 
Delayed coking of vacuum residua and FCC decant oil streams produce petroleum market coke and lighter 
products., Care has been taken to weight balance the yields and to match both low and high sulfur coke 
productions against actual regional makes. The naphtha fractions produced are of necessity stabilized and 
reformed (the annualized cost of stabilizing the C5-175 fraction is included in the OVC uriit operating cost 
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. .  

row). The middle distillates require stabilization and hydrolxkting before blending to distilIate fuels. The 
coker gas oil produced may be desulfurized and routed either to FCC feed or residual fuel oil blending. 

Data sources are in-house ENSYS data gathered from a variety of p u b k h d  sources, including J. H. Gary 
and G.E. Handwe& ''Petroleum Refining Tec&ology cu2cI Econo~cs", 1975 and the EIA R m  model 
data as provided to ORNL by EIA and the&; to ENSYS. . 

TABLEKRF FLUID AND FLEXI COKER 
Fluid coking of vacuum residua to produce coke and lighter products. Care has been taken qweight 
balance the yields and to match both low and high sulfur coke productions against actual regional makes. 
The naphtha fractions produced are of necessity stabilized and reformed (the annualized cost of stabilizing 
the (3-175 fraction is included in the OVC unit operating cost row). The middle distillates require 
stabilization and hydrotreating before blending to distillate fuels. The coker gas oil produced may be 
desulfuiized and routed either to FCC feed or residual fuel oil blending. 

c 

. 

I 

. .  

Flexicoking is hso represented in this program module, reflecting the gasification of the coke produced to 
fuel, gas. 

-The data sources include the following:, 

- Busch, R. A. et al, "Flexicoking + Hydrotreating Processes for Quality Products", 
presented at the'AKhE Spring Meeting, April 1979. 

Blaser, D. E. et al, "Fluid Coking/FLexicoking, a Flexible Process for 'Upgrading Heavy. 
Crudes", Exxon Research and Engineering Company, October 26,1978. , 

TABLE SDA PROPANE. DE-ASPRQLTER 
Residua produced by the vacuum-distillation unit are solvent extracted to produde asphalt, FCC feed, i d  
heaiy fuel oil blending components. Data sources are in-house ENSYS data gathered from a variety of 
published sources. 

Because of the limited number of vacuum residua depicted in the model, it is not possible for this unit to 
C0hVeI-t one residuum into another, plus gas oil and retain reasonable volume, weight and sulfur balances. 
Accohngly, the model activities represent only the partial conversion of one residuum into.another. 

TABLE VBR VISBREAKER 
Visbreaking of vacuum residua to produce lowered viscosity residual blendstocks. Visbreaking is a mild 
thermal cracking prmss and produces a proportion of lighter products. 
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Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
, ENSYS data The range of potential feeds has been extended by ENSYS. 

TABLENDS * NAPHTHA HYDROTREATER 
Hydrotreating of various refinery naphtha streams prior to reforming or blending with naphtha sales. The 
data source is the EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house ENSYS 
data. 

.? 

T M L B  DDS . HEAVY NAPHTm, KEROSENE, AND MIDDLEANp.HEAVY 
DISTILLATE DESULFURlZER 

This unit represents the desulfurization of a broad and comprehensive set of refinery streams, ranging from 
325 IBP to 690 EP degrees Fahrenheit. Various degrees of desulfurization intensity are also represented, 
ranging from normal (90 percent desulfurization) to the ultra low sulfur mode for blending to meet 0.05 

. weight percent diesel fuel. The different modes are also reflected through the use of the CAP row, with 
coefficients ranging from 0.8 to 3.33 to represent the different catalyst to oil ratios required to achieve 
different degrees of desulfurization. The increase in the CAP coefficients is tantamount to forcing a 
reduction in unit throughput and space velocity to reduce the sulfur level of the product stream. - 

High and medium and low sulfur (adequate'for conventional, but not ultra-low sulfur fuels) feeds are 
included in Table DDS. These include virgin heavy naphtha; light and heavy kerosene fractions; diesel 
and Number 2 fuel oil streams; FCC light cycle oil streams, reflecting different FCC conversion levels and 
gas oil feed sulfur levels; middle distillate furfural extraction unit *nates; de-waxed diesel fractions; and 
select JP8-X and JPl 1 cuts from specialty naphthenic crude oils used for producing high density jet fuels. 

- , Data sourcds are the EIA RYM model data provided to ORNL and thereafter to ENSYS and ENSYS 
analysis pf published sources. These include 

Shih, S. S .  et al, "Deep Desulfirization of Distillate Components", Paper.264B presented 
at the AIChE Fall Meeting, November 1990: 

McCulloch, D. C.  et al, "Higher Severiv Diesel Hydrotreating ", Paper AM-87-58 
presented at fhe NPM Annual Meeting, March 1987. 

Johnson, A. D., "Study Shows Marginal Gainsfrom Hydrotreating", Oil & Gas Journal, 
May 30,1983, p.78. 

. ' 

Yoes, J. R. and Asim, M. Y., 'tCon.onting New Challenges in Distillate Hydrotreating", 
Paper AM-87-59 presented at the -RA Annual Meeting, March 1987. 
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TABLE FDS GAS OIL DESULFURIZER/UILD HYDRO-CRACKER 
' This uhit represents the desulfurization of light And heavy gas oils, including coker gas oil, to produce 

hydro-hted gas oils for FCC feed and heavy fuel oil blending. A light hydrockking mode is also repre- ' 

sented to produce a very low sulfur content gas oil for ihe purpose,of removing sulfur from light and heavy 
, catalytic gasolines in order to produce.reformulated gasoline at the 50 ppm sulfur 1eGel. 

. 
Data sources are'the EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS 

. ~. . 

The mild gas oil hydrocracking data were obtained from: . 
, #- 

Belt, B. A., "Nqv Approaches to FCC Hydrotreating ", Paper 44C presented at the AIChE 
Spring Meethg;March 1990. 

. .  
TABLE RDS kESIDUUM DESULFURZZER 

levels of desulfurization are represented: 77 percent and 85 percent desulfurization. The heavy products 
are generally in the 03- to 1.0-weight percent sulfur contcint level and may bk used as low sulfur residual 
fuel oil blendstocks, or to p r o ~ d e  the FCC with feed for residuum' cracking. 

' This unit represents the desulfurization of vacuum and atmospheric residua, g& oils and asphalt. Two 

. I  

Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS , &-house ENSYS 
data, and other published sources, including the following: 

: 
Billon, A. et al, "HyvahlF and T Processes for High Conversion and Deep Refining of 
Residues", Paper AM-88-62 presented at the NPM Annual Meeting, ,March 1988. 

- T U L E  LUB LUBE OIL AND WMPRODUCTION 
, This is a rather simplified representation which transfers 800-1050 degreeFahrenheit hydrofined gas oil 
and paraffin base g k  oil to combined lube oil and wax sales. The unit contains the estimated fuel, power, 

. steam, and operating cost requirements to produk these products. 

Data sources are the EIA RYM' model data. 

TABLE HCR DISTILLATE HyDROC+CKER 
This process unit hydrocracks a range .of distillates to produce either predominantly light, medium, and 
heavy naphtha for gasoline blending and reformer feed, or distillate for jet fuel and middle distillate 
products (particularly low sulfur blends). These two modes of okration require large quantities of 
hydrogen, from 1800 to 3600 cflbbl of feed, depending on the feedstock'and severity of the operation. The 
primary feeds &e light and heavy gas oils: 

. 
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LGP, LGL, . 
LGM, and LGH 
HGP, HGL, 
HGM, and HGH 800 to 1050 degrees Fahrenheit. * 

LC6: 

The lighter virgin distillates may also 
HFL and HFH in Table TRSPMM as follows: 

paraffinic, low, medium, and high sulfur light gas oils, 
690 to 800 degrees Fahrenheit. 
paraffinic, low, medium, and high sulfur heavy gas oils, 

high aromatic content, high sulfur light cycle oil 

routed to hydrocracker feed. These streams are gathered into feeds 

DSL B(550-65O)LPLULS 
DSL B(550-65O)LPlHCLS 
DSL B(550-650)LP/HC/HS 
DSL B (550-650)HPLC/Ls 
DSL B(550-650)HP/HC/Ls 
DSL C(650-690)LP/LC/Ls 
DSL C(650-690)LP/HC/LS 
DSL C(650-69O)HP/LCLS 
DSL C(650-690)HP/HCLS 
DIST(550-650) HSLM 
DIST(650-690) HS/LM 
LGO FD(690-800) PFFN 
LGO FD(690-800) LO S 
LGO FD(690-89) HI S 
COKER DIST (375-620) 
COKER DIST (375-570) 
COKER DIST (575-620) 
CKR DIST -ATE 

CRACKERFDLOS 
CRACKER FD LO S 
CRACKERFDHIS 
CRACKERkD LO S 
CRACKERFD LO S 
CRACKER FD LO S 
CRACKER FD LO S 
CRACKER FD LO S 

CRACKER FEED. 
CRACKER FEED 
CRACKER FD LO S 
CRACKER FD LO S 
CRACKERFDHIS 
CRACKERFDHIS 
CRACKERFDHIS 
CRACKERFDHIS 
CRACKERFDHIS 

CRACKERFpLOS 

DLLHJ3.4 . .f. - 
DHLHFL 
DHHHFH 
2LLHFL 
2 " F L  
6LLHFL 
6HLHFL 
7LLHFL 
7HLHFL 
DHL" 
6 H L "  
LGPHFL 
LGLHFL 
LGHHFH 
CKD" 
CCL" 
CC" 
CLR" 

. CKR DIST EXTRACT , CRACKERFDHIS c L E m  . 

Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data. Published sources include the following: 

Alcock, L. et al, "BP Hydrocracks For Mid Distilhtes", Oil & Gas Journal, July 6,1974, 
p.102. 

J. H. Gary and.G.E. Handwerk,-"Petroleum Refning Technology and Economics", 1975. 

Logwinuk, A. K., "The ART Process Offers Increased Refinery Flexibility", Petroleum 
Review, October 1985, p.41. . 
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TABLE HCV RESlDUUMHYDROCRACKER 
This .unit hydrocracks a range of vacuum residua producipg a synthetic crude containing the full range of 
streams from light gas oils.to gas oil and bottoms fractions. Hydrogen consumption is of the order of 1500 
cmbl net residuum feed. The feedstocks are vacuum residsproduced by the vacuum distillation unit VCU 
and subsequently condensed to a smaller set of,streams in TdZe TRSPMM: 

, 

, .  

. #  VACRES VHISuL(3.8) RSV 
VACRES HISUL(2.3) RSH , ,  

VAC RES . I" SUL (1.5)- ' RSM , 

. VACRES LOSUL(0.9) RSI ' 
. 4- . .  

VAC.RES VLO SUL (0.5) RSL 

Data sources are the EIA,RYM model data provided to'ORNL and thereafter to ENSYS and in-house 
ENSYS data. Published sources include: 

Seko, M. et al, "Super Oil Cracking (SOC) Process for Upgrading Vacuum Residues", 
Paper AM-88-61 presented at the NPM Annual Meeting, March 1988. 

Suchanek,,A.J. and Christian,'B:R., 'yew Diversity Shown for the ART Process'', Paper 
AM-88-74 presented at the NPM Annual Meeting, March 1988. . 

. . Boening, RE..et al, "Recent Data on Resid Hydrocracker", Hydrocarbon Processing", 
September 1987, p.59. . 

. _  

TABLE HCN NAPHTHA HYDRC?CRACKER ., 
This unit consumes of the order of 1500 cfhbl of hydrogen to hydrocrack naphthas. The naphthas are 
hydrocracked to produce primarily propane, isobutane, and normal butane. While this process has a 
history of commercial operation, it is not in wide-spread use. However, the advent of reformulated 
gasoline has renewed interest because the naphtha hydocracker functions to supply feed to alkylation and 
oxygenate process units. The propane may be de-hydrogenated to produce alkylate feed or the ether DIPE, 
the isobutane may be used directly for alkylation plant feed or de-hydrogenated to produce isobutylene to 
make MTBE or ETBE and the normal butane may be isomerized to produce isobutane. An additional fit 
with reformulated gasoline production.is the fact that naphtha is subtracted from the reformer feed, thus 
lowering the quantities of benzene and aromatics that are produced. . 

Data sources are based on in-house ENSYS data, calculations and estimates. 
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TABLE TCG THERMXL CRACKER-LIGHT GAS STREAMS 
TABLE TCN THERMAL CRACKER-(250-375) NAPHTHA STREAMS 
TABLE TCV THERMAL CRACKER-DESULFURIZED VACUUM GAS OIL STREAMS - .  

' 

The above process units are olefin plant petrochemical units which are characteristic of petrdchemical 
' 

plant operations. They are included in the model because they have potential relevance to the production 
of reformulated gasoline since they produce light olefins (ethylene, propylene and is0 and n o d  
buGlenes) for alkylation plant feed and (the isobutylene) for MTBE and ETBE plant feed: They can also 
be used directly in any representation of the petro-chemical sector via the PMM "oxy-refine#' feature. 

Process unit TCG may use ethane, propane or is0 or normal butanes as feedstocks. 

\? * 

. 

. .  

Process unit TCN consumes reformer feed naphtha (which would otherwise produce high aromatics 
content reformate). 

Process unit TCV consumes desulfurized light and heavy gas oils produced by process unit FDS. 

,Data soufces are based on published data: 

Zdonik, S. B. and Meilun, E. C., "Olefin Feedstock and Product Flexibility", Chemical 
Engineering Progress, September 1983. 

Barendrect, S. et al, V3UTACRACKI" - Steam Cracking For Butane Upgrading", Paper 
26E, presented at the AIChE Spring Meeting, April 1991.. 

TABLE JPS JET FUEL CUT  POINT.^ JUS~MENT 
This unit adjusts the cut point of the 375 to 500 degree Fahrenheit atmospheric tower kerosene cut to a 
470degree endpoint cut in order to make the freezing point specification for JP-8 and Jet MA-1 jet fuels 
in the optimal manner conforming to industry practice. This can be regarded as a "pseudo-unit" 
coi-responding to an atmospheric tower cut point adjustment when making a jet fuel run, or as a real side- 
stream fractionator. Data sources are based on in-house ENSYS data, calculations, and estiriiates. 

TABLE JFP LIGHT CYCLE OIUCOKER DISTILLATE PRE-FRACTIONATION 
This is a specialty unit which prepares cracked aromatic streams for furfural unit ex&ction and 
hydrogenation (units FEX and HDN) for the production of high density jet fuels. High density jet fuels are 
experimental fuels which increase the flight range of volume limited aircraft. ,The cuts are.70 Overhd30  
Bottoms for LCO and 80 Overhead20 Bottoms for coker distillate. The fractionated streams may also be 
routed to conventional distillate products and heavy fuelbils, thus increasing blending flexibility. 

Data sources are based on in-house ENSYS data, calculations and estimates. 
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' 

* TABUDHT DISTIUATE DEEP HYDROTREATER 
This process hydrogenates middle distillate aromatics and achieves deep desulfurization (to levels beyond: 
those available with conventional distillate desulfurization, see Table DDS). Potential feeds include 
kerosene, diesel, and light cycle oils, covering the boiling range from 375 to 650 degrees Fahrenheit. The 
deep hydrotreating process can be used to raise jet fuel smoke point, raise diesel, fuel cetane number, and 
produce ultra low sulfur/aromatics fuels (less than 0.05 &cent sulfur'and less than 10 percent a r o d c s  
content). Conventional distillate desulfurization units, on the other hand, are generally capable of reducing . 
the aromatics content by only 1 to 2 percent aromatics. This process is an alternative to middle distillate 
furfural extraction, but avoids the problenj of aromatics disposition. However, hydrogen condumption is 
.high, from 750 to 900 cfibl feed for vir& distillates and from 1100 to 2100 cfhbl for the more aromatic 

. . 

. , - 

' 

FCC cycle oils. . ,  

This process may be linked to the production of reformulated gasoline since some reformulated gasoline 
production, schemes involve very high conversion FCC operations, which in Frn iricrease the aromaticity 
of the light cycle oilsproduced. Deep distillate hydrotreating makes it possible to more easily produce 
specification diesel fuel under these circumstances, without downgrading cycle oils to heavy residual fuel 
Oil. 

. 
' 

Data sources are in-house ENSYS data and published dat& including: 
- 

Suchanek, A.J. and Hamilton, G. L., "Diesel by SYNSAT - Low Pressurehw Cost/zow 
Aromatics", Paper AM-91135 presented at the NPRA Annual Meeting, March 1991. , 

4 

Nash, R.M., "Meeting the Challenge of Low Aromatics Diesel rr, Paper AM-89-29 
presented at the NPM Annual Meeting, March 1989. , 

TABLE FEX DISTILLATE FURFURAL EXTRACTlON 
This process extracts aromatics from distillate with the aromatics Wing concentrated in the furfural phase. 
Furfural extraction also lowers the sulfur content of the treated raffinate. Potential feeds include kerosene, 
diesel fractions, light cycle oils, and coker distillates, covering the boiling range from 375 to 690 degrees 
Fahrenheit. The reduction in distillate aromatics content can be used to raise jet fuel smoke point andor 
raise diesel fuel cetane number and produce ultra low aromatics fuels (less than 10 percent aromatics 
content). Conventional desulfurization units,.on the other hand, are generally capable of reducing the 
aromatics content by only 1 to 2 percent. 

' 

This process is an alternative to middle distillate deep hydrotreating, but necessitates the disposition of tAe  
aromatics produced, geneplly by attempting to dump to other distillates, or by using them.to reduce the 
viscosity and perhaps the sulfur content of heavy residual fuel oils. However, the significant hydrogen 
consumption associated with deep hydrokeating is avoided, ranging from 750 to 900 cf;rbbl feed for virgin 
distillates and from 1100 to 2100 cfhbl for the more aromatic FCC cycle oils. 

I .  
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The furfural extraction unit is also used to extract aromatics from virgin distillate streams, FCC cycle oil 
and coker distillate overhead cuts prior to the hydrogenation of the aromatic extracts to produce distillate 
range naphthenes. The naphthenes are blended to produce experimental high density jet fuels. 

Data sources are based on ENSYS calculations and estimates and in-house ENSYS data.. Published data 
sources include: 

Refinery Handbook, Furfural Extraction of Gas Oils,.Hydrocarbon Processing, September . 
1982, p.183. #- . 

Benham, A. L. et al, "REDEX Process Extracts Aromatics", Hydrocarbon Processing, 
. Septembkr 1967, p.135. 

TABLEHDN HIGH DENSITY JET FUEL HYDROPROCESSING 
This unit hydroprocesses several types of streams to produce highly naphthenic blending components for 
high density jet fuel. The feedstocks are: . .  
- light pyrolysis fuel oil 

FCC light cycle oil 70 percent overhead cuts 
the corresponding light cycle oil furfural extracts - coker distillate 80 percent overhead cuts . 

the corresponding coker distillate furfural extracts 

- 
- 
- 
- the aromatic f&ixa~ unit extracts produced from virgin distillate streams, ranging from 375 to 500 

degree Fahrenheit boiling range. 

This unit employs severe processing conditions and the fuel, power, and steam costs are high. Hydrogen 
consumption can reach 2400 cf/bbl for the virgin distillate stream aromatic extracts and 3500 cf7bbl for the 
other highly refractory streams. ' 

. 

\ 

The former Soviet Union has utilized high density jet fuels to increase the mission range-of volume-limited' 
military jet aircraft. Data were gathered and pieced together from several published Russian and other 
foreign sources with the help of O m .  Other published sources used include: 

Korosi, A. et al, Wydroprocessing of Light Pyrolysis Fuel Oil for Kerosene Jet Fuel", 
Technical Report MAL-TR-80-2012, February 1980. 

Hall, L. W., "Production of Jet Fuel Sainplesfrom Light Cycle and Light Pyrolysis Oil", 
Technical Report AFWAL-TR-87-2001, March 1987. 

TABLE DEW CATALYTIC GAS OIL D E W M N G  
This is'a catalytic process based on the Mobil process for converting the paraffin wax components in I 

intermediate and heavy middle distillate streams in order to meet the freezing and pour point speciiications . , 
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. for low pour distiliate and heavy fuel oils. This process is an alternative to solvent dewaxing, where 
finished refinery waxes are sold. It may accompany or replace the use of pobr point depressants. 

. This unit feeds high pour refinery streams covering the range of 550 to 690 degrees Fahrenheit, svhere the 
high boiling paraffin waxes are concentrated. Approximately 200 cmbl of hydrogen is consumed; 

Published sources include: 

1 Collins, J. M. and Unzelman, G. H., 'Hltemutives Available to Meet Diesel C e k  #- 
Qualitj, Challenge", Oil & Gas'Jo~rnal, May 30,1983, p.71. 

. I  

TABLE RFH REFORMER-SEMI REGENERM7VE-450 PSI REACTOR . 
TABLE'RFL liEFORMER-SEMI &GEN/CYCUC-200 PSI REACTOR 
TABLE RFC coiv~~uous REFORMER LOW PRESS../HIGH DENSZTY BIMET.'CATALYST 

Naphtha reforming refinery process units. These individual key processes represent the different stages of 
reformer technology development. Paraffinic, naphthenic, and intermediate naphtha feeds are represented 
30 produck reformates spanning the range of 80 to 105 clear research octane number. The low end of the 
:reforming severity range is geared to acc?mmodating the lower aromatic content of reformulated gasoline; 
the high end represents the limit of current reforniing. technology. The effect of low through high 
reforming severity on reformer throughput capacity is represented in row CAP, with coefficients ranging 
from 0.9 to 1.2, with an entry of 1.0 representing 95-100 RONC reformate production. , 

The severity rows SVH, SVL and SVC dontain the reformate RONC octane. Several operating mode 
limitation rows ge  also available in the reformer tables to link to Tables (R)POL constraints: . -  

LOO, HOO to limit maximum 100 RONC reforming severity 
C05, Lo5, €305 to limit maximum 105 RONC reforming severity 
MXU to limit the proportion of UOP type R-62'Ggh density bimetallic reformhg catalyst 
RCU to limit very low pressure and low benzene advanced modes on the continuous reformer 
WC).  

The specific reformer feed streams represented include the following: 

158-175 degrees Fahrenheit 
175-250 degrees Fahrenheit 
250-325 degrees Fahrenheit 
325-375 degrees Fahrenheit 
250400 degrees Fahrenheit 
175-375 degrees Fahrenheit coker naphtha 

. very light Virgin naphtha 
light virgin naphtha 
intermediate virgin naphtha 
heavy virgin naphthas 
heavy FCC gasoline 
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250-325 degrees Fahrenheit heavy hydrocrackate 
215-250 degrees Fahrenheit light virgin naphtha, prefractionated to remove benzene 

. precursors. 
I .  

The capability to reform 325-375 virgin naphtha feed stock is  not immediately apparent in'the reformer 
data tables because it'is represenw in Table TRSPMM by combining naphtha dekulfurizer feeds, namely: 

H N/L J(325-375) PLF ' NAP"A(250-325) P JPLNpP ' 
H N/L J(325-375) YLF NAP"A(250-325) I .JILNPI 4. 
H N/L J(325-375) N U  N~i?"A(250-325) ,N J " P N  
H N/L J(325-375) PMF NAP"A(250-325) P JPHNPP 
H N/L J(325-375) U€W NAP"A(250-325) I . JEINPI 
H N/L J(325-375) NMF NAP"A(250-325) N JNHNPN 

The reformer products include hydrogen (95 percent purity), &el gas; LPG, and full boiling range 
reformate. 

The gradation of reformate feed cut ranges is consistent with (a) maximizing reformer feed, e.g. for foreign 
regions where gasoline demand is high, but also (b) controlling benzene content of reformate for use in 
reformulated gasoline. This latter can be achievg in the model by eliminating the 158-175 fraction and, if 
necessary, @e 175-250 fractions from reformer feed. In addition, the model now has the option to pre- 
fractionate light naphtha at 215 degrees Fahrenheit to producefeedstmlt to the RFC unit for very low 
benzene reformate production. (See Table GCB for comparison of reformate benzene contents.) 

Altogether, the PMM model contains several methods for benzene reduction or removal: 

1. Reformer feed pre-fractionation as discussed above,, , 

2. Reformate splitting (Table RES) 
3. 
4. 
5. 

Extraction of benzene (for sale) from reformate aromatics (Tdle  ARP) 
Very low pressure reformate operation (Table RFC) 
Alkylation of benzene in reformate (Table ALM). 

RFC unit ultra-low pressure reforming, at 90 psi, reduces the reformate benzene content by approximately 
30 percent for reformulated gasoline production. Commercial plant data have not yet'been obtained to 
verify the model reforming yields. 

Data sources are $e EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data and published data compared and gathered from a variety of sources. Sources include: 

"UOP Process Solutions for Refonnuluted. Gasoline", Copyright 1991, UOPmG SK 05- 
91, provided by UOP to O W .  - . 
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van Brkkhoven, E. B; et al, "On the Reduction of Benzene in Refonnate", Paper 28B . .  
I presented & the AIChE Spring Meeting, March 1990.. 

. 1  

,' ' 

.Jones, P. "The Conversion Refinery: The Catalytic Magic Wand", Petroleum Review, . , .  
May ,1987. 

McClung, R. G. and Novak, W. J., "lmprove Refonner Operation with Trace'Sulfirr 
Removal", Paper AM-87-47 presented at the'NPRA' Annual Meeting, March 1987. , 

Genitsen, Dr. L. A., Tatalytic Reforming of Heart Cut FCC Nap&has", Paper AM-85- 

I 

1, 

j 

' _  I ,  

56 presented at the NPRA @ m a l  Meeting, March 1985. #- 

TABLE SPL NAPHTHA SPLITTER 
This is a feed preparation unit which fractionates light naphtha for reformer'feed. C5-175 degrees 
Fahrenheit straight run gasoline is fractionated to propuce C5-158 light gasoline for gasoline blending and 
158-175 degrees Feenheit light naphtha'for,reformer feed. This represents the light end A g e  of 
currently fk ib le  reformer feed. The splitter now also enables splitting 175-250 degrees Fahrenheit light 
naphtha at 215 degrees Fahrenheit to produce a 175-215 degrees Fahrenheit light naphtha and a 215-250 
d e p s  Fahrenheit low benzene reformer feedstock. 

The fractionated light naphthas produced may also be blended to JP4 military jet fuel and to naphtha sales. 

Data sources ire &house ENSYS data and $e following: 
I 

"UOP Process Solutions for Reformulated Gasoline", Copyright 1991, UOPRFG SK 05- 
91, provided by UOP to O m .  . 

van Brothoven, E. B. et al, "On the Reduction of Benzene jn Refohate", Paper 28B 
presented at the AIChE Spring Meeting, March 1990.- . .. 

TABLERES   FORM ATE SPLI~TER 
This unit splits the reformates produced from 250-375 degrees Fahrenheit intermediateheavy naphtha into 
an overhead and a bottoms cut. These fractions.may be separately blended into'conventionh and 
reformulated gasolines to aid in meetihg reformulated gasoline specifications. n - e  aromatics concentrate 
in the bottoms cut and the benzene in the overhead. 
Data sources are in-house ENSYS data and ENSYS calculations, estimates and published data, including: 

vah Broekhoven, E. B. et al; "On the Reduction of Benzene in Refonnate", Paper 28B 
presented at the AIChE Spring Meeting, March 1990. 

. .  . 
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"UOP Process Solutions for Refonnuluted Gasoline.", Copyright 1991, UOPAZFG SK 05- 
91, provided by UOP to O w .  

TABLEARP AROMATICS EXTRQClYON . 

This unit employs solvent extraction of reformate and reformate fractions to produce benzene, toluene, and 
xylene (BTX) aromatics for sale, and light and heavy raffinates for gasoline and jet/distillate fuel blending. 
All of the reformates produced in the se&-regenerative, continuous and cyclic reformers,are potential unit 
feeds, along with their overhead and bottoms cuts produced &I the reformate splitter. 

Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data and ENSYS calculations and estimates. 

, . 

6- 

TABLEALM A L K Y . .  
This unit is patterned after the UOP Alkymax process for alkylating benzene with C, and C, olefins 
(ethylene and propylene) to produce higher boiling aromatics. The reformates produced from 158-250 
lighthntermediate naphtha are reacted with fuel gas containing ethylene or with propylene to produce an 
essentially benzene-free reformate. These reformates are then blended to meetreformulated gasoline 
benzene specification. (Note: the aromatics concentration in the gasoline blend is hardly altered.) 
Data sources include the following: 

B. M. Wood et al, "Alkylate Aromatics in the Gasoline via the UOP ALKXMAX Process", 
Copyright 1990, provided by UOP to ORNL. 

"UOP Process Solutions for Refonnuluted Gasoline'; Copyright 1991, UOP/RFG SK 05- 
91, provided by UOP to ORNL.. 

- 
# 

T A B L E a C  CYCLAR 
Cyclar refinery process unit based on the UOP cyck process to cyclarize propane and butane to produce 
BTX. A fractionated benzene stream is produced along with a TX (toluene, xylene) stream designated as 
cyclar gasoline. This is a de-hydrogenation process which produces'approximately 2000 c a b 1  feed of 
hydrogen. 

The data 'sources include the following: i 

Anderson, R. E et al, "Cyclar - One Step Processing of LPG to Aromatics and 
Hydrogen", Paper 83D presented at the AIChE Spring Meeting, March 1985. 
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TABLE FCC FLUID CATALYTIC CRACIfER 
This'key process unit is capable of catalytically cracking gas oil, light gas oil, distillate and residua streams 
to produce light ends, FCC gasoline, light cycle oil (distillate) and decant oil (resid). The primary feeds 
representedare: . 

' 

Feed stream 

HGL . 

HGM 
HGH: I .  

GOH 
Gou 
DFF: 
DHK: ' 

HGP: 
Description . .  
paraffinic low sulfur gas oil.(800-1050 degrees Fahrenheit) 
low su&r gas oil (800-1050 degrees Fahrenheit) 
medium sulfur gas oil (800-1050 degrees Fahrenheit) 
high sulfur gas oil (800-1050 degrees Fahrenheit) 

' hydrohed gas oil (800-1050 degrees Fahrenheit) . 
hydrofined gas oil (800-1050 degrees Fahrenheit) ultra low sulfur 

desulfurized atmospheric residuum (1050 degrees Fahrenheit +). 
Produced by unit RDS. 

' distillate feed (550-690 degrees Fahrenheit) 

. . HGX gas oil raftinate produced by propane solvent de-asphalting 
Atmospheric. Residua: several residua of sufficiently low asphalt and metals content 

(which tend to be the lower sulfur content residua) to conform to 
current FCC technology limitations. 

- 
In order to contain the already large number of FCC feed vectors, several streams are composited into the 
above primary feeds in Table TRSPMM as listed below: 

DSL C(650-690) LO S N. 6UHGL 
DSL.C(650690).LO S N HGO FD(800-1050) LO S N 6HLHGL 
DSL C(650-690) LO S N 7LLHGL 
DSL C(650-690) PFFN HGO FD(800-1050) PFFN "LLGP 
COKER GAS OIL HGO FD(800-1050) HI S N CGOHGH 
LGO FD(690-800) HI S N HGO FD(800-1050) HI S N LGHHGH , 

LGO FD(690 800) MD S N LGMHGM 
LGO FD(690-800) LO S N LGLHGL 
LGO FD(690-800) PFFN HGO FD(S00-1050) PFFN LGPHGP 

HGO FD(800-1050) LO S N 

HGO FD(800-1050) LO S N 

HGO FD(800-1050) MD S N 
HGO FD(800-1050) LO S N 

HGO FD(800 1050) LO S N 
DIST LSLM DIST FCC FEED DLLDFF 

HYD G.O. LOS N UNH HGLGOH 

DSL B(550-650) HP/HC/LS 
DSL C(650-690) LP/HC/LS 

DSL C(650-690) LO S N 
DSL C(650-690) LO S N 
DSL C(650-690) LO S N 

DSL C(650-690) HP/HC/LS 

DIST FCC FEED 2HLDFF 
H DIST FCC FEED 6HLDFF 
H DIST FCC FEED 7HLDFF 
HGO FD(800-1050) LO S N 
HGO FD(800-1050) LO S N . 

6LLHGL 
6HLHGL 

' HGO FD(800-1050) LO S N 7LLHGL 
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The FCC is characterized by several modes of operation and provision for activating restrictions on 
flexibility have been built in for constrain& advanced FCC catalyst technology options i d  limiting over- 
optimization. The FCC representation now accurately equates FCC gasoline, distillates, and decant oil 
product sulfur with feed sulfur. The available options are: 

. 

.. 
' ODtibn FCC gasoline codes Constraints 

Conventional zeolite catalyst 
high sulfur feed/product , , FI6, FT7, F18 MSD, MSR, FCR ' 

medsulfur feedlproduct FC6, FC7, FC8 

ultra-low sulfur fdproduct  
low sulfur fedproduct FR6, FR7, FR8 4- 

FQ6, FQ7, FQ8* 

High octane zeolite catalyst 
high sulfur feed/product . 226,Zt7,228 MSD,MSR,MSZ 
med.sulfur feedlproduct ZC6,ZC7,ZC8 and ECR 
low sulfur feedlproduct ZR6,zR7, zR8 
ultra-low sulfur fedproduct RC6, RC7, RC8 

Low olefin content gasoline . ' 
high sulfur feedlproduct 
medsulfur feedlproduct 

. low sulfur fedproduct 
ultra-low sulfur fdproduct  

High light olefin yield 
high sulfur fdproduct  
med.sulfur fedproduct 
low sulfur feedproduct 
ultra-low sulfur fedproduct 

Ultra-Low Sulfur Modes 

All Modes 
I .  

621,7ZI, 8ZI ' 

6ZR, 7ZR, 8ZR 
* 6RF, 7RF, 8RF 

6m,=7ZFy 8zF 

851 
85F 
85R 
85U 

MSZ 

MSL- 

FCU 

SVR 

* This feed sulficr/catalyst &ode currently not activated, although FCC gasoline properties 
are held in Table GCB, etc. 

MSD-and MSR refer to constraints on distillatefight gas oil and atmospheric residuum proportions. A 
value of "1" in the FCR row signals a residuum which is eligible for FCC residuum cracking, generally 
higher than 20 MI,  with the associated sulfur content lower than 0.7 percent. MSZ and MSL limit the 
proportion of specialty zeolite cat$ysts. The'above references to low silfur FCC gasoline refer to the 
production of catalytic gasolines generally suited to making reformulated gasoline at the 50-ppm level. 
FCU is the constraint on all ult;ra-low sulfur modes. 
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- .  

.The low olefin content gasoline mode is directed at reducing theolefin content of reformulated gasoline by 
-reducing the-olefins in the &ytic gasoline, principally the.light Catalytic gasoline. '~rhis nimie also lowers 
the o c k e  somewhat and reduces the yield of C, and lighter olefins. 

I 

. The high light-olefin yield operation takes a different approach to reformula& gasoline production and 
. utilizes enhanced octane' ZSM-5 catalyst'with OHS additive to maximize the yield of light olefins to 

produce feedstocks for the oxygenate and aQl@on refinery process units. The operating cost row OVC 
coefficient has been raised by $0.60/bbl of gas oil feed to account for the unit revamp and increased 

. fractionation costs &sOciated with this operation. 'This is a high conversion operation in the $f) to 85 
percent range. 

The FCC conversion range iepresented in the model is from 65 to 85 -percent conversion to 430 degrees 
Fahrenheit- FCC gasoline:' ?%e SJTR row may de used to constrain or report the overall conversion level. 
The light end yields contained in the mdel  ?flat an overall C3 recobery of 75 percent Light cycle oil 
characterizations (qualities) are a function of conversion'and FCC feed sulfur level. Decanted (clarified) 

.. 

oil characterizations are a function of sulfur level only: 

LCO mow 0.05s 60P C O W  LC7 . 

LCO mow 0.05s 80P C O W  LC8 
LCO . 0.25s 60P C O W  LC1 
LCO 0.25s 80P C O W  LC2 
LCO 0.85s 60P CONV LC3 

- LCO 0.85s 80P C O W  LC4 
LCO 2.00s 60P CONV LC5 
KO 2.00s 80P CONV LC6 

CLARlFlED OIL 0.10 SUL' cox 
.CLARIFIED OIL 0.65. SUL COL 
CLARlFlEDOIL . 2.20SUL COM.  , 

CLARlFIEDOIL . 5.50SUL COH 

I 

The four levels of LCO and decant oil sulfur correspond to the four base levels'of FCC feed sulfur, 
namely: 0.05 percent, 0.30 percent, 1 .OO percent, 2.50 percent Actual feeds may produce mixes of 
ppducts depending upon actual feed sulfur level. 

Weight fraction catalytic coke yields are contained in the model (row COK) and are set to be activated for 
checking the FCC weight balance and to.provide input to any EIA type reports which contain FCC 
catalytic coke production. 
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Data sources are the ELA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data include the following published data. 

'%irelsfor Tomorrow", staff article, Oil & Gas Journal, June 18,1990, p.52. 

Chin, A. A. et al, '%%C Cracking of Coker Gas 0ik';'Paper 91C presented at the 
AIChE Fall Meeting, November 1989 

Humphries, A. et al, "The Resid Challenge: FCC CataZyst Technology Update", 
Paper 70C presented at the AIChE Spring Meting, April 1991. 

- 

$- . 

Stokes G. M. et al, "Refonnuluted Gasoline Will Change FCC Operations and 
Catalysts", Oil & Gas Journal, July 2,1990, p.58. 

. 

Keywort+, D. A. and Reid, T. A., "Octane Enhancement From LPG'', Paper 5A 
presented at the AIChE Summer Meeting, August 1989. 

'7nnovative Improvements Highlight FCC's Past and Future", staff article, Oil & 
Gas Journal, January 8,1990, p.33. 

Deady, J. et alp "Strategies For Reducing FCC Gasoline Sensitivity", Paper AM- 
89-13 presented at the NPRA Annual Meeting, Mqch 1989. 

Dwyer, F.G. et al, "Octane Enhancement In FCC Via B M - Y ' ,  Paper AM-87-63 
l presented at the NPM Annual Meeting, March 1987. 

Yanik, S. J. et al, '!A Novel Approach to Octane Enhancement Via FCC Cataly- 
sis", Paper AM-85-48 presented at the NPRA Annual Meeting, March 1985. 

. 

.. 
Krikorian, K. V. and Brice, J. C., "FCC's'E*qcect on Refinery Yields", Hydrocarbon 
Processing, September 1987, p.63. . 

TABLE FGS GASOLINE FRACTIONATION. I 
This idealized unit, representing a probable series of ilistihation towers, fractionates: 

- 
- Whole catalytic gasoline specific to the different FCC unit operating modes 

Coker naphtha produced by the coker units KRD and KRF 
- Purchased natural gasoline. 

The whole FCC gasoline is .fractionated to produce reactive amylenes for alkylation and oxygenate plant 
feed; normal amylene for gasoline blending, alkylation or hydrogenation; reactive hexylenes for oxygenate 
plant feed; normal hexylene for gasoline blending or hydrogenation; light catalytic gasoline; containing 
isopentane, normal pentane and is0 and normal hexanes plus the C, to 250 degrees Fahrenheit fractions; 

. ,  
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heavy catalytic gasoke (250 - 400 degrees Fahrenheit) for reformer feed and gkoline blending; and the 
front end of light cycle oil for distillate blending. 

Coker naphtha (115 - 375 degrees Fahrenheit) is fractionated to produce is0 amylene, fhe other reactive 
amylenes and reactive hexylenes, and the remaining naphtha bottoms. 

Natural gasoline is fractionated to produce is0 and normal butane and light and medium naphtha cuts. 
w 

Data sdurces are in-house ENSYS data, csllculations andjestimates supported by thefollowhg: 

Keefer, P. and Masters, IC., "Ultimate C4/C5 Olem Processing Scheme for 
Maximizing Reformulated Gasoline Production", Paper AM-91-50 presented at 
the NPRA Annual Meeting, March 1991. 

. -  Stokes G. M. et al, "Reformulated Gasoline WiZl Change FCC Operations and 
CataZysts", Oil & Gas Journal, July 2,1990, p.58. 

' 

TABLE ETS ETHYLENE CRYOGENIC FRACTZONATION 
This unit distills ethylene from refinery gas for alkylation plant feed using cryogenic (low temperature 
technology). All feed and product streams are in bblFOE and the saturate co-product PGS (ethane) is used 
for refinery fuel gas and to meet any refinery sales requirements. 
Data sources are based on in-house ENSYS data, calculations, and estimates. 

. 

TABLE OLE C&s DEIHYDROGENATION ("OLZX") 
This process unit dehydrogenates saturated CUC3/C4 and IC5 refinery streams to produce on the order of 
1500 cf/bbl of hydrogen per bbl of feed and the corresponding olefin streams for alkylation and oxygenate 
plant feeds. The propylene may be used for alkylation(or ether DIPE) plant feed and pkochemical sales, 
the normal butylene for alkylation plant feed, the isobutylene for MTBE/ElBE oxygenate production and 
alkylation plant feed and the isoamylene for TAMEKAEE oxygenate production and alkylation plant feed. 
This process is suited for reformulated gasoline production and aids in RVP reduction through removing 

Ethanol Feed Code ETBE TAEE . THEE . 

Isobutylene 14E X 

Reactive Amylenes W E  X 

t Reactive Hexylenes R6E X 

The Tables (R)POL constraint NME can be used to constrain or eliminate all modes other tlpm iso- 
butylene/MTBE. . -  

The data for THME and THEE were estimated by ENSYS, since there is little or no commercial 
experience to provide operating data. Other data sources include the following: 

. .  
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Data sources are the ELA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data include the following published data: 

'IFuels for Tomorrow", staff article, Oil & Gas Journal, June 18,1990, p.52. 

Chin, A. A. et al, '%%C Cracking of Cohr Gas Oik;",'Paper 91C presented at the 
AIChE Fall Meeting, November 1989 

Humphries, A. et al, "The Resid Challenge: FCC Catalyst Technology Update", 

* 

Paper 70C presented at the AIChE Spring Meeting, April 1991. #- 

Stokes G. M. et al, "Refonnuluted Gasoline Will Change FCC Operations and 
Catalysts", Oil & Gas Journal, July 2,1990, p.58. 

Keywort$, D. A. and Reid, T. A., "Octane Enhancement From LPG", Paper 5A 
presented at the A I C E  Summer Meeting, August 1989. 

"Znnovative Improvements Highlight FCCs Past and Future", staff article, Oil & 
. Gas Journal, January 8,1990, p.33. 

Deady, J. et ali. "Strategies For Reducing FCC Gasoline Sensitivity", Paper AM- 
89-13 presented at the NPRA Annual Meeting, Mqch 1989. 

Dwyer, F.G. et al, "Ockne Enhancement In FCC Via ZTM-S', Paper AM-87-63 
l presented at the WRA Annual Meeting, March 1987. 

Yanik, S. J. et al, '!A Novel Approach to Octane Enhancement Via FCC CatQly- 
sis", Paper AM-85-48 presented at the NPM Annual Meeting, March 1985. 

. 

.. 
Krikorian, K. V. and Brice, J. C., "FCC's'E_ffect on Rejkery Yields", Hydrocarbon 
Processing, September 1987, p.63. ' 

TABLE FGS GASOLINE FRACTIONATION. 
This idealized unit, representing a probable series of distillation towers, fractionates: 

- 
Whole catalytic gasoline specific to the different FCC unit operating modes 
Coker naphtha produced by the coker uni$ KRTl and KRF 

- Purchased natural gasoline. 

The whole FCC gasoline is .fractionated to produce reactive amylenes fof alkylation and oxygenate plant 
feed; normal amylene for gasoline blending, alkylation or hydrogenation; reactive hexylenes for oxygenate 
plant feed; normal hexylene for gasoline blending or hydrogenation; light catalylic gasoline; containing 
isopentane, normal pentane and is0 and normal hexanes plus the C, to 250 degrees Fahrenheit fractions; 
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. .  
heavy catalytic gasohe (250 - 400 degrees Fahrenheit) for reformer feed and gasoline blending; and the 
front end of light cycle oil for distillate blending. 

Coker naphtha (115 - 375 degrees Fahrenheit) is fractionated to produce is0 amylene, $e other reactive . '  
. amylenes and reactive hexylenes, and the remaiwg naphtha bottoms. 

w 

Natural gasoline is fractionated to produce is0 and normal butane and light and medium naphtha cuts. 

Data sources are in-house ENSYS data, calculations and estimates supported by the followiqg 

Keefer, P. and Masters, IC, "Ultimute C4/C5 Olefin Processing Scheme for 
Maximizing Refonnuluted Gasoline Production ", Paper AM-91-50 presented at 
the NPRA Annual Meeting, March 1991. 

Stokes G. M. et al, "Refonnuluted Gasoline Will Change FCC Operations and 
Catalysts", Oil & Gas Journal, July 2,1990, p.58. 

' 

. .  

TABLE ETS ET";E CRYOGENIC FRACTIO~~ATION 
This unit distills ethylene from refinery gas for alkylation plant feed using cryogenic (low temperature 
technology). All feed and product streams are in bblFOE and the saturate co-product PGS (ethane) is used , 

for refinery fuel gas and to meet any refinery sales requirements. 
Data sources are based on in-house ENSYS data, calculations, and estimates. 

. 

TABLE OLE C& DE-HYDROGENATION ("OLEX") 
This process unit dehydrogenates saturated CUC3/C4 and IC5 refinery streams to produce on the order of 
1500 cmbl of hydrogen per bbl of feed and the corresponding olefin streams for alkylation and oxygenate 
plant feeds. The propylene may be used for alkylation (or ether DIPE) plant feed and petrochemical sales, 
the normal butylene for alkylation plant feed, the isobutylene for MTBE/ETBE oxygenate production and 
alkylation plant feed and the isoamylene for T W A E E  oxygenate production and alkylation plant feed. 
This process is suited for reformulated gasoline production and aids in RVP reduction through removing 
butane and isopentane from the gasoline pool. 

1 

- *  Data sources include the following: 

"UOP Process Solutions for Reformulated Gasoline", Copyright 1991, UOP/RFG 
SK 05-91, provided by UOP to ORNL. 

Buonomo, G. et al, "The Fluidized Bed Technology for Parafins Dehydrogena- 
tion: S m  Progetti-Yhrsintez Process'', presented to DEWTIT 1990 Petrochemi- 
cal Review, Houston, Texas, March 27-29,1990. 
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I .  

Methanol Feed Code MTBE TAME 

Isobutylene 14E X 

Reactive Amylenes R5E X 

Reactive Hexylenes R6E 

TABLE C41 BUTANE ISOMERIZATION 
This unit isomerizes normal butane to produce isobutane. The isobutane may be used for alkylation plant 
feed and, potentially, for dehydrogenation to produce isobutylene for MTBE and ETBE production. 

Data sources are the' EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data. 

TABLE C4S BUTENE TRANSFER PSEUDO-UNIT ' . 

This unit splits FCC and coker total butylenes into 70 percent normal butylene (C4E) and 3Opercent 
isobutylene (I4E). No costs are attached to this unit because the total stream is normally fed to 
MTBE/ETBE plants without fractionation and only the isobutylene is consumed. The costs of processing 
the to& butylene stream are included in the oxygenate plant costs. 

The problem of reflecting the C4E/I4E split on alkylation plant costs is complex. The alkylate produced 
by normal butylene is approximately 4 RONCMONC higher than that produced by isobutylene. 
Therefore, if the alkylation unit is preferentially consuming normal butylene from FCCkoker mixed 
butylenes, pre-fractionation costs should be attached to the alkylation plant for taking advantage of this 
option. However, if, as is often the case, oxygenate and alkylation units are both present in the LP solution 
(to produce reformulated gasoline), then the M I B m E  unit is situated upstream of the alkylation unit 
so as to avoid the fractionation costs. The practice in this model is not to add additional alkylation plant 
feed pre-fractionation costs. This could cause over optimization (understate costs)for some cases. 

Data sources are in-house ENSYS data. 

. 

- 

THME 

X 

TABLE ETH,,ETM OXYGENATE PRODUCTION 
A process unit which consumes methanol or ethanol to produce a wide range of oxygenates. The olefin 
feeds and corresponding oxygenate products are: 

Table 'A4. Oxygenate Products 
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Ethanol Feed Code ETBE TAEE THEE . . 

Isobutylene 14E X 

Reactive Amylenes M E  X 

Reactive Hexylenes ' R6E X 

The Tables (.)POL constraint NME can be used to constrain or eliminate all modes other @I iso- ' 

butylene/MTBE. . I  

The data for THME and THEE were estimated by ENSYS, since there is little or no commercial 
experience to provide operating data. Other data sources include the following: 

. .  
Bakas, S.T. et al, 'Froduction of Ethersfiorn Field Butanes and Refinery 
Streams", presented at the AIChE Summer Meeting in San Diego, California, 
August 1990. 

Prichard, Wove1 Catalyst Widens Octane Opportlinities", NPRA knnual 
Meeting, San-Antonio, Texas, March 29-31,1987. - 

,Miller, D. J., "Ethyl Tertiary Butyl Ether (ETBE) Production", Paper 42B 
presented at the AIChE Summer Meeting, August 1989. 

4 

Des Courieres, J., "The Gasoline Ethers: MTBE, ETBE, TAME & TAEE:"l%eir 
.Production", Paper 13A presenteb at the AIChE Summer Meeting, August 1990. 

.Chemical Engineering Progress, August 1991, p.16. 

Unzelman, G. W.; "Future Role of Ethers in U. S. Gasoline", Paper AM-89-06 
presented at the NPRA Annual Meeting, March 1989. 

Refinery Handbook, Ethers, Hydrocarbon Processing, November 1990, p.126. 

"UOP Process Solutions for Reformulated Gasoline", Copyright 1991, UOP/RFG 
SK 05-9 1 , provided by UOP to O W .  

Prichard, G., "Novel Catalyst Widens Octane Opportunities", Paper AM-87-48 
presented at the NPM Annual Meeting, March 1987. 

I 

. 
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TABLEDIP PROPYLENE OXYGENATE PRODUCTION 
This unit is modeled after a recently announced Mobil process which reacts propylene and water to 
produce a propylene ether PIPE). * 

TABLE C24 DIMERIZATION OF ETHYLENE TO I-BUTENE 
,This unit dimerizes ethylene to 1-butene for alkylation plant feed. It pr&ces a small byproduct quantity 
of 1-hexene. \ 

Data sources are based on in-house ENSYS data, calculations, and estimates. . I- 

TABLE C4T ISOMERIZATION OF BUTENE-I TO BUTENE02 
This unit isomerizes butene-1 to buteneT2 for the purpose of improving alkylate quality and reducing the 
alkylation plarit acid consumption. Approximately 13 cmbl of hydrogen is consumed to hydrogenate 
butadiene and reduce the mercaptan content. Alkylate octanes are increased 1.8 RONC and 0.8 MONC 
and alkylation plant operating costs are reduced by approximately 30 percent. 

Data sources include the following: 

Novalany, S. q d  McClung, R. G., "Better Albfrom Treated Olefins", Hy@car- 
bon Prdcessing, September 1989, p.66.' 

TABLEALK ALHYLATION . 
The isobutane sulfuric acid alkylation of the following feed streams is represented: 

ETHYLENE (FOE) 1 C2E 
PROPYLENE uc3 
MIXEDBUIYLENES uc4 
N-BUTYLENEi C4E 
TRT/ISOM BUTENE-2 T4E 
ISOBUTYLENE 14E 
NORMALAMYLENE CSE 
REACTIVE AMYLENE(IS0) M E  

The feedstocks are reacted with iso-butane to produce alkylate product. The range of feedstocks has been ' 

extended because of the high significance of akylates as refonnuIated gasoline blendstocks. 

Data sources are the EIA RYM model data provided toORNL and thereafter to ENSYS and in-house 
ENSYS data. Published sources include: 
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Leonard, J. et al, "What to do with R e w r y  Propyknesrt, Paper 5 ~ ,  presented at 
the AIChE Summer Meeting, August 1989. 

. 

' 
Masters, K. R., '!Alkylation's Role in Reformulate4 Gasoline", presented at the 
AIChE Spring Meeting, April 1991. 

. Masters, K. &d Prohaska, E.A., ' M d A h B E  Unit Ahead of Alkylation", 
Hydrocdon Processing, August 1988, p.48. ' 

"UOP Process Solutions for Refomduted Gasoline", Copyright 1991, UOP/RFG 
SK 05-91, provided by .UOP to ORNL. 

/- 

TABLE CPL CATALYTIC POLYMERIZATION 
A process using solid phosphoric acid catalyst to polymerize-propylene and butylenes to produce olefinic 
polymer gasoline. 

. 

' Data sources are the EM RYM model data provided to ORNL a d  thered& to ENSYS and in-house 
ENSYS data.. 

I .  

' TABLEDIM DIMERSOL 
A process using liquid phosphoric aci'd catalyst to polymerize propylene to produce dimer, which is lighter 
and higher in octane than olefinic polymer gasoline. ' 

- Data sources include: 

Leonard, J. et al, "What to do with Refinery Propylenes", Paper 5B, presented at 
the AIChE Summer Meeting,' August 1989. 

TABLE H56 
This unit hydrogenates the normal c& olefins to produce low octane normal pentanes and hexanes for 
isomerizer unit feed, where the octanes are'raised. Hydrogen consumptions are in'the range of 1300-1500 
cfhbl. 

Data sources are based on in-house ENSYS data, calculations and estimates. 

In an era of reformulated gasolines, th is  process provides a means of removing the reactive normal C, and 
C6 olefins from the gasoline pool. As described elsewhere, the is0 Cs and c6 olefins are likely to be dealt 
with by alkylation or etherification. 

HYDROGENATION OF NORMAL AMYLENE AND HEXYLENE 
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TABLE PHI PENTmELHEXUVE ISOMERIZATION . 
This is a partial recycle isomerizer (without molecular sieve) which produces isopentane- and isohexane- 
rich isomerates from the folloying potential feed streams: 

NATURAL GASOLINE NAT * .  

LSR GASO(C5-175)ION SRI . 
LSR GASO(C5-158) GLI . 
NORMAL PENTANE NC5 
NORMALHEXANE NC6 ./- 

Data sources are in-house ENSYS data and the following sources: 

Schmidt, R. J. et al, Tatal'st and Engineering'Innovations Improve 
Isomerization Techniques", Pajer AM-87-61 , presented at the NPRA Annual 
Meeting, March 1987. 

* "UOP Process Solutions for Reformulated Gasoline", Copyright 1991, UOPRFG 
SK 05-91, provided by UOP to ORNL. 

TABLE TRI PENTmEBEAWVE (TOTAL. RECYCLZ) ISOMERIZATION 
This is a total recycle isomerizer with molecular sieve which produces a high octane isomerate, 
approximately 4 RONC and 7 MONC greater than produced by unit PHI. The capital and operating costs 
are also higher. 

- 
1 

Data sources include the following: 

Sager, T.C. et al, "Cost Effective Isomerization Optionsfor Tomorrow's Light 
Gasoline Processing Options", Paper A&l-89-12, presented at the NPRA Annual 
Meeting, March 1989. 

Refinery Handbook, Hysomer and TIP System, Hydrocarbon Processing, 
September 1984, p.21. 

Energy Information Administration 
.. "EMS Petroleum Market Model Documentation PageA-tp 



TABLE H2P HY~ROGEN PRODUCTION VIA STEAM REFORMING 
TABLE H2X WDROGEN-PRODUCTION VL-4 PARTLQL OXIDATION 
These process units produce hydrogen by steam reforming and p&al oxidation, respectively. The steam 
reforming feeds inciide natural gas, propane, butane, and light naphtha. The partial oxidation plant feeds 
include low, intermediate, and high sulfur fuel oils. 

Hydrogen is expressed in bbFOE throughout the model. Correspondence is 19,646 CflbblFOE, equivalent 
to 50.9 bblFOE/MMcf of hydrogen. The hydrogen is produced it 97 percent punty, containing 3 percent 
methane. 

Data sources are in-house ENSYS data. 

4- .- 

TABLE HLO HYDROGEN TRANSFER TO FUEL 
This is essentially a model calibration table which penriits the downgrading of produced hydrogen (95 
percent purity) to fuel gas. The transfer ratio is established by matching the refinery hydrogen plant usage 
against known utilized capacity and reflects the fact @at not all produced hydrogen, notably from catalytic 
reforming, is reclaimed for hydrotreating refinery streams. 

TABLE SUL SULFUR tLANT . 

This unit reacts hydrogen sulfide with steam over iron oxide catalyst to produce sales grade sulfur. The 
unit is modeld after the Claus process with the capability to add a Stretford unit to reduce the hydrogen 
sulfide in the tail gas. The sulfur quantity is expressed ih short tons and the coefficients in the unit are 
scaled by 0.1 to increase the LP solution efficiency. 

Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data 

* 

' .  

TABLE FUM REFINERY FUEL PSEUDO-UNIT 
Pseudo-unit for routing refinery streams to refinery fuel. This unit tnixes refinery gases, naphthas, 
distillates and fuel oils to the mdel  "FUL" row for internal refinery process unit fuel consumption. The 
feed coefficients reflect the bbUFOE conversion factors. 

The LP solution activities associatfl with this unit should be controlled and/or scrutinized since an over- 
constrained or otherwise infeasible model may be characterized by dumping high value streams to refinery 
fuel. 

Data sources zke not pertinent except for the bblFOE conversion factors. These are based on ENSYS 
calculations andestimates. 
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TABLE STG STEAM GENERATION 
*TABLE KWG POWER GENERATION 
Steam and power generation refinery utility units. These represent the generation of steam (in units of 
Mlb/day) from refinery fuel (in bblFOE) and electricity (in kilowatthours) from steam (Mlb/day). An 
efficiency of 31 percent is assumed for power generation and 70 percent for steam geneeon. The power 
and steam are consumed in the various refinery process units. 

. .  

Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS, in-house ENSYS 
data and ENSYS calculations and estimates. 

TABLE REL REFINERY LOSS PSEUDO-UNIT. 

4- 

This pseudo-unit is used to represent refinery light end losses and to adjust refinery loss to match 
calibration cases. The unit's single vector allocates light ends loss, ai a fraction (currently 0.5 percent) of 
the crude run, across the light ends streams namely process gas, Gs, Cis, and light naphtha. The loss . 
vector is equated with crude run via row FRL which is generated in Tables (R)POL. Each crude 
processing vector in Table ACUCUTS has a 1 entry against FRL. 

Estimates of the loss factors are based on in-house ENSYS data and estimates based on calibration runs 
and knowledge of refinery losses. 

* 

- 
TABLE PFA PRODUCED FUEL ADJUSTMENT PSEUDO-UNIT 
This pseudo-unit is used to represent refinery propane and butane losses to refinery fuel gas (C, and 
Pghter). The unit's single vector allocates C, and C, losses (transfers) to fuel gas as a fraction (currently 
0.4 percent) of total crude run. The transfer vector is equated with crude run via row APF which is . 

generated in Table (R)POL. &h crude processing vector in Table ACUCUTS has'a 1 entry agairist APF. 
Estimates of the fuel adjustment factors are based on in-house ENSYS data and estimates based on 

' calibration runs and knowledge of refinery losses. 

(cogener) I 

This refinery process unit is used to produce steam and generate electricity for sale to the power grid. The 
fraction sold is contained in input Table SELCGN, the electricity not sold is consumed by-refinery process 
units. Data sources are from EIA. 
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APPENDIX B. Mathematical Description. of Model 

Each refiner is trying to minimize the wst of meeting demands. Therefore, the market moves toward lower- 
cost refiners whohave access to crude.oi1 and markets. 'A key prekise 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 l ink program model of tEe U.S. 
petroleum refining and marketing system that meets demand for refined products while minimixing costs. 
The PMM, like the other NEMS models, is written in FORT". The RS6000 software includes the 
Optimization Modeling Library or O m ,  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 UO 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 mohels, and the cycle is 
repeated. In the case of the PMM, a supply model, the refined pmduct prices are obtained as the marginal 
prices fiom an optimal solution to the PMM LP. These product prices are output to the NEMS demand 
models. The LP matrix is updated with the new demands for refined products and the eycle continues until 
convergence is reached. The demand level modifications to the PMM LP and the re-optimization of the Up 
matrix, which remains in core memory, are accomplished by executing FORTRAN callable subroutines. 

. .  
For AE096 the original generation of the PMM matrix is per€ormed using Om' 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 - m 2 .  

B.1 Mathematical Formulation 
' f  

The table of column activity definitions and row constraints defined in the PMM matrix incorporate certain 
premises which are described in Appendix A. The general'structure of the matrix is shown in Table B1. 

'Kekon 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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B.2 Matrix Indices 

Several indices are used in the column and &w defiaitions presented below. The definition of these indices 
are shown in Table B2. 

Table B2. Index Defdtions 

Domestic crude oil production region 
b 

. Crudeoiltype 

Marketing region 

Productrecipe . 

. .Intermediatestream. - 

, Processing mode or shipping mode 

Refinery stream 

Refined product 

Pricing level 

Refinery region 

Refinery stream 

Processing unit type 

Crudeoilsource I 

product specification quality 
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8.3 Column Definitions 

Table B3. Column Defiktions 

Volume of alcohol (a) purchased in demand region (d) at prict&evel (q). At 
present, this Column exists only for ethanol. 

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

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

Volude of intermediate stream (i) blended into spec blended product @) at’ 
refinery region (r). 

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

I 

Volume of product (p) made by recipe (h) in,demand region (d) by splash 
blending. 

. 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). 

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

. I  

Cumulative stream day capacity added for processing unit (u)’at refinery ‘ 

region (r) during the previous simulated periods. This column is fixed. 
I - .  

L: 

w \ Volume of methanol consumed by the chemical industry in refinery region 
(r). , 

input. 

Volume at price discount q of Alaskan Crude (AMH) exports. 

I 

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

“N, 
Volume atprice increment q of Alaskan Crude (AMH) exports. 
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Tu ’ 

TAAMHXZ 

TCBN, 

Vcj 

, Vcts 

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 (c) 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 (c) imported by refineq regon (r) 
price level (q). 

Volume of spec product @) manufactured in refinery region (r). 

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

I 

Manufacturing activity level in mode (m) operation in processing unit (u) 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. 
- 

~ o t a l  tai 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 @) transferred into product (p’) storage in refinery 
region (r). 

Volume of stream (s) transferred to stream (s’) at refinery region (r). 

Quantity ofdlity (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 Mh4cf 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). 
 his colunin is Constrained to some maximum. 

Total crude oil transhipped from PAD District III to PAD District II. This 
column is constrained to some maximum. 

d ’  
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- .  

zt 

. .. 

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

Total volume of light products @) shipped via pipeline mode (m) from 
refining region (r).to demand region (d). This columnis constrained to 
somemaximum. 

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

. .. 

Volume of alcohol (a) shipped frum demand region (d) to refinery region (r) 
via mode (m). 

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

Volume of product (p) transhipped from demand region (d) to demand 
region (d') via mode Xm). 

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 mode (m). 

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

Total volume of crude oil processed over all refinery regions. 

Tot+ volume of ethanol supplied from region (d). 

' 

\ .  

zoy. 
' 

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

ZZAMHTOT Export volume of Alaskan Crude Oil. 
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8.4 Objective Function 

The objective function has been established based on the premise that-costs associated with product imports, * 
non-crude od inputs, and crude oil supplies are based on a given world oil price. With & in mind, the 
following objective function has been defined-for PMM. 

Given: 

'%d 

.( 
is the unit price of product (p) sold in demand region (d). It is the price assochted 
with the demand volume for that product in the specified demand region, i.e. it is 
associated with Dpd. S i a r l y ,  each of the other 'PR' coefficients repreents the unit 
price of the activity it is associated with. 

is the target price for Alaskan crude exports. 

is the dikount from Alaskan crude target price. 

b 

, .  

e . .  ' 

. 

is the premium added to the Alaskan- crude target price. 

is the cost of transferring Alaskan exports to Valdez. 

is the discount from target naturaI gas fuel price in refinery region (r). 

is the premium added to the target natural gas fuel price in refinery region (r). . 

is the variable cost per uqit of column G?, i.e. the cost of one unit of 
manufacturing activity in mode (m) operaton in processing unit (u) at refinery 
region (r). Similarly, each of the other 'C'wefficients represents the unit cost of the 

is the sum of federal and state tax credits for use of ethanol in gasoline. 

. 

' 

activity it is associated with in the objective function as statedbelow. . .  

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: 

' 

* 

zdzp Dd,p*PRd,p+ Ep&% % b ~ * ~ & P s  + Ep&zdqPd*p%Pd &d*p%d - .  
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I ,  

/ 

+ Cq Yq * PRAM", + TAAMHXZ * PRAMHXZ 

+ &Zq N p G a q  * PRJGRFPq 

> 

1 

-4 

Note: &E,,& term is represented in the matrix as T(r)OVCOBJ + T(r)GPLOVC + 
T(r)MCHOVC. 

I .  , 

, 
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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 

% pb*G + zczJq pi~,q*ce&q -WOP*NWop*Zt 2 0 

where: . . -4. . 

pb , .the volume of domestic -de oil produced in production region (b). 

G ' the cqde oil cost applicable to Pb' $/bbl 

%, the volume of imported crude oil acquired by refinery region (r) of crude type (c) 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 applicableto Pi,. $/bbl c,, 

. .. WOP 

NWOP * 

is the premised World Oil Price. $/bbl 

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

Zt is total processed crude oil over all refinery regions. 

Le., 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 F'iwq 

I 

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 

&, Pb*G + ZCZJq Pi,,*C,, - WOP * NWOP * Zt I 0 

where: 

xwop is the maximum fraction of the.WOP by which refiners must acquire crude oils by 
volume weighted average, of course Xwop 2 1. 

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

Energy Information Administration 
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Note: This constraint in conjuction with the previous constraint confine the . . 
imported crude oil volumes so that their composite unit cost is close to the,WOP. 
Since the costs of the 5 types of imported crude oil bracket the WOP, there is a 
continuum of import possibilities. Of course the crude oils vary in cost according to 
crude quality and transportation cost. ,However, to avoid infeasibilities due to an 
overly restrictive constraiut, it is presently @e practice to &ow -a variation of 50 
cents per barrel. This is also made.nec&sary when m e u m  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. 

? 

, .  
' 

I 

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

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

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

4. Place an upper bound on product import volume: I 

where: 

$:A 

. Ipmax 

is the volume of product (p) imported into refinery region Cr) at cost level (4). 

is the maximum a s k e d  volume of imported products allowed into the U.S., an 
. inputvalue. 

Le., the sum of product volumes imported 'at all phce levels over all refinery regions 
must not exceed some maximum. 

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

. .  

where: 

ry 
Mt 

is methanol coptuned by the chemical industry in refinery region (r). 

is total U.S. methanol consumption by the chemical industry, an input. 
. I .  

. I  
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Le., methanol consumed by the chemical industry h each refiery 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. The 
methanol production is allocated to two demands: chemical industry demand and 
transportation sector demand. 

. 
' 

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

ZtEr,u*Ar,u 5 b a X ,  v r * 

where: 

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

4 . U  is the capital investment required per y i t  of capacity for processing unit type (uj in 
refmery region (r), million dollars per MbbVd. 

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

Le., total capital expenditures are limited for ehch refinery region. This limit allows 
the user to place limits on expansion for a given scenario. The default values are 
large such that they are not constraining, except in PADD I where a limit of $500 
million dollars is the default. This value is based on analyst judgement to reflect the 
low expectation of refinery expansion on the East Coast. 

Note: For NEMS production runs, this constraint has not been operative except for 
PAD District I. The assumption has been that environmental waivers and permits 
will preclude capacity additions in this region. 

' 

. 

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

W u E r , u * 4 , u  Emax 

where: 

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

Le., 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 constrainiig. 

I 

Note: This cohstraint 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 
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instance, one could hypothesize that in a capital-short domestic environment, total 
industry investment is limited. 

8. Limit the volume of unfinished oil processed in U.S. refmeries: 

where: 

R%VZ is the crude oil volume distilled in refinery region (r) from source (v) occrude oil 
* *  type (c). , .  

Tu 'is total processed unfinished oil over refinery regions. . 

BO31 are regression kquation coefficients (See Appendix-A). BO = 11,674.3, B1= 4.087. 

Le., the maximum allovable unfinished oil processed is a &ear function of total 
. crude oil processed. 

9. Limit the voIume of each unfinished oil component processed in each refmery region: 

&*Tu.- Ti, 2 0 'd r,i 

where: 
- 

Ti, is the volume of unfinished oil component (i) prdcessed in refinery region (r). 

is the fraction of component (i) of total unfinished oil that is processed in refinery 
region (r), an input. 

4, 

Le., the volume distribution of each type of unfinished oil processed at each refmery 
region is constrained to the historical-pattern. 

< .  

10. Balance by volume, at the demand regions, each alcohol purchased by the petroleum industry and 
domestic methanol shipped in from the refinery regions against alcohol blended by recipe in the demand 
region and alcohol shipped out of the demand region: 

zq Ba,d,q + w ~ , d ~  - zpzh %Jz,d*Ah,a - zr& wa,d,r,m = 

where: 

Bd, is the volume of alcohol (a) purchased in demand region (d) at price level (4). At 
present, this column exists only for ethanol. 

Wvdp is the volume of alcohol (a) received in demand region (d) fiom refinery region (r) 
via shipping mode (m). This column 6xists only for methanol. 

Energy Information Administration 
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I 

is the volume of recipe product (p) containing &oh01 (a) consumed in demand 
region (d). 

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

Hpbd 

Ah* 

. w.&Jn is thevolume of alcohol (a) shipped from demand region (d) to refinery region (r) 
via mode (m). This column is valid only for ethanol. It is assumed that all ethanol , 

purchases are made in the demand regions. Thus, ethanol needed by the refinery for 
. processing or blending must be shipped ftom the demand regions. . 

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

11. For those products which are not' blended by recipe at the demand regions, 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: 

where: 

$4 is volume of product (p) imported into demand region (a). 

WwPm ' is product (p) received in region (d) from refinery region (r) via mode (m). 

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

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. 

is the volume fraction of product @) consumed by recipe (h), an input. 

is a base sales volume of product (p) in demand region (d), this activity is fmed at 
the last NEMS iterative demand value; Le., it does not impact the solution. 

is an increment of sales volume decrease from the base of Dd,p for product (p) in 
demand region (d) at price level (9). . 

is an increment of sales volume increase from the base of Dd,p for product (p) in 
demand region (d) at price level (q). 

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. 

%&d 

c .  
APb 

' Dp,d 

%PA 

m P P * q  

Note: .The columns 
decreases around the base demand value, DP,+ An increase in volume around this 

and mPdA represent and dlow incremental increases and 
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. base is activated with anaverage input price determined by the demand elasticity of 
the product. The situation for incremental volume decreases is similar, except the 
price is given a negative value since the increment is essentially bekg backed out of 
the base volume. The purpose of this structure, as opposed to having a single fixed 
Dpd, is to reduce wide swings in demand between NEMS iterations and thus make 

* the marginal price more stable. This is called the "avoids" structure. 

12. Balance, at each-demand region, the volumes for each of the recipe products M85 and E85 - the products 
which are blended at the demand terminals - so that manufapured volume plus imports equals the recipe sales I . ' 
volume for these terminal splash blended recipes: -4 . 

&Hp'bd+$.d -'D@d = 0 

where: 

p' E p ' sothat p' is a subset of all products and in fact, p' = E85 and M85. 

'd p', d 

. 

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

%*Ad 

IP.4 ' is volume of product @') imported into demand region (d). 

is the sales volume of product @') in demand region (d): DPY . .  
Le., for each demand region, all M85 and E85 blended at the terminals plus M85 
and E85 imported into the demand region must equd 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: 

' .  

& ww,& + Ed& wp,d,$a - && wp,8,dp = 0 d', p 

where: 

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

Wwsp is volume of product (p) received by demand region (d') fiom refinery region (r) via pipeline 
(P/L) mode (m). These columns are generated only for the pipeline shipping mode when (8) 
is CD 6 .  

WMP.- is volume of product (p) received in demand region (8) via transhipment from demand 
region (d) by mode (m), e.g. from 6 to 5 or fiom 5 to 2. For these coluinns, d' = d is not 
allowed. 
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' W#da is volume of product @) transhipped fiom demand region (d') to demand region (d) by mode 
(m). However, for these columns, d' = d is Nowed; in this case the activity reprgsents P/L 
sales 

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

Note: CD 5 and CD 2 (Mid Atlantic) receive much of theiiproduct volumes via 
pipeliie (PL) 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 transhipped thro@ 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. 

I 

14. Balance the domestic production of each crude type at each producing region against exports (Alaska. . 
only) and shipments to domestic refmeries: 

where: 

pb is total volume of domestic crude oil produced at producing region (b). 

'4rb is the fraction by volume of Pb that is crude type (c) with source code (v), an input. 

OW, is the export volume of crude oil (c) with source code (v) produced in domestic 
region (b). At present, only Alaska crude exports are allowed:. 

YGvbrs 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). 

I.e, for each production region and crude oil type, domestic production must be 
balanced agaixkt exports and shipments to refinery rkgions. 

15. Limit shipments of crude oil on Jones Act marine tankers: - 

where: 

m' E m m' is the set of shipping modes that correspond to Jones Act crude oil tders .  

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

--. 

A, is dead weight tons per barrel of crude oil of type (c), about 0.1344. 
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i 

Vcj .is total dead weight t op  of Jones Act &de oil. This column is constrain.ed to some 
maximum. 

Le., total Jones act crude oil shipments are limited by the existing fleet. 

"Note: This constraint is stated in the form 'X - MAX = 0' with bounds on MAX 
rather than in the form X s MAX (which is more straight forward from a 
mathematical standpoint) because this allows the analyst to add a minimum 
constraint or change over to a fixed constraint within the fortran code without a 
regenerhtion of the M P S  Ne. Thus it is an artifice of convenience. 

?. 

I 
I i. . .  

16. Limit shipments of refined product on Jones Act marine tankers by product class (clean, dirty...): 

Z~.ZJ~G. wPmFm*~ - vP' = o v product class (pc) 

where: 

m' E m m' is the set of shipping modes that correspond to Jones Act product tankers carrying 
product class @). 

P'EP p' is the set of products which correspond to the product class (pc) of the particular 
constraint row. 

WPBrM is volume of product @') shipped from refinery region (r) to demand region (d) via mode 
(m'). 

A, 

VF 

is dead weight tons per barrel of product (p), an input. 

is total dead weight tons of Jones Act product of a shipping class (pc). This column 
I is constraingl to some maximum.' 

Le., Jones Act product shipment volume is limited by e e r  availability. 

17. Allow and limit transhipments of crude oil from the Gulf Coast to the PAD District 11 refining region: 
I 

where: 

yw.G.f3n is volume of crude oil type (c) withsource code (v) that is transhipped from the 
PAD District III ( c o d f f i )  refinery region to the PAD District II (cod-C) refinery 
region. 

Vcts is total crude oil transhipped from PAD District III to PAD District II. This column 
is constrained to some maximum 

Le., the volume of crude oil shipped from the Gulf Coast to PAD District 11 
refineries is limited. 

' 
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. '  

r18. For each domestic crude oil producing region and refinery region (r) allowable combination, allow and 
limit pipeline shipments of crude oil: 

. YGVPrp is volume of Crude oil type (c) that is shipped from domestic producing region (b) to 
refinery region (r) via pipeline mode (m). . 

.I . 
Vcpb, is total crude oil shipped by pipeline from domestic producing region (b) to refinery 

region (r). This column is constrained to some maximum. 

Le., limit the crude oil volume shipped by pipeline from each applicable producing 
region/hefrnery region pair. 

19. For each refinery/demand region applicable combination, limit pipeline shipments of light products to 
available capacity: , 

where: 

p' E p p' is the set of light products which can be shipped from refinery region (r) to demand region 
(d) via pipeline mode (m). 

W,.,,, is volume of product @') shipped from refmey region (r) to demand region (d) via pipeline 
mode (m). 

Vpp,,, is total volume of light products (p') shipped via pipeline mode (m) from refiniing region (r) 
to demkd region (d). This column is constrained to some maximum. 

Le., the volume of light products that can be shipped by pipeline from each refrnery 
region to'each demand region is limited by the available pipeline capacity. . 

- 

20. For each refinery/demand region applicable combination, limit pipeline shipments of liquid petroleum gas 
volumes to available LPG pipeline capacity: 

V r,d,m 

where: 

p' E p p' is the set of LPG products which can be shipped from refinery region (r) to demand region 
(d) via pipeline mode (m). 

' 
* Wp.rdp is volume of LPG product (p') shippi from refinery region (r) to demand region (d) via 

pipeline mode (m). 
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Vtptd, is total volume of LPG produck (p') shipped via pipeline mode (m) fiom refining region (r) 
to demand region (d). This column is constrained to some maximum. 

Le., the volume of LPG products that can be shipped by pipeline from e k h  refinery 
region to each demand region is liinited by the available pipeline capacity. . 

21. Re,aery 'policy' table entries are adhered to: 

%, is the mandacturing activity level in mMe (m) operation in processing unit (u) at 
re@ery region (r). 

b, is the coefficient entered into the processing unit (u) table for refrnery region (r) in 
the operating mode (m) coIumn at policy row (e), an input. 

is the fractional amount of total capacity value entered in the policy table in row (e) 
for refinery region (r), an input, i.e., constraints may be introduced by the analyst via 
the "policy" rows. 

Note: The type of row (s,> ,=) is determined by the entry in coI& heading TYPE 
of the policy table (r)POL where A,, appears. It may also be a non-constraining 
row, in which case the row is free. The total processing unit throughput is the base 
for the policy limits in each refinery region: 

A, 

/ 

- &FLO, is the sum of the base, build, and expanded capacity in processing unit (u) at refinery regon 

is the base processing capacity in processing unit (u) at refinery region (r) 
MbbVcd. This column is upper bounded rather than fixed. See note below. 

. 

is the stream factor for processing unit (u) at refinery region (r) defmed as the ratio 
of calendar day capacity to stream day capacity. 

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

is the stream day capacity added during this simulated period for processing unit (u) 
at refinery region (r). This column is'generally upper bounded. 

1 
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.22. For each applicable combination of domestic crude oil and refinery region, balance shipments received 
directly from the producing region plus transhipments received from other refinery regions against crude oil 
consumed at the refinery and crude that is transhipped to other refinery regions: , 

. &%YGV&JS + WmYGVjJJn - wlnYGvJjJn-R%"J = 0 'd c,v,r 

where: 

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

5 -  

YGv j,Jn is volume of domestic crude oil type (c) with source code (v) that is received at refinery 
region (r) by transhipment through refmery region (r') via mode (m). 

YGVJ8- is volume of domestic crude oil type (c) with source code (v) that is transhipped through 
refmery region (r) to refmery region (r') via mode (m). 

R%VJ is volume of domestic crude oil type (c) with source cbde (v) that is processed 
through the atmospheric tower at refinery region (r). 

Le., for each domestic crude oil at each refinery region, the volume cdnsumed at the 
refinery plus what is shipped out of the refmery region must equal what is shipped 
into the refinery region. 

23. For each applicable combination of imported crude oil and refrnery region, balance imports received 
directly plus imports transhipments receivd fiom other refmery regions against crude oil consumed at the 
refmery and crude that is transhipped to other refinery regions: 

2,Pi,, + EJmYGYrS -ZJmYGrja-RaGr = 0 'd c,r  

where: 

%, is the quantity of imported crude oil acquired by refinery region (r) of crude type (c) 
J at price level (q). 

YQjJS is volume of imported crude oil type (c) that is received at refinery region (r) by 
transhipment fiom refinery region (r') via mode (m), 

YerfJn is volume of imported crude oil type (c) that is transhipped from refinery region (r) to 
refinery region (r') via mode (m). 

Ra,, is volume of imported crude oil 
tower at refinery region (r). 

Le., each imported crude oil must be balanced at each refinery by matching imports 
and what is received through transhipment against refmery consumption and what is 
transhipped to other refineries. 

(c) that is processed through the atmospheric 
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QP: 

. .  

wp,r,d,m . 

. .  

ii volume of spec prolrrlct (p) manufacture in refmery region (r). When product (p) 
is a spec product, column Hpbr does not exist. 

is volume of product (P) manufactured in &finery region (r) using recipe (h). when 
thisrolumn is active for product (p), column QPJ does not exist. 

is volume of refined product (p) imported into refinery region (r) at price level (q). 

/. 
I 

. 

is the volume of stream (s) transferred into product (p) in refmery region (r). 

is the volume of product (p) transferred into product @') storage in refinery region 
(r). 

is the volume of product made by recipe (h) at refmery region (r) in which product 
@') is an ingredient. 

is the volume of producr (p) consumed per unit of recipe (h), an input. 

is the volume of product (p) shipped fiom refinery region (r) to demand region (d) 
via mode (m). 

\ 

Le., for each product at each refinery, the volume manufactured plus volume 
imported plus volume transferred fiom another higher quality product must e q d  to 
the volume transferred to other. lower quality products plus the amount conmined by 
recipe plus the volume shipped to market. 

. \  
25. Balance each utility at each refinery region: . 

where: 

u,, . is the quantity of utility (1) that is purchased in refinery region (r). Of course 0) = 
KWH, STM, and NGF (power, steam, and natural gas fuel) with units in thousands 
of kwh, lbs., and Mcf respectively. 

is the manufacturing activity level in mode (m) operation in processing unit (u) at 
refinery region (r). ' 

I 
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AbJPl ii the quantity of utility (1) consumed (-) or manufactured (+) per unit of operation 
of processing unit (u) in mode (m) in refinery region (r). The (u) index includes the 
utility manufacturing units. 

is the volume of spec product (p) manufactured at refinery region (r). This column 
exists only when product @) is a spec blend. 

is the quantity of utility (1) consumed per unit of spec product @) man&ctured at 
refinery region (r). 

. 

QPY 

' ALP, 

, 

I .  

is the volume of product @) manufactured by recipe blend (h) at refinery region (r). 
This column exists only when product @) is a spec blend. 

is the quaitity of utility 0) consumed per unit of recipe product (h) manufactured at 
refinery region (r). 

Le., for each utility at each refmery region, the quantity purchased plus the amount 
manufactured must equal the consumption. 

- Hpbs fl- . 

Albr 

26. Constrain each processing unit throughput to maximum capacity at each refinery region: 

where: / 

%Pl is the manufacturing activity level in mode (m) operation in processing unit (u) at 
refinery region (r). 

. .  . .  

is the base processing capacity in processing unit (u) at refinery region (r) in 
Mbbl/cd..'This column is upper bounded rather than fixed. See note below. 

' Ylr 

is the stream factor for processing unit (u) at refinery region (r) defined as the ratio 
of calendar day capacity to stream day capacity. . . 

4 l Y  

is- the cumulative stream day capacity added for processingunit (u) at refinery 
region (r) during the previous simulated periods. This column is, of course, fixed. 

is the stre& day capacity added during this simulated period'for processing unit (u) 
at refinery region (r). This column is generally upper bounded. 

Lu: 

i Y  

Le., the activity of a particular processing unit mist IX limited to the maximum 
operating capacity. 

Note: By making this row fixed with the base capacity upper bounded, the 
processing throughput is calculated as K, + 4,,*(LuY + E*?. Of course, in a model 
lacking capacity expansion capability, the capacity constramt row is commonly 
constructed as throughput and is kqual to or less than a right-hand-side capacity 
value so that the throughput is merely,the row activity. 
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27. Balance each intermediate refinery stream at each refinery region: 

&& %t,*4wa + Zs CTx,, - Tx,,) - Xp G,, - Zp%, I-$&,*&, = 0 t/ i, r 

. ,  where: ' 

i E s  i.e., the intermediate streams =-a subset of all refrnery streams. , .  

. %a - 

. ' 4 w a  

Txs, 

is tie manufacturing activitylevei in mode (m) operition in processing unit (u) at 
refinery region (r). 

. is the volume hction of intermediate stream (i) created (or consumeci $the sign is 
negative) per unit of manufacturing activity level in mo(le (m) operation in 
processing m*t (u) at refinery region (r) for processing unit (u) at refinery region (r). 

is. thk volume of stream (s) transferred to intermediate s t r A  (i) at refinery region 

\ 

1 

. .  . .  . .  

(r). 

is the volume of intermediate stream (i) transferred to stream (s) at refinery region 
I 

. .  Tx,: 
. . (r). . 

GiP: is the vohne of intermediate stream (i) blended into sp& blended product (p) at 
&finery region (r). 

. is the voiume df product (p) manufactured according to recipe (h> at refinery region . 
(r>. 
is the volume fraction of intermediate stream (i) consumed per unit volume of 
product manufactured according to recipe (h) at refrnery region (r). 

ALh 

Le., at each refinery region, each intermediate stream must be volume balanced so 
that the amount manufactured plus the amount transferred fiom higher quality 
streams must equal the volumes consumed by manufacturing processes, the amount 
that may be transferred to other lower quality streams plus the volumes blended into 
spec and recipe products. 

28. Constrain qualities of spec blended products: 

where: 

is the volunie of intermediate stream (i) blended into spec-blended product (p) at 
refinery region (r). 

- 
is the blend value of property (y) for spec product (p) of stream (i). . 

I 

.Qp: 
. is the total volume of spec-blended product (p) manufactured atrefineq region (r). 
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is the constraining value of property (y) that spec product (p) must adhere to; e.g., 
an octane number, at refinery region (r). 

' Arw 

Note: The row type varies depending upon whether the blend specification quality 
is a maximum, minimum, or fixed'value. 

i.e., for each spec for each product at each refinery region, the aggregate spec value 
of the product determined by volume weighting the spec properties of the consumed 
blending stocks must not violate the specification limit.. 

29. Sum oxygen percentage contribution by oxygenates blended to reformulated gasoline N. , 

where: 
Goxm: 
PO, 

is the volume of oxygenate stream (OX) blended to RFG in region (r). 
is the percentage oxygen in oxygenate stream (OX). This group includes MTBE, 
TAM, and THM from methanol and ETB, TAE, md THE fiom ethanol. Also 
included is the ethanol splash blended. 
is the volume of RFG splash blended with ethanol in region r. 
is the percentage oxygen in ethanol 

is the volume of RFH splash blended with ethanol in region r. 

is the total volume in units of percent oxygen-barrels of RFG. 

HETHPPG: 
porn 
F- is the fiaction of ethanol in RFG for 2.0% min oxygen [= 5.8%). 
HEmRFKr 
FETHRRI is the fraction of ethanol in RFH for 2.7% min oxygen (= 7.8%). 
zoy. 

30. Sum oxygen percentage contribution by renewable oxygenates blended to RFG. 

&,E GoEpPc? *POoE + H F W ,  *Porn *F= +H- *PO, *F- 2 L*zOX, 

where, in addition to the terms defined in equation 29: 

GOERPG: 

P O O E  

L 

is the volume of renewable oxygenate stream (OE) blended to RFG in region (r). 
is the percentage oxygen in oxygenate stream (OE). This group includes ETB, 
TAE, and THE fiom ethanol. Also included is the ethanol splash blended. 
is the volume fraction of the oxygen that must come fiom renewable oxygenates, 
i.e., ethanol, ethylbenzene (ETB) and ethyl ethers (TAE and THE). 

' 

31. Calculate refinery consumption of natural gas supply by Summing volumes processed for each refinery 
region: 

i. 

ZqNPGRFNq +ZqN,.NGRFPq - UJGF = 0 

where: 

NJGF@N/P, 
U,.NGF is the total volume of natural gas c o w e d  in refineq region r. 

is the volume of natural gas consumed in refinery region (r) at supply price delta (9). 
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. I  

32. Place an uppkr bound on each natural gas supply step volume: 

N,NGRF'N/P, s NG,max 

where: , 

N,NGRF'N/Pq is the volume of natural gas allowed on step q in region (r) at cost a cost delta. 

NG, m k  is the maximum volume of natural gas supply allowed, based on an input value. 
Note that step N1 has a minimum lower bound volume. 

' 

33. Calculate Alaskan crude export volumes: / .  

Zq "Pq + Zq "Nq - ZZA.M€€I'OT = 0 

where: 

Zq NZAh4EPq Volume at price increment q of Alaskan Crude (AMH) exports. 
Zq "N, Volume at price discount q of Alaskan Crude (AMH) exports. 

34. Place an upper bound on each Alaskan crude supply step volume: 

"x, s " x q m a x  
. .  

where: 

"x, 

- 
Volume at price increment/discount q of Alaskan Crude (AMH) expom. 

, I  

"x, max is the maximum volume of crude export allowed, based on an input value. . 

. 35. h addition to the above, several non-constraining rows exist merely as a convenience . .  to sum over certain 
columns via ~e row activity parameter. , 

. ,  
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' B.6 Row and Column Cross References 
, .  

The PMM LP matrix is generated fiom a program written in the FORTRAN language using callable 
subroutines from'OML. The correspondence between the rows and the column symbols in the preceding 
matrix description and the generated matrixmmes of PMM are shown in Table EM.. 

Table B4. Column Cross References 

I 

DPP 
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, 

TCBN, 

UPGF 

Vcj 

Vcts ' 

VCPb: 

. 

. .  . .  
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Z@TOTCRD . 

Z(r)RFGOXY /. 

. ZZAMIFTOT 

I 
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, 

Table B5. Row Cross References 

' , 1 '  
2 .  
3 * '  

' 4  . :  
. 5  

6 -  ' 

7 
8 
9 
10 
11 \ 

12 
13 
14- 
15 
16 
17 
18 . 

19 
20 
21 

122 
'23 
24 
25 
26 
27 
28 
29 
30 
31 

. 32* 
33 . 
34* 

* Bound on column variable. 
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APPENDIX D Model Abstract 

Petroleum Market Model 

PMM 

D.l Model Name: . 

D.2 Model Acronym: 

< 

0.3 .Description: . , 

The Petroleum Market Model is a simulation of the US. petroleum' industry. It includes 12 domestic crude 
oil production regions, 5 refining centers with full processing representations and capacity expansion 
capability and gas plant liquid production, and 9 marketing regions. The heart of the model is a linear 
program optiyization which ensures a rational economic simulation of decisions of petroleum sourcing, 
resource allocations, and the calculation of marginal price basis for the products. Eighteen refined products 
are manufactured, imported, and marketed. Seven of these products are specification blended, while the 
remaining 11 are recipe blended. Capacitated transportation systems are included to represent existing intra- 
U.S. k d e  oil and product shipments (LPG, clean, dirty) via pipeline, marine tanker, barge, &d truck/rail 
tankers. The export and import of crude oil and refined products is also simulated. AU imports are purchased 
in accordance with import supply curves. Domestic manufacture of methanol is represented as though the 
processing plants were a part of the refinery complexes whereas ethanol sources are treated as merchant. 
Transportation is allowed for ethanol shipments to the demand region terminals for splash blending. 

The program is written in FORTRAN which kcludes callable subroutines allowing full communication with 
the LP portion of the model which is in the form of an M P S  resident file. 

- 

I .  

D.4 Purpose of the Model:. . 

The PMM models domestic petroleum refining activities,,the marketing of petroleum products to 
consumption regions, the production of natural gas liquids in gas processing plants, and domestic methanol 
production. The purpose of the PMM is to project petroleum product prices, refrning activities, and 

. movements of petroleum into the United States and among domestic regioxis. In addition, the model contains 
adequate structure and is sufficiently flexible to examine the impact of a wide variety of petroleum-related 
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' 

issues and poky options, in,order to foster understandidg of the petroleum refining and marketing industry as 
well as determine the effects of certain p&es &d regulations. . 

The PMM projects sources of supply for meeting petroleum. prdductdemand. The sour.ces of supply include 
. crude oil, both domestic and imported, other inputs including alcohols and ethers; natural gas plant liquids 

production; petroleum product imports; and refinery prwessing gain. In addition, the PMM estimates 
domestic refhe3 capacity expansion and fuel consumption. Product prices are estimated at the Censbs 
division level i d  much of the relining activity information is at the Petroleum Administration for Defense 
(PAD) District level. 

I \  

8 

3 

D.5 Most Recent Model Update: 

Octobe; 1996 1 
, 

D.6 Part of Another Model? . 

National Energy MGeIing System (NEMS) 

D.7 Model Interfaces: 

Receives information from the International, Natural Gas Transmission and Distribution, Oil and Gas 
Supply, Renewable Fuels, Electricity Market, Residential, Commercial, Industrial, and TranMrtation 
Models. Delivers information to each of the models listed above plus the Macroeconomic Model. , -. 

D.8 Official Model Representative: 

Thomas White 
Office of Integrated Analysis and Forecasting 
Oil and Gas Analysis Branch 
(202) 586-1393 

I /  

D.9 Documentation: 

EIA Model Documentation: Petroleum Market Model of the hational Energy Modeling System (NEMS), 
December 1996. (DOEIEIA-MO59). 

. .  
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D.10 Archive Media and Installation Manual 

, Archived as part of the NEMS AEO97 production runs. 

D.11 Energy System Described: 

Petroleum refining industry and refined products market. 

r. 
. D.12 Coverage: 

. 

Geographic: Twelve domestic crude oil production regions (East Coast, Gulf Coast, Mid-Continent, Permian 
Basin, Rocky Mountain, West Coast, Atlantic Offshore, Gulf Offshore, Pacific Offshore, Alaska South, 
Alaska North, Alaska Offshore); five refining regions (PAD Districts I-V); nine market regions, the Census 
divisions (New England, Mid Atlantic, East North Central, West North Central, South Atlantic, East South 
Central, West South Central, Mountain, Pacific) 

Time Unit/Ftrequency: Annual, 1990 through 2015 

Products: LPG, traditional motor gasoline, traditional high oxygen motor gasoline, reformulaed motor 
gaioline, reformulated high oxygen motor gasoline, M85, E85, jet fuel, distillate fuel oil, highway diesel, low- 
sulfur residual fuel oil, high-sulfur residual fuel oil, petrochemical feedstocks, asphalthoad oil, marketable 

t 

- coke, still gas, other. 

Refinery Processes: qude distillation, vacuum distillation, delayed coker, fluid coker, visbreaker, fluid 
. catalytic cracker, thermal cracker, hydrocracker-dist, hydrocracker-resid, solvent deasphalter, resid 

desulfurizer, FCC feed hydrofiner, distillate HDS, naphtha hydrotreater, catalytic reformer450 psi, catalytic 
reformer-200 psi, alkylation plant, catalytic polymerization, penhex isomerization, butane isomerization, 
etherification, butanes splitter, dimersol, butylene isomerization, total recycle isomerization, naphtha splitter, 
C2-C5 dehydrogenator, cyclar unit, hydrogen plant, sulfur plant, aromatics recovery plant, lube + wax plants, 
FCC gasoline splitter, gas/H2 splitter, stream transfers; fuel system, steam production, power generation. 

I .  

Crude Oil: Alaska low sulfur light, Alaska mid sulfur heavy, domestic low sulfur light, domestic mid sulfur 
heavy, domestic Ggh sulfur light, domestic high sulfw heavy, domestic high sulfur very heavy, imported low 
sulfur light, imported mid sulfur heavy, imported high sulfur light, imported high sulfur heavy, imported high 
sulfur very heavy. 
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Transportation Modes: Jones Act dirty marine tanker, Jones clean marine tanker, LPG marine tanker, import 
tankers, clean barge, dirty barge, LPG pipeline, clean pipelines, dirty pipelines, rail/truck tankers. These 
cover all significant U.S. links: 

D.13'Modeling Features: 

Model Structure: FORTRAN callable subroutines which update the linear programming.matrix, re-optimize, 
extract and post:process the solution result& update system variables, and produce reports. -4. 

Model Technique: Optimization of linear programming representation of refinery processing and 
transportation which relates the various economic parameters and structural capabilities with resource 
constraints to prbduce the required product at minimum cost, thereby producing the marginal product prices 
in a manner that accounts for the major factors applicable in a market economy. 

Special Features: Choice of imports or domestic production of products is modeled, capacity expandon is  
determined endogenously, product prices include fured and environmental costs, oxygenated and reformulated 
gasolines and low-sulfur diesel fuel are explicitly modeled. 

\ D.14 Non-DOE Input Sources: 

Information Resouices Inc. 0, WORLD model' data, National Petroleum Council, ICF Resources, Oil and 
. GasJournal. 

' D.15 DOE Input Sources: 

Forms: 

1 EIA-14 
EIA-182 
EIA-782A 

' EM-782B 
. EIA-782C 

EIA-759 
, EIA-8 10 
EIA-8 1 1 
EIA-812 
EIA-813 

. EIA-814 

Refiners' Monthly Cost Report 
Domestic Crude Oil First Purchase 
Monthly Petroleum Product Sales 
Reseller/Retailer's Monthly Petroleum Product Sales 
Monthly Petroleum Products Sold into States for Consumption 
Monthly Power Plant Report ' 

Monthly Refinery Report 
Monthly Bulk Terminal Report 
Monthly Product Pipeline Report 
Monthly Crude Oil Report 
Monthly Imports 
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EM-8 17 
EIA-820 Annual Refinery Report 
EIA-826 Monthly Electric Utility Sales 
EIA-856 
EIA-867 
FERC-423 

Monthly Tanker and Barge Movement 

Monthly Foreign Crude Oil Acquisition 
Annual Nonutility Power Producer Report 
Monthly Report of Cost and Quality of Fuels for Electric Plants 

In addition to the above, information is obtained from several Energy Information Administration .r . formal . 
' publications: Petroleum Supply Annual, Petroleum Supply Monthly, Petroleum Marketing Annual, . 

Petroleum Marketing Monthly, Fuel Oil and Kerosene Sales, Natural Gas Annual, Natural Gas Monthly, 
Annual Energy Revie&, Monthly Energy R e v i h ,  State Energy Data Report, State Energy Price and 
Expenditure Report. 

D.16 Computing Environment: 

Hardware: 
Operating System: ATX version 3 
soh i r e :  , . AIX FORTRAN, OML . 
Memory Requirement: 4,000K 

Estimated Run Time: 
Special Features: None, 

RS 6000 POWER server 590 

Storage Requirement: 34.7 MB 
2,200 seconds in a full NEMS run (26 years) 

D.17 Independent Expert Reviews Conducted: 

Independent reviews of &e Componkt Design Report of the PMM were conducted by: 

A.S. Manne, ASM Consulting Services, July 1992 
A.S. Manne, ASM Consulting Services, September 1992 

0.18 Status of Evaluation Efforts by Sponsor: 

None. 
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APPENDIX E. Data Quality 

E.1 Quality of Distribution Cost Data 
' Costs related to distributing petroleum products to end-users are incorporated by adding fixed transportation 

markups to the wholesale prices which include the variable and fixed refinexy costs. Transportation marlyps 
for petroleumproducts are estimated as the average annual difference between retail and whole&e prices 
over the years 1984 through 1995l. The differences are based on wholesale prices in the producing Census 
division and end-use prices (which do not include taxes) in the &nsuming Census division. See Appendix F 
for a discussion of programs and input files used in estimating these markups. 

Annual wholesale prices for all petrolea products are aggregated from state-level prices from the EIA- 
782A. The estimation and reliability of the EM-782A data is discussed in the Petroleum Marketing Annual 
1995 (DOE/EIA-0487(95)). See Table El for inputs and sources. 

~ 

With the exception of gasoline, non-utility distillate fuel, and jet fuel, sectoral end-user prices through 1993 
are aggregated from prices from the State Energy Price and Expenditures Report 1993 (SEI?=). The 
methodology behind these state-level ktoral  prices are discussed in the State Energy Price and 
Ependitures Report 1993 @OE/EIA-O376(93)). One area of concern is the SEPER methodology for 
residual fuel transportation prices where the vessel bunkering prices are tied to State electric utility prices. 
This methodology is questionable because most utility residual fuel use is on the East Coast whereas vesse. 
bunkering is concentrated on the Gulf and West Coasts. 

- 

. 

G&ohe, jet fuel, and non-utility distillate prices are estimated as weighted averages using end-user prices 
fiom EIA-782A and sectoral consumption from the State Energy Data Report @OE/EIAn14(93) (SEDS). 

Due to a two-year lag in the publication of the SEPER data, end-use price estimates for 1994 and 1995 are 
calculated using the same data series and methodology described in SEPER The SWER methodology uses 
prices fiom EIA-782A, FERC-423, EIA-759, and weights them with consumption volumes from SEDS. 
Refer to SEDS for a discussion of the reliability of consumption dah and to Electric Power Annual 1995 
@OE/EIA-O348(95)) for a discussion or the reliability of electric utilities data from FERC-423 i d  EIA- 
759. Table El shows the data series used in the estimation of end-use prices. 

. 

Transportation markups for kerosene are based on the difference between end-user kerosene prices and wholesale distillate prices. 
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Table El. Sources of Markup Inputs 

Products Sectors 

Distillate CM, IN, RS, TR 

Jet Fuel TR 

Motor Gasoline CM, IN, TR 

Data Series Inputs ' 

EIA-782A, SEDS 

EIA-782A, SEDS 

EIA-782A, SEDS /. , 

~~ ~ 

Asphalt and Road Oil 

Kerosene I CM,IN,RS .I -SEPER, EIA-782A, SEDS 
I ,  I 

,IN SEPER, EIA-782A, SEDS 

Liquified Petroleum 
Gases 

Low SuIfUrResidual 
Fuel 

High Sulfur Residual 
Fuel 

Distillate. I .EU I SEPER, EIA-759, FERC-423 
I I 

CM, IN, RS, TR SEPER, EIA-782A, SEDS 

CM, IN SEPER,EIA-782A, SEDS 

TR SEPER, EIA-782A, SEDS 

LowSulfurResidual 
Fuel 

HighSulfurResidual 
Fuel 

' E.2 Quality of Tax Data * 

EU SEPER, EIA-759, FERC-423 

EU SEPER, EIA-759, FERC-423 

, 

In the PMM, State and Federal taxes are added to the prices of g,asoliie, and distillate fuel, liquefied 
petroleum gas (LPG), jet fuel, ethanol and methanol in the transporktion sector. State taxes are held 
constant in real terms while Federal taxes are deflated in each forecast year. The tax methodology was 
adopted starting with -5 because a tax trend analysis indicated that State taxes kiep pace with ba t ion  
while Federd taxes do not. 

The State taxes are added as Census division weighted averages which are based on the most recently- 
available State taxes. State taxes for jet fuel are from and unpublished spreadsheet fiom the Petroleum 
Marketing Division of EIA, while state taxes for ethanol and methanol are taken from The Chan Fuels 

. 
' 
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. m, April 1996, published by J.E. Sinor Consultants. State and Federal taxes for gasoline, transportation 
distillate, and LPGs are based on data fiom the Federal Highway Administration, but are modified to include 
other known changes to State taxes. The quality of the State level tax data is unknown but deemed reliable. 
Federal taxes, which were increased by 4.3 per gallon in 1993, are widely published; and deemed highly 

' 

. reliable. 

See Appendix F for a description of programs and input files used in the estimation of historical taxes and 
taxes used in the price projections. 

. .= ,. 1 

, .  

E.3 PMM Critical Variables 

The PMM contains numerous variables ;"d parameters. Some variables have greater impact on model 
results than others. The following is a list of variables that we believe has a high degree of influence on 
PMM results. It is provided to help users understand the critical factors affecting the PMM. 

0 World oil price 
0 Product demands 
0 Imported crude supply curves 
0 1mp0rte.d product supply curves 
Domestic crude production 

0 Prices and available supplies of methanol, ethanol, MTBE, and other ethers 
Investment cost for capacity expansion 
Market shares for.gasolie and distillate types 

* 

' 0 NGL supply volumes 

Most of these variables are provided by other models in the NEMS system. The investment cost and market 
share data are developed offline and read in to the PMM. 

Tests on some of these variables are discussed in a separate appendix to this documentation, titled 
Documentation of the Petroleum Market Model, Appendix: Model Developer's Report. In an earlier effort, 
a detailed calibration was made, using the same refinery model technology database as in PMM, compared 
against the EIA Petroleum Supply Annual (PSA) for 1989.2 This comparison indicated that the validation 
was quite good with total crude volumes from the model only 0.48 percent above actual PSA values and total 
production just 0.28 percent higher. A more complete comparison, including assumptions, can be found in 
the cited reference. 

' 

"'U.S. Derailed Refiery Model," Letter of Oc@er 20.1993, &om M& Tallett of ENSYS to G. H. Harp of EJA. 
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APPENDIX F=, Estimation Methodologies 
I F.1 Refinery investment Recovery Thresholds 

The cakation methodology for the capital investment recovery thre&old values have been taken €iom a 
standard refinery industry kference.' The inside battery limits (ISBL) investment cost and labor costs for 

'most of the processing &it types were obtained from a study by Bonner and Moore Associates? The data for 
typical unit sizes and stream factors as well as supplementary investrhent and labor was obtaine$&om the 
World Oil Refining, Logistics, and Distribution (WORLD) model? A basic premise used in the PMM 
application is that the investment recovery value at the end of project life (PL) will equal site ,. 

decommissioning cost, an expectation that 'seems to be widely shared in the petroleum industry. 

The inside battery limits cost per barrel investment cost at the Gulf Coast (P) for each refinery process . 

modeled was obtained from the cited data sources. The total investment cost (INV) was then calculated &g 
the referenced methodology. Finally, the capital recovery threshold for each process was calculated. 

' 

Given that a Gulf Coast plant and equipment battery limits cost for an expansion of prowsing planttype I is 
Pi dollars per barrel per day of stream day capacity (This is aswed to include required storage facilities but 
not necessarily all mandated environmental systems:), then the nominal total plant and equipment cost at 
some arbitrary location would be 

' 

where U = Utilities cost multiplier 
0 = W t e s  multiplier 

I 

With construction occurring over a 3-year period at a constant rate, the present value of the nominal total 
plant and equipment is 

%H. Gay and G.E. Handwerk, Petrotem Refining: Technology and Econom-cs (New York Marcel Dekka, 1975). 
Chapters 13 and 14. 

Market Model, prepared for the United States Department of Energy, C o n m  No. Et-9425066 (Houston, TX, July 1994). 

for the United States Department of Energy, Contract NO. DEAC-01-87FE-61299 (WashjngtoT1, D.C., Septemk 1992). 

& Moore Associates, Inc., A Capital Eapansion MethodoIogy Review of the Department of Energy's Petrpewn 

3Emys Energy & Systems, Inc., WORLD Reference Manual, areference for use by the analyst and managementprepared 

. -  

I 
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where DEF = inflation rate during construction 

The final land, plant, and equipment cost is 

where S = Special costs multiplier (includes land) 
'C = contingency cost multiplieir 

. .  

The total investment is 

where W =Working capital multiplier 

A mdtiplier called the plant depreciation factor or PDF, is used in the investment recovery calculations. It is 
mere& the ratio of depreciable investment to total investment. More specifically, the numerator of the PDF is 
total investment less land, working capital, and supplies. The total Gulf Coast investment cost and 
depreciable investment h t i o n  (PDF) as,well as the fixed costs are presented in Table F4. The location 
factors, taken froh working papers developed for the 1993 NPC refinery study, are presented in Table F2. 'In 
order to do this, several premises have been set in accordance with Table F1. The multipliers in Table F1 
were obtained from the Gary and Handwerk referende. The variabiity of these factors is unknown. The INV 
values wereprecalculated in a worksheet so the recovej factors could be placed in the FORTRAN code 
while maintaining flexibility in changing the key volatile parameters such as required retum on investment. 
The investment data are used for two different purposes in PMM: (1) the negative of the sum of the recovery 
factor and the fixed cost are entered into the objective row of the unit expansion vectors of the Ph4M LP to 
provide an investment decision criteria; i.e., the investment will occur to the extent that'it is economic and (2) 
the basic investment cost @NV) multiplied by the location factor (L) and any appropriate environment factor 
is what must be multiplied by the LP expansion vector activity with the resulting products summed to provide 
eqiris for the CAPEXP'matrix, Le. the capital expenditure table, of the NEMS FORTRAN common block. 

- 
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Table F1. Investment Multiplier Values. - 
. .  

MultiDlier Value 
U , .  ' 0.075 
0 0.15 . 

DEF 0.03 
C 0.15 
S 0.04 . 

w .  0.10 

The capital recovery threshold is calculated from: . 
1' 

Plx365 ' I  , 

mj 
I W , X ( L j +  8 x ( u,, - WF,X 

cm, = 
(1 -mj 

wh&, 

cRTi,= 

Rvv, = 

Lj = 

E =  

PDFi = 

TRj = 

R =  

PL = 

, 

. .  

/. 

(5) . 

The daily investment recovery required for processing unit type I at location j, $/bbl 

The investment required for processing unit type I on the Gulf Coast, $/bbl' 
- .  

Location factor for PA? District j 

Investment factor for environmental capital expenditure 

Plant depreciation factor (fraction of investment that may be depreciated) for 
processing unit type I 

Effective combined income tax rate in PAD District j 

Investment retum rate, kaction 

Plant life, years 
- *  
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. ,  
Table F2. 'Location Index Q and Location Factois 

, 

I 

I 
II 
m . .  

N 

1.2, 
' 1.2 

1 .o 
1.2 

V 1.2 

wheh R > 0, then' 

where 
I ,  

TRF = Federal income tax rate 
, 

TMj= Average state income tax rate for PAD District j, weighted by crude oilcharge 

Note that an investment tax credit can be added to this inv&tment model by decreasing.the INV by the 
applicable fraction. 

The reader may verify his understanding of the investment equations from a simple example. Calculating the 
capital recovery reqpired to expand the crude oil distillation tower capacity in PAD District J l I  by one banel . 
per day for a 15 percent return over a 15-year plant life with a combined income tax rate of 44.2 percent with 
no a~owance for cdateral environmental cost; 1 

cm*,  = $O.m/day. 
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Refrnery Unit Fixed Cost Factor 
' 

The fixed cost which, in conjunction with the capital rqmvery threshold forms the threshold for expansion 
investment decisions, for ProceSSing'unit type I is calculated'from: 

. 

I 

where 
' B.= Operations labor, $/year/BBL/&y 

the 6. "F" multipliers are &own in Table F3. 

Table F3. Fixed Cost Multiplier Values 

MultiDlier Value I .  ' 

1, Insurance 0.005 
2, Local tax rate 0.01 

' 3,Maintenane 0.04 
4,supplies- 0.002 , - 
5, Overhead 0.015 
6, Euvironment 0.02 

I 

\ 

The labor charge, B, and the overhead multiplier is taken from the WORLD model. The'first 4 multipliers * 

was obtained fiom the Gary and Handwerk reference. The environment base multiplier results from analyst 
judgement. The 1993 NPC study estimates the new environmental refinery operation and maintenance cost 
as about one third of base operations and maintenance over the 1991-1995 time period. Gary and Handwerk 

to increase operating efficiency over time. Variability of the other factors is unknown. 

. 
estimate the maintenance factor to vary between 3% and 8%, 4% was used k a u s e  the trend is for refheies . ,  
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I *  

, Table F4. Refmery Investment Recovery 
I - ($1991). ' 

prowdlguk '. Ullit INV PDF F&ed Cost e .  

Index . (Dollarsperbbl/d) Wbl) 

Cmdt oil tower 

vacumnunit 

Solvent deasphaltiug 

Delayed coker 

Flmd/flexicoker 

visbreaker/cc 
Naphtha hydroeeater 

~d~ 

. FCCfeedhydrofina 

Residnumd 

Gas oil hydrocracker 

Residuum hydrocracker 

Naphtha hydrotxater 

LIlbeandWaXUllitS 

Gasoildewak 

PsefraChidensityATF 

HP semiregen REFORMER 

LP cyclic refolmer 

LP Continuous reformer 

Naphtha splitter 

C3K4 dehydrogenation 

Fluid cat cracks 

FCC fiaaionation 

Allyhionunit 

Hidensity ATF HD unit 

PoIyrnRimim nnit 

Dimas01 unit 

Aromaticsre~very 

Pen/Hex Isomerkation 

Butaneisomerization . 

Total recycleisom 

cyclar Mit 

ACU 
VCU 

SDA 

KRD 

KRF 

VBR 

NDS 

DDS 

FDS 

RDS 

HCR 

HCV 

HCN 

LUB 

DEW 

rn 
.HDN 

RFH 

RFL 

RFC 

SPL 

OLE 

. Fcc 
E S  

AJX 

CPL 

DIM . 
ARP 
PHI 

C41 

m ,  
CYC . 

$565 

$895 

$1,909 

$4,308 

s55502 
$1,390 

$1,100 

$1,622 

$1.971 

$4,525 

$5.463 

$7,300 

$3.347 

$13,514 

$1,353 

$2,168 

$14,949 

$1.810 

$2232 

$2,655 

$724 

$11,101 

$3;656- 

$579 

$5,999 

$1,882 

a606 
$3.041 

$3.620 

$5,213 

$5.642 

$10.736 
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0.775 

0.775 

0 . m  

0.775 

0.775 

' 0.775 

0.715 

0.175 

. 0.775 

0.175 

0.115 

0.775 

0.775 

0 . m  . 
0.775 

.0.775 . 
0.715 

0.775 

0.775 

. 0.715 

0.115 

0.715 

0.775 

0.775 

0.775 

' 0.775 

0.775 

0.175 

0.775 

0.715 

0.775 

0.775 

I 
A 

$0.12 

$0.18 

$0.40 

$0.85 

$1.10 

$0.29 

$0.24 

$0.35 

$0.41 , 

$0.95 

$1.14 

$1.49 

' $0.69 

$2.75 

$0030 ' 

$0.76 

, $3.11 

8- 

8 .  

$0.42 

$0.50 

, $0059 

$0.15 

$2.34 

$0.75 

$0.1 1 

$1.32 

$0.42 

$0.56 

$0.67 

. .  

$0.98 

$1.46 

$1.17 

$2.13 
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C4E based oxy unit 

, c5E+basedoxyuilit 

MerchantMTBE 

cryogenicc2fractionator 

C2E - CPe Dimerization 

HydmgenateNC5E"?C6E 

H2 Sttam ref b f 4 d  

H2 Padal Ox b f 4 d  

' S~,StOns/day 

steamgala, lkb 

Powa generation, MKW 
M Dist Fnrfrnal mhg 

* M Dist deep hydmtrt 

Metfianolunit 

m 
EIU 

MBM 

ETS 

c24 

C56 

m .  
H2x 

SUL 

m 
KWG 
FFX 

DHT 

MOH 

$5,744 . 
$10241. 

$37,332 

$1,485 . 

$10,682 

am 
$27,499 

$27,378 

$168 

$60 

, $ 7  

$1,722 

$2,392. 

$25,681 
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0.775 

0.775 

o m  
0.775 

o m  
0.775. 

o m  
0.775 

0.775 

0.775 

0.775 

0.775 

0.775 

0.775 
\ 

$120 

$2.08 

$1.39 

$0.33 

=.si . 
#. $130 

$5.62 

$5.40 

$0.04 

$0.01 

$0.00 

$0.35. 

m.48 

$3.41 
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F.2 Gas Plant Models 

The gas plant models for each PAD District is maintained on the spreadsheet FGL.WK1' main&ed within 
- ETA by the Oil and Gas Analysis Branch. These models require gas plant wet gas volumes as input, In order 

to accommodate the idormation available,.dry gas production volume, and permit gas plant activity to be 
driven by dry natural gas demand, factors are applied to the dry gas demand volumes to calculate imputed 
volumes of processed wet gas. In PADD V, the PMM models only the California gas plants. Although Alaska 
produces and p m e s e s  a considerable volume of natural gas, it is nearly all used for reinjectionfith some 
NGL dumped into the crude pipeline with the exception of modest volumes of southern Alaska production. 
The southern Alaska production does have a local NGL market with much of the dry gas shipped out as 
LNG. In any case, the PAD District V refinery industry is d y  Unaffected by Alaska NGL production. 
Thus, the Ph4M aggregate gas plant includes Califomia only. Gas residue volumes are not avkable to the 
PMM but total dry gas volumes by PAD District are. This information is in the NEMS common block 
region. Specifically, ~e total dry gas volumes are available in. 

' 

. 

Common block NGTDMOUT 
I 

Variable matrix: PRNG-PADD(PADD,YEAR), BCF 

- 
Description: Total dry gas produced including plant fuel and lease fuel (Pi&) for PAD 

. District PADD in year 'YEAR' excluding Alaska. 

Each of the five values must be multiplied by a factor to obtain an estimate of the corresponding wet gas that 
is processed by the gas plants; i.e. the total dry gas volumes are multiplied by the ratio of processed wet gas 
to total dry gas production. These ratios are derived from 1993 data4 &I that data variability is unknown. 
The five multipliers are shown in Table F5. 

* 

. 

Table F5. Total Dry Gas Multiplier 

MultiDliet 
I 0.4536 
It 0.7659 
m 0.7572 
Iv -1.0136 
CA I 0.7745 

I 

4 E n e r g y ~ ~ o n  Administration,Naturd Gas Annual 1993, DOE/EIA-0131(93), (Washington, DC, October 1994). 

I '  
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. .  

The multiplier for PAD District I is low because relatively little of the modest PAD District I gas production 
is processed beyond field decontamination. The multiplier is high for PADD IV because a great ded of Utah 
gas production is reinjected for field pressure maintenabce. This reinjected gas is not counted in total dry gas 
production. 

I 

The NGL extraction is allowed to occur at a minimum, maximum, or average IeveL Complete ethane 
rejection is allowed with a procesSing credit for each b h e l  rejected. Propane rejection OCCUTS in U.S. gas 
piants but to an milaown extent. The model allows propane rejection up to one fourth of the propane 
volume. The basic model structure is devised fiom the Pace consultants annual petrkhemical qport?. The 
liquids extraction data have been calculated by averaging actual liquid extraction volumes fiom the 4-year' 
period 1990 - 19936 as well as obtaining &um and maximum values. The coefficients were then 
normalized. The minimum and maximum values seem to suggest the variability of the data but the reader is 
cautioned'that statistically based models, as opposed to engineering models, may understate processing 
flexibility. Furthennore, the gas business is not statistical. It is driven by technology and ecomolhics, i.e. 
history is suspect as a basis for such values.. The model for PAD Disfict ID is shown in the following table. 
Models for the other PAp Districts are similar except the extraction coefficients diker. . .  

TabIe F6. Gas Plant Model for PAD District III 
?- 

. -  
MIN MAX AVG ETH PRO Row R 

Type HS 

W e t N a G a s  (h4I+cf> 

Dry- w c o  

Ethane (bbl) 

pmpane ( b w  

I-Butane (bbl) 

N-Butane (bbl) 

Nat Gasoline (bbl) 

Volume Loss (MMcf)  

Fuel (MMcfl) 

oper. cost ($j 

%.Cost (Wbl) 

Capacity limit @bl/d) 

-1.ooO 

0.945 

14,070 

11.165 

4.375 

2.506 

7.025 

-39.058 

-0.037 

-115.07 

-1.ooO 

0.938 

14332 * 

11.628 

4.776. 

4.409 

7310' 

-42.394 

-0.040 

-124.82 

-1.ooO = o  
- 0.941 0.002 ,0.002 - +  

14562 -1.ooO - 

11.782 -1.ooO , 

4.693 

3.349 

7286 

. I  

-41.613 0.998 0.998 

-0.040. 

-12251 

5.88 2.94 

Loo0 s +  

'Pace Petrochemical Service, Annual Issue, (Houston, 171; September 1989): 
'Energy Information Administration, Natural Gas Annual 1991, DOE/EIA-0131(91). (Washington, DC, October 1992) 

and s h k l y ,  the N W  Gas Annuah for 1986-1990. I . 
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Table F6 differs from the implemented model in three respects. Propane rejection is Gntrolled via column 
limit in the LP rather than as a row @it and the operating costs are merely entered into the objective function 
row rather than occupying two rows as the above depiction suggests. Of course these things are shown in the 
above form for the sake of clarity. The major difference is that the wet gas balance row is an equal zefo row 

. in the LP representation. There is a column representing pseudo purchases of wet gas kth a plus one in the I 
wet gas balance row and &us the forecasted gas price in the objective function row. Of course, this column 
is fixed at the determined level of processed wet gas. 

, 

/. 

F.3 Chemical Industry Demand for Methanol 

Since the PMM includes methanol plant models in each PAD District representing all U.S. methanol capacity, 
U.S. chemical industry demand (demand other than for M"BE/I'A.ME feedstock and neat fuel) is a required 
input. The Pace Consultants make long range forekasts of the chemical industry demand'. Their forecast is: 

Table F7. Chemical Industry Demand for Methanol 

. _  mat 
1990 
1991 
1992 * 

1993 
1994 . ' 

1995 
1996 
1997 
1998 
1999 
2000. 
2001 
2002 

- -  
66.7 
73.7 ' 

72.0 - 
73.4 
74.8 
76.6 
78.0 
795 
81.0 
8'2.6 
842 
85.8 
87.6 . 

2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 

- 
89.4 
93.4 
97.6 

106.6 
111.4 
116.4 
121.6 
127.1 
132.8 
138.8 
145.0 

' '151;6 

lo2io 

' - The methanol plant model in each PAD District is represented by a single column achity that consumes 
natural gas and produces methanol. Two additional.transp6kt~on activities allow the methanol produced to 
be trakported to the refining'region for production of MTBE/rAME and/or splash blending in gasoiine or 
sent to meet the ~ t i o n a l  demand for methanol by chemical plants. The model also allows capacity expansion 
of the methhol plant. 

Energy Information Admiuistration 
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F.4 Estimation of Refinery Fixed Costs 

The marginal prices computed in the PMM by the use of the SimplexaIgoritbm cannot be used directly to 
de te rne  the-wholesale (refinery gate) price because they do not include the refinery source environmenkil 
costs. These are expenditures incurred to satisfy regulations related tb air and water pollutants, solid waste 
management, and heal& and safety controls at refineries. Related costs are based on estimates of capital 
investment, one-time, and operation and maintenance expenses provided in the 1993 National Petroleum 
council Study? 

/. , .  

The NPC Study provide PAD District level estimates of capital, one-time, and operating and maintanence 
expenses over three time periods: 1991-1995,1996-2000, and 2000-2010. Operation and maintainence . 
expenses existing prior to 1996 are not used as'they are already reflected in the fixed operating cost 
estimates. The NPC estimates were converted to an annual average cost per barrel of distillation capacity for 
inclusion as a fixed cost (Table.F8). 

, 

* . 

The underlying NPC analysis reflects the.actions described below: 

Air related costs include attainment of ambient air quality standards (Title I of the Clean Air Act 
Amendments), hazardous air pollutants (Title III, MACI' standards), and permits (Title v9. 
Water related costs include technology required to sa&@ toxicity requirements of the National 
Pollution Discharge Elimination System (NPDES) authorized by the Clean Water Act. Costs for 
additional measures to protect groundwater are also assumed'O. 

Solid waste related costs include remediation of contaminated soil at refineries sites, recovery and 
monitoring wells, the listing of additional refinery wastes 
impoundments, and an assumed phased replacement of half the ta@s over 40 years of age". 

hazardous, the closing of unlined 

Safety and health related costs includes an assumed phase-out of hydrofluoric alkylation 0 
plants due tb the classification of hf as a highly hazardous material: Small costs associated with 
implementing process hazards analysis are also contained in the NPC  estimate^'^.' 

~~ 

*National Petroleum Council US. Petroleum Refining - Meeting Requirements for Cleaner Fuels &d Rejineries, Volume 

%id, Section V-9-12. 
'%id, Section V-13. 
"Ibid, Section V-16. 
%id, Section V-19. 

I (Washington, DC, August 1993). 
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. .  
For comparative purposes NPC's estimated capital and OTE costs aggregated over 1991-2010 results in total 
environmental investments 0 ~ 3 . 5  b ion .  The NPC smi can be compared t i  estimated investments 
published by the ApI1', by adding the API estimat& for individual legislation that are consistent with NPC. 
The NPC total falls in the middle of the range of ApI[ investments'of $19.4 to $60.0 billion. 

ArmnalEnviroamntal 

N -  
PAD PAD PMl. PAD PAD 

District1 DistrictII District District DisfrictV 

0.48 0.47 0.38 0.70 0.48 

111 Iv 

. . A methodology was developed to allocate refinery source envirokental costs to the marginal prices of light 
products (LW, gasoline, kerosine, jet fuel, No. 2 heating oil, and low sulfur highway diesel) thus including 
fixed costs in the prices reported at the refinery gate. The heavy products (residual oil, petrochemical 
feedstocks, asphalt, and other) are priced at their marginal cost due to competitiok from other fuels. Fmed 
reikery costs in eachPAD District are estimated as the sum of fixed operating costs, return on assets, and 
environmental costs associated with controhg pollution at refineries (Table ~8) .  The average adn~al Ast is 
applied to al l  years and is recovered in the prices of light products only. A variable cost methodology was 
mvestigated but was deemed to be an u n n w  complication. The costs for each five year &e period 
were estimated to vary by less than onecent per gallon but would require significant changes to the model. 

The methodology for allocating costs among light products is based on the upcept of marginal cost and was 
developed from a similar approach used by the Gas Research Institute (GRI ).14 The steps used are as 
follows: 

(1) 
(2) 

(3). 

. (4) 

D e t e d e  the environmental investment and operating costs. 
Determine the marginal revenue fiom the LP solution @at wilI recover the marginal cost (the 
product of the marginal price of each product times the production volume). 
Calculate ratios that will apportion the environmental costs to the light products marginal 

Use the ratios from (3) to scale the marginal prices to refinery gate wholesale prices. 
- priCeS. 

%e sum of the initiaI cost estimates in Costs to the Petroleum Induslry of Major New and Future Federal Govenvneni 
EnviroMlental Requirements, American Petroleum Institute, Discussion Paper M O .  (Washington, D.C., October 1991). Tables ES- 
1 and ES-2 Aggregate es-. exclude product specification and off-site costs, and utilited minimum RCRA reauthorization. 

"Gas Research Institute, "U.S. Refining Model Methodology", (May 1991). 
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Equations: F m  marginal revenue is determined for A h  refining region R . .  
t 

RE~W)R . =VALuE&P)R’* VOLUME&P)R 
~ W ( W ) R  * * ’ = V K W ) R  * VOLUME(HP)R 

. I  

where: 

vmuwwj 
V K U H m  * 
VOLUME&P) 
VOLUMJmp) is the production volume for each heavy product * 

Second, the total revenue required, including the fixed costs, FIXCOST is determind 

‘ is the marginal price for each light product (LP) that yill bear the fixed cost 
is the m&ginal price for each heavy product - 6  (Hp) that 
is the production volume for each light product 

bear thdfixed cost 

TOTREVR = R.Ew(u?)R+REw(HP)R 

N T o W v R  = REWO;, + REW(HP)R +( F’IXCOSTR*VOLUME) 
WmvR = N T o m v ~ - R E v H P ( H P ~  
The &t step is to calculate the refineq gate price for each light product 

GATEPR(LP)R 
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F.5 Estimation of Distribution Costs . .  * 

Costs related to distributing petioleum products to end-users are incorporated by adding fixed transportation 
markups to the wholesale prices which include the variable and fixed refiery 'costs. Transportation markups 
for petroleum products are estimated as the average bual  difference between retail and wholesale prices 
over the years 1984 through 1995. The differences are based on wholesale pricks in the producing Census 
division and end-use prices (which do not include taxes) &I the Consuming Census division. Wholesale prices 
are aggregated from State-level pri& from the EIA-782A. Sectoral end-u,ser prices are aggregated fiom 

. State-level prices fiom the State Energy Price and Expenditures Report (SEPEB)'1993. End-& prices after 
1993 are estimated according to the SEPEFt's methodology. Computer programs and data files used to' 
estimate transportation markups are discisstxi MOW. 

- 

- 

Data-Reading &grams 

The following programs access EIA suyveydata and should be updated each year. Member names of SAS 
data sets are given in parenthesis. . 

, 
Program: PRJ60W.NEMS.MARKUP.WHOLSALE 

- FdesRead: BBM6007.A.SASDB.STATE.AB 
WSTATA) 

@MP944 . 

@MP95A) 

BBM6007.A.SASDB.STATE.AB9495 

I PRJ6007.NEMS.MARKUP.SASDB 
(REGIONS) 
(wHoLs=) - 

This program reads a databases contabbg State-level refiner wholesale prices from the EIA-782A. A 
separate file is read for data prior to 1994'Wause the 782 data was kept in a different data system. 

' Wholesale prices for asphalt and road oil, distillate fuel, gasoline, jet fuel, kerosene, liquefied petroleum 
gases, and residual fuel oil are aggregated into Census division prices (cents/gallon) ana output to the NEMS 
database for other markup programs to access. Data available in March. 

-Program: PRJ6007.NEMS.MARKUP.EIA782.READ 

Energy Information Administration 
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Files Read. BBM60W.A.SASDB.STATE.AB9495 
oMp94B) 
(IMp95B), . 

PRJ6007.NEMS.MARKUP.SMDB 
(REGIONS) 
(PRODE) 

This program updates retail prices on the NEMS database using the most recent data fih the dG-782A 
contaiqed in IMP94B and W&. The State-level prices for gasoline, distillate, kerosene, jet fiel, high and 
low sulfur residual fuel, and liquefied petroleum gases for the most recent 2 years, 1994 and 1995, are 
aggregated into regional prices and added to data for previous years (using PRODE). The program is 
updated by revising files and incrementiug YEAR in line 82. Contact the Petroleum.Marketing Division of 
the office of Oil and Gas concerning the EIA-782 data which is available in March. 

Program: - ' PR,J~OW.NEMS.MARKUP.GDW 

files Read: . PRJ6007.NEMS.MARKUP.SASDB~ 
(GDP87CH) 

This program updates the GDP deflators in the NEMS database. Program should be rerun after adding most 
recent year's deflator. 

Program: PRJ6007.NEMS.MARKUP.CREATE.CONF'AC 

Files Red. PRJ6007.NEMS.MARKUP.SASDB 
(CONvER84 through coMrER95) 

This program provides annual conversion factors for each product. Factors for the most recent year of the 
SEPER's should be added to the data pese conversion factors are accesd by the SEPER.READ programs. 
The Ipg factor is updated based on the Upcoming SEDS (information available in April). 

.Program: PRJ6007.NEMS.MARKUP.SEPER.READ 

Eles Read: PRJ6356.SEPEiR.PUBLIC93.DATA 
PRJ6007.NEMS.MAR.KUP.SASDB 

(CONvER84 through coNvER95) 
(STATE84 through STATE94) . 
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This program reads State-level pricp by sector from SEPER-1993 and puts them into.the NEMS database. 
Prim are accessed for the following products: . 

gmhe(mg)  ' 

distillate(df) . 

'kerosene (ks) 
residual fuel (rf) 
liquefiedpetroleim gases 08) 
jetfuel(jf) .' 
asphalt and road oil (ar)' 
petrocheqical feedstocks (fs) 
naphtha feedstocks (h) 
other feedstocks (fo) . 

f . 

The program is set up to'read only one year of data at a time. The data is available in September. The 
program should be r e m  for historical years back to 1984 since historical data are sometimes revised in 

. SEPER's. Each year's data can be updated by uncommenting the appropriate line between.15 and 21. The 
price series is read from the SEPER's database with 1984 I prices at location 211 and consecutive years at 
intervals at 14 (1985 at 225, and so on). The appropriate lines should also be uncommented between 38 and 
44 andbetween 61 and 67. 

Program: PRJ6O07.NEMS.MARKWdRE~.WS9 

I 

- 'Files Red:  PRJ6007.NEMS.MARKUp.SASDB 
8 (REGIONS) 

@759Y85 through E759Y95) 
PRJ6944F759.MASTER95 

This progrim reads monthly volumes of distillate, low and high sulfur residual fuel CoIlSumed by electric 
utilities from EIA-759. The volpes are by State 'and are in gallons. The program annualizes the volumes 
and assigns them to Census divisions. . 
Program: PRJ6007.NEMS.MARKU€'.READ.F423 

Files Read: PRT650 1.F423 EXTR1984.REVGAS 
PR1650 1 .F423 .EXTRl985.REVGAS 

PW650 1 .F423 EXTR 1987 .REVGAS 
PRJ6501.F423.EXTR1988.DATA 

. PRJ650 1 .F423.EXTR1986.REVGAS 

b 
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PRJ650 1 F423.EXTp 19 89.DATA 
PRJ6501 .F423.EXTR199O.DATA 
PRJ6501.F423.EXTR1991 .DATA 

' ' PRJ6501 .F423.EXTR1992:DATA 
PRJ6501 .F423.EXTR1993.FINL 

a PRJ6501F423.EXTR1994.FINAL 
PRJ650 1 .F423 XXTR1995.DATA , 

PRJ6007.NEMS.MARKUP.SASDB 
(EUSTATE) 

This program reads State-level quantities and costs of distillate, and high and low sulfur residual fuel 
consumed by electric utilities from FERC Form 423. The quantities and costs are converted 
basis and assigned to Census divisions. P r e l i i  data available in April. 

a trillion Btu 

. - '  

. Program: PW6OW.NEMS.MARKUP.ARVOL 

Hles Read: PRJ6356.SEDS.PUBLIC93.DATA 
PRJ6QO7.NEMS.MARKUP.SASDB 

(ARVOL84 through ARVOL93) 

This program reads industrial asphalt and road oil volumes from SEDS. The program is updated by 
accessbg the most recent SEDS file and adding another output file similar to ARVOL93. The location of the 
volume should be incremented by 14 (@329+14). Data was not aviilable in April. 

Program: PR J6OW.NEMS.MARKUP.KEROVOL 

Files Read: PRJ6356.SEDSPUBLIC93.DATA 
PRJ6007.NEMS.MARKUp.SASDB 

(KERVOL84 through KERVOL93) 

This.program reads kerosene consumption in the residential, commercial, and industrial sectors &om SEDS. 
To update - access the most recent SEDS file and add another output fde similar to ERVOL93. The 
location of the volume should be incremented by 14 (@329+14). 

i 

Program: PRJ6OW.NEMS.MARKUP.GASVOL 

Hles Read: PRJ6356.SEDS.PUBLIC3.DATA. 
PRJ6007.NEMS.MARKUP.SASDB 

(GASVOL84 through GASVOL93) 
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This.program reads gasoline consumption in the transportation, commercial, and industrial sectors from 
. SEDS. To update - access the most recent SEDS file and add another output file similar to GASVOL93. 

r 9 

The location of the volume should be incremented by 14 (@329+14). 

Program: . PRJ60W.NEMS.MARKUP.LPGVOL 

Files Read: PRJ6356.SEDSPUBLIC93.DATA 
PlU6007.NEMS.MARKUP.SASDB 

#- (LPGVOL84 through WVOL93) 

This program reads gasoline consumption in the transportation, residential, and Comrpercial sectors I3om 
SEDS. To update - access the most recent SEDS file and add another output file similar to LPGVOL93. The 
location of the volume should be incremented by 14 (@329+14). 

Program: PRJ6OW.NEMS.MARKUP.RSVOL ' 

Files Read: 

. 

PRJ6356.SEDSPUBLIC93.DATA 
P R J 6 0 0 7 . N E M S . U S A S D B  

(RSVOL84 through RSVOL93) 

This program reads gasoline consumption in the commercial, industrial, and transportation sectors from 
SEDS. To. update - access the most recent SEDS file and add another output file similar to RSVOL93. The 
location of the volume should be incremented by 14 (@329+14). 

. Markup Estimating Programs 

All "CALC" programs calculate markups as the difference between a products retail and wholesale price in 
each Census division and sector. The estimated markups, are output to PRJ6007.NEMS.MARKUP.SASDB 
ii 1987 dollars per trillion Btu. The output file from each program Contains the variables PRODPMM, 
SECTOR, CENDIV, MEAN, AND STDERR. 

Cenk  Division "99" represents national data and Sector "ZZ" represents all sectors. The following table 
deribes the source programs for petroleum product markups: 
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* .  Table F9. Markups Output 

Program: PRJ6007.NEMS.MA.RKUP.PMM.CALC 

Hles Read: PRJ6007.NEMS.MARKUp.SASDB 
(PRODE) 

(GDP87CH) 
(GASVOLM through GASVOL93) 

(RGAL82) 
(MGBTU) 
0 

(WHOLsALE) . ,  

(CONVERM through coNvER93) 

This program uses retail gasoline, distillate, and jet fuel prices and volumes originating from the EIA-782A. 
Commercial and industrial gasoline prices are estimated by weighting the EM-782 end-user (transportation) 
prices with SEDS volumes for these two sectors. Commercial and industrial.gasoline volumes for 1993 are 
used to represent 1995 and 1995, since SEDS stops with 1993 data. Distillate and gasoline markups are 

I 
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estimated as the average annual difference between end-use and wholesale prim for the years 1984 forward. 
Due to a break in the data trend, jet fuel markups are-based on data starting in 1986.. 

To update: . Afkr updating."data" programs, revise this program to u@e more recent SEDS volumes by 
addinganother data set that reads GASVOL94. Use CONvER96 and inqement all year 
dependent formulas. 

Program:' PRJ6007.NEMSMARltnTP.ASRO.CALC 

Hes Read. PRJ6007.NEMS.uARKUp.SMDB 
(PRODE) 
(WHOLSALE)' 
(STATE84 through STATE93) 
(PRODE) . 

. (ARVOL93) . 
(GDP87CH) ' I .  

(CONvER84 through coNvER95) 
(RGAL82) 
(ARBW) 
(MARKAR) 

#- 

This program uses State-level asphalt and road oil prices to the industrial sector fiom SWER's through 1993. 
End-use prices for 1994 and 1995 are estimated using the 1994 and 1995 changes in the EIA-782 high sulfur 
residual fuel prices. l?rices for each Census division are calculated using 1993 volumes &om the SEDS. 
Estimates for 1994 and 1995 are weighted using 1993 volumes. Markups are estimated as the average 
annual difference bepeen end-use i d  wholesale prices for the years 1984 forward. 

To update: 

. 

. 
. 

After updating "data" programs, revise this program to utilize more recent data. Add a data 
set STATE94, use ARVOL94 and C O h 9 4 ,  and increment all year dependent formulas 
by first changing. 

Program: 

Files Read: PRJ6007.WS.MARKUP.SASDB 
(PRODE) 
(WHOLSALE) 
(STATE84 through STATE93) 
(PRODE) 
(KEROVOL93) 
'(GDP87CH) 
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(CONVER93) 
(KEROGAL) 
W O B W  
(MARKOTHI) 

I 

This program uses State-level kerosene prices to the residential, commercial, and industrial sectors ftom 
SEpER's through 1993. hd-use prices for 1994 and 1995 are esknated using the 1994 and 1995 changes in 
the EIA-782 distillate prices. Prices for each Census division are calculated using 1993 volumes fiom the 
SEDS. End-use price estimates for 1694 and 1995 are weighted using 1993 volumes. Marhp!&e 
estimated as the average annual difference between' kerosene end-use and distillate wholesale prices for the 
years 1984 forward. 

To update: After updating "data" programs, revise this program to utilize more recent data. Add a data 
set STATE94, use KERVOL94 and COMrER96, and increment all year.dependent 

. fomulas. 
\ 

Program: PRJ607.NEMS.MARKW.RESIL).CALC 

RIA Read: PRJ6CM37.NEMS.MARKUP.SASDB . -  

(PRODE) 
(WHOLsALE) 
(STATE84 through STATE93) 
(RSVOL93) 
(GDP87CH) 
( c o r n 8 4  through coNvER95) 
(RSGAL) 
(RSBW) 
(MARKRL) 

This program ,uses State-level residual fuel prices to the commercial, and industrial sectors fiom SEPERS 
through 1993. End-use prices for 1994 and 1995 are estimated using the 19?4 and 1995 changes in the EIA- 
782 low sulfur residual fuel prices. Commercial and industrial prices for each Census division arecalculated 
using 1992 volumes fiom SEDS. Price estimates for 1994 and 1995 are weighted using 1993 volumes. 
Residential prices are estimated using 1994 and 1995 EIA-782 consumption volumes. Markups are 
estimated as the average annual difference between low sulfur end-use prices and aggregate residual fuel 
wholesale prices for the years 1984 forward. 

To update: After updating "data" programs, revise this program to utilize more recent data. Add a data 
set STATE94, use RSVOL94 and CONVER94, and increment al l  year dependent formulas. 
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FdesRead: 

PRJ6007.NEMS.MARH"R.CALC 

$RJ6QO7.NEMS.MARmrp.SASDB 
(PRODE) 
(WHOLSALE) 
(STATE84 through STATE93) 
(PRODE) 

t (REGIONS) 
(EUSTATE) 
(RSVOL93) 

. .  

#- 

. This program uses State-level residual fuel prices to the transpodon sect& from SEPERS through l p 3 .  
End-use prices for 1994 and 1995 are estimated using average residual fuel prices to electric utilities 
according to SEPER's methodology. The average Census division prices.to utilities are multiplied by the 
ratio of national high sulfur price from the EM-782 to the ~ t i o n a l  residual fuel price to utilities. Prices for 

' each Census division are calculated using 1993 volumes from SEDS. End-use price estimates for 1994 and 
1995 are weighted using 1993 volumes. Markups are estimated as the average annual difference between 
high sulfur &d-use prices and aggregate residual fuel wholesale prices for the years 1987 forward. 

To update: After updating "data" programs, revise this program to utilize more recent data. Add a data 
set STATE94, use RSVOL94 and CONVER96, and increment all year dependent formulas. 

Program: PRJ6007.NEMS.MARKUP.LpG.CALC 

Files Read: PRJ6007.NEMS.MARKUP.SASDB 
(PRODE) 
(wH0BAJ-m 
(STATE84 through STATE93) 
(PRODE) 
(REGIONS). 
(LFGVOL93) 
(GDP87CH) 
(CONVER93) 
(LsGGm 
(LPGBTU) 

I (MARKLG) 
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This program uses State-level SEPER's prices for liquefied petroleum gases to the commercial, industrial, 
- transportation, ind residential sectors thiough 1993. The 1994 and 1995 prices for all sector's are the 782 

sectoral prices, because the 782 began carrying sectoral data in 1994. Markups are estimated as the average 
annual difference between end-user lpg prices and wholesale prices for the years 1985 forward The average 
residential markups exclude 1989 data because of @e price spike related to a heating oil crisis that winter. 

' To update: 

Program: 

Files Read: 

After updating "data" programs, revise this program to utilize more recent data. Add a data 
set STATE94 use LPGVOL94 and CONVER96. Since sectoral 782 prices are available 
starting in 1994, remove the'sections estimating the weighted average prices b& on 782 
average end-user prices, and residential price growth rates. Increment all  year dependent 
fomdas. 

L 

PRJ6007.NEMS.MARKUP.ELECUTIL.CALC 

PRJ6007.NEMS.MARKW.SASDB 
(PRODE) 
(WHOLSALE) 
(STATE84 tbrough STATE93) 
(PRODE) 
(REGIONS) 
0 
(E759Y84 through E759Y95) 

. (GDP87CH) 
(CONvER84 through m-5) 
(E-@=) 
(EURFBW 
V C )  

This program uses State-level SEPER's prices for distillate, high sulfur, and low sulfur residual fuel to 
electric utilities through 1993. End-use prices for 1994 and 1995 are estimated using SEPER's methodolo&. 
The program breaks residual fuel consumption from the EIA-759 into high k d  low sulfbr using a higb/low 
sulfur breakout estimated fiom the FERC Form 423. The edmated high and low sulk residual fbel 
volumes are used to estimate weighted average prices to the utility sector. 

Markups are estimated as the average annual difference between prices to utilities and wholesale prices for 
the years 1984 forward. The average markup for high sulfur residual fuel in Census division 8 excludes all 
years but 1990 because of an anomalous trend. 
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' Toupdate: 

mogram: 
. -  

FilesRead: 

After u-g "data" programs, revise this pro&am to utilize more recent data. Add 
datasets CONVER96, and E759Y96. 

PRJ6007.NEMS.MARKUPSASDB , 

0 
V) 
(MARKR1L) #- 

-1 
(uARI(oTH1) 
(MARKAR) 
0 

PRJ6oM.MARKUP.MUlPRDS.DosO6961 . 

PRJ6007.NEMS .MARKUP.DOL95.D0806961 
This program pulls together the markups for each product, transposes the data and outputs it to a file used by 
NEMS. Converts the markups into 1995 dollars and outputs to a file. 

To update: 

' 

Update the GDPCH87 deflatoi, GDPDEF95. 

' F.6 Estimation of Taxes 

In the PMM, taxes are added to the prices of gasoline, transportation distillate fuel, transportation liquefied 
petroleum gas, and jet fuel. Taxes are also estimated for M85 (transportation methanol) and E85 
(transportation ethanol). Weighted averages of the most recently-available State and Federal taxes are 
developed for each @ISUS division. The State taxe are fixed in real terms; the Federal taxes decline at the 
rate of inflation (i.e., Federal taxes are fixed in nominal terms). Historical values are also calculated for 
gasoline and tramportation distillate and added to historical end-use prices excluding taxes in order to 
develop a series with taxes included. The State taxes, by sector, product, and year, are contained in following 
file which resides in the default input directory: 

MU2PRDS 

The Federal taxes are read into the PMM from file 

QDCRDCF 

and are updated each forecast year by deflating the current value by the rate of inflation for that forecast year. 
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The following section traces the development of the taxes and lists the files used to produce both histodial 
and forecast values. Thehistorical data are developed on amonthly basis by State, the aggregated to 
volume-weighmi annual averages by Census division. The outputs specified are members of the following 
SAS &t.abase Unless otherwise state& 

PR J6007.NEMS.TAX.SASDB 

PRJ6007.NEMS.TAX.Dyymm 
4. 

Program: 

Inputs: semi-annual tax information from theFederal Highway Adminimation and other so- 

outputs: STyymms I 

STYymmM 
where yymm refers to years 84 through 94, and months 01 and 07 (except for 1990 
when the months'are 01 and 08) 

Sources:. gasoline Federal Highway Administration 
die-Sel Federal Highway Administration 
LPG Federal Highway Administration 
jet fuel 
M85 Clean Fuels Report 

EIA, Petroleum Marketing Division ' 

. Es5 CleanFuelsReport . 

State-level taxes are obtained from the Federal Highway Adminir;tration on a semi-annual basis (usually 
reflecting taxes as of January 1 and July l), supplemented by information from the Petroleum Marketing 
Monthly. These data are entered into the above programs. 

We assume that taxes remain at the same level for the 6 months following each semi-annual report, unless 
information on effective dates of tax changes is provided. Thus, the tax level reported for say, 9207, is kept 
at the same amount for 9208-9212. The file STyymmS contains data for 1 month, while the file SQymmM 
reproduces the results for the subsequent 6 months, taking into account tax changes to the extent that they are 
h0Wa 

Program: PR J6OW.NEMS.TAX.CALC94 

(Old Version): PR J6007.NEMS;TAX.CALC93 

Inputs: STyymmM for years 1984 to current 

'I 
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.. 

outputs: 

IMPSTATJ3, a file conta.bg State-level refiner and mafketer prices for petroleum 
products 
IMPSTATA, a file containing State-level sales of petroleum products, which are 
used as weights in calculating weighted averages , 

REGIONS, maps States to Census diviiions 
GDP87, GDP deflators for conversion to' cons& dollars 

STGAS-MO . 

STDES-MO /. ' ' 

. The CALC program pulls together the monthly tax information agd calculates Federal, State, and total taxes 
by month and State in cents per gallon and dollars per million Btu for both nominal and constant 1987 
dollars. Sales volumes and regional designations are added to facilitate volume weighting across time and 
regions as required. Gasoline and diesel files are calculated and output separately. The programs were 
adjusted to incorporate changes in the EIA-782 database starting with the 1994 data. 

Program: PRJ6007mMS.TAx.yRREG 
(Old version): PRJ6007.NEMS.TAX.YRG93 

/ 
I 

- Inputs: ' STGAS-MO 
S"DFXM0 

outputs: STGAS-YR 
STDES-YR 
CDGAS-YR 

- .  CDDES-YR 
I 

I 

The YRREG program takes the State monthly tax files created in the CALC program and develops weighted 
average annual taxes by State, then averages across ~ n s u s  divisions and outputs annual average taxes by 
Census division. The Census division annual averages are used tosdevelop historical end-use prices including 
taxes by adding the calculated taxes to ex-tax prices &om the Petroleum Marketing Monthly. The program 
was adjusted to incorporate changes in the EIA-782 database starting with the'1994 data. 

Program: PRJ60MmMS.TAX.FORECAST 

Inputs: STGAS-MO 
STDES-MO 
STGAS-YR 
STDESLYR 
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, r  outputs:. ' GASCAST 
DlEsCAST . ., 

The FORECAST program uses the latest tax inforination, combined with the most recent yeat of sales data, 
and develops Census division weighted-average taxes which are used for the.forecast. The latest tax 
information is in the file: 

PRJ6007.NEMS.TAX.DCURR 
4- 

The outputs include both nominal, constant 1987, and cqnstant 1994 dollar denominations for both cents per 
gallon and dollars permillion Btu. 

' 

PRJ6007.NEMS.TAX.FO'kECAST.E85 
PR J60M,NEMS.TAX.FORECAST.JET 
PRJ6007.NEM.S.TAX.FORECMT.LPG 

' PRJ6007.NEMS.TAX.FORECAST.MSS 

/ 

These programs perform the Same function as the FORECAST program above, but for the transportation 
fuels indicated. The comparable data files are the following: 

PRJ60W.NEMS.TAX.DLPGJET 
PR J6007.NEMS.TAX.DM85ES 

(Old versions): PRJ6007.NEMS.TAX.DLPG.lET.Y94 ' 

PRJ6007.NEMS.TAX.DMSE8S.Y!M 

Program: PRJ60W.NEMS.TAX.CREATE.FLATFILE 
(contains State tax data only) 

Inputs: GASCAST 
DIESCAST 

outputs: PRJ6007.NEMS.TAX.TESTFILE 

This program takes the Census division taxes to be used in the forecast and creates a file that is used as input 
to the PMM. 

. 
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. .  

F.7 Gasoline Specifications . 

. The Ph4M models the production and distribution of four different types of gasoline: traditional, oxygenated, 
and reformulated. The folloying specifications are included in PMM to differentiate. between traditional and 
reformulated g a s o ~ e  blends: octane, oxygen content., Reid vapor pressure mi), beniene content, arom&c 

and E300). 

Starting in 1998 the specifications for traditional gasoline reflect the Envirokental pfotection Bgency's * 

. @PA) "1990 baseline." These specifications prevent the quality of traditional gasome from eroding over' 
time, which is the intent of the EPAs "antidumping" cements. 

Oxygenated gasoline, which has been required during winter in many U.S. cities sine October of 1992, 
requires ah oxygen content of 2.7 percent by weight. Oxygenated gasoline is assumed to have specifications 
identical'to traditional gasoline with the exception of a higher oxygen requirement. Some areas that requke 
oxygenated gasoline will also require reformulated gasoline. For the sake of simplicity, the areas of overlap 
are assumed to require gasoline meeting the reformulated specifications. 

.. content,.sul@r content., olefin content, and the percent evaporated'at 200add 300 degrees Farhideit (E200. 

. .  

.. 
. 

. Reformulated gasoline has been required in many areas of the U.S. since January 1995. Beginning in 1998, 
the EPA will only certify reformulated gasoline using the '%omplex model," which dows refiners to spec@ 
reformulated gasoline based on emissions reductions either fiom their companies' 1990 baseline or fram the 
EPA's 1990 baseline. The PMM uses a set of specifications that meet the "complex model" requirements, 
butit does not attempt to determine the optimal specifications that meet the "complex model." S~ificaiions 
such as Rvp, aromatics, sulfur, and olefin content change in the year 2000 reflecting further emissions 

- reductions required by 0. 

The C-0 provided for special treatment of California that would allow different specifications for 
oxygenated and reformulated gasoline in that State. In 1992, California requested a waiver &om the Winter 
oxygen reqUirements of 2.7 percent to reduce the requirement to a range of 1.8 to 2.2 percent. The PMM 
assumes thattPAD District V refiners must meet the California specifications. 

' 

I 
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Annual Average Rvp Methodology 

The annual averageRV'limiti are derived based on existing summe&e requirements and estimated 
. wintertime levels. The assumed summer and winter Rvp specifications had been annualized by simple 

averaging using summer and winter weights provided by the El%.'' However the cost of reducing Rvp may 
not be a linear function. Therefore, utilizig the Petroleum Market Model, a methodology based on marginal 
costs was developed to compute an Rvp specification to represqnt the annual average. The P d w a s  
configured to run two separate cases for'summer and winter Using the appropriate product specifications and 
demands for each season. The summer and winter marginal costs for gasoline obtained fiom the two runs 
were averaged (weighted by demand) to produce a target annual cost. The PMM (refconfigured for annual 
demands) was then run iteratively, varying Rvp Until the model produced marginal gasoline costs that were 
significantly similar to the target cost. The resulting Rvp specifications were then reduced by 0.3 psi to 
reflect pipeline requirements which are tighter than the EPA limits. The Rvp specifications used in the PMM 

.PADDV 

9.2/11.0 

8.7/NA 
8.7/NA 

are shown in Table F10. , 

PADDI-IV PADDV 

10.0/11.0 9.2/11.0 

- 
8.7/11.0 8:2/NA 
8 . m  1 .O 7.9/NA 

Table F10. Estimated Annual Reid VaDor Pressure , 

Gasoline MarkeVI'ype 
~~ 

Simple Average' Annual Rvp in PMM 

PADD I-IV 
. I  

Traditional/Oxygenated I 10.2/11.0 
I 

Reformulated/Refomulakd-High Oxygen 
1998-1999 
2000-Forward 

9 . w  1:O 
9.1/11.0 

Tbe lower Rvp specifications in PAD District V reflect more stringent California limits which are imposed 
statewide. I 

Complex Model Standards for Motor Gasoline 

The  environment^ Protection Agency @PA) has promulgated new regulations for refomulated motor 
gasoline that &e designed to lower vehicle emission pollutants as required by the amended Qean Air Act of 

'?he summer weight of 0.3% and Winter weight of 0.604 were prdvided by Dave Kormmey of EPA (313-668-5507). . 
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1990l6. 'The reformulated gasobes are designed to reduce vehicle emissions of toxic and ozone-forming 
compounds. Reformulated gasoline mustbe sold in certain regions where there are summertime ozone 
probIems as well as in areas which opt into ;he program. Traditional gasoline may be sold elkwhere but it . 
must not be more polluting than it was in 1990. These areas are discussed elsewhere in the documentation. 
Although The EPA has established some conventionally treated specifications, namely minimum oxygen 
content and maximum benzene content, the new conceptual aspect of the emission standards is that the 
reformulated gasoline must be blended in such a way .that it mkts maximum allowable emissions of volatile 
organic compounds cvocs>, nitrous oxides (NOJ and toxics. These new motor gasoline standards are 
calculated by complex fonnulae based upon key properties of the gasoline blend. The new reguyg'tions cover 
Phase I (1 January 1995 through 31 December 1999) and Phase II (1 January 2000 and indefinitely 
afterwards). During Phase I the refiner must certify his refoxmulated gasoline to meet the new standards but, 
at his option, he may use a simpler EPA model rather than the complex EPA model until 1 January 1998. 
The model assumes that refiners will use the complex model beginning in 1998. Also, the refiner may meet 
-the requirements for VOCs and NO, on either aper gallon basis or on an average basis although some per 
gallon constr- still apply. The average basis has been incorporated into the model. 

' 

. 

' 
The NO, and toxics emission stanbards for reformulatqd gasoline apply year-round whereas the VOCs 
standards apply only in the summer. ' he  NO, standard varies depending upon whether the VOCs standards 
apply, Le. depending upon whether it is summer or winter. The VOCs standard for the. north17 is different ' 

from the VOCs standard applying to the south, greater volatility is allowed in the north. The Complex Model 
Averaged Standards are shown below in Table F11. 

. .  

16FededRegister, Environmental Prowtion Agency, R.&lation of Fuels an d Fuel AdditivexStan- 
& &we-, part II, 40 CFR Part 80, (Washington, DC. 16 February 1994) 

covered by ASTM Class B while Region 2 is covered by Class C. 
the sake of simplicity, we llse the terms south and north to refer to EPA regions 1 and 2 respectively. Region 1 is 

. 
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Table F11. CompleX Model Standards ' 

~ PhaseI' ' Phases 
2000+ . .  1995 - 1999 

VOC Reduction, 8 

south 

, North 
NO, Reduction, % 

Summer 

Winter 

Toxics Reduction, % 

oxygen, wt% 

2 36.6 

2 17.1 
2 29.0. . . 

2 27.4" 

2 1.5 2 6.8 
2 1.5 

2 16.5 
2 2.1 

2 1.5 

2 21.5 

2 2.1 

Benzene,% , s 0.95 s 0.95 

I 

These standards were translated into traditionallyconfigured specifications for blending motor gasoline. 
Fmt, two winter specifications were developed, one for Phase I and one for Phase IL Of course, the VOCs 
standard was excluded from consideration. Then four summer specifications were created, a south set and a 
north set for Phase I and similarly for Phase II. 

I 

These sets were developed by use of a spreadsheet, developed by EPA, which calculates the VOG, NO,, and 
TOX~CS of a reformdated gasoline as a function of the 'conventional' properties of the gasoline, Ce. as a 
function of Rvp, sulfur content, oxygen content, aromatics content, olefins content, benzene content, percent 
evaporation at 200 de* Fahrenheit (E200), and percent evaporated at 300 degrees Fahrenheit (E300). 
The approach was to start with 'best informed guess' propeIties and use trial and error to gradually expand the 
allowable property limits. The blend properties cited as typical fuels in an EPA presentation'* semed as the 
starting values for both Phases I and II. The same starting point was used for both winter and summer. Table 
F12, following a chart developed by the EPA19, indicates the directional sensitivities of the properties on the 
standards. Of course, a more rigorous approach is possible in estabkhing the specification sets. For 
instance, one might perform incremental changes over the reformulated gasoline properties followed by 
computer runs to establish minimum cost specifications. However, in the event, resources were coktrained. 
The above procedure was used after some discussion. 

' 

*v.L,. Gray, "Reformulated Gasoline Final Rulemaking and Renewable Oxygenate Propod," Erpceeainns of The W d  
laled G a s o b ,  March F-24,1994, Information Resources, Inc. 

' W i  - .  
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Table F12. Directional Emission Effects of 
. ,  GasolinePrbperty Changes 

b 

proper@ voc NO, . Air Toxics 
\ .  

. R-1 111 ' I 

sulfiir 1 I" 

, -  

111 

1 

11 
.#- 

Aromatics 1 I 1 11 

Olefins 1 . .  
'. E200 t 

. - 
, ' l  

. 1  

1 

- 
I '  

E300 t 
1 1  

- - 111 Benzene 1 

The Ph4M is an mual model, i.e. it does not have seasonality. A decision was made to develop, for PADDs 
I-IV, a single refomdated gasoline SpecXcation for Phase I simulation and a single specification for Phase 
TI. This required several actions. The two summer sets for Phase I were liiearly. blended by compositing the 
projeck gasdine salesweighted south specifications to the appropriately weighted specifications of the 
north. The resulting two sep of Specifications for Phase I, one for summer and one for winter, were then 
composited after weighting them according to summer sales and Winter sales respectively.. The Phase II 
Specifications were collapsed to a single set in the same manner. The composites were calculated in a 
spreadsheet maintained by the Oil and Gas Analysis Branch. This specification was adapted from the 
presentation made by Charles L. Gray at the conference cited above. The resulting reformulated g&he 
specifications are shown in Table F13. It is, of course, a simple matter to convert the PMM blending stock 
distillation temperature values as needed. 

- 

* 

/ 

- 
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I TabIe F13. PMM Reformulated Gasoline Specifications - 

I 

Phase I Phase II 
PAD& I-Iv * PAD& I-Iv 

Max Rvp, psia 8.7 8.5 

Max S, ppm 305 135 

' Max Aro, % 

Max Ole, % 

Min moo, % 

M m  E300,' % 

Min oxy, wt% 

25.0 

' 12.0 

49.0 

87.0 

2.1 

250 

12.0 

. 49.0 

87.0 

2.1 
t 

Max Ben, % 0.95 0.95 

F.8 Estimation of Gasoline Market Shares 

Time series market shares for traditional (TRD), oxygenated 0, reformulated (RFG), and 
reformulatmgh oxygen gasoline were estimated using a Gasoline Market Share Spreadsheet 
(GMSS). The estimates are based on the population of control areas (nonattainment areas requiring or 
assumed to require new types of gasoline) relative to the population of each Census division. Control areas 
used are based on a list of nonattainment areas putout by the Environmental Protection Agency 20. 

Population data are from the 1990 Census, U.S. Bureau.of Census. 

The ratio of the control area population to the Census division population are used by PMM to disaggregate 
gasoline demand in that region. The control areas included in each year reflect assumptions about the phase- 
in of CAAA and State legislation. 

'MGSHR 

OXY 

is the annual percent of total gasoline de&d. 

ratio of population in carbon monoxide nonattainment areas, requiring oxygenated gasoline. 

RFiI ratio of population in areas that are bo& carbon monoxide and ozone nonattainment; 
requiring high oxygen reformulated gasbline. 

%vironmental Protection Agency, office of Air Quality Planning and Standads, Ozone and Cmbon Monoxide Areas 
Designated No~nainmer~ ,  (October 1991, Research Triangle Park, NC). ' 
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WDEM ratio of wintertime gasoline demand to annual demand in each region (see table). The ratio 
was estimated using monthly gasoline sales data from the Form ELA-782A for the years 
1983 through 1991. 

. . 

census 2 ' 3  4 ,  I 5 6 . 7  8 9 
. .  

Division 

. WDEM ..22 .48 .09 .06 .13 .ll 22 .30 ' .46 

COPOP 

coo2 ' 

coozopT 

oz 

OZOFT 

D" 

SPILL 

population of carbon monoxide nonattainment ' .  areas. 

population of areas of overlap for carbon monoxide and severe ozone nonattainment areas. 

population of areas in carbon monoxide and less severe ozone nonattainment areas assumed 
to opt-in to the reformulated gasoline program. 

. 

c 

popdation in nine severe ozone nonattainment areas where RFG is mandated. 

population in lps  severe ozone nonattainment areas assumed to opt-in to the REG program. 

population of a given Census division. 
(- 

'-'spillover demand" or demand for reformulated fuels outside the boundaries of 
nonattainment areas. Spillover is assumed to be 5 percent. The spillover assumption was 
between 0 and 10 percent and found to have minimal impact. 

tested 

I, 

. Traditional Gasoline Market Shares: 

* In every year-the annual market share of traditional gasoline is calculated by: 

MGSHR~,m = 1 - MGS-JiRmm - MGSHRm:m - MGSHRm,m 
. . 

where; I 

- CD represents a Census division. 

Oxygenated Gasoline Market Shares: 
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. ~n every year the annual m'arket share of oxygenated gasoline is calculated J a percentage of total 'annual 
- gasoline demand 

MGSHR,, = OXYm'* WD- 

In most Census divisions the annu@ market sbare for oxygenated gasoline from 1995 forward is c a l c u k d  
as folIows: 

I 

Beginning in 1996, a different estimation for oxygenated gasoline is required in Census Division 9 due to a 
statewide mandate of 2.2 percent oxygen in gasoline used in California: 

oxy ,  = (C(COPOP, -cooz,-coomm, -copop, -COOZ, -,mmn&DIv, 

Beginning in 1997, a different estimation for oxygenated gasoline is required in Census Division 4 due to a 
state+de mandate of 2.7 percent oxygen in gasoline useil in Minnesota: . 

OXY, = (MNPoP/DIva) * (1 +SPILL) 

where 

MNPOP . is the population of Minnesota 

Reformdated Gasoline (2.0 percent oxygen) Market Shares: 

The reformulated gasoline program begins in 1995, therefore the market share for reformulated gasoliie are 
estimated as follows: 

Beginning in 19%, the reformulated market share in Census Division 9 has a unique calculation reflecting a 
statewide requirement for reformulated gasoline in California: 

MGSHR,, =CAPOP/DIV9 +,(C(COOZ,+ COOZOPT,-COOZ, + CO0ZOPT,))/DWa * (1 + 
SPILL)) 

Reformulated/High Oxygen Gasoline (2.7 percent oxygen) Market Shares: 
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Requirements for gasoline that is both reformul&d and oxygenated occur during the wintertime in areas that 
fail to meet both carbon monoxide and ozone standards. Beginning in 1995, the market shares are estimated 
as:, 

MGS-=RFH,*WDW 

where 1 

4. RFH, =<((~(COOZ,, + coozo~~))/DIv~) * (1 + SPILL)) 

Seginriing in 1996, the estimation for the high oxygen/keformulated market share in Census Division 9 must 
exclude sales. in California because of State legislation: 

MGS-m =(c(COOzC,g + COOZOPT~-COOZo - COOZOPT&)/DIV~ * (1 + SPILL)) 

F.9 Estimation of Low=Sulfur Diesel Market Shares 

The CAAA90 m a n h  the use of low sulfur diesel for on-highway use. Market shares for low-sulfur diesel 
relative to distillate fuel are estimated based on data from EIA's Annual Fuel Oil and Kerosene Sales 
1992@0E(EIA-0535(92)). Since 20 percent of current demand in the (&sportation sector is off-highway, 
80 percent of transportation demand for distillate fuel is assumed to be low-sulfur. , 

F.10 cow-Sulfur Diesel Specifications 

~n order to accozmt for diesel desulfurization regulations, low-sulfu; diesel is differentiated fiom other 
- distillates. Specifications for sylfw, aromatics content, and API gravity are included in the PMM. Diesel fuel 

in Census Divisions 1 through 8 have a maximum sulfur content of 0.05 percent by weigdt, and a maximum 
aromatics content of 35 percent, reflecting Federal specifications. The specifications for diesel fuel supplied 
to Census Division 9 also have a maximum sulfur content of 0.05 percent but have a maximum aromatics 
content of 20 percent by weight, reflecting the more severe California Air Resources Board requirements. 
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. .  

PAD District 

1 

2 

3 

4 

5 

F.11 Estimation of Regional Conversion Coefficients 

hput Price 

wm 
Oil and Gas Production Region 3 wellhead price (OGWPRNG) 

quantity weighted average of Oil and Gas Production Regions 2,4, & 8 
wellhead price (OGWPRNG) 

Oil and Gas Production Region 5 wellhead price (&WPRNG) 

Census Division 9 industrial price 
wm 

, Census Division 2 industrial price 

Differing regional definitions necessitate the conversions of ce& variables Srom one regional structure to 
another. Regional conversions are not extensive in the PMM, but are needed for three refin- input prices, 
refinery fuel consumption, and cogeneration &.formation. 

PMM receives pr im for refinery inputs of electricity by Census division. PAD District level prim are 
derived by assuming prices in intersecting Census divisions. Table F15. shows the correlation between PAD 
District and Census division electricity input prices: . ,  
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Table F15. Source of PMM Electricity Prices 
li 

PADDistrict . 

1 

2 

3 

4 .  

‘ 5  

correlationof prices 
I 

Inputprice 

Census Division 2 industrial prices 
P r n  
Census Division 3 industrial prices 
0 
Census Division 7 indugid prices 
P r n  
Census Division 8 industrial prices 
P r n  * 

Census Division 9 industrial prices 
(Pm 

. . 

. .  . 

. Conversions for Refinery Fuel Consumptioh 

.#- 

Refinery fuel consumption must be converted from the PAD District to the Census division level. Each 
cen~us division consumption number will e&~ the Consumption in the overlapp‘ing PAD ~istricts times a 
factor. The factors were developed using State-level refinery operating capacity and are shown in Table F16. 
The factors are interpreted as follows: The 0.8434 at the interkction of Census Division 2 and PAD District 
I indicates that 84.3 percent of the PAD District I refinery fuel consumption is estimated (using refinery 
operating capacity as estimator) to occur in C~IISUS Division 2. These values wiU change by small amounts 
as refinery capacities change, but the impact on model r d t s  will be small. 

Example: Census Division 7 fuel consumption = 
(PAD District II consumption * .12) + PAD District III consumption * .93) 
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Table F16. PAD District to Census Division Conversion Factors 
II 

Conversiog for Cogeneration 

wormation inc~udini cogeneration levels (RFCGGEN(CD)), cogeneration capacity (RFCGCAP(~)) ,  
refinery fuel consumption (R.FCGFUEL(CD)), self-generation (RFCGSELF(CD)),'and generation for grid 
(RFCGGRD(CD)) must also be converted fiom PAD District level to Census divisions. The same factors 
and methodology developed for refinery fuel consumption (Table F16) are used to convert the cogeneration 
data. 

Conversion coefficients for refinery fuel consumption and cogeneration information are estimated using 
&6007FW.PMM.CAPACI"Y.COEFS. An input file named &6007PRJ.PSD.CAPACDATA95 
contains refinery capacity data fiom the 1994 Petroleum Supply Annual (PSA). To update the program, 
operating capacity data can be pulled fiom IPS. (Manual updates to the data file can be made using data from ' 

Table 36 of the PSA and making some minor adjustments to the program that reads the data.) 

/ 

F.12 Estimation of Sulfur Dioxide Allowance Equations 

Between O& 1,1993, and Dec. 31,1999, small refineries that produce low sulfur diesel fuel will be eligible 
to receive allowances for sulfur dioxide emissions through the year 199g21. Refiners are not covered under 
the Acid Rain program but can trade the allowances with electric utilities and other units that must meet Title 
VI compliance. Allowance trading under the Acid Rain program will begin in 1995. 

In order to de eligible for allowances, small refiners must desulfurize both on- and off- road diesel. A "small 
refmery" is defined as a refinery or portion of a refinery that has a crude throughput less than 18.25 million 

~ ' ~ ~ R u l t S ~  , Vol. 57. No. 130. July 7,1992, pp. 29960-29961. 
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barrels (MMbbl) and that is owned.by a refiner with a combined throughput less than 5 0 . 1 9 . ~ b l .  The 
annual throughput will bemeasured as of November 15,1990, according to Form EIA-81022. . 

Analysis ofthe 1990 EIA-810 data . .  indicates distillate production from eligible small refiners represented 
12.8 perceat of domestic distillate production in 1990. Identification of eligible small refineasand production 
of distillate was done in p r o g r a m  ~607.SSE.DIESEL.REA.D, which reads company level data from the 
EIA-810 data contain4 in CN6007.SSE.PSD.Dll%k,.DATA. 

AEW5 assumes that all small iefiners dedfkize and produce low sulfur diesel at the natid&esel 
(transportaton and off-highway) to normal distillate ratio of 59 percent which correlates with 86,337 
allowance requests. The actual number of small refiners that w@ choose to invest in desulfurization y d  the 
amount of the distillate yield at these refineries eligiile for allowances (used as motor fuel) is'very uncertain. 
The EPA awards allow&ces based on the EU-BlO which began differentiating between low sulfur and 
regular distillate in January 1993 but does not report end-uses. The maximum requests for &lowances based 
on 1990 data and assuming all eligible rehers will produce only low sulfur distillate is 93,930. 

Small refiner distillate volumes eligible for &owan& can be estimated as: 
, 

Possible Allowance Volume (PAW = total distillate * .128 * 5 9  
(MMbbl) 

The EPA wiU award allowances based on their estimates of sulfur dioxide reduction resulting from 
dedfmmh - 'on. Each imit of low-sulfur diesel produced by eligible refiners will be equated to a .224 percent 
reduction in sulfur by weigh?. Reflecting molecular weights, the reduction in sulfur is converted to a 
reduction in sulfur dioxide by multiplying by 2. One allowance request will be allowed for every ton of 
reduction in sulfur dioxide. Eligiile volumes are converted to weight to estimate sulfur dioxide 
redUCti0dallOWan~ as follows: 

Possible AUowance Weight (PAW) = PAV * (3(w2ooo mns/bbl) 

and 

Requested Allowances= PAW * (0.00224 8 wt) * 2 

0 

Allowances for each refinery will be based on diesel yield as reported on the EIA-810. 

%id 
% percent weight .ZM represents the difference in sulf~r content between high-sulfur(274 percent weight) and low- 

. sulfur (.€I5 percent Weight) distillates. . 
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A maxim& total of 35,000 allowances per year wili be available for S d  refineries.. An individud refinery 
may receive up to 1500 allowances per year. Therefore, sulfur allowances are estimated as the minimum of 
quested a~owances estinated above or 35,000. 

' 

Future Methodology: 

In January of 1993 the ~ri1-810 started to Werentiate between low sulfur diesel and other distillate. h u a l  
data can be used to calculate the percent of low sulfur diesel produced at snail refineries. This percent should 
replace the 59-percent assumption discussed above. ' f- 

F.13 Unfinished 0il.lmports Methodology 

PAD Districts I and ID are the primary recipients of unfinished oil imports into the United States. Ofthe four 
categories that EIA publishes, light gas oils are practically nil and will not be modeled in PMM. 

The Oil Market Module used the most recent h o r n  values for imprts of unfinished oils, which remained 
fixedihtoughout the forecast period. while simplistic, this methodology was difficult to improve on. 

In the methodology described below, unfinished oil imports are estimated as a function of crude oil input to 

this methodology should be reviewed later, pbssibly re-es-ting the equation using quarterly data. Total 
U.S. unfinished oil impok are estimated from the equation, then the PAD District I and III values are shared 
out. I 

* 
% refineries. Only six observations were available for this equation (1989 was an outlier and was not used), so 

U.S. Unfinished Oil Imports = -2856.7 + (0.2447 * Crude Inputs) 
t-sbts: (-157.5) (8.97) 
R-~q~ared; .95 

PAD District III Unfinished Oil Imports = U.S. Unfinished Oil Imports * 0.65 
PAD District III Naphthas =PAD District III Total * 0.24 
PAD District DI Heavy Gas Oils = PAD District III Total * 0.27 
PAD District III Residuum =PAD District Ill Total * 0.49 

PAD District I Unfinished Oil Imports = U.S. Unfinished Oil Imports * 0.35 
1 PAD District I Naphthas =PAD District I Total * 0.09 

PAD District I Heavy Gas Oils = PAD District I Total * 0.73 
PAD District I Residuum =PAD District I Total * 0.18 
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F.14 Product .Pipeline Capacities and Tariffs 

Two sources wefe used to obtain the product pipehe data; (1) The NPC study 24 and (2) The North 
American W e  Oil Distribution (NAOD) mbael prepared by ICF for the Office of Strategic Petroleum 
Reserves (OSPR) during 1990-91. The NACOD data was received in LOTUS.WK3 spreadsheet format 
from Don Buck of OSPR. 

\ 

NACOD data for the year 2000 were used for the pekoleum product pipeline capacities and 9 s  (1991$). - .  
The NPC study was used for LPG and NGL pipeline capacity data The NACOD model defines 15 crude oil 
demand regions (including Canada and Puerto Rico/Virgh Islands) and the NPC study uses PAD District 
regions. The links needed for PMM, as shown in Table F17, are based on PAD Districts for refining regions 
and Census divkons for demands. 

Many of the arcs shown in Table F18 and Table F19 represent more than one pipeline. In some cases; we 
have retained more thad one arc from a source to a destination in order to have a better representation of 
product movemenk. 

I 

. .  

%National Petrolm- Council, Petroleum Storage and Distribution, Volume 5, Petrolewn Liquids Tramportation, (April 
~ 

1989). I 
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Table F17. NACOD Regions md NEMSFMM Census Regions 

. .  

9 

10 

11 

12 

13 

14 

The product pipeline capacities, excluding LpG/NGL sekce, are shown in Tabre F19. The matrix ' 

formulation used in Ph4M allows for separate arcs for product movements. For example, to deliver a barrel of 
gasoline to Dorsey MD ( In Census Region 2) fiom PAD District III, (&&us Region 7), requires flow on the 
arc from Region 7 to Region 6 (capacity of 2280 MbbVcd) at a cost of $0.31/bbl, flow on the arc from 
Region 6 to Region 5 (capacity of 2526 MbbVcd) at a cost of $0.74/bbl, and flow on the arc from Region 5 to 
Region 2 (capacity of 1392 MbbVcd) at a cost of $0.16/bbl. The total tariff is $1.21/bbl or 2.88 cents/gallon. 

AR, No. LA, No. MS, a 6 7  E S C X U A r n &  

PAD District IV, North- ID, 8 MNT 

PAD District rv, south- 8 MNT 

h4T 

wY,uT,co 
Alaska 

Hawaii 

PAD District v, 9 PAC, excludes W,AZ 
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Table F18. Petroleum Product Pipeline Capacities and Tariffp 

1.32 

. 0.16 

0.74 

0.56 ' 

0.86 

0.80 

0.31 ' 

0.74 

0.73 

0.99 

. 0.99 

,. 

25Capcities and tariffs h m  NACOD model. 
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*.The LPG/NGL pipelines are shown in Table F19. 

Table FD. LPG/NGL Pipelines Capacities and Tariffs% 

Rate (Wt. avg $/bbl) 
. #. 

. .  

F.15 Cogeneration Methodology 

Electricity consumption h the refinery is a function of the throughput of each unit, Soufces of electricity , 

consist of reiineq power generation, utility purchases, and refinery cogeneration. Power generators and 
cogenerators are modeled in the PMM Linear Program (LP) as separate units which are allowed to compete 
along with purchased eIectricity. 

The cogeneration unit in the PMM LP was modeled using historical data as a guideline. Cogeneration 
activity for each refiery was aggregated to the PADD level for incorporation into'the PMM LP. 
Cogeneration capacity, fuel consumption, and perkent sales to the utility grid were estimated fiom the EIA- 
867, Annual Nonutilib Power Producer Report for 1994. The data covers all of SIC 29, not just SIC 2911. 
Cogeneration investment and operating costs were derived fiom the 1980 Office of Technology Assessment 
(OTA) report "Industrial Cogeneration". 

* 

zdcapacities from NPC study. tariffs from NACOD model data 
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.Cogeneration capacity (including planned capacity) for each refining region was derived from the EIA-867 
historical data base. It should be noted that the capacity provided in the data base is summertime capabiity 
and not nameplate capacity. The LP limits utilization to 90 percent of the summertime capabiity. 
Cogeneration capacity is allowed to expand when the value received fiom the additional product exceeds the 
.investment and operating costs of the new unit. The value of adding capaci6 includes revenues from sales to 
the utility grid and the displacement of purchases of electricity. Invesbnent costs &e derived from the OTA 
report. The capacity expansion methodology is described in detail in Chapter 4. 

Cogeneration fuel consumption was also calculated using the EIA-867 historical data base. It Wis found that 
consurpptim of 1.01 barrels of Gel oil would produce approximately loo0 kwh of electricity and 6530 lbs of 
steam. Since t h e w  refinery consumes fuel in barrels of fuel oil equivalent, shares of individual fuels were 
determined from the historical data and computed post process. The shares are allocated as follows: 

oil '2.10% 
Natural Gas 74.15% 
Other Gaseous Fuels 23.75%. 

In the past, shares of all petroleum based fuels were aggregated under Petroleum Products. This category has 
now been divided into Oil'and Other G&us Fuels. I ,  

. .  

- In general, dineties will sell poiom of the cogenerated electricity back to the utility grid. Howeker, 
bemusk of the "all or nothing" nature of an LP, safes to the grid could not be projected. If it is cost effective 
to &ll cogeneration electricity, the LP will kll all of it. Likewise if it% not profitable, it will sell none of it. 
To model the s i d o n  more realistically, sales'to the grid were modeled using percentages derived from the 
historical data base. The percentage of sales to the'grid for &h refining region @ADD) was calculated from 
the 1994 data as follows:. I 

* R E G I O N  
I .  

PADD 1 63.24 ' 

. PADD2 . 0.87 
PADD 3 5.09 ' 

PADD 4 ' 80.78 . 
PADD 5 .46.29 ' 

The LP is forced to sell electricity back to the grid in these percentages at a price equal to the average price of i 

electricity. , . 
I 
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Fixed operating costs are calculated in the model as a function of cogeneration capacity while variable 
operating costs are determined as a function of electricity generated. The following rates were determined 
h m  the OTAreport. 

Annual Fixed Cost $732/kw 
Variable Cost $o.O0565/kwh~ 

Data &om the EIA-867 report was reamfigured using the following SAS program to extract information 
necessary to the LP. fl 

f -  

.CNSOWJDI.COGEN.HISTRY94.DATA manipulates the EIA-867 raw data so that all  pertinent 
information for each refinery is contained in one line (SAS observation). The EIA-867 refinery data is 
aggregated by PADD and census division (CD) for input into the PMM history file. The PMM LP requires 
data to be sorted by PADD whereas the "EM model requires cogeneration data be aggregated by CD. The 
program also calculates fuel allocation shares, and percentage of sales to the utility grid. The results are 
stored in the SAS database CN6007.JDI.COGEN.FS67DATA94.SASDB. 

F.16 Natural Gas Plant Fuel Consumption 

The consumption of natural gas by natural gas processing plants is modeled as a function of dry gas 
production. Natural gas consumed at gas processing plants is calculated as a percentage of dry gas . 
production using data from the Natural Gas Annual 1992. The ratios are calculated by PAD District, except 
for PAD District V where Alaska is computed separately from @e rest of PAD Dishct V. , 

PAD District I 1.36 
PAD District II 250 , -  

PAD District III 2.43 
PAD District Iv 2.61 
PADDistrictV . 2.25 
ALASKA 8.93 
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F.17 Alaskan Crude Oil Exports 

In November 1995, the ban on exports of Alaskan North Slope (ANS)  oil was lifted. Exports began in the 
spring of 1996. 

The 0eory supportingthe economic incentives for exporting Alaskan crude is as follows. The current . 
restriction on ANS crude probably results in an undervaluing of ANS crude on the West Coast. The value of 
ANS crude on the West Coast wouldbe expected to rise with greater amounts of ANS crude ex#&&. In the 
Pacific refining regions, the value of ANS crude would decline as larger quantities flowed into the region. At 
some point, the rising value on the West Coast and the declining value in the Pacific regions would m e  

. . together and the economic incentive to export ANS would cease. I 

The PMM does not have refinery representation for foreign regions, but instead relies upon supply curves tb 
repreknt import availability of both crude oil and petroleum products. Allowing crude exports from Alaska 
could not be done, therefore, simply by adding a transprtation vwFr from Alaskato the Pacific relining 
region. Instead, three vectors were added with specified quantities and targel prices which represent the value 
of exporting ANS crude tothe Pacific region. If the target price associated with the vector was higher than 
the value of A N S  crude oil in PADD.V, then the exgrts would flow. Since the value of ANS crude in the 
Pacific region is expected to fall as export flow increa~es,2~ the target prices declined across the three vectors. 

27 Table 3.1, page 45, U.S. Department of Energy, Exporting Alrrskan North Slope Crude 02. WEPO-OQ25 
(Washington, D.C., June 1994) 

Ehergy Wormation Administration 
NEMS Petroleum Market Model Documentation PageF-48 . 



APPENDIX GI Matrix Generator Documentation 

G.l Introduction 

The purpose of this report is to describe the program which runs the Multi-Refining Model (MRM) (5: 
regions) and the Enhanced Refinery Model @W) (single region); and to provide detail on how it works. The 
program allows the user to simulate a single region @RM) or a 5-region 
pfining industry the United States. 

' 

?- 
representation of the entire 

The ERM model simulates a single PADD (Petroleum Administration for Defense District) and has no 
transportation of crude oil to the refinery region nor product fioh the refinery region. Instead, crude oil'is 
supplied directly to the reljnery gate and product demands are satisfied at the refinery gate. The ERM projects 
petroleum product prices, product demands, crude oils, alcohols, ethers, natural gas and fuel consumptiox 
and capacity expansion in aPADD. 

, The 5-region MRM simulates multiple PADD regions. It is a wilection of ERMs linked by a transportation 
network. It simulates the entire refining industry in the United States. The I&M simulates the operation of 
petroleum refineries%in the United States, including the supply and transportation of crude oil to refineries, the 
regional processing of these raw materials into petroleum products, and the distribution of petroleum product 
to meet regional demands. In addition to the quantities that an IERM produces, the MRM identifies sources of 
supply for domestic and imported crude oils, alcohols; ethers and natural gas. The 5-region MRM simulates 

. five PADD's (I, II, m, IV, and V whose letter codes are E, C, G, M, and W). 

. 

The program generates the matrix for the Iiiear programming model representation ofthe ERM or MRM, 
solves it, writes the solutipn, reljorts, and packs the matrix for use by the analyst using the ANALYZE 
software. 

G.2 Code 

The program is written in Fortran and makes us2 of the OML (Optimization and Modeling Libraries) to read 
inihe data files, generate thematrix representation ofthe model, solve the problem, store the solution, and 
pack the matrix for use with ANALYZJ5. In addition to the above, the program produces reports. 

The program is data driven and the user provides key information such as the model he chooses to run, the 
location of the input data files, and some other options. 

< .  
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G.2.a Variables and Constraints 
1 

The model consists of variables' or activities (columns), constraints (rows), and bounds on activities, A 
unique name has been assigned to each variabIe and constraint. In the naming of the variabIes and rows, 
indices were used. The following table displays the index set name and the number of elemdts in the set and , 

gives a brief description of the set and a partial listing of the set members. 

m 

- 

No. of Values 

1 

2' 

9 

2 

15 ' 

DescriDtion 

Transpoaatiou mode, fnnction of nweaial 
and means ofmovement 

M m h  . .  
@ 

x formax 
N formin 

1: New&&d 
2MidAtlantic 
3:EastNorthCedrral 
4:WestNorthCentral 
5:sonthAtlantic 

7: west south central 
8: Mountain 
9: Pacific 

C2Emissionhmfuelcombnstion 
N: Emission hmprocess unit 

4 u.s.flag residualoil 
5: South Atlantic node 
6 East South Centml node 
kCrudepipelinefromGtoC 
B:Bqeresidualoil 
i: West Texas to PADD 2 

6EstSOUthCentral~ - 

J: U.S. flag light prodncts 
0: U.S. flag LPG 
R: PADD 3 loop toPADD 2 
S: PADD 3 capeline to PADD 2 
T:Lightp@uctpipeline 
U: LFG, C4, CC5 pipeline 
V: Bqeresidoaloil 
x:LocaltranspoItation 
Y: F'ipe.linePADD C toregicm 6 
H P S U d O l i n k  
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. .  

3n 

ph 

P 

No. of Values' 

8 

5 

2 

5 

3 

1 

11 

._  

Vegative shift m demand 

2uality code for gasoline blending 

. .  
!ualiry code for distillate 

Manbas 

0: OGSM 1A East Coast 
1: OGSM 1B East Westpart 
2OGSM2GdfCoast 
3: OGSM 3 Midcontinent 
4 OGSM 4 Pennim Basin 
5: OGSM 5 Rocky Mountah 
6 OGSM 6 West Coast 
kOGSMAAlaskaNo~tb 

E PADD I 
C: PADD II 
dPADDm 
MPADDIV 
W PADD V 

v: Vessel 
P: Pipehe 

2 Exportcd forPADD I ,  
3 Export cd for PADD 11 
7: Export cd forPADD III 
8 Export cd for PADD IV 
9: Export cd for PADD V 

Nl, N2, N3 

N1, N2, N3, N4, P5. E. P7. P8 

PI.€%P3 

mAromatics 
BZBenzene . 
&E200 
B E 3 0 0  
MO: Motor ocrane 

DL: OIefine 
RO: Research octane 
R E  Reid vapor pressure 
SL: sulfiu 

Po: Percent oxygen 

mewables component (due torequid 
minimum ConQibUtion to Oxygenatg) 

4FeAromatiCs 
LFlashpoiut 
ZFFreetingpoint 
3R:Glavisy 
M. Lurninometer number 
E Sulfur 
VB: viscosiry 
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No. of Values 

3 Step label foi crude oil imparts 

Step label for proauct impoas 

Step label for product demands 

Rodnct exports 

Distressir?portsandexpB 

M e  groups by q d $  and arjgin 

. 
9 

1 

1 

1 

4 t Z  AIaskq'API 25-66, M5. BcW- 

DLL: Domestic, API 25-66, S 4 5 ,  Bc15 
4MH: A ~ ~ I I ,  API 21-32, k1.1. B>15 

DMH: Domestic, API21-32, k1.1, B>15 
D E  Domestic, API29-56, k1.99, Bc15 
DHH: Domestic, API 23-35, SQ.0. B515 
DHV: Domestic, AP1~23, SS.7, B>15 
W Foreign, API 25-66, M.5. Be15 

FHL: Foreign &I 29-56, Sc199, Bc15 
F": Foreign, API 23-35, S0.0, B>15 
FHV. Foreien. APIc23. S9.7, B>15 

FMH: Fareign. API 21-32, S~1.1, B>15 

12 

Distillate fuel Oi lblends  h'A: Jet fbel 
NW.Number2 oil 
DsL:LowsnlfUrdiesel 
N6k Low sulfmresid 
N6B: High sulfurresid 

{ 

5 

6 CAR: Total &n 
0 1 :  Carbonmonoxide 

carbon dioxide 
NOX Nitrous oxides 
sox:sulfuroxides' . 
voc:volstile:GTg~compounds 

LNI: Light naphtha, (175250) intermediate 
L": Light naphtha, (171250) naphtheaic 
LNP: Light naphtha, (175-250) paraffinic ~ 

TRG Tdid'gasol ine  ' 

RFC2 Refommlated gasoline 

~~ 

1037 

- 

2 Gasoline blends 

-Y operating mode 

v .  
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M e m h  , No. of Valnes Description 

Non crudepurchase 10 

IGkIsobntane 
MET:Metiraaol 

NAPNaaaalgasoline 
NC4 Normal bnme 

h4TB: MT33E. 

Npp:Pardffiaicnaphtb 

/. 

~ ~ ~~ 

L0s:LOst . 
OVC Other variablecost 
M S D M a x i m u m d f e d , c a t & e . r  
MSR: Maximum low snlfmresid, cat cracker 
S~Maximumseverity,Catnacka 
HOO: Maximum 100 severity, HPreforma 
HE: Maximnm 105 sevaity. HPIefOAer 

AST: Asphalt 
COK: Coke 
DsL:LoWsnlfiadieSel 
E85: 85% E h o l  and 15% TRG 
J ' lk Jet fuel 
LpG:Liqnefiedpetrolenmgas 
M85: 85% M&anol and 15% TRG 
NW.Numba2oil 
N67: Low salfurresid to utilities 
N68: High sulfurmiid to utilities 
N6B: High &resid 
N6kLowsnlfurresid 
m Other 
PCF: Pebochdcal feed stock 
RFeReformukdgasoline . 
RFH: Refomdated high oxygen gasoline 
TRG..Traditionalgasoline 
TRH: Traditional high oxygw gasoline 

D h ,  JTA, LPG, MET, W, NW, N6B, N6I, 
OTH, PCF, RFG, TRG 

COK, DSL, JTA, LPG, N2H, N6B, N6I, O'k.  
PCF, TRG 

25 

18 products 

12 Product imports 

10 Product e x p  

A=, COK,'DSL, JTA L E ,  NW, N67. N68. 
N6B. N61, OTH. PCF. RFG, RFH. TRG. TRH 

16. Distressexports 

-~ 

18 AST, COK, DSL. 335, JTA, LPG. M85, NW, 
N67, N68; N6B. N6I, OTH. FCF, RFG, RFH, 
m G .  TRH 
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I 

-don , . 
UnfisishedOil 

process unit 
(excludes merchant & gas plant m ERM) 

Utility 

/:""VdUes Members 

ARB:Atrnosph&residualbottomtypeB 
HGMHeavyg~Oilmediumsnlfar 
N P P : M e d i u m n a p h t h a ~  

ACU:Atmosphaiccrudedistillation 
See Appenaix A for comple~ list of procsses 

KWH: &watt hour 
NGF: Natural gas liqnid~ 
sIU:SWUll 

#- 

I .~ 

I 
. (  

. 

1 

. .  
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. ,  

Jn the naming of the columns and rows, the limit is a maximum of eight characters per name. The following 
b o  tables give the name of the variable (activity) and the row (constraint) represented. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

The general -e structure for columns is (v)(r)(abc)(def), where v is key code, r is region code, abc and def 
'. I are3characternames. , 

product @nr) exports from (d) 

Distress product @x9) ex- from (d) * I  
Investment in new capacity for procgs (uns) m (r) I 

X 

Blend swam (ist) to distillate fuel oil (dfo) in (r) 

Dry gasresiddin (r) 
~ ~~ ~~~~ ~~~ ~~ 

Gas plant aperations mode 01 in (r) 

Gas plant output transfer of stream (ist) to product @rd) m (r) 

Methanol plant Opemtions m (r) 

Transfa of gas plant stream (ist) to refineq'in (r) 

Methanol production from methanol plant m (r) X I  

-4- G(r)SC2CCI Shift of ethane to natnml gas m gas plantin (r) I 
~~ 

shift ofpropane to namral gas m gas plant in (r) 1 
RodlLction of mode (mod) f a  pmcs (uns) at merchant plant in (r) 

Transfer h m  (aa) to (bb) of stream (ist) in (r) 

Disee~s prcduct @i9) imports to (d) 

Importea product @n3 step (4 to region ( 3  

Existing capacity for process (uns) in (r) 

Addition to capacity for process (uns) in (r) 

Porchase noncmde and additives (ncr) m (r) 

Dry gas SnPplY (r) I 
N d  gas to ref inq supply step (On) in (r) I 
Export supply step (on) for Alaskan crude I 
Alaskan crude exports 
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NEMS Petroleum Market Model Documentation P k e G - 7  

~. . 



I .  

ActivityRepresented 

SPRfinmus 

D o m e s t i c d e i n  (0) 

Supply of crude (ut) to (I) 

S w l y  step (QS) if imported crude (crt) to (11 
Supply of n d  &as liqmds h Alaska North slop 

Spec vechor, total volume for (mgb) in (I) 4- 

Spec vector, total volume for (dfo) in (I) 

Volnme of d e  (ut) processed by the ACU unit in (r) 

Rehezy process (us) opeaation for mode (mod) in (I) 

tmnsfer of stream (ist) to stream (ist) in (I) 

T o t a l a l e d  oilsm US 

Vol& of AMH d e  fmmorbd from Alaska to Valdez X I  TAAMHXZ 

T(r)CBNTAX 

Utility (urn) purchased m (I) I 
Crude vessel tmspo&h 'on capacity for mode (m) 

Ruduct vessel tmqmmion capacity for mode (m) 

Crude pipeke transportaton capacity from (I) to (d) using mode (m) 

Fkduct pipeline transportah 'on capacity from (r) to (d) nskrg mode (m) 

LPGpipelinetmpxtah 'on capcity from (r) to (d) using mode(m), 

product @rd) transportah 'on &om (r) to (d) using mode (m) 

Rudact@rd) transpoNlh 'on from (dl to (r) rising mode (m) 

Recipe blends of product (prd) for oxygenated fuels and electric u'tility residual oils in 
(4 

' 

x 

X I  

X I  
~~ 

Recipe blends of product (prd) fiom s ~ e a m  (ist) m region (I) 

Splash blending of @rd) from s t m m  (ist)in (d) 

Recipe blends m) in region (I) 

Crude (2) tmspomion from (0) to (I) using mode (m) 

M e  t m q m a t i o n  from (1) to (1) using mode (m) 

X I  

* : (a), (bb) = M p ,  GP, RF, where MP = Merchant plant, GP = Gas plant, RF = Refinery. For (ist), first and 
last character of (ist). 
*.*: Oyyy) = recipe blends for categories of products such as AST, PCF, OTH. 
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~ 

X 

X 

X 

.X 

x 

X 

X 

X 

X 

X 

' X  

X 

The general name structure for rows is: (v)(r)(abc)(def), where v is key de, r is region code, a h  and def are 
* 3characternames. 

I 

ConshaintRepzesentea 

Mutt demand accounting row in (d) for @rd) 

Gasoline blending accouuting row in (d) for (xx) 

Gasoline blendiug accotmting row in (d) for (xx) 

GasolIpe blending accountingrowm (a) 

Product export accounting row in (x) 

Ethanol tax account in^ rdw m (d) 

$ 

X I  

A(r)NGLpRD 
A@N- 

NGL accounting m (r); 

Investment accormting row in (r) 

Product (mi) rehed accountim row m (r) 

Crude oil (at) acconnt$g row in (r) 

Alaskan d o i l  acconntingrow m us 
- X X 

A- m-= 
~ ~~ 

Domestic crudeoilaccountingrow in US 

Crudeoil export accounting row in US 

Foreign crhdeoil accounting row m us 
Lowez48crudeoilaccountingrowmUS 

SPRcmdeoilaccountingrowinUS 

TotaI crude oil accounting row in US 

Ethanol to rehew accountir~ row m (r) 

4- 7 
X Fuel useaccountingrowin (r) 

~ ~- ~~ 

FUMaccounting row in (r) for (xx) 

Fixed cost accounting row m (r) 

Gasoline blend components accounting row m (d) for (yyy) 

Gasoline blend components accounting row m (r) for (xxx); 
us total 

' 

Gain accountingrow in (r) 

Refinery KWH usage acconnting*row m US 

Methanol inrpoas accounting row in (r); 
us total 

A@- 

&)- 
A@- 
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CohstmintRepresented 

Methanol demand accountingrow m US 

Accounting of med~anol used for M85 splash blcnding in US 

Methanol@ction accountingrow in US 

Accounting of methanol consumption by El'" refinery miit in (I) 

/ . .  NahnalgaspmchaseaccomtingroWm (I); 
us total 
Acc~nnting of NGL transfeT h m  gas plant to refinery in (I); 
us total 

Accounting of NGS cymmption by EI2p refinery unit m (I); 
us total 

A(r)NGSMER 
A@NGSMER 

&I)NGSMET 
A@NGSMET 

Metfianollant production d g  row in (I); 
us total 

, 
Accounting of NGF stream transfer to NGS stream in (I) 

Accountine of'hieb &low snlfui w k e d c t i o n  h m&e b l h  in US 

Accoun~im ofsalfururoduction h n  reciDe bleadmpl m US 

Crude balance for d e  type (crt) in (0) 

Final demand for produa (prd) m (d) 

Emission of (emu) knn some (e) in (I) 

unhished oil balance for (nnf) in (I) 

Total Crude balance for nnfinished oil constmint m US - 
X 

X - 
X - 
X - 
X - 
X 

Merchant oxygenate plant balance TOW for (ist) in (r) 

Merchant oxygenate plant policy (pol) accounting row in (I) 

Recess (uns) capacity in (I) 

product (prd) demand at refhay (I) X 
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, 

- 

MRM 

X 

X 

X 

* x  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

,X 

X 

X 

X 

Co&tRepreseatcd I -  ERM 
I 

- 
X 

X 

X 

- 
- 
- 

X 

OBJ 

Product 0 specification for quality (qm) COIlstmint type (c) in (r) 

X Sum row f& bleadiug 'gasolines (mgb) m (r) 

Sum row for bleadiig fnel oils (ao) in (r) I 
Constraint on Tenewable OXY limits in (r) 

Cmde oil transpo~tatl 'on (t) capacity limits for.mcde (m) 

Product- 'on (t) capacity limits for d e  (m) 

Crude tramwrm 'OnC3UaCiWbalanCeroW 

. 

L P G l l a q o m  'on capacitybalancerow I 
Product tlmqorm 'on capacity balancerow 

Utilities (urn) in region r 

Balance row for total @ of (uns) in (r) 

sum row f o r n d  gas torefineries in (rj 

SumrowforAlaskancmdeexport - 
Cunent world oil price m value of RHS -. 

sum row for total d i n  us 
-pmr 

. .  

Sumrow toforceaveragerefiaerycrudecostwithinspecifiedrange 

z(r)NGFSUM 

mwop 

X 

Sumrow toforceaveragerefinery audecostwithinspecifiedrange I 
Month, day, year of matrix generation I 

(I) = 01,02, ... , I L  1 3  

(xx) = LPG, N2H, N6B, N61, NGS, OTH, STG 
(xxx) = TRG and RFG 
(yyy) = TRG, RFG, 'I", RFH 
There are several other accounting rows. 

The following Table gives the dimensions of eich model: 
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. .  ~. 
.- 

. 

. I  

Model c o l ~  - 

Total Fixed 

. MRM (5 regions) 13131 410 

ERM (singleregion) 2274 38 
. .  

Rows -1 

. . I  

1 

.f- 
I ; . 

. .  

I .  
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.. 
4 

c 

- 

- 

c c  . .  

- 
8- 

- 
c + 

- 

c + 

- 
c 

c 

- 
c 

c + 

21 

% 

c 

c 
7 

.. 
c 

i 
C 

- 1  
f 
4 



* .  

. ,  

' G.2.b Subroutines 

The.program consists of sevyal subroutines and a main program. The subroutines can be grouped as those * 

that setup the'oML environment, read in the data tables, form parts ofthe matrix representation ofthe mbdel, 
. solve the model, retrieve needed information for report writing, and whte the reports.' All the subroutines that 

generate part of the matrix representatiOn of the model use input from data files in an OML form&. The& 
a-es have a .dat extensioh. Some subrourines use ASCIl files as input and some others don't use any. The 
following table shows the subroutine names, the input dka file names, the purpose of the subroutines, and the 

, 

. .  

model that uses them. 
b .  

2- . 
Subnjuutine Models 

An RemesmrsACUunit 

MRM 

Remesents the avoids 

C0gena.f h4RM 
ERM 

.Represents the cogeneration 

h4RM crdimphf- 

denrandl h4RM 

distbhdf An 

h4RM 

domcmde.& h4RM 

emish.dat M R M .  RepresentskzIlissions 

Represents +e inputs 

am0ther.f Representsnon-cndeinputs 

Represents prcdnct demands 

ethan0I.f MRM Represents ethanol supply and prices 

Fixes some colnmns 

SimulatesfUelrnixinE ' 

An 

fnelmix.dat An 

An 

All 

MRM 

MRM 

ERM 

Pnts limits on oolic~ rows Y 

Retrievessolntion 1 

S b n p  theOMLenvironment, nads m somemain data, 
controls theprogmm, calls subrontines to formmaaix, 
solves problem, mores solution, writes reports, basis and 
packsmatrix. 
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e 

tabreadf 

MRM S i m h  the product and crude oil 
@on repnsentation of MRM 

&vide fornnfinished oil imports 

Sim~utilityplrrchascd 

M R M ’  

Most of the subroutines that constitute the program generate part of the matrix reprkntation of the model. 
In the following we will give arqresenMon of the submatrix generated by each subroutine in table form. 
Columns of the tables correspond to activities (variables), and rows of the tables to constraints. The symbols 
x, -x or t x  represent matrix coefficient. 

- accunitA This subroutine simulates the ACU unit. It creates the following submatrix: 

R(r)ACU(crt) 

C(rXcrt) -X 

L(r)ACUCAP X 

A(r)CRDFCR* X 

A@CRDFcR* . x 
I 

PageG-15 
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. ,  

. . .  

1 * for (crt) = FLL, FMH, EHL, F", and FHV 
** for (pol) ='OVC, FBI, 

Bounds: None 

akaexpf: This subroutine simulates the Alaskan exports: It creates the following submatrix. . .- 

X 

X 

A w "  X 

(i) = N1, N2, N3, P4, P5, P6 
* : -xifi = N1, N2, N3; x i f i  = P4, P5, P6 

Bounds: PANGLQl, "(i) \ '  

av0ids.E This subroutine simulates the avoids. It is turned off. It creates the following submatrix: 
I 

-X 

X 

AI@FRDDEhf I -x X 

A@AVDNEG X I ' I  I 
Jhergy Information Administration 
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. .  

(i) = 1, ..., 3 

Bounds: D(d)(prd)N(i) and D(dj(prd)P(i) 

cogenerf: "his subroutine'simulates the cogeneration dt. It creates the foliowing submatrix 
#- 

crdimprLE This subroutine simulates the crude imports into the United States. It creates .the following 
matrix. 

I X  

(Qs) = supply step QLQZQ3 

Bounds: P(r)(crt)Q(s) 

. - J  

demand2 This subroutine simulates product demands. It creates the following submatrix: 
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D(d)@rd)s1 . -. 
-X 

X' 

x .  

X '  

. 

WMETSI 

X 

-x 
. .  

'*for @rd) not equal toEss or M85 . . .  
- .  

Bounds: D@ME"S1 and,D(r)@rd)Sl 

distbludz This subroutine simulates @e distillate blending. It creates the following matrix: 

U(r)STM 

* for @rd) = (dfo) only 

Bounds: None 

distress& This subroutine simulates product distresses. It creates the following submatrix: 

OBJ 

X I '  I 
X 1 . .  I 

X 

I -  I 
. .  

Bounds: None 
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domcrudeE This subroutine simulates domestic crudes. It creates the following subharrk 

PADcRQl 

-X 

X 

I x  
. 

-X I I 

X 

X 

(0) : except A 

Bok&: P(o)DCRQl, PADcI(Q1, O@CRDEXP, C@CRDSPR 

- emiskf: This subroutine simulates emissions. It creates' the following submatrix. 

I 

ermcmdaf: This subroutine simulates domestic crudes for ERM. It creates the following submatrix. . 

* (crt) = FHH, FHL, FHV, FLL, FMH, DLL, DMH, DHL, DHH, DHV. 
(r) = PADD G only 
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Bounds: P(r)(crt) . 

ermo@erfi This subroutine simulates the non-crude inputs for ERM. It creates the foiowing submatrix: 

N(r)(ist)* ’ 

B(r)(ist)* X 

OBJ -X 

Nm4* ’X 

* (ist) = (ncr) d y  
(r) = PADD G ody 

. .  

Bounds: N(r)(ist) . . .  

ermpr0d.f: This subroutine Simulates product demands for ERM. It creates the following submatrix: 
\ 

-X 

OBJ X 

(r) =PADD G only 

Bounds: D(r)@rd)Sl 

ethano1.f: This subroutine represents ethanol supply and prices. It creates the following submatrix: 

i = 1, ..., 4 

B o m b  C(d)ETHR(i) 

fixcolsf: This subroutine fixes some variables or activity. No submatrix is generated 

Bounds: R(r)FCC(ist) 

fuelmkf: This subroutine Simulates fuel mixing. It creates the following submatrix: 
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OBJ 

RrlCXW”T . .  

Bounds:NOne . 

gasoblndf: - This subroutine simulates gasoline blending. It creates the following submatrix: 

+ X -X 

3= -X I 

-X 

Bounds: None 
limpo1.f: This subroutine defines poky conditions. It creates the following submatrix: 

(uns) = specific units underpolicy controls (i.e., FCC, KRF ,...) 

Bounds: None 
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. .  

1 .  

lplookupf: - Retrieves solution values, and stores them in arrays. 

. .  mainf: This subroutine reads in the mrmparam file that has the Sormation relative to the model to nm; 
initializes the OML subroume library environment; opens the database; specifies a problem in the 
database for procesSing, initializes the mattix processing reads in .the path file, the maiadat file that 
wntains~some global variables such as the refinery, the exporting, and demand regions code; calls the' 
subroutines that generate the matrix, ends the matrix prdcessing; writes out the MPS file; inserts the 
advanced basis; solves the matrix, putsbe solution in output; writes the optimal basis; prints 
reports; packs the matrix; and closes the database. .' $- 

mchprocf: This subroutine represents the merchant plant, It creates the following submatrix 

* .  

I 

-X 

X I I I 

m c h p d  (Continued) 

OBI 

*: first and last character of (ist); (aa) &d (bb) = MP, GP, RF 
where MP = Merchant plant, GP = Gas plant, and RF = Refinery ., 

Bounds: K(r)(uns)(CAP, E(r)(uns)INV, L(r)(uns)BLD, H(r)GPMP(ist) and H(r)RFMP(ist) = 0 
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ngpr0d.f: This subroutine represents the gas supply steps to refinery. It creates the following submafrix 41 
z(r)NGFsuM 

* (ij) = N1, N2, N3, N4, P5, P6, P7, P8 
** +x for N1; N2, N3, N4 and -x for P5, P6, P7, P8 f- 

Bounds: ,N(r)NGRF(ij) 

nrfp1ant.f: This subroutine simulates the non refinery plant. It creates thefollowing submatrix: . 

nrfplantf (Continued) 

A(r)NWRD X X X X 

X X X / x 

nrfplantf (Continued) 
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-X -x . X 

X 

I X  I 
I -x 

ID@= . 'I I '  
nrfplanff (Continued) 

EOMOHINV LOMOHELD I K(r)MOHCAP . I Gtr)MOHOl- I 
-X 

I I -x I 
I -x 

I .  I -X 

X 

X 1k-m . I 
-X I ' -  

X I .  
X I I 

, .  

(xxx) : PGS, CC3, IC4, NC4, NAT 
* : (xxx) except NAT ; **: (xxx) except PGS, CC3; *** LPG, OTH, PCF 

Bomds: G(r)SC3CCl, N(r)DGP, E(r)MO"V, K(r)MOHCAP . 

outputf: IXS subroutine prints reports. 

prdexpE Simulates product exports. It cieates the following submatrix: 
. .  

I '  Energy Information Administration 
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I D(z)(pnr)*SX I D(z)coKsx I .D(Z)AsTSX 

A@coKExP 

A(d)PRDEXP 

~ 

X 

. x  X 

*: All (prx) except COR and 'MT; (z) = export d-kand regions (d) 2,3,7,8,9 

XW=)Ory) 

B(r)(ist) -X 

M(rXYYY) x*** 

OBJ X 

U(r)STM 

Aooyy)  X*** 

.. Bounds: D(z)(prx)SX, except for (prx) = COK 

prdimprtf.: This submutine simulates product imports. It creates the following submatrix: 

X(r)Om) 

-X 

.x 

-X* 

-x** 

X 

* : for (pri) = MET and W, **: for all (pri) except MET and MTB; 
*** for (pn) = MTB only; (s) = import steps 1-3 or 1-9 
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. t  

X(r)(=)Ory) X(rXYYYY) 

AOSULSAL x**** 

A@SULSAL X**** 

AOpETcOK X*** 

M3-K X*** 

A@- X*** X 

(&) = A m ,  AVG, CKH, CKL, GOP, SUL ; (yyy) = AST, OTH, COK, PCF, SAL 
(yyyy) = ASTO, AST1, AVGO, GOPO, 
*: for oyy~) = AVG*; **: for oryyy) = ASTO, ***: for w) = cof(; ****for(yyy)=SAL - . 

b- 

refprocf: This subroutine simulates the refinery processes. It creates the following submatrix: 

i 

X** - A(r)NGSH2P X*** 

A@NGSH2P X*** 

A@mm x**** 

*: when @ol) = OVC; *? when (w) =Em, ***: when (uns) = W, ****: when (m) = E m  and (mod) = 
m 

, 
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. .  

. .  Bounds: K(r)(uns)CAP, E(r)(uns)IW, L(r)(uns)BLD 

setr0ws.f: ms subroutine sets the row types (G, L, E, N) for rows P(r)@ol). 

- ,  

I (m) = ETB, MTB, TAE, TAM, TIfE, THM; (SSS) = ETB, TAE, THE, 
(ttt) = N6B, N6I; (WWW) = N67, N68; (XXX) = E85, RFG, RFB, "RH, TRe * 

Oyy)=SSR when (m)=RFG, RFN and (yyy)=SST when (xxx)=TRH and 
(yyy)=SSE when (m)=TRG; 
*: (xxx) not eipal 'to E85; **: (xxx)=RFG, RFH only; 
***:(xxx)=TRG, TRH only; ****:(xxx)=TRG only 

Bounds: none. 

streamt This subroutine simulates stream transfers. It creates the following submatrix: 
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. 
T(rXist)Ci) T(r)(istxprd) 

A@- X 
c 

tabreadf: This subroutine prints the data file names, the numb& of tables and lists the tables names 
that areread. 

WtM This Abroutine simulates the transportation network for MRM 5-region 

* OGSM supply (0) and PADD (r) regions; ** for (r)=Census Division 
*** for (prd) different than MET, Em, **** for (prd) = LPG and PCF; 
(s) : PADD (r) and demand (d) regions; (xxxxxx) = TVCSCP, TVPJCP, ..... 
Bounds: V(xxxxxx) I 

unfinishedf: This subroutine simulates the unfinished oil process. It creates the following submatrix: 
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utilityf: This subroutine represents theutility. It creates the following submatrix: 

f. . 

*: for (mu) = KWH ; **: for (uuu) = KWH and STM; ***: for (mu) = NGF 

utilitye.f: This subroutine is the same as utility.f, except that it is for EXM, and (r)=PL JID G on 

Ail the Fortran files &e located in /refine/dM/inrm/default/souruY 

Y. 

G.2.c Common Blocks 

Variables shared by several subroutines are set up in common. There are four files that contain the common 
blocks used by the program. Some of the files consists of several common blocks. 

The following table lists the common block names, gives a brief description and the location of the block. 
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mAB 

m a  
CR 

6.3 Data 

Co~asedforsolnlimntrievalandrepoawIiting Irefineldb6/rmmldefaulr/dara&ont 

Common for 0,ML database functions / d e f d t , l i m c I n ~ ~ 2  
#- Common for the WHIZ optimizer . flefdt/inch*2 

Most of the data that the program uses is provided in files with a .dat extension. There is a one to one 
correspondence between the Fortran files that fonn part of the matrix and the .dat data files (ex accunitf gets 
its input fi-om accunitdat) . In eaih of the .dat files, the data is manged in an OML format that consists of 
tables. Each table Consists of a table name; row or stubcand column or head names; and values at the 
mtersxtion of rows and columns. In addition there are ASCII files. These ASCII files are for control of the 
program. The following is the descriptionof each %put file. 

, G.3.a Data sets 

EXPAKA 

NGLAKA 

.dat files 

P* Q 
PER FGS, CC3. NC4, IC4, and Yield of NGL . 

N1. N2, N3, P4, E, F6 

NAT 

and q&ntity of Alaskan aude expoas. 

accunitdat 
I 

* except NGF 

akae*.dat 
~~ 

Table name C o b  .ROWS 
I I I 
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ROWS Desaiption 

A Volume+ and 'on and expected axt 
f Q r A l a s k a n c r u d e ~  

.. avoids.dat (no longer used) . 

Table I CoIUmns Rows Desaiption 

N1. N2, N3, P1. P2, p3 pricedifferentiate . 

W) Rodm list c- 

W) Demand shift quality fraction 

1 PRDAVOID 

SADELQ I N1, N2, N3, P1, RP3 

cogener.dat 

Desaiption Rows 

(r) 

T&lC columns 

CGNCAP CAP, PUL, BLD 

CG"V rNv,Fxoc,CAPREc 

CGNPOL ovc 
CGNREP CGN 

CG"I (Ud* 

SELGEN SOLD 

CGN cogen-pow 
Coeenedanviekis FUL 

Cogenemtion ntility wage 'I 
% cogenemtion sold to grid I 

* except NGF 

cogenere.dat 

Description I 

Cogenexation investment, fixed cost and capid I 

-v=Y 

Cogenemtion policy I CGNFOL i"" 
SELGEN 

CGN Fvi 

~ 

SOLD I G  

. ' L  * except NGF 

crdimprt.dat 
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Table 

CRUDETYPE 

IcRo*(r)  

colnnms Rows :Description 

DUMMY (art)* Foreigncrudetyprs 

C1, QL (2 QZ, C3.43 orear>- Price and qnantity availa& for d e  impoas. 

* RFH mapping and conesponding table renamed to RFJh due to duplicate table name elsewhere. 

distblnd.dat 1 .  

Table 1 

CKShiIx 

PRODLIST 

o* 
DEMMET 

Worn ZMAPDFOSl? 

distress.dat 

Colnnms Rows -tion 

CKLCKH . OBJ. CKL, CKH, COK Cokeprice and conversion factor 

List of proancts . DUMMY @rd) 

(4 Q=) product (prd) demand 

C H E M .  Q=) METdemand 

Table 

ZPX 

domcrudcdat 

Colunms Rows Description 

Value W) Distress code for pricing 

DdRsuP 

DCRSHR 

CREXP 

I 

(0) Y95 Historical crude supplies by OGSM region 

(0) (ca)* DomesticcmdesharebyOGSMregion 

cRDEm,cRDsPR VOL Cmde exports and SPR 
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Tablc C o h  Rows Description 

EMUNS (csnu)* R ~ ~ e ~ ~ r m i t  . ’ Emissionbyprocessunit 

EMFUM (arm) Fuel stream b d  EFllission by fuel burned 

* except C02 

c 

emcrude,dat 

Table colmrms Rows 

OTHERG Csr, MIN, MAX (nu) 

Description 

Non d e  cost and volume limits 

Table COlnmnS . Rows . 

PRODU(JTG REV,h4IN,MAX W) 

ethanoLdat 

Desaiption 

Fbdnctreiea~andvolmnelirnirs 

Table columns Rows 

SWETH(d) C1, R1, C2, R2, C3, R3 (year> 

ErHTAx TAX I (4 
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Table columns Rows 

FJXOL R . D u r m n y  

(r)RCOL Fcc . (mod) 

&xiption 

&t le~0fcolntnntofix 
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Table Colmnns Rows Description 

GROUP D W  Fnelslream Listoffnelstream 
. 

gasoblnd.dat 
. .  . 

. .  
Rows Description _ '  rt- 

\ 

TRG.RFGspecs 

Gasoline specs for subspec S q  

Gasoline s&x for subspx SST 

Gasoline specs for snbspec SSE 

List of blending streams s p e d l y  grduped 
Gasoline b h d  intermediate strtam saality 
spedication. 

Gasolinecomponent baseoctaneratings 

Gasoline &at bleading values 
~~~ ~ ~~ ~ ~ ~ ~~ ~ 

GSLW KWI! @d), SSE, SST, SSR 

GSPETH - RE RFGN 

(spec) = 2 chmcta & code fobowed by X (maximum) or N (minimum). 

Gasoline q k c s  for ETH i 

(A) =uNC and Rl%4 (representing TRG and RFG, resptivcly). 
ROO. R05, R15. R30, MOO, M05, M15, M30, of which only ROO and MOO are USEX? by the FMM. 

** same as *, except column 'IEL added (but not used by &e F'Mh4). 

limpoLdat 

I I 1 I 1 

Rows Description . I Table COlUIlULS 

UNlTFOL DUMMY 

rn(=)(r) C i t )  DUM Limiton(ist) . 

List of processes that have a limit on POL 

Rows DesQiption 

@rx) List of prcduct exports 
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Desaiption - I  Rows . 

DUMMY List of fareign cmaes - I  
1991 1 1987 Conversion factor' 

Range of price dif!fkrez~tial for IRAC 

world oilplice 

/. List of PAD& 

Listofexportingrcgbns - 

List of demand region 

YeartolUlmOdel 

'exportregions 

REGION I Listofdemandregions 

I USERYEAR YEAR 

*FFL, FMH, FHL, F",FHv . .  

I Table Columlls I Rows Description 

I EXPROD 

Locationanhenvironmentfactors . 

convasionfactorforoperatingcost . 

List of foreign mdes 

Conversion factor 

R;mgtofpriCedif!fmtialforIRAC 

world oilprice 

List of PADDs . 

IDEh4NDREG IREGION I= List of demand region 

IUSERYEAR IYEAR I YR95 Yeartonmmcdel 

* FFL, FMH, FHL, FHH, FHV 

mchproc.dat 

I Table 

I MCHINV 
Merchant plant investment, fixed cost and 
capitalncovering 
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Rows 

@rx) 

Description 

Limit on volume to expart 

Rows Description 

Mmhantplantpmases capdy,%utihtion 

M ~ b a n t p l a n t ~  policy I 
'Machant plant process capacity' 

Mmhantolantorocessyitlds 

MerchantplantprocessutiIityuqe 

Transfa allowed 

ngprod.dat ' .  

Rows Table colrrmns 5p 
SCVAL 

N1. ... N4. P5. .... P8 
N1. ... N4. P5, .... P8 
VOL 

t 

nrfplant dat 

Rows Description 

MOH I Non refinery plant procgs investment, capital I recovery, and fixed cost 

MOHPLT 

CAP Methanol capacity 
. .  (a). @ol) 

CCI. LOS, OBJ 

Yield from gas plant 

Shift from ethaneand propane to methane 

Gas plant capacity limits CCI:FAC, CAP, LIM, 
Pcu 

prdexp.dat 

Table colnmns 

(x)PRDExP VOL 
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. .  

Table . , colllnms Rows . Description 

EXPLZM =,FIX 

rfluLTExl?R* MULT mcE Riceforexpcntsasfimctionofimports 

1995 Lirnit on volume and yearly incrtase 
m 

, 

prdimprLdat 
1 
.r 

Table c o h  Rows Desclip& 

PRODTYP DUMMY @n? List of product import 
~ 

IMPLIM MAX ' @  Maxirmun imports +to USA 

C1, R1, ..., C3, R3 
I Rl. ...,R9 

recipes.dat 

Table colmrms ROWS Description 

RCPEIA . A, CST, JTA, NW, SLP, KERSFG, SWAL, Cost of sulfur and coke; kerosenesp& unit 

RCP A, CST, component stream, Recipe blended products Recipe blends. . 

CKHCOK, CKLCOK conversions. 

m 

refproc.dat 

Tllble I Rows 
~ 

MATBAL I A  

setrows.dat 

splash.dat 
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, '  

. .  

BLNSP(d) 

BLOX(d)YXX 

XETH 

SCB 

1 Rows I 

~ 

KER, N67, N68 JTA, N2H, KER N6I, Blend composition recipe 
N6B. ,N67, N68 

E85, M85. ", RFH, Gasoline stream Recipe blend composition 
RFG,lRG 

Po ZIETI! Oxygen content of ethanol , 

Po oxygenate- Oxygen content of oxygemtes 
# -  

I TRH, RFH, RF&lRG I Gasoline blend stream I Ethanol r&pe for splash blending I 
I I '  

strearadat 

transitdat 

Table ' columns Rows . Description 

MVCCAP MAX TVC(m)CP, TW(m)CP Marine vessel capacity for cmde & pduct  

I TPEI'LIST 

1 I I I I 
~~ 

PLPR(r)** I (prd), SSE SST. SSR I (m)(d) I Product pipeline transportation cost I 
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* OGSM supply (0) and refinery .(r) regions 
** PADD (r) and demand (d) regions 

wnfiniskdat 

. 

i- . . 

Table columns Rows DesUiption 

UNF0J.L E G ,  PD sweams NPP, HGM, ARB Types (3) of nnfinished oilimports into the U.S. 

SLOfE, CONST xm 'eq.parameterstbatconelatennfinilrhadoil 
impcntstocmdeinput 

UNFEQT 

utility.dat 

utilitye.dat 

Table CQlIXlnS . Rows Description 

UllTRS 

GUM CST (mu) UtilitycoStS. 

CQEF NGFNGS . BFOE natma gas. 

G.3.b Other input files 

1. mrmparamfile 

The.mrmparam file' is a control file read by mahf  to map input and output file names and instructions. In 
the mrmparam, the user chooses the model that he wants to iun; the names for the actproblem, solution, path 
file, basis, mps file, and packed matrix; the model title; and the location and name of the starting basis and 
optimal basis. The following table lists the information that is to be supplied in the mrmparam me. 

0 

'Note that the default fileused forthe MRM is named "rmmpamq" whilethat used f o r t h e m  is named "v" 
Before an ERM execution can be mn, the ermpiwm name must be renamed tonmupram. 
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. .  

Vaxiabkname VaIiablehgth Variableplspose Restrictions 

MODELN 8 MOdCJtDbC~ h4RM5,Ekhl I 

ACIPROB 8 Actproblem 

SOLNAME 8 Solution name 

PATHNF . 7 Name of me where data 
' 

. -f2espathsarestored. 

m 40 Problan tide 

40' Location and nameof 
advanced basis 

INBBISN* 

OUTBASIS 8 Nameofoptimalbasis 

BASISN 8 . Basisname 

MpsOV@** 8 MPS filename 

PAKCN** 8 Packedmtrixfilename ' PCKextension . 
. .  *: Ifno name or a file does not exist, the program will operate without an advanced basis. 

**: if'"ULL" or "null" is provided, the program will skip the part of the program that generates the file. 
- 

The above variables have to be provided in the order they are listed in the above Table and should start at 
column 18. In the Appndix G-A we provide an example of an mrmparq file. The mrmparam file has to be 
in the subdirectory where the model is executed. 

2. pathfile: 

In this file the user provides the program with the location and name of the data files. The order in which the 
names a p F i s  important. See Appendix G-B for an example of apath file. The path file has to be in the 
directory fiom which the model is executed. This Ne format is that of an Oh& table. 

, .  

' 3. Advanced basis file: 

In this file the user provided an advanced basis to the model. Lf the user does not provide one or provide% one 
whose name does not coincide with the basis name provided in the mrmparam, the program will-not use it. 

. .  
G.4 Submission of a Run I .  

In order to run the model, one has to first compile and link the different FORTRAN source files to form an 
executable. Once the executable is crkted, the user submits a run by providing an mrmparam and a path file. 
The execution of the program will solve the problem and create: 

-AnACTFlLEfile 
-AnMPSfile 
- A SYSPRINT file (solpion) 
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- An out basis file 
- A  packedmatrix file 
- Reports (only for MRMS) 

n e  following are the files created by a m :  
I ,  

epvidedbynsuinthe 

r -  

All the files used for MRM and ERM matrix generation reside within the NEMS default directories on EM'S 
RS-6000, as defiued next. The source files that encompass the program are on /default/source/, and the 
object codes are on /default/objects/. The user must link the object files to form the mrm executable to be 
located in the user's directory. A makefile (/default/scripts/mrmmakefile) is used by the usg to form the 
executable. 

The mrmparam file and the mmpath file used for the MRM model are located in the /default/scripts/ 
directory. The ermparam file and the mpa th  file used for the ERM model are located in the /default/input/ 
directory. To run each of the models, their respective param and path files must be copied to the user 
directory. Also remember that the emparam .file must be renamed to rnrmparam in the user directory prior to 
model execution. The path files point to the default data files (*.dat) that are stored in /defaulthiput/ 
directory. 

1. In order to run the default (no changes) 
a. Copy the mrmmakefile and the appropriate param and path fdes to your own directory. 
b. (Ifrunqing ERh$ rename the ermparam to mrmparam.) 
c. Create an executable by typing: make -f mrmmakef3e 
d. ,Run the executable by typing: nohup mrm & ' 

2. If you want to make changes to a data file L 

a. Copy the mrm'makefile, the appropriate param and path files, and the data fde to your own 

b. (If running ERM, rename the ermparam to mrmparam.) 
c. Create an executable by &ig: make -f mrmmakefide 
d. Make changes to the data fde. 
e. Modify the path file to specifjr the path of the modified file. 

directory. 
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. .. 

.. f. Run the executable by typing: nohup mrm & 

3. If you want to make changes to a source file 
a. Copy the mrmmakde, the appropriate param and path file, and the source file to your own 

directory. 
b. (Ifnmning ERM, rename the ermparam to k p a q m . )  
c. Make changes to the source fde. 
d. Modify the mrmmakde as follows: 

-add after SIR= and LIR=: 

. 

SIR2= /YOURSOURCE/INPUTDIRECI’ORY/ 4- 
IJR2= /YOURSOURCE/i”UTD~ORY/ 

change SIR and LIR to SIR2 and LTR2, respectively 
-remove version reference~from the *.o names , . - 

-search for the name of the source fde w i g  changed 

e. Create an executable by typing: make -f ‘mrmmakeflie 
f. Run the executable by typing nohup mrm & 

Appendix G-A: Example of an mrmparam file. 

, .  

IllMlparam: 

MODELN . ‘MRM5 !8  
!8  
!8 

ACTPROB OMLMRM5 . 
SOLNAM iMRM5S0L I 

PATHNF 
TITLE 
‘INBASISN Iinbasis5 . 
OUTBASISN 1outbasis51 
BASISN 

PACKN , INULL 

lmrmpa.thl !7 
I !48 . 
I . !48 

‘MRM5 MULTI REGION REFINERY. . 

!9 
’ !9 ‘MRMS I .  

!9 , MPSOUTN ’ 1mrm5mps 3 .  

I !9 . -  

, I  

. \  eMlpalY3lIl: 

MODELN ‘ERM 
ACTPROB OMLERM ’ !8  

!7 
SOLNAM I ERMSOL 
PATHNF 
TITLE 
INBASISN 
OUTBASISN ‘outbasisel 
BASISN . ‘ E M  

I !8 ‘ 

!a 
‘pathe 
‘ERM SINGLE REGION REFINERY 
l/refine/pm-lp-gen/data/erm/inbasise 

I ! 4 8  
I !48 
!9 

I !9 
MPSOUTN IermGmps -It- !9 
PACKN ‘ IERMZ. PCK I !9 

* ”  

The mrmparam file will run the 5-region MRM model and the ermparam file will mn the single region ERM 
model; the act problem will be “OMLMRMS” for the MRM model and “OMLERM “for the ERM model; 
the solution name will be “MRM5SOL” foithe MRM model and “ERMSOL” for the ERM model; the data 

. .  
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files path will be read &om the file-‘ka”path’’ for the MRM model and “pathe” for the ERM model; the title 
of the MRM model will be ‘?MRMs, MULTIPLE REGIONS REFINERY” and the ERM model will be 
‘ERM, SINGE REGION REFINERY;” the s tdvand basis will be read fiom “inbasis5“ for the MRM 
model and “inbasise” for the ERM model along the path defined; the optimal basis will be stored in the file 
“outbasis5” for the MRM model and “outbasise” for the ERM model; both the advanced and optimal basis 
will be named “MRM5”’for the MRM model and “ERM for the ERM model; the mps file will be stored in 
“mrm!jmps” for the MRM model and “ermGmps” for theERM model; and the p&ked matrix will not 
be created (NULL) for the MRM model, but will be stored in ‘‘ERh42.PCK” for the ERM model. 

Remember that the “ermparam” file must be renamed to “mparam” before anERM executi&can be run. 

’ 

, .  

I 

. . -  
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Appendix GIB: Example of a path file 

1 - .  
NAME .PATH DATA 

DATA Z : PATHNAME 
** TFXT(6) 
accunit /default/input/accunit.dat.vl.4 
avoids /default/input/avoids.dat.vl.l 
cogener /default/input/cogener.dat.vl.4 : 
crdimprt /default/input/crdimprt.dat.vl.2, 
demand /default/input/demand.dat.vl.3 

, distblnd /default/input/distblnd.dat.vl.2 
distress /default/input/distress.dat.vl.2 
domcfude /default/input/domcrude.dat.vl.l - emish /default/input/emish.dat.vl.l 
ethanol /,default/input/ethanol.dat.vl.l 

/default/input/fuelmix.dat.vl.2 
\ fixcols ' /default/input/fixcols.dat.vl.2 

f uelmix 
gasoblnd 
main 
ngprod 
nrfplant 

' prdimprt 
recipes 
refproc 
setrows 
splash 
stream - 
transit 
utility 
mchproc 

' limpol 
unfinished 
prdexp 
akaexp 
f oreignl 
f oreign2 
f su 
intsetup 
epsetup 
bldhead 
bldstub 
ENDATA 

/default/input/gasoblnd.dat .vl .4 
/default/input/main.dat.vl.2 
/default/input/ngprod.dat.vl.l 
/default/input/nrfplant.dat.vl.4 
/default/input/prdimprt.dat.vl.l 
/default/input/recipes.dat.v1.2 
/default/input/refproc.dat.vl.l4 
/default/input/setrows.dat.vl.3 
/default/input/splash.dat.vl.4 
/default/inp~t/stream.dat.vl.3 
/default/input/transit.dat.vl.4 
/default/input/utility.dat.vl.3 
/default/input/mchproc.dat.vl.4 
/default/input/limpol.dat.vl.2 
/default/input/unfinish.dat.vl.l 
/default/input/prdexp.dat.vl.l ' 

/default/input/akaexp.dat.vl.l 

#- 
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2 
, '  

L NAME PATH DATA 
DATA Z : PATHNAME 

** TEXT (6) 
/default/input/accunit.dat.vl.4 accunit 

avoids . 
cogener 
crdimprt 
ermprod 
distblnd 
distress 
ermcrude 
emish 
ethanol 
fixcols 
fuelmix 
gasoblnd 
main 
ngprod 
ermother 
prdimprt 
recipes 
refproc 
setrows 
splash 
stream 
transit 
utiiity 
mchproc 
1 i,mp ol 
unfinished 
prdexp 
akaexp 
f oreignl 
f oreign2 
f sh 
intsetup 

, epsetup 
bldhead 
bldstub 
ENDATA 

/default/input/cogenere.dat.vl.l ' 

/default/input/ermprod.dat .vl*. 1 
/default/input/distblnd.dat.vl.2 

/default/input/ermcrude.dat.vl.l 

,' 

/default/input/fuelmix.dat.vl.2 
/default/input/gasoblnd.dat..vl.4 
/default/imput/maine.dat.vl.l 

/default/input/ermother.dat.vl.l 

/default/input/recipes.dat.vl.2 
/default/input/refproc.dat.vl.l4 
/default/input/setrows.dat.vl,.Z 

/default/input/stream.dat.vl.J 

/default/input/utilitye.dat .vl. 1 

/default/input/limpol.dat.vl.2 
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Appendix G-C:Makef ile 
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c 

. . ,  

mrm: $(OBJS) 
x l f ~ r n - g C $ ( O B J S )  $(LIBs)-bloadmap:loadmap 
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Appendix G-D: Common Blocks 

File: ipmmtest 

C $Head= /defadficIade$tCShpmmtest,v 1.6.1.11 19951w/r7 19:59:11 dWExp $ 
COMMON /I€'- hllN, VALUE, IMFENITY, 
+ WOP, 
+ REALURYR,yRDoLLARENV,LW~OVCOST ' 

REAL*8 MAx(1OOo) 
REAL*8 MIN(1Ooo) 
REAL% VALuE(1Ooo) 
REAL*8 INFINITY 
REAL*8 woP(26) 
REAL*8 REALURYR 
REAL*8 Y R D O W  
REAL*8 ENv(5) 
REAL*8 LoCQ ' 

. REAL*8 OVCOST(5) 
COMMON /I€'~hMNT/COUNT, IXTMMY.. 
+ 
+ 
I"EGER*4 DUMMY 

INTEGER*4 IRET 
INTEGER*4 IROWS 
INTEGER*4 J 
INTEGER*4 JCOLS 
INTEGER*4 K 
INTEGER*4 mows 
m = * 4  NUMREG 
INTEGER*4 EXPREGSS 
INTJxmt*4 usERYJ3.R 
IN"EGER*4 DhlDREG 
IN"EGER*4 NUMYRS 
INTEGER*4 DBPROBG(22) 
INTEGER*4 COM"ABl(13) I 

INTEGER+4 COMTW13) 
* COMMON/IPh4M-, ~ , p R o c E s S , B N D .  CNAME, 
+ DECKNAME, W A M E ,  OBJ, RHS, RNAME, RCHAR5,REGIOhI, 
+ EXPRJX, DEMNDREG, DEMNDPAD, PATH, FRCRD, EXPRD 
c H A R 4 r n * 8  HEAD(1OOo) 
CHARAcTER**8 STuB(1Ooo) 
c H A R A r n * 8  m~s(1OOo) 
CHARAC"ER*8 BND 
C H A R A r n * 8  CNAME 
CHARACIlZ*8 DECKNAME 
CHARACrER*8 LRNAME 
CHARACTER*8 OBJ 
CHARAcrER*8 RHS 
c H A R A r n * 8  RNAME 
CHARACl'EfZ*5 R C W  
CHARACTER*l REGION(5) I 

CHARAcTERQ ExpREGo 
CHARAcTER*l DEMND-9) 

I ,  IRET. ROWS, J, JCOLS, K, KROWS. NUMREG,E.DREGSS. 
USERYEAR, DMDREG, NUMYRS. DBPROBG, COWABI, COM"AB2 

' INTEGER*4 COUNT 

m m * 4  r 

. .  
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. . .  

File:Ipout . 

Common blockused for report writing . 

#- 

I 
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r File: DFJNCZ 

. .  

Common block used for O h  database functions 

C $Heades: /defanIrrilndes/RCS/dkc2,v 1.1 199SD3/l4 162227 dh E& $ 
C. 
C DATABASEM FOR'I"FUNCI'I0N DECLARATIONS 
C 

* CSNCLUDEDWCPRAGJH 
c 

N l E G E R D r n  
INTEGERDFOPEN 
INTEGERDFEND 
INTEGER DFCLOSE 
INTEGERmEL 
INTECaERDFLIST 

INTEGERDFPm . 
INTEGERDFPDEL 
INTEGERDFPCPY 
INTEGER DFPLIST 
INTEGERDFpI?IEL 

' INTEGERDFPTCPY 
INl'EGERDFpMDEL 
INl'EGERDFPMCPY 
INTEGERDFTSDEL 
'INTEGERDFPSBY . 
INTEGER DFPRTBI 

INTEGERDFTINIT. 
INIEGFRDFI'NEW 
INTEciERDFrDm 
INTEGERDFlDEL 
INTEGERDFi'KPY 
INlEGERDFRNDX 
INTEGERDFI'HNDX 
mERDFTNDx 
INTEGERDFEET 
INTEGERDFPUT 
INTEGER DFTSADD 
INTEGERDFlwulD 
JNTEGERDFTSDEL 
I"EGERDF"HDEL 
INTEGER m I S P  

INTEGERDFMI" 
INTEGERDFMEND 
INTEGERDFMSTAT 
INTEGERDFMCRTP 
INTEGER DFMCRSC 
INTEGER DFMCCSC 
INTEGERDFMCVAL 
INTEGERDFMMVAL 
INTEGERDFMCRHS 
INTEGERDFMCRNG 

C 

C' 

C 
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l[NTEGERDFhicBND 
INTEGERDFMRRTY 
INTEGERDFMRRSC 
INTEGERDFMRCSC 
INTEGERDFMRVa 
INTEGERDFMRRHS 
INTEGERDFMRRNG 
INTEGERDFMRBND. 
INTEGERDFhfIROW 
INTEGER DFMICOL 
INTEGERDFMiRHS 
"EGERDFMIRNG 
INTEGERDFMIBND . - 
INTEGERDFMNROW 

INTEGERDFMNRHS 
INTEGERDFMNRNG, 
INTEGERDFMNBND - 
I"EGERDFhfLR0W 
I"EGER DFMLCOL 
INTEGERDFMLRHS 
I"EGERDFMLRNG 
INTEGERDFMLBND 
"EGERDFMLvAL 

INTEGERDFMNC~OL 

' I "EGERDWAJ3  
C 

INTEGERDFSINIT 
INTEGERDFSROW 
INTEGER DFSCOL 

INTEGERDFNCMP 
C 

C 

File: W " C 2  

4- 

. -  

Common block used for the 'WHIZ optimizer 

C $Head= /defanqincudes/RCS/&nc2,v 1.1 1995/03/l4 169245 & Exp $ 
C 
c w "  
C 
C.THISFILEDEFINEs A COMMON AREA NAMED WCRAND SUPPLIES THE TYPES FOR, 
CALL OFTHEVARZABLES IN THE CRUSED BY OML OPIIMIZATION. 
C IT ALSO SUPPLIES DECLARATIONS FOR THE INTEGER WF... FUNCTIONS. 
C 
C$INCLUDEWWCFMG.F" 
C . USE ,WCR FOR WAKOM 
.C COMMON/-WCR/ 
C 

COMMON /WCR/ 
* X N m  XCORE XCORELEN, 
* XArnASE X A ~ X A C ~ P R O B ,  XBOLJND, XCHC 

USE WCR OTHERWISE (E.G.. 3'70) , 
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I 

. .  

, * XTJLRhUX,XTOLRWRT,XTOLUREL.;XTOLV,XTOLILE,~O, 
* X C ~ K S W ,  XCLWKSW, XCOMPERR. XcoMPsW. XCRASHSW, 
* xcYcLEsw,xDEGEND,xDEG~xDxDEMAND.xDFxA&~ . 
* XDOAl", XDODELTM, xDOFEAs,~FREQI,XDONFS, XDOUNB, 
* mum, WUL, XFEAS, XFREQW, -LOG, XFREQSAV, 
* XFREQSUM, XINVERT, XllEEWO, XJ, XLUDENSE, 
* x L u F I L L , X L ~ , W X M A J n u t  
* XMAXITER, W A S %  XMINERR XNEGDJ, 
* XNIF, XNOWT, XRUNMODE XRYANOSB. XSCALESW, XSCRNSW, 
* XSLPNZ,XTIMESAV,XTRACE,XTRAN,XUNBDNDX,XUSEFREE 
C H A R A m * 8 X N M  
INTEGER XCORE 
INTEGERXc0REa.m , 

CHARACl'ER*8XAcrcAsE 
CHARAcI1ER*8XACTFiLE 
CHARACTER*8XAc"EtOB 
CHARAC"ER*8XBOUND 
CHARACTER*8 XCHOBJ 
CHARACTER*8 XCHRHS 
CHARAcTER+8 XCMASK 
CHARACTEU*8 XDATA 
CHARACTER*8XINSERT 
CHARACTER*8 XJBADB 
CHARACTER*8xMINMAx 
CHARACTER*8 XOBJ 
CHARACTER*8XPUNCH 
CHARACI'ER*8XRANGE 
CHARAC"ER*8XRHS 
CHARACTER*8XRMASK 
CHARACl'ER*8XRNGFILE 
CHARACTER*8XRNGPRNT 

CHARACTER*8 XSOLFILE 
CHARACTER*8 XSOLPRNT 
CHARAC7ER*8 XSOLSTAT 
REAL*8 XEPS 
REAL*8 xFuN(3T 
REAL*8 xINTGoAL 
REAL*8 X M A X V h  
REAL*8 XPARAh4 
REAL*8 XPENCOST 
REAL*8 XPHI 
W * 8  XftSToP 
REAL*8 XSF 
REAL*8 XSSCALE 
REAL*8 2CTHl3A 
REAL*8 XTOLCHK 
REAL*8 X T O L C r n  
REAL*8 XTOLCKRW 
W * 8  XTOLCLRT 
REAL*8 XTJLDJ 

* REAL*8 XTOLERR 
REAL*8 XTOLFSTM 
REAL*8 XTOLINV 

* REAL*8 XTOI..LhfAX 
W * 8  XTOLPEEtT 
REAL*8 XTOLPlV 

C 

C 

' CHARACTER*8 XSAVEB 
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' 

REAL*8 X T Q m  
REAL*8 XTQLRMA?I 
REAL*8 XTOLRWRT 
REAc*8 XTQLUREL 
REAL*8 XTQLV 
REAL*8 mm 

. REAL- XZERO 
INTEGER XCHECKSW 
INTEGER XCLOCKSW 
INTEGER XCOMPERR 
INTEGER xcomw 
INTEGER XCRASHSW 
INTEGER XCYUESW 

INTEGER XDEGMAX 
INTEGER XDEMAND 
INTEGER XDETAIL 
INTEGER XDOA'ITN 
INTEGER XDODELTM 
INTEGER XDOFEAS 
INTEGER XDOFREQl ' 
INTEGER XDONFS 
INTEGER XDOUNB 
INTEGER D U A L  
INTEGER 'XEQlJIL 
INTEGER m s  - XFREQINV 
INTEGER XFREQLOG 
INTEGER XEREQSAV 
INTEGER -xFREQsuM 
INTEGER XINVERT 
INTEGER XlTERNO 
ImEGERm 
INTEGER XLUDENSE 
INTEGER X L m  
INTEGER XLUINV / 

I N T E a R X h l  
INTEGER- 
INTEGER'xhtAxmB 
INTEGER -Ass 

' INTEGERXMAXTIME 
INTEGER- 
INTEGER XNEGDJ 
INTEGER XNiF 
INTEGER XNOWT 
INTEGER XRUNMODE 
INTEGER XRYANOSB 
INTEGER XSCAIESW 
INTEGER xsmsw 
INTEGER XMMESAV 
INTEGER xTRA(JE. 
INTEGER XTRAN 
INTEGER XUNBDNDX 
INTEGER XUSEFRFE 

INTEGER- 
INTEGER mEF 
INTEGER WFSET 

. INTEGERXDEGmb , 

'INTEGER XSLPNZ 

C 

1 

I 
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INTEGER 
INTEGER 
INTEGER 
INTEGER 

,INTEGER 
C 
INTEGER 
INTEGER 
INTEGER 
INTEGER 

INTEGER 
INTEGER 

.INTEGER 
INTEGER 

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER' 
INTEGER 
INTEGER 
INTEGER 

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 

INTEGER 
INTEGER 
INTEGER 
INTEGER 

INTEGER 
INTEGER 
INTEGER 
INTEGER 

C 

C 

C 

C 

C 

C 

WFWAL 
WFCRHS 
WFCRNG 
WFCBND 

WFRVAL 
WFRRHS 
WFRRNG 
WFRBND 

WFRNAME 
WFCNAME 
WFRMASK 
W C W K  
WFSROW 
WFSCOL 
m o w  
WFRCOL 

WFRLVAL 
WFRLIST 
WFCLIST 
WFSPRT 
WFSFILE 
WFRCORD 
WFRPRT 
WFRFILE 

WFSAyEB 
WFLOADB 
WFPUNCH 
WFINSRT 

WFMGDMP 
WFMGLOD 
WFCRGJZI'. 
WFmUT 

I .  
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Appendix G-E: ENSYS95 Data Conversion 

The current data used in the MRM (and EBM) were updated for the AEO97 using 1995 WORLD model data 
(referred to as ENSYS95) provided by Ensys Co. Due to the differences in data format {OMNI VS OML) 
and naming conventions, the ENS95 data had to undergo convertion and new mapping data tables had'to be 
added to'the hdRM files prior to being used by the MRM. 

The following provides a summary of the effort it took to convert the ENSYS95 OMNI tables 9 OML 
RTB tables (to be read by. the ma@x generation code). 

. 1. The code to convert the OMNI tables to RTB tables is found in directory hefinelprjlensydsource95/. .. 

. 

with the following name: omni2rtb.c 

2. The ENSYS95 OMNI tables are located in directory /refine/paenq~/data~/. .. with the following ' 
/ names: 

vO.ensYmeq.gdb (ody this was used) . 
vO.refcap2s.gdb 
vO.sumspec.gdb 

3. To compile and execute the omni2rtb type: 
compile: 
execute: 

cc -0 omniexecomni2rtb.c 
omniexec vO.ensymeq.gdb omniout 

cc -0 exec  filename> <source code filmam&. 
<exec filename &put data paWfilename <output Benaine 

For example, if all files are in the same directoq: 

4. ERRORS found in the original vO.ensrymeq.gdb tables (and COK~.C~& in the vO.ensrymeq.mod version) 
include: 

v0.ensrymeq.gdb 
- all references to "Total a+ YIELD" should be commented using an "* " at the beginuing of, 
each line (only one needed fixing) 
- Table ALK - change "- 500" to '' -500" 

Row: [STM] STEAM, LBBBL 
col: [QA] 

Row: PDL] HYCK DIESEL 
(31: PIE]&[MLD] 

Row: m] FUEL, FOWBL 
col: m5Al 

- Table HCR -remove comment to activate the 0.4 in 

- Table ALK -- change "-.03" to "-.030 

- 
5. Additional information: 

- According to a memo from Will Mccullers (5-29-96), an RTB table (T3CPEIA) was added to 
allow the continued use of EIA-specific recipes which are necessary to produce petroleum coke in the 
matrix. 
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- Additional mapping tables were added to gasobhddat and,distblnd.dat files to change naming 
convention conilictsbetween the WORCD model and the PIkM 

gmbhddat Z;MAPGSLPD & Z m S L S P  
. diStblnd.dat ' ' ZMAPDFOPD &ZMAPDFOSP 

6. Of the tables updated using the ENSYS95 data (listed below), the following additional changes have 
been made to selected tables: 

, refprw.dat - 
TFUM -- 
TOLE - 

TSUL - 
TSTG - 

ESCL - 
TFCC - 

TETH - 

, .  

* 
TETM - 

** 

MTB 
ETB 
ETH 
MET 
14E 
"2 
LOS 
ovc 
KWH 
STM 
CAP 

DATA 
ETB 
o.Ooo0 
1.0000 
-0.43 10 
0.0000 
-0.6940 ' 

-0.0000 
0.1250 
-0.1570 
-2.8100 
-384.0 
1.0 . 

TETH 
MTB 
1 .moo 
o.ooO0 
O.oo00 
-0.3410 
3.7940 
-0.OOOO 
0.1350 
-0.1570 
-2.5500 
-384.00 
1 .o 

all FUL coef changed fiom 1.0 to .999so that the coef could be chang& in memory. 
FUL coef changed from 871 to -.003 for mode PGU; LOS coef changed fiom 
-.007 to -.067 for mode PGU; removed comment fiom NGS stub to connect to 
modePGU 
STM coef changed from -877.6 to 590.0 for al l  modes (update from MAPLES) 
FUL,CAP,STM,KWH,OVC coef changed 
FUL -.m old493 
CAP 1000. old: 1.0 
STM 1OOo; old 1.0 
KWH -3.92 0ld-.W4 
OVC -.0458 0ld-.555 
FUL, OVC coef (.001) removed for mode STG 
FUL,KWH coef changed from 0 to -.012 and -0.4 for (respectively) for modes: 
A70,A85J370,B85,C70;C85,D7O,D85,E7O,E85,F7O,F85,G7O,G85,€€7 1 ,H85J70, 
185,J70,785,K70,K85,70A,85A,70B ,85B,7OC,85C,7OD,85D,7OE,85E,7OF,85F, 

removed modes TAM,THM,TAE,m, changed coef on modes ETB & MTB: 
80G,85G,7 lH,85H,701,85I,70J,85J,70K,85K 

. 

new table add& 

** TAE TAM 
TAE 1.OOOO O.oo00 
THE o.oo00 o.oo00 
ETH -0.3820 O.oo00 
MET O.oo00 -0.3030 

DATA TETM. 
THE THM 
o.OOO0 o.ooO0 
1.oooo o.oo00 
-0.3430 O.oo00 , 
O.oo00 -0.2690 
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R5E 
R6E 
TAM 
THM 

.- "2 
LOS 

. ovc 
Kw" 
STM 

' CAP 
ETM 

-0.6940 
O.oo00 
O.oo00 
O.oo00 

m -0.0078 
0.0838 
-0.1730. 
-6.3500 
-1060.0 * 
1.0 
1.0 

-0.8770 
O.oo00 
1.oooO 
O.oo00 
-0.0078 
0.1878 
-0.1730 
-6.0900 
-1062.0 
1.0 

O.oo00 
-0.6980 
o.oo00 , 

O.oo00 
-0.0078 
0.0488 
-0.1900 
-6.3500 
-1062.0 
1.0 . ' 
1 .o 

0.0000 
-0.8210 
O.oo00 
1.oooo . 
-0.0078 
0.0978 
-0.1900' 
-6.0900 
.-1062.0 
1.0 4.' 

gasoblnd.& 
-Added SSE Spec for Splash Blending TRGr TGSSE, TESSE, TCSSE, TWSSE, TMSSE . 
-Added Stub SSE to TGSLUTI With CWf Of 0 2  1 

7. 

mchproc.dat 
-added ETB mode to ETX at merchant plank 
-added transfer connect of ETH from RF to Mp, . 
-added ttansfer connect of ETB from M P  to RF. 

The following list of *.dat and tab1es.were updates wing the new q s 9 5  data: 

distblnd.dat DATA 
DATA 

gasoblnd.dat. DATA 
. DATA 

DATA 
DATA 
DATA 

recipes.& DATA 
refproc.& DATA 

DATA 
DATA 
DATA 

' DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

. DATA 
DATA 
DATA 
DATA 
DATA 
DATA i 

TDCC 
TDCB 
TMCO 
TUNCBV 
TRFh4BV 
TGCB 
TGCC 
TRCP 
TMATBAL 
THLO 
T:RST 
TSDA 
TKRD . 
TKRF 
TVBR 
TNDS 
TDDS 
TrnS 
TRDS 
Tm 
TRFL 
TRFC 
TSPL 
THCN 
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. 

stream.dat 

I .  

I ,  

DATA TOLE 
DATA TDHT 

’DATA TJFP 
DATA .TFCC 
DATA TTGS . 
DATA T:TCG 
DATA TTCN 
DATA TTCV 
DATA THCR 
DATA THCV 
.DATA TETS I 

DATA TC24 
DATA ,TH56 
DATA TC4T 
DATA .Tm 
DATA T m N  
DATA TJPS 
DATA TDEW 
DATA TALK 
DATA T B L  
DATA .T:DIP 
DATA TETH 
DATA T:CYC 
DATA TALM 
DATA TDlM 
DATA TARP 
DATA T B  
DATA TLUB 
DATA .TPHI 
DATA TTRI 
DATA TC4I 
DATA TC4S 
DATA T:=P 
DATA TmX 
DATA T:SUL 
DATA T V W  
DATA TKWG 
DATA TSTG 
DATA TREL 
DATA TPFA- 
DATA T:SCL 
DATA T m  
DATA T:TRS 

, 

. .  
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Appendix G-F: Refinery Processes 

I 

I 
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Abbreviation 

HDN . 

€EO** 

H2P 

H2x 

H56* . 

FP 

ips** 

m 

/- 
Iigh density jet fnel pxefst iodon 

h u t  for JTA 

>elayedCoker 

Wdkxi-coker 

'ow= genedon * 

ubandwax 

Vaphta hydro- 

3 4 5 d e h y d r o g d o n  * 

3CS dehydmpation 

Pentanfiexane isomexbaion 

Residumnd 'I 
H P  semi-xegaerativexeformer 

LP cyclic leforma 

Lp continuous reformer 

Solvent deasphalting 

Sulfur, short mnslday 

Naphta splitter 

Steam generation, lbs/hr 

Steam generation, lbs/hr 

Thermal cracker C244 feed 

Thermal craker naphta feed 

Thermalcrakagsoilfeed 

Total recycle isomerization 

Vaccum distiIlation 

Vkbreaker/t€l~craker 

NDS 

OLE* 

OIX*** 

PHI 

RDS 

RFL 

RFC 

SDA 

SUL 

SPL 

STX*** 

TcG* 

TCV* 

m* 
VCU 

VBR 
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* i ~rocesses involved in refamdated gasoline manufacturing 

***: pn>cesses represented in OXY-Refineries 
- **:UtiI.ities~dpkd~-udts . 
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APPENDIX H. Historical Data Processing 

. H.1 Processing Data for PMM History File 
. :  ' .  

I -  

. Data Dump Programs: 

f .  1) PR16007.NEMS.MARKUP.PRICE.HISTFaE: reads markup files qdcreates 
&PRJ.PRICES.HIST.SASDBPBTU9095. 

PR,T6007.NEMS.READ.SEDS: reads SEDS sectoral consumption data and the total consumption 
number from he most recent PSA and puts the data into PRJ6007.HiSTORY.SASDB:SEDS. 

2) 

3) Manually update PRJ6007.FUELUSED fiom fuel consumption data in Table 47. of.the PSA. , 

4) (Manually update PRJ6007.ELCG.F%AmE.DATA(NGPFUEL) (Chetha). 

5 )  Manually update PRJ607.ELCG.FLATFLE.DATA(MSPRICE) Using estimates from 
. PFpRIcEs.wi(4. 

6) PRJ6007.ELCGFLA'kE.DATA~LBCRD~R,~RODAY (bbl/day) updated by Ted. 
. 

7) * PRJ60M.COGEN.F867.SASDB:W629941 updated by cogen program. Updated cogen data was 
not used for ~ ~ 0 9 7  because of observed problems with the data. 

Data Processing Files: 

1) PRJ6007.PMM.PROCESS.PSADATA - loads &prj.o&s95a.data and &prj.ogirs95b.data(See PSA 
Query &enta?ion)which is a dump from OGIRS and saves into &pj.history.sas.psadata.pSdat& 
' h i s  part should be commented out after running for the first &e each yea& The following sections 
read, transpose, and put required data into SASDB. See attachment for list of missihg O G B  data 

Input files: PRJ6007.HISTORY.SAS.PSADATAPSDATA 
Output file: PRJ6007.PMM.HISTORY.SASDBPSDATA 

2) PRJ6007.PROCESS.NGPFUEL - reads natural gas plant fuel data, tramposes and puts in SASDB 

Input files: / P R J 6 0 0 7 s M h l L E L ~ ~ A ~ F L A T A ~ G P ~ )  manually updated 
by Bruce 
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' . I  

output file:. PRJW.FUELUSE.HIST.SASDB:NGPFUE~, includes PADD year 
Volume 

I 

. PRJ6007.PMM.PRO~S.RFRIEL -reads refinery fuel cogsumption dap, puts in SASDB 

Input files: PRJ@O7.FUELUSED manually updated 
1 and PRJ6007.MIScELL.SASDB:BTU'l 

, output file: PRJ~OOWMM~LUSE.HIST.SASDB:RFFUELCD in d&s 
L 

PRJ6007.PklM.PROkS.(3RuDEI - reads wellhead prices by OGSM region . 

PRJ6007.PMM.PROCESS.CRUDE2 - reads conventional and conventional/EOR production by 
OGSM region - I 

Input files: P R J ~ O O ~ . E L ~ C . ~ ~ . D A T A ( C R D P R O D A Y )  
< 

( C R D r n R )  
. Output file: PRJ607.PRODTN.PFIST.SASDB:CRDOGSM 

PRJ6007.PRICES.HIST.SASDB:CRDPRIC 

PRJ60079MM.PROCESS.COGEN - reads cogen, capacity, and.fuel use by Census Division. 

8 .  

' Trrmsposes for regional headings and puts in SASDB . .  

Input files: , PRJ6007.CWEN.F867.SASDB.W629941 

. . &tput file: PRJ6007.PMM.HISTORY.DATA.SASDB:COGEN 

PRJ6007.PMM.PROCESS.PRCDATA - reids prices and petrochemical prices, transposes for 
regional headings and puts in SASDB. Data set "testl" must be updated for current year for CD4 
and CD8. 

Input files: . PRJ6007.PRICESkIST.SASDB:PBTU9095 
PRJ~~~~ELCGFLATFILEFLATA~SPRICE) 

Output file: PRJ6007.PRICES.HIST.SASDBPRDPRIC 

PRJ6007.PMM.PROCESS.DEMAND - reads sectoral demand from SEDS, estimates most r&nt 
year's sectoral demand by using current PSA total demand times the sector ratios. Type in PSA total 
product supplied number fiom Table 3. 
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Input files:. PRJo7.HISTORY.SASDB:SEDS 

Output Fde: PRJ6007.PROD'IN.HIST.SASDBDEMAND 
. -  

I 

8) PRJ6007.PMM.PROcESS.MISCEU - includes data for mis&llaneous inputs, to be manually 
'updated each year. 

output file: P R J ~ . P M M . M I S ( J E U . S A S D B : M I S ~  

I .  

Creating PMM FlatTrle: 

9) PRJ6007.Ph4M.MAKE.HIST.lXAWtLE -reads SASDBs and puts them in flatfile 

Input files: 

Output file: 

Petrochemical Feedstocks 
#r 

fiom SEPm APPENDIX 

PRJ6OM.PMM.HISTORY.DATA.SMDBPSDATA 
PRJ6007.FUELUSE.HIST.SASDB:NGPFUEL 
PRJ6007.FtJELUSE.HIST.SASDB:RFFUELCD 
PRJ6007.PRODTN.HIST.SASDB:CRDOGSM 
PRJ607.PRODTN.HIST.SASDB:DEMAND 
PRJ6007.PRICES.HIST.SASDB:CRDPRZC . 
PRJ6007.PMM.€&TORY.DATA.SASDB:COGEN 
PRJ6007.PRICES.HIST.SAsDB:PRDPRIC 
PRJ6007.PMM.MlSCELL.SASDB:MIS~ 
PRJ607XFHIST6 - 

lrecl=lOo 

pnaptha= 1.23* WOP 
other = 1.607 * WOP 

, '  
use 92 prices and volumes for weighted average pf price. 

r PSA Query Instructions: 

Copy p:Vs-flWlhgdata\sshccess.dbf and datadbf to d:\prjjgirs 
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InAccess: I 

. .  , 

I 

This will recreate tables:text-to-valuel and text-to-valueZ (by'deletingvalues and appending new data) and 
print them out to Excel spreadsheets:sasinptl.xls and sasinpt2.xls 

InExcek 
. 4- 

Open each file &d do Fie Output To, space delimited text file 

InmncP: 
.. - I  

Transfer files to rnainfiahe 

. OnMainframe: , 

rename and rwve fiIes as card 

sasinptZ.txtdkprj.ogirs95b.data 
Note:tables could not be saved as correctly as text by -Access or Lotus. 

. 
sasinptl .t~t*rj.Ogir&5a.h 

. .  
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H.2 Processing Data for STEO Years 

, . The Short-Tern Energy Outlook (STEO) published by the Energy Infomation'Admini~on provides 
quarterly projections two years into the fbture. Since the S E O  is EIA's official forecast during this period, . 
the Petroleum Market Model was set up to produce numben that very closely match the STEO when a switch 
ithePMh4 is turned on. The infomation in this'section describes the programs that are wed-to generate 
this data for the PMM. The data is then added to the input file that contains the history data d d b e d  in 
Section H.1. 

The files below are on mainframe account 6007, PRJ, unless otherwise stated. Input data are read from and 
output data are written to 

unless otherwik indicated. Fdes 1 and 2 only need to be updated once a year whennew historical price and 
supply data are available. The other files can be updated with data from any STEO projection. Note that 
some files produce output for other files, so the order of execution ii important. For example, program 5 
inputs data from p r o g r ~  2 and 4. 

&PRJ6007.NEMSSTEO.COMP.SASDB 

Beginning with AE097, the Petroleum Market Model was configured to produce numbers that very clo& 
match STEO for the high and low world oil price scenkos as well as the reference case. The data processing 
programs affected by this change have &en updated into three versions which &e run independently to . 

produce data for the appropriate scenario. TIE progrms were renamed with an additiona~ extension to 
denote the reference (BASE), high world oil price (.HIGH), and low world oil price (LOW) cases. 

1. NEMS.HIST.PR1CES.MARGINS 

This file creates a data file 'XETh4ARG" which contains historical product prices, crude prices, and margins. 

Outputfile: RETMARG in PRJ6007.A.SASDB 

2. NEMSSTE0.HISTMARG . 

This file Calculates differentials that are used to estimated regional prices from U.S. average STEO prices. 
Differentials are also calculated from crude oil prices for those fuels that STEO does not price. 

Input file: RETMARG fiom PRJ6007.A.SASDB 

Output files: RCSPRD88 
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CDSPRD88 
' RFs;Ph88 

:, . ,  . 3. NEMSSTEO."ACT 

This file calculates factors fkom pekoleum supply data which are used to apportion US. data to the PADD 
leveL 

. Outputfile: SUPPFACI' 

4. NEMSSTEO.PRICEDATA 
. I  - 

STEO prices are typed in to this program and the differentials fkom file 1 are input, then regional PMM 
product prices are estimated. 

Inputfiles: CDSPRD88 I ~ 

- RCSPRD88 
RFSPRD88 I 

RRAC87 
Outputfiles: .PRICES .. 

5. NEMSSTEO.READ.STEODB.OT"P 

This progam reads in data from the STEO database and outputs data needed for later processing. 
I 

Input files: ALLBBB (fkom &PRT6489.ST1FSIII~on~.S~DATA) 

Output files: . CAPUTIL (STEO capacity and utiiization rates) 
0- (imports of unfinished oils, ethers, and gasoline blending components) 
0T"PUT (other input data) 

. 

6. NEMSSTEO.SUPPLY.PUBDATABME 
.HIGH 
.LOW 

In this file, supply data, are typed in from the STEO publication. 

Input files: SUPPFACi" 
O T G  
WUTIL 
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Outputfiles: USSUP (A version of each of these files is created for each scenario.) 
CRUDEINP 
CRDPROD 
PADSUP 

I 

c 

7. NEMSSTEO.READ.STEODB.PRODSW 

This program uses data from the STEO database and file 5, and develops prkuct supplied data I- for the PMM. 
. *  

Input files: ALLBBB (from &PRJ~~~~.STIFSEI~O~YY.S&DATA) 
USSUP . 

- t 

a t p u t  files: PRODSUP 
PRODSECT 

8. NEMSSTEO.READ.STEODB.REFPR0D c .  

This program uses data from the STEO database and file 2, and develops refkery production numbers. 

Input files: ALLBBB (from &PRJ~~~~.STIFSIII~~~~Y.SMDATA) 

Output: REFPROD 
SUPPFAtT . 

9. NEMSSTEOJWI~JEL 

This program estimates reSnG fuel consumption based on'historical values and STEO crude input 
estimates. 

Input: CRUDEINP 
RFFUEL,CD (from &PRJ6007.FWLUSE.HIST.SASDB) 

p OutpWFUELUSE - 

10. NEMSSTEO.WELLPR.BASE 
.HIGH 
.LOW 

This file estimates regional crude wellhead prices based on wellhead price equations in thePh4M provided by 
the Oil and Gas Supply Team and STEOs world oil price projections. 

Energy Information Ad&tion . 
NEMS Petroleum Market Model Documentation PageH-7 



. .  

Input: RRAC87 
Output: wEL1;REG ‘ (A version of this file% created for each scenario.) 

< 

. .  11. NEMSSTEOALLDATABASE 
.HIGH . 

LOW 

This program reads in a l l  the relevant data created by the previous programs, drops the last histo$cal year,’ 
and writes out the data needed to input &to the PMM history file. 

Input: 
PADSUP 

. REFPRD. 
USSUP ‘ 

OTHINPUT 
PRODSUP 
PRODSECT 
FUELUSE 
PRICES 

CRDPROD 
WEWEG 

. Output: 
SPADSyP 
SREFPRD 
SUSSUP 
s o m  
SPRODSUP 
SPRDSECT 
SFUELUSE 
SPRICES 
SWELLREG 
SCRDPROD 

The appropriate versions of the input files must be used with the corresponding version of file 10. For 
example, the file USSUP created from NEMSSTE0.SUPPLY.PUBDATA.BASE should be used as input to 
NEMSSTEO.ALLDATA.BASE, wher& the file USSUP created from 
NEh4SSTEO.SUPPLY.F’UBDATA.HIGH should be used as input to NEMSSTEO.ALLDATA.HIGH. 

The output data from file 10 are read in the program 
&FW6Ob7.PMM.MAKE.HIST.FLATFLE 

which produces a file containing PMM output data for the history and STEO years. 

12. NEMSSTEO.COGEN.PLAD 
) 

This program adds planned capacity for the STEO years to existing capacity and writes to a file which is read 
into the program that creites the PMM history file. 

. -  

’The last historical year was included to provide a check that the estimates for the forecast years were reasonabb. , .. 
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hput files: PLANCW fkom JD16007.COGEN.F867PLAN9596;SASDB, where 9596 
represent the years i t h  planned capacities 

COGEN96 &om PRJ6W.Pm.HISTORY.DATkSASDB 

&pit file: COGENP97 to PRJ6b07.PhdM.HISTORY.DATA.SASDB 

.. Energy Informatiop Ad- tion 
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. H.3 Processing Other Historical Data 

In addition to developing an input history file (described in Appendix' H-1), the PMM team u t i l i  other 
historical data to develop some inputs and to support analysis of the model results. This section describes the 
updating of these data, which is k y  done on mannual basis. * 

Crude Oil Price Data 4. 
, -  

EIA-14 '&de oil pri& are used to calculate historical mar- which &e used to analyze the margins 
estimated in the model. 'Pne series used is the refiner acquisition cost (RAC) of imported crude oil which 
comes from Form EIA-14. The domestic and composite series are also maintained but the imported RAC is 
the series used in the margin Calculations. 

The file to up- the crude prices each year is: 
PRJ6007EIAl4.READyy.FROZEN where yy represents the year 

. Input files: PRJ6lOS.ANNUAL.FROZEN.Dyymm where yymm represents year andmonth 

Output files: (all located in PRJ607.kSASDB) 
YM'cRyy 
QTCRYY 
==YY 
YMCRUDE 
QTCRUDE 
YRCRUDE 

monthly prices for year yy 
quarterly prices for year yy 
annual prices for year yy 
monthly prices from 1974 through year yy 
quarterly prices from 1978 through year yy 
annual prices from 1978 through year yy 

A newfile must be created ea& year, changing the yy's of the previous year to the current year. 

EIA-856 The EIA-856 survey data are used for analyzing results from the PMM. The EIA-856 collects 
prices by crude stream for imported crude oil. Differentials between these prices and the world oil price (the 
re.finer acquisition cost of imported oil itom the Ea-14) can be calculated and compared with model results. 
The crude'meams can also be segregated by PADD regions and the aggregate crude types found in the PMM. 
The primary file for reading the EIA-856 data and performing various calculations is 

I Energy Information Administra tion 
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Petroleum Product hice Data 

Data on petroleum product prices is obtained from the EM-782 surveys. The EIA-782A survey Contains 
only refiner data, the ELA-782B survey includes petroleum marketen. Prices are produced monthly and 
updated for an annual publication. One file reads the monthly data, and a second file is set up to read the 
numbers from the annual data. The file names are as follows: 

- 

) .  

readsmonthly data for 1994 
reads annual data for 1994 

$- 

New files should be created each year with the year indicated in the file name. 

Input files: PRJ6015E782P.RR.DATA.ADF.D1994mm.RLSE3 (for final annual update 
of the monthly data, where mm represent months) 
PRJ6Ol5.E782P.RR.DATA.ADF.D1994mm.RLSE2 (for monthly data 
where mm represents months) 

Output files: IMP95A . containsrefiuerdataody 
IMP95B 
(these files are found in PRJ6007.A.SASDB.STATE.AByyyy, where yyyy 
represents two consecutive years (i.e., two years bf data are placed in one 
sasdb, then a new sasdb is created for the next two years, and so on.)) 

contains refiner and market& data combined 

Historical Prices and Margins 

Historical wholesale and end-use prices from the EIA-782 are aggregated and presented in tabular form by 
product type and Census division. Differentials with the world oil price (the refiner acquisition cost of 
imported oil from the EIA-14) are also calculated by product type and Census division and presented in 
tabular form for analyzing similar margin calculati0i.s from the PMM. The following program has been 
written to perfom these calculations and develop the tables. 

, .  
PRJ60W.NEMS.HIST.PRICES.MARGINS 

Summary 

Once the monthly prices from the EM-782 are finakmi for a particular year, set up and run the program 
AM?yy.ADF for that year (yy is the year). Set up and run the EMl4EADyy.FROZEN for that year. 
Then set up and run NEMS.~STPRICJ~.MARGINS to get the price and margin tables. Update with the 
annual data as it becomes available (set up &d run A.IMPyyA.NN.ADF for the EIA-782 annual data). Run 
ELA856.REAlN5PORT as needed for analytical purposes. 
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Appendix I. Biofuels. Supply Submodule 
a 

1.1 Model Purpose 

. 
' The objective of the Biofuels Supply Submodule (BSS) is to provide the NElylS Petroleum Market Module 

. .  (PMM) with supply curves for comderived ethanol, thus dowingthe P+ td forecast transportation ethanol 
demand through the year 2015. A secondaq objective is'to report the energy content of ethanol produced for 
transportation fuel. The BSS was formerly a-submodule of the Renewable Fuels Model but is nop a hbroutbe 
of the PMM. 

To be consistent wi& the market cl&g mechanismhoptea for NEMS, the BSS provides ethanol prices in 
the form of annual pricequantity curves. ?f;e curves, derived from an ethanol production cost functiofi, 
represent the prices of ethanol at which associated quantities of transpoktion ethanol are expected to be 
available to refineries for blending with gasoline. 

. 

. 

8 .  , -  

. I  

. . 

' 

\ 

1.2 Relationship of the B'iofuels Submodule to Other Models 

The BSS's major NEMS linkages are Gth the Petroleum MarketModule and the Coal Market Module (CMM). 
There is a two-way exchange of information between the BSS and PMM: the PMM providesthe BSS with 
&hnd diesel fuel prices, while the BSS provides the PMM with delivered ethanol prices. The CMM serves 
as a source of energy price information for determining the total cost of convertipg corn into ethanol. 

. 

The delivered ethanoLprices are provided to the PhfM hthe  form of two supply curves, one for the East North 
Central Census Division ( W M S  region 3), and m e  €or the West North Central Census Division ("IS 
region 41.' These two Census divisions constitute the major e thmi  producing regions in the united.states, 
and are the only two Census divisions considered for ethanol production forecasts. 

To determine the delivered ethanol price, the contribution of the net cost of corn feedstock production must 
be factored in to the total unit price of ethanol. Diesel fuel prices, in dollars per gallon, are also considered as 
one of two energy cost variable inputs to the ethanol cost projected by the BSS. The other energy price input 
to the BSS's ethanol production cost function is the price of energy for corn feedstock processing and ethanol 
conversion. Coal prices are used asa proxy for industrial energy costs. Regional forecasts of energy prices 
(dollars per million Btu) to industrial consumen are supplied by the CMM. 

- 

. 

Y 

'AlI regional data inputs to the BSS ethanol production cost function are by Petroleum Administration for Defense 
Districts (PADDs). The calculated ethanol prices and quantities are mapped to the two Census divisions prior to being written to 
the NEMS pricdquantity COMM0,N blocks. 
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No strUcW changes to fe&tock.markets are assumed to occur during the forecast horizon. It is assumed that 
production capacity is utilized fully to meet refinery ethanol demand, and that there is sufficient ethanol 
production to meet refinery ethanol demand requirements. 

' 

Ethanol Production Costs 

The ethanol supply-price curve reflects offsetting influences stemming from the effects of increased corn 
production and improvements in corn-to-etlmnol conversion technologies. Net feedstock price? .are projected 
to increase as production increases due to two primary reasons. First, land becomes scarcer, causing both land 
and feedstock costs to increase, and second, feed by-products become less valuable as larger feedstock 
quantities are produced. Over time, however, the technologies for growing corn and converting it to ethanol 
are projected to improve, resulting in downward pressure-on ethanol production prices. The BSS models the 
net effect of all of these factors. 

In addition to feedstock prices and quantities derived from ARIMS, the BSS requires feedstock conversion 
and energy cost dah  The conversion cost data were derived from the U.S. Department of Agriculture Report 
585 Ethunoi: Economic and Pdi& Tr&ofs, and the analylical judgment of Dr: Anthony Twhollow. These 
costs were developed for the two ceptsus Divisions (3 and 4) that comprise PADD region 2. Although the BSS 
has the &ity to include ethanol production subsidies, they were set at zero for AE097. The ethanol blender's 
excise tax credit, which is currently $0.054 per gallon of gasohol (10 percent ethanol, 90 percent gasoline), 
is modeled in the PMM. 

 antiti tie^ Qf energy needed to convert corn'to ethanol are assumed to be a positive linear function of input 
values for years 1,16, and 26, and to remain constant, at the year 26 value, for years 27,28, and 29. (The 
AE097 runs utilized cost data only up to year 20). Current facilities use 50,000 Btu per gallon of ethanol 
produced; while state-of-the-art plants ~ f l  as low as 40,000  tu per gallon. These two values are used as input 
values for years 1 and 16, respectively, with later years based on a linear trend of the first two values. This 
linear interpolation procedure was based on the assumption that, over time, ethanol facilities have become 
more energy efficient, and will continue to do so as they convert corn to ethanol at higher conversion rates and 
adopt technology improvements such as organisms with higher tolerances for sugars and ethanol, and 
molecular sieves to separate water from products. The feedstock conversion energy prices used to develop the 
feedstock cost function are national prices. Regional prices were not necessary since the relationship between 
feedstock production costs and energy prices is thou@t to be relatively constant across regions. 

. 

Opeding costs for feedstock conversion are also assumed to be a positive h e a r  function of input values for 
years 1 and 16, but remain constant at the year 16 value for the remaining forecast ye&. The first-year 1990 
value of $0.30.per gallon is an average plant cost for 1987, while the y e k  16 value of $0.27 per gallon is a 
projected state-of-the-art p h t  cost. 
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Treatment of Energy Crop Ethanol Feedstocks 

-. Significant production.of energy crops (e.g., grasses and short rotation trees) for ethanol production is not 
expected until about 2005. The conversion technology is at a stage wherein demonstration facilities for this 
technology are not expected to be operational until 1999, at the earliest. A few years of operating experience 
with the demonstration facilities will be required, and constructing the conversion facilities will also require 
several years time. Therefore, developing their supply,funclions for inclusion in the-BSS will be deferred until 
a later AEO. 

* 

4- 

1.5 Alternative Approaches 

Prior to the BSS, the EIA had no in-house modeling system for forecasting alcohol fuel production and 
demand. The ethanol forecasts for previous AEO reports were consensus forecasts prepared by Oak Ridge 
,National Laboratory (ORNL), based on the inter-laboratory renewzble fuels ener& white paper prepared in 
1990. Subsequent to the AE092, a prototype modeling system, utilizing other existing models and a simple 
supply representation for the production of ethanol, was developed by ORNL. The prototyjje model consisted 
of a supply component, a demand component, and a market-clearing processP 

For the demand component, an existing model, the Alternative Motor Fuel Use Model (AMFU) was adopted. 
AMFU is a model used to fokcbt fuel usage, vehicle usage, and vehicle stock for up to a 40-year horizon. It 
has the characteristics of both an accounting model for vehicle stocks, and an econometric model with 
economic activity and prices of fuels for forecasting total fuel demand. The fuel use portion of AMFU assumes 
that vehicle usage is a function of fuel cost and economic g o d ,  as estimated by statistical models. The 
proportion of vehicles using any particular fuel @e., gasoline, diesel fuel, ethanol) is represented by an 
algebraic system that includes the relative prices of alternative fuels. 

. 

The supply component of the prototype model was represented by a step-function supply curve. The energy 
crops alternative was represented as a flat supply curve. The sources of these supply functions were Abt 
Associates (1991) and Tyson (1990), respectively. 

Finally, a market-clearing process was used to find an equilibrium solution. The demand model was run for 
the lowest available price (as determined by the supply curve) of ethanol. If the demand for ethanol exceeded 
the available supply at that price, the next step of the supply curve was tried. When demand met the available 

, supply, the solution was complete. 

‘he, R., S.M. Cob, and R.D. Perlack. 1991. Prototype of an Integrated Model for Projecting Biofilels Consumption. 
Draft report prepared for Energy Information Administration, U.S. Department of Energy- Oak Ridge National Laboratory, Oak 
Ridge, TN. ’ 
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Unlike the prototype, the BSS aualyzes supply factars only. Market penetration of alternative-fueled vehicles will 
be determined in the Transportikon Demand Module, and the quantities of ethanol blended with gasoline will 
be determiued by the Petroleum Market Module. No quantitative modeis for foFasting the production or * 

consumption of ethanol have been identified for application in the BSS. 

' 
I 

- 

Zero out input van'ables, 
then read input data file 

WETOHIN 

4 

1.6 Biofuels Supmodule Structure 

Submodule Flow Diagram 4. 

. .  
A flow diagram showing the main compu.tational steps and relationships of the Biofuels Supply Submodule is. 
shown in figure 4. A listing of the NEMS wmmon block variables referred to in Figure 4 can be found in 
Appendix A. 

Figure 4. Biofuels Supply Submodule Flowchart 
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Key Computations and Equations 

i The main computations performed by the BSS involve the derivation of a single ethanol supply-price curve. 
The computations consist of three major steps: 

1. Reading in ethanol supply and component cost dah, and performing annual interpolations of.data 
values provided on a multi-year basis, 

2. Computatiofi of etiianol supply curve @nce/quantity) coordinates. f- 

3. Derivation of delivered ethanol prices, calculated & a function of the supply curve coordinates from 
step 2. 

Each ofdhese steps is described below. - .  

After reading in the single input data file, (WETO"), the BSS performs a simple linear interpolation ,on two 
of the input data variables. These two variables, indexed in-Table El, are OPCST (operating wst for feedstock 
conversion technologies, excIusive of energy) and QEN(quantity of energy needed for feedstock conversion). 
The* BSS gets data values for these variables for 3 years, corresponding to years 1, 16; and 26. Linear 
interpolations are performed to calculate intermediate yearly values. 

The next step involves the calculation of feedstock costs as a function of quantity and year. Readers should 
recognize this as a standard inteGolation mutine (Equation 1-1) supplied to the data in Table 3. The input data 
file supplies historical data on costs, as we1 as ARIMS forecasts, at selected quantities of ethanol production.' 
Because significant ethanol production is currently limited to PADD 2 (Census divisions 3 m d  4), the BSS 
calculates ethanol supply quantities and prices only for Petroleum Admi;lish@ion for Defense District (PADD) 
2; supply quantities and prices for the other four PADDs are fixed at zero. The input file therefore supplies 

. the skeleton, for selected years, of the corn production costs COST,,, at diesel price p, year t arid production 
volume e. The input file also supplies the diesel price vector Dp and the vector Q, that contains the quantities 
for each of the volume steps. Table 3 shows a the skeleton matrix of the BSS. The model interpolates values 
for the COST,,, matrix for years t not given in the input file,,and fills in the'same cost at all diesel price points 
in the historical years. 

'A11 ethanol produced is assumed to be delivered to refineries. 

Energy Information Administration 
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Table 3. Corn Production Cost Skeleton'Matrix ($/gal) 

After the skeleton matrix COST,,, has bekn filled in for all years, a supplymrve for a given,diesel price . 
PDZESELpr,,, is interpolated from the matrix using the.formuia: 

where: 

a .  PDIESELP,,, 

DP . 

- . ..__ . . . . . ,  . ., . . e. 
~ . ... . 

. - -  . - .  
u p  - up-1 

.Cost of producing coni in PADD p1=2 in y& t for volume step e ($/gal), , .  

. ,  . Production cost mat& by diesel price step p in year t for volume step e 
($kal)¶ . ,  

Price of diesel oil h PADD.pm2 in year t ($/MMBtu), and 

Diesel oil price step quantity for each step p ($-tu), 

, Energy Information Administ& tion 
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with 
.. 

Dp, < PDIESELpi,, < Dp’ 

pr = 
t - - 

, .  
point on the supply curve, volume step 1 .to 5 
fuel(units in parentheses); l=gasoline(gallons), 2=dieiel(gallons), 
3=LPG(gallons), &natural gas(MMBtu), 5=electricity(Kwh), 6=coi$(MMTh), 
7=fuel for energy crop*conversion (MM€3tu). 
crop; kcom, 2=energy crops 
Census Region, sr=l to 9’ 
PADD, pr=l .to 5 
year, 1990 5 t i  2015 . 

The third major computational step involves the derivation.of delivered ethanol prices for each I?ADD. The 
ethanol prices, PETOH, are calculated as a hear function of (1) the corn feedstock cost FCPGKe shown above, 
(2) the price of diesel fuel, which serves as a proxy for all of the energy costs of produchg @e feedstock and 
transporting it to the conversion facility, ,and (3) corn-to-ethanol conversion facility process cost contributions, 
namely, capital, non-energy-related operating costs, and process energy costs. 

The delivered ethanol price equation is as follows: 

where: 
\ 

Delivered price of ethanol produced from crop i in PADD pr in year t for 
volume step e for quantity of ethanol demand Q ($/gal), 
Note: Since PETOH is given in $/gallons, the product of B1 * Q is also 

’$/gallons. This is achieved by applying the unit (lo-’$ yeadgal’) to B1. 

Feedstock corn production cost for PADD PR=2 in year t for volume step e 

( $ m u 7  

Capital cost for conversion technology for crop i in year t ($/gal), 

Capital cost factor (dimensionless), 

- Energy Information Adminlsh.ation 
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.OPCST,,. - - I ' Operating costs, exclusive of energy, for crop i conversion technology. in 

. ~ u m t i t y  of energy needed to convert crop i to ethanol in yeai t ,  

year t <$/gal>, 
,-, 

.. QENi,, - - 
' . w t u / g a l ) ,  I .  

5. 

PEN,,, = . ~ c e  of energy used in the corn-to-ethanil conversion process in PADD pr in year t a 

. .  f -  . 
. .  ' ($*tu), 

SUB - - . Subsidy for ethanol production ($/gal), currently zero 

The cipital cost 'factor (0 used in equation 1-3, which is based on a 8-year amo&on period, is calculated 
as follows: . .  

. .  

CFF = MC-RMPUMS, * (1 i- MC-R.MPUAANSJ8/((l +.MC_RMPUAANSJ8 - 1)  (I-3) 

where: 

- MC-RMPUAANS - - , yield on AA-grade utility bonds (a Macroeconomic Activity Module 
output variable). 

The quantity of ethanol used as a transportation fuel, WQETO&,M, is derived from the following equation: 

where: 

WQETOH '= Quantity of ethanol used as a transportation fuel, in barrels per day, for 
Census division 3 and 4, year t, and supply step e, ' 

quantity of ethanol produced from crop i in PADD 2 in year t for volume - - 

step e (billion gallons/year), * I. 

Q. 

PADD2CR2,, = 

QSRFACT = 

Conversion factors to convert from PADD 2 to Census Regions 3 and 4, 

Conversion factor to convert from million gallons per year to thousand i 

~ barrels per' day. 

The price of ethanol used as a transportation fuel, WPETOHa,,, is derived from the following equation: 

Energy Information Admhktm tion 
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WPETOH,,,,,, = PETOH,,mte PADD2Cb * PETOHSRFACT 

where: 

WPETOH 

- PETOHSRFACT - 

. .  
J 

i- 
Price of ethanol used as a transportation fuel, in $ per barrel, for 
Census division 3 and 4, yeaf t, and supply step e, 

Price of ethanol produced from corn in PADD 2 in year t for volume 
step e ($/gallon), 

Conversion factors to convert from PAD? 2 to Census Regions 3 
and 4, 

Conversion factor to convert from gallons to barrels 

Energy Information Administration 
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1.7 Inventory , .  of Variables, Data, and Parameters 

This section describes the vdriables, data inputs, and parameter d a t e s  associated with the Biofuels 

contains columns with infixmation on item definitions, modeling dimensions, data sources, and measurement 
Submodule. Table 1-1 provides a tabular k thg of model input data and input variable parameters. The table v 

units. Similarly, Table 1-2 provides an indexed l i i g  of model output data and parameten. . 

2- 
- .  

4 

Table 1-1. NEMS Biofuels (Ethanol) Supply Submodule Inputs 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Capital cost for conversion technology for 
aopiinyearz 

Cost of producing 
pricestepPinyegtatvo1umesie. . 

in PADD 2 at diesel 

values of diesel price stepsp 

Quantity at each volume step e 

Yield on AA utility bonds for year t 

opaating costs, exclusive of energy, for 
conversion technology of crop i in year t 

Conversionrates to convert'from PADDpr 
to C& Region b 

Price of diesel for tmspomh 'on in Census 

Region .win year t 

. .  

Priceof cosl for industrial use in census 
Region ~7 in year t 

Quantity of energy needed to convert crop i 
toethanolinyeart 

Quantity of fuel typefused in the 
production of crop i in year t . 

CMCST 

COST 

D 

Q 

MC_RMPUAANS 

OPCST 

PADD2CR 

PDSTR 

PCLIN 

QFUEL. 

Energy Idormation Administra tion 
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USDAIERS. 1988. Report#585 

ARTMS Output Trumble. 1994 

Trumble. 1994 

Tiumble. 1994 

Macroeconomic Market Module 

USDAERS, $988. Report585 

A. Turhollow 

1 

.Pemleum Market Module 

Coal Market Module 

Marland & Turhollow. 1991 

Marland & Turfiollow. 1991 

.. 

wgallon 

billion gallons 

DimenSiOnleSS 

$/gallon 

Dimensionless 

$/gallon I 

MMBWgallpn 

/ 

Gallons for f=1,2,3 
MMBtu for f 4  

kwh for f=5 
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. .  
I 

I .  

Table 1-2. N E B  Biofuels (Ethanol) Supply Submodule Outputs 

CCF 

, HEATCONT 

PDIESEL 

. ,  PEN 

PETOH 

PETOHSRFACT 

QSRFACT 

WPETOH 

WQETOH 

. . . . . . . . . . . . . . 

Heat content of ethanol 

price of diesel td indastrial users in PADD 
prinyeart 

Price of energy used in t h e m  to ethanol 
conversion process in PADD pr in year t 

Delivered price of ethanol produced from 
crop i in PADD pr in year t for volume step 
e for quantity of ethanol demand Q 

Conversion factor to convert prices fiom 
$./gaUm to $/barrel 

Delivered quantity of ethanol produced f h m  
crop i in PADD pr in year I for volume step 
e for price of ethanol PETOH 

Conversion factor to convert h m  million 
gallons per year to thousand banek per day 

Delivered price of ethanol produced from 
crop i in Census Region SI in year t for 
volume step e for quantity of ethanol 
demand WQETOH 

Delivered quantity of ethanol produced f h m  
crop i in Census Region a in year t for 
volume step e for price of ethanol WPETOH 

Accounting Parameter 

Valuesetto35448 , 

hfappedfromPDSTR 

Mapped from PNGIN 

Endogenous Variable 

42 gallons'qhls one 
,, - .  

Endogenous Variable 

set to value of 0.0652316, 
or ld/(42 * 365) 

MappedfromPETOH. 
k e a d t o p m v a r i a b l e  
inWRENEWmmmon 

, block 

Read to QETTR variable 
inWRENEWmmmon 

block 

Gallons/barrel 

Billion gallons/year 

$ 

Million bbl yrs/ 
billion gal days 

%/barrel 

Million barreMay 

J .  
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MODEL I"u"E CAPCST 

DEF'INITION capital cost for conversion. technoiogy.for crop i in: year t. 

Given only for corn since the BSS is currently concerned only with corp asa feedstock. The current 
vdue is $1.00 per gallon on steps one, two, and three, $2.00 per gallon on step four, and $2.50 per 
gdon cin step five ofthe supply curves. costs are the same for all years. b a t e d  in ~ ~ ~ ' ~ E T o H I N  
input data file. 

. 

SOURCE:. USDA/ERS. 1988. Ethunol: Economic a* Policy Tradeo#s. Agriculturd ' 

Economic Report No. 585. Resources and Technology Division, Economic Research 
Service, U.S. Department of Agriculture, Washington, D.C. 

? .  

MODEL INPUT. COST 

DEFINITION: c 'Outputs from the ARIlbIS model from cases executed at each of the price I 

steps p and each of the quantity steps e. 

Values represent the cost of producing the corn necessary to produce Q, billion gallons of ethanol. 
if the price were Dp in ye& t. 

Values are given only for PADD 2. Quantities of ethanol produced outside of PADD 2 are currently 
insignificant, so all production from ethanol is shown in PADD 2. Located in the WETOHIN input 
data file. 

. 

SOURCE ARIMS model outputs. David A. Trumble. 1994. Estimation of supply Curve for 
Ethanol with Corn as the Feehtock Oak Ridge Nation@ Laboratory. 

MODELINPUT: D 

DEFINITION: Diesel oil price steps p .  
\ 

Energy Information Administration 
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The, diesel oil prices for which the ARIMS model was executed in &h year. The'BSS assumes that 
COSTp,,, was generated froma matrix of ARIMS cases for each Dp &d Q,. 

SOURCE' ARIMS model inputs. David A. Trumble. 1994. Estimation of supply Curve for 
Ethanol with'com as the Feedstock OakZidge National Laboratory. 

MODELINPUT: .Q . 

DEFINITION: volume price steps e. 

b- 

The ethiol volume steps for which the ARIMS model was executed in each year. The BSS assumes 
that COSTp,,,, was generated from a matrix of 'ARIMS cases for each Dp and Q,. 

SOURCE: ARIMS model inputs. David A. Trumble. 1994. Estimation of supply Curve for 
Ethanol with Corn as the Feedstock Oak Ridge National Laboratory. 

MODEL INPUT: MC-RMPUAANS 

DEFINITION Yield on AA utility bonds for year t. 

Located in the Macroeconomic common block, MACOUT. 

SOURCE: 

. I  

Generated by the Macroeconomic Activity 'Module. 

MODEL INPUT: OPCST 

DEFINITION Operating costs, exclusive of energy, -for conversion technology of crop i in 
year t. 

Given only for corn since the BSS is currently modeling only corn-derived ethanol. Values are: 
$0.30/gal. for 1990, $0.27/gal. for 2005. $0.27/gd. for 2015. Located in the WETOHIN input datd 
fde. 

SOURCE: US.DA/ERS. 1988. Ethanol: Economic and Policy Tradeoffs. Agricultural 
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Economic Report No. 585. Resources and Technology Division, Economic Research 
Service, U.S. Department of Agriculture, Washington, D.C. 

MODEL INPU'P PADD2CR 

DEFINITION 

Values are given for each PADD &d Census Region. Most PADDs mip one-to-one to a Census 
Region. Only PADD 2 maps into two different Census,Regions. Located in the WETOJ3IN input 
data file. 

'U" 

t Conversion rates to convert from PADD pr  to Census Region sr. 

#. 

SOURCE: Generated by Dr. Anthony Turhollow, Oak Ridge National Laboratory, based on 
historical ethanol-production from corn feedstock$. 

MODELINPUT: PDSnZ I 

DEFINITION Price of'diesel for transportation in Census Region sr in year t. 

Located in the NEMS Price common block (MPBLK). 

SOURCE 

MODEL INPUT: PCLIN 

Generated by the Petroleum Market Module. 

DEFINITION: 

Located in the Price common block, (MPBLK). 

Price of coal for industrial use in Census Region sr in year t. . 
I 

4 

SOURCE: Generated by the Coal Market Module. 

c 
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MODELINPUT: QEN 

DEFINITION 

Given only for corn since the BSS is currently concerned only with corn as a feedstock. Values, in 
million Btu per gallon, are as follows: 0.050 in 1990,0.040 in 2005,0.035 in 2015. This decreasing 
trend is based on the assumption that energy required dkreases linearly over time. Located in the 

Quantity of energy needed to convert crop i to ethanol in year f. I .  

+ 

. 
* 

WETOHIN input data file. /- . 

SOURCE Marland, G. and A.F. Turhollow. 1991. "CO, Emissions From the Production and 
Combustion of Fuel Ethanol from Corn." Energy, 16(11/12):1307-1316. 

, - 
MODEL INPW. QFUEL 

DEFINITION Quantity of fuel typefused in the production of crop i in year f. 

Given only for corn since the BSS is currently concerned only with corn as a feedstock. Values cover 
seven different fuel types and 20 forecasts, and remain constant for the duration of the foeast  
horizon. The values for fuel type six, coal, are all zero. Fuel type seven is reserved for fuel provided 
for the feedstock conversion process. Located in the 'WETOHIN input data file. 

- 

SOURCE: Marland, G. and A.F. Turhollow. 1991. TO, Emissions From the Production and 
Combustion of Fuel Ethanol from Corn." Energy, 16(11/12):1307-1316. 

MODEL INPUT: HEATCONT 

DEFINITION: Heat content of ethanol'in transportation fuel, high-heating value. 

SOURCE: Marland, G. and A.F. Turhollow. 1991. TO, Emissions'From the Production and 
Combustion of Fuel Ethanol fiom Corn." Energy, 16(11/12):1307-1316. 
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1.9'Model Abstract 

Model Name: ' 

Biomass (Ethanol) Supply Submodule 

Model Acronym: 
BSS 

Description: $ 

. .  

. 6- 

The BSS is a supply curve model for ethanol used for transportation fuel. It utilizes an ethanol cost 
function, NEMS energy price data,. and outputs from an exogenous agricultural resource allocation 
linear programming model, to produce ethanol supply curves. The ethanol cost function models the ' 

impact of corn feedstock prices and supplies, energy prices, and feedstock conversion costs on 
delivered ethanol prices. The BSS's priniary interaction is with the NEMS Petroleum Market Module 
0. - 

. 

Purpose of the Model: 
The purpose of the Biofuels (Ethanol) Supply Submodule (BSS) is to provide annual cornderived 
ethanol supply-cost curves for use by the Petroleum Market Module (PMM) in projecting ethanol 
requirements. For each year, the BSS calculates delivered ethanol prices for different ethanol 
demand levels. The ethanol supplykost projection information by Petroleum Administration for 
Defense District (PADD) and by Census Region. These projections are made Through the year 2015. 
The BSS, as a part of NEMS, help the Energy Information. Administration develop forecasts 
published in its Ann'uul Energy Outlook (MO) .  

i 

. I .  

Most Recent Model Update: 
September 16, 1996 

Part of Another Model?: 
The Biofuels submodule is a component of the Petroleum Market Module (PMM) of the National 
Energy Modeling System (NEMS). 
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Official Model Representative: . ' 

Stacy Machtyre 
Oil and Gas Analysis Branch 
Energy Information Administration 
(202) 586-9795 

Documentation: 
NEMS Documentation Report: Petroleum Market Model, 1997 

_ .  

Archive Media and Installation Manual(s): 
Archived as part of the NEMS AE097 production runs. 

Energy System Described: 
Agricultural sector- fedstock production net of byproducts; corn feedstock requirements for 
ethanol production; ethanol as arefinery input for gasoline blending. 

Coverage: - 

0 Geographic: Nine Census Regions: New England, Mid Atlantic, South Atlantic, East North 
Central, West North Central, East South Central, West South Central, Mountain, and Pacific. 
Five PADDs: Atlantic Coast, North Central, South Central, Mountain, and Pacific 

0 Time Unit/Frequency: Annual, 1990 through 2015 

products: Motor FueVAdditives 

Modeling Features: - 
NA 

Non-DOE Input Sources: 

Omnibus Reconciliation Act of 1990 

$0.54 per gallon 'subsidy for ethanol blenders 
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Marland & Turhollow, 1991 . 
0 

0 

Quantity of energy needed for process conversion 
Quantity of fuel used in the production of feedstocks 

United States Department of Agricdture (USDA) - Report #85 

0 Capitol & operating costs for conversion te&nologies 
. 4- 

United States Department of Agriculture (USDA) - (ARIMS)  

0 Feedstock cost data 
Percentage'of ethanol produced by PADDs 

Anthony Turhollow, Oak Ridge National Laboratory, Oak Ridge, Tennessee 

~ . Beta coefficients derived from an analysis of ARIMS outputs * 

. , DOE Input Sources: 

0 EIA coal and diesel prices I 

Computing Environment: 

0 

0 

0 Language/Software Used: AIX FORTRAN 
0 Memory Requirement: 26 Kb 
0 Storage Requirement: 14 Kb 
0 

0 Special Features: None. 

Hardware Used: RS 6000 PQWER server 590 
Operating System: AX version 3 

Estimated Run Time: 0.02 seconds 
I '  

Independent Expert Reviews Conducted: 
None. 

Status of Evaluation Efforts'by Sponsor: 
None. . 
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1.1 0 Data Qualit,y.and, Estimation .Processes 

This section provides an overview of the Agricultural Resources Interregional ModelingSystern 
(ARIMS), a main source of input data used in the BSS. 

- I  

Agricultural Resources Interregional Modeling Sygtem . 
' (ARIMS) 

The primary purpose of the national Agricultural Resource Interregional Modeling System ( A R I M S )  
is as a system to analyze agricultural policies. Because resources and agricultural production 
practices differ by region, numerous regional attributes and responses to agricultural and resource 
policies can bi: evaluated in ARIMS.  For example, policies can be evaluated that impact regional 
resource availability, farming techniques, resource prices, input availability, alternative levels of 
demand, and environrnenk allowances. The foremost use of the ARIMS, however,'is to appraise 
future agricultural resource requirements: - 

ARIMS is a large linear.programming model that includes numerous input coefficients and 
constraints. The inputs include projections of future resource availability, future demand levels and 
regional distribution of those demands, future commodity yields, and future changes in the ability 
of farmers to produce agricultural commodities. These projections are then used in a programming 
model and the composite effect of these individual impacts and the policy provisions introduced is 
analyzed. 

. 

. ' 

The linear programming model of the agricultural sector is a set of mathematical relationships ' 

incorporating characteristics'most relevant to agricultural production. The model minimizes the cost 
of producing and transporting agricultural commodities as required to meet pre-specified demands. 

A R l M S  divides the Nation into eight economic sectors. These eight sectors, integrated by a linear 
programming framework, are designed to represent the production processes and driving forces of 
U.S. agriculture. 

J 

The modeling system incoj?orates three different regional definitions. Production of agricultural 
commodities includes 105 Crop Producing Areas and 31 Livestdck Producing Areas. The grazing 
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. ~ production sector is specified for a third set of region~-34 ecosystek. The 3 1 Livestock Producing 
Areas also serve as the regional structure for non-water input purchases. In addition to the regions 

. explicitiy con&ed in the model structure, coefficients are developed by county, .State, USDA.fann 
production region and Major Land Resource Area. ' 

Livestock markets (cattle, hogs, poultry) have an important role in determining the supply price of 
. . ethanol. The v&t bulk of grain produced in the United States is fed to livestock, andlhe by-products 

of producing ethanol fiom co& (gluten meal, gluten feed, and distillers dried grains) we either fed 
to domestic livestock orexported. The by-products, including corn oil, fiom conver&g cofn into 
ethanol are typically valued at about 50 percent of the raw corn cost. 

The vdue of the by-products is direcgy proportional to the caloric and protein values of the feed by- 
products. Gluten m d ( 6 0  perqnt protein) and gluten feed (20 percent or more protein) are high in 
protek relative to corn (9 percent.prokin) and thm' have a strong impact on soybean meal prices and 
vice versa. Soybean meal is 44 percent or more protein and is the main protein supplement for 
livestock.  his competitive interaction is captured in the ARIMS modell . ,  AS ethanol production fiom 
corn increases; the unit value of the feed by-products tends to decrease. 

' 

._  

. . .  - .  
- 

, 

. 

an example, with corn at $2.50 per bushel the by-products are worth $1.25 per bushel, so the net 
feedstock cost is only $1.25 per bushel. At a coliversion rate of 2.5 gallons of ethanol per bushel of 
corn, the net feedstock cost is only $0.50 per gallon instead.of $1.00 per gallon: 

The only use of ARIMS in this submodule is as a soixce of feedstock cost data. Regression equations 
relating the cost of corn to energy input prices were estimated.fiom successive runs of the model. * 

However, the summary statistics of those regressions are'not currently avaiiable as they were 
conducted off-site and were not included in subsequent rePo&. 

' 

I 
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