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. .  

e .  .I. Introduction' c 

1.1 Purpose of this Repott . e .. 

* The purpose of this report is to define the objectives of the Petroleum Market Model (PMM), describe its 
basic approach, and provjde detail on how it works. This report is intended & a reference document for 

* model analysts, users, and the public. Documentation of the model is in accordance &th EM'S legal 
obligation to provide adequate documentation in support of its'models (Public Law 94-385, section . 

! 
57.b.2). i -  

,. 
, .  

I . 1.2 Model Summary 

The PMM models petroleum refining ytivities, the mirketingof petroleum products to consumption 
regions, the production of naaual gas liquids in gas processkg plants, and domestic methzinol production. 

' The PMM projects petroleum product pricks and sources of supply for meeting petroleum product demand. 
The sources of supply include &de oil, both domestic and impoaed; other inpu? including.alcohols and 
ethers; natural gqs plant liq~ds production;.petroleum product imports; .and refineryproek-sing gain: In 
addition; the Pm'estimates domestic refinery capacity expansion and'fuel consumption. Product prices 
are estimated at the Census division level and much of Wrefining activity information is at the Petroleum 
Adminis&on for Defense (FAD) District level. . 

.. . 
. 

. .  

1.3 Model Archival Citation . , 

The PMM is mhived as pat? of the National Energy Modeling System. .The model contact is: 
' . BmceBawks 

Mail Code: EL823 ' 

loo0 Independence Avenue SW 
Washington, D;C. 20585 
(202) 586-6579 

$ 

. .  
' U.S. D e p k e n t  of Energy 

~, 

e .  

. .  
, ,  

' . 1.4 Report Organization . ,  

I . .  
The remainder of this report is-organized as.follows: Chapter 2, Model Purpose; Chapter3, Model 
Overview and Rationale; Chapter 4, Model Structure; Appendkk, Inventory of Input Data, Parameter 
Estimates, and Model Outputs; Appendix B, Detailed Mathematical Description of the Model; Appendix 
'C, Bibliography; Appendix D, Model Abstract; Appendix E, Data'Q~@iQ; Append@ F, Estimation . \ 
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Methodologies; Appendix G, Matrix Generator Documentation; and Appendix H, Historical D& 
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2. Model Purpose 

2.1 Model Objectives . 

The Petroleum Market Model 0 models petroleum reiining andmadceting. .The purpose ofthe PMM 
is to project petroleum product prices, refining activities, and movements of petroleum into the united 
States and among domestic regipns. In kdition, the PMM estimates capacity expansion and fuel 
consumption in the refining industry. The Ph4M is ais0 used to analyze a wide variety of petroleum-related 

, issues and poiicies, in order to foster better understanding of the petroleum refining and marketing industry 
and the effects of certain policies and regulations. 

The P&Q4 simulates the operation of,petroleum r ,  refineries in the United States,' including the supply and . 

transportation of &de oil to refineries, the regional prwssing of these raw materials into petroleum 
products, and the distribution of petroleum products to meet regional demands: 'The production of natural 
g k  liquids from gas processing p l a k  is also represented, The essential outputs,clfthis modeleare product 
prices, a petroleum supply/demand balace, demands for refinery fuel use,-and capacity expansion. 

PMM &puts include petroleum product demands, parameters for production functions which estimate the 
amount of domestic crude og production, and irifomatjon,on thecosts and available quantities-of imports 
of crude oil and petroleum products. In addition, the costs of refheG inputs such as natyal gas and 
electricity are needed, as well as the costs and available quantities of blending components such as ethanol, 
methanol, aid nlethyl*tertiary butyl ether (MTBE). Yield coeffiqients for crude oil distillation and other 

. processing u.nits, processing unit capacities, investment costs for capacity'additions, capakities and costs 1 

for pipeline and otlier transportation modes, and product specifications are other Fsential model inputs. 

- 
, - -  

.~ 

. .  

, From these ,inputs, PMM prohuces a slate of prices for petroleum.products, the quantity of domestic crude I ,. 
. oil prdu&on, imports of crude oil and petroleum products, estimates of other refinery inputs and 

processing gain, domestic rehery capacity expansion, and refinery fuel consumption. . 

The PMM is used to represent the petroleum refining and marketing sector in projections published in the. 
Annual Energy Outlaok: The model is also used for analyks of a wide variety of petroleum-related issues,. 
The Ph4M is able to determine the irppact on refinery operations and on the marginal costs of refined - 
produck of changes in b y  one or several variables including demands for~various kinds of petroleum 

. products; crude oil prices; refinery processing uqit capacities; changes in .certain petroleum product , 

specifications; energy policies and regu1ations;and tax&, M s ,  and subsidies.- . 
. .. 

lThe International &e& Mod4 &ntains representation for foreigqrefiuery operatioqs. 
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. *  The PMM is comprised of five geographical regions, defined by the Petroleum A&stration for Difense 
@&I) Districts. IndiGdual rekeries are aggregated into one refiery qresentation for each PAD ,, 

' District. Prckiuct demands are input at the Census division level.'and eni-use prbduct prices are prduced 
by Census division. A &spo&tion structure li.dkir;gthe PAD District' refining regions to thkensus 
division de-d regions is also represented. The PMM produces annual results, currently from 1990 
through2015.- . 

, 

- '. 

. .  
. .  
' ,  2.2 .Relationship to Other Models 

. '  . I  

' The PMM is part of the Nation@ Energy Modeling System.(NEMS), representing the petroleum refining 
' 

. and niarketing sector. The PMM projects prices ayd sources of supplies of petroleum products. These ' : 
projections are generated & part of a NEMS supply/demand/pnce equilibrium solution. 

Several other mokels in NEMS provide inputs to the PMM; These inputs include: 
0 '  ' .  

,, ' 

. .  
. .  

. .  

. 
* ?  

- I  I :  
I .  

. I  . .  
0.- ' . Demands for petroleum products fro-m the Residential, Commercial, Industrial, 

+ 

0 

0 

a 

I 5  

i' . Transportation, and Electrikity Market Models, The demands include motor gasoline, jet 
, fuel, kerosene, distillate fuel, low- and high-sulfur residual fuel, liquefied petroleum gases 

' 

~ (LPG), petrochemical feedstocl&, ktroleum coke, and other petroleum. ' 

. '  . ,  , .  . .  
. .  

&port supply c k e s  for crude oil and petroleum products from the International Energy 
Model @Em. The crude oil sup&y curves, are proGded for each of the PAD Districts for 
five types. of crude defined by suIfur and gravi~characteristics. The prices on the crude I .  

. ' qil supply curves ak based on the world oil price, which is determined in the EM. 
. Petroleum product import supply curves are provided for traditional and.refomulated 
. '. gasoline, distillate fuel, low-sulfur diesel fuel, jet fuel, low- and high-sulfur residual fuel, 

. the tradeoff betw-n domestic product production and. &ports. 

.' Import supply curves for methanol and W E  provided by the International Energy 
Model and ethanol supply curves from the Renewable Fuels' Model. The use of methanol 
and ethanol in the P k M  takes into account the consumption of alcohol fuels in the 
tiansportation. sector (E85 and M85); A d  the chemical use i f  methanol. , 

LPG,.petroche&pI feedstocks, and other petroleum. This information is.used to evaluate 

\ 

- 

. Parameters for production . functions &om the Oil and Gas Supply Model for estimating ' * 

domestic production of crude oil. The crude oil is categorized into the same five types , 

incorporited into the imp,ort supply c k e s .  Natural gas liquids, which are q o n g  the nqn- . 

1 * .  , I  

. .  
. .  
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crude inputs to refineries, are estimated using natural gas production from the Natukl Gas 
Transmission 'and Distribution Model. . 

Prices for natural gas and electricity from the Natural Gas Transmission aqd Distribution 
,, . Model and the Electricity Market Model, respectively. The PMM estimates the refinery 

consumption of these energy sopres. . . . . . 

I \  . 

. 0 . h e  market shares of oxygenated, reformulated, conventional, and California specification 
gasoline. These parameters are estimated offline and input to the P W .  In-a 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 penettation (see-Appendix F 
for more details). By breaking gasoline and distillate into these categories, the PMM is . 
able to account for additional.costs of producing products that meet Clean Air Act (CAA) 
a d  Clean Air Act Amendments (CAAA) requirements. 

' e  

' * - 
. 

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

' Output variables include: 

, 

. ' 

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

Supply balaxice quantities, &cluding crude oil production, non-crude refinery inputs, &d 
processing g+, provided for reporting purP;oses. 

' . .  

. .  
c 

I 
* I  

0 Capacity expansion and utilization rates at refineries. ~. 

. ,  
, I  

0 Fuel consumption from refineries. This information is pbsed on to the Industrii Mdel  
for inclusion in the industrial sector totals. In kation, refinery cogeneration capacity and 

. . -  
' generation levels q e  also sent to.the Industrial Model. 

I 

0 

0 

The, amount of sulfur allowances earned by small refiners, as described in the CAAA. 

The market prices and consumption of ethanoland methanol. 

* .  
. I  

.. 
Figure 2.1 provides a detailed PMM Input/Output flow diagram. . 

' .  

I 
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Figure 2.1 PMM.Input - Output Flow Diagram . 
. .  
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. .  
. 3 m  Model Overview and Rationale. 

. *  

! .  . 3.1 Philosophical or Theoretical Approach 
' 

The National Energy Modefig System, as a wliole, produces a general equilibrium solution by it&atihg 
u n i  convergence to a stable result odcurs. Foc example, the various demand mode& use the.petroleum 
product prices from PMM to estimate product demands. The PMM then takes the petroleum product - 
.demands given, and estimates petroleum product prices.. If the computed prices from PMM converge to 
within the specified tolerance, the NEMS iteration is complete and thenext yearly NEMS cycle begins. 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 modeled by a linear programming representation. A linear . 
programming model is developed for each of the five Petroleum Administration for Defense (PAD) 
Districts h d  represents ap agbegkon of &e individual refineries in the. PAD District. The PMM linear 
progmmiing model also contains a transportation structure to move products from the refining regions t o  
the Census division d e v d  regions. Because a single demand region can be supplied by more than,one 
refining region (if the transportation conqe&ons exist), changes,in one refining region can affect 
operations in other refining regions. ~n optimal so!ution for the five PAD District representation as a ' 

whole is found by mhhnking the costs 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 4 s  the iefinery's b n o n i c  benefits: The 
activities are constrained by material balance req&ments on the &de oii and intermediate streams, 
,product specifications, processing F d  &sportation capacities, G d  demkd. Economic forces also 
govern the decision to import crude oil.or rehed products into the regions. See Appendix B for a 
complete descripiion of the column activities and constraints. - , 

' 

- 
. ' 

. 

3.2 Comparison with Oil Market Module I 

. The inclusion of a linear programming model directly into @e integrated refining and marketing 
representation is a significant change from predecessor modei. The Oil Market Module (OMM), which 
represents petroleum relining and marketing in the htermdate Future Forecasting Syste'm, uses 
econometric equations to represent the relationship bekeen refinery.production costs (pr&uct costs) and 
product yields. ,The econometric equations are estiplated from pseudodata derived from a refinery*ligear 
programming model. Pseudodata were developed by rurining a refinery LP for hundreds of scenarios 
where the yield of a reduced set of petroleum products w+ recorded in response to independently varying 
product pries . .  over a predefined range. This was' done for a base case and three representative world oil 

* 

I 

. 
. .  
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~ 

. I  

. .  

prices (WOP). Additionally, a number of runs ultimately were made where prices of all products were , 

simultaneously increased for each WOP. In total, nedy  400 runs were made to create the pseudodata. An 
' accountingkonometric framework is used to estimate s o ' k s  of supply to meet demand. Product imports 
are calculated ak the difference between demand and domestic supply. 

I 

- 

, .  The decision to change the approach for PMM within NEMS resulted from the identikickon of severd 
I * * disadvantages for.using the O w  approach.! 

* .  

. .  0 . The econometric equations produce only national level refinery g+ (or wholesale) prices 
for the product slate defined, with regional end-use prices being estimated from predefined ' 

regionally specific distribution cost ch-teristics. Thus, regionaldifferences in input . , 
I costs or prodvct specifications are not being'ref~eck in the iesults since regional - 
production le& are fiot represented. . 

Product imports are used as balancing items, thus preventing both a realistic assessment of 
import dependence and a realistic analysis of importxestrictions or tatiff: 

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

. . , -  

0 .  
. .  

. I  

.. \ 
' .  

- '. 
. . ,  t .  . .  

'. I . .  . ,  
/ 

, '  . *  
i .  

0 , The OMM lacks the capability to decide &ween domestic &d foreign capacity expansion 
efforts. This is an important dkcision &tidy directly affecting import levels. ' 

The OMM c&ot beused to anal@ the idpact of requiring oxygenat& in gasoline and 

. '  
. '. 

4 . .  the.competition between oxygenates. , - '  

- 

In addition, any changes to refinery operating scenarios within OMM. (whether significant or minor) would 
. involve a three-step process - (1) modify the linear progiamming model to refl&t the changes,'(2) rerun 

.. * the L2 model to gene- new pseudodata (involving several hundred runs), and (3) reestimate the 
econometric equation coefficients.  his is a resource-inteisive process. I 

, 

' I  t . .  
. .  . I  

. .  - ,  . ,  

3.3 Fundamental Absumptions I .  I. 

. .  

The PMM assumes the peGo1eum refining and marketing lndustry is competitiye. The mkket will move 
toward lower-cost refiners who have access to crude oil and markets. The selection of crude oils, refinery 

~. 

'Energy Informarion Administration, A Ckigzte of the Oil Market M o G ,  internal study by S. Mac&tyre, Energy Supply and 
Qnversion Division, Oftice of Integrated Analysis and Forecasting (Washington, DC, January 1992). 

* 
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process utilization, and logistics will.adjuSt to -.the overall cost of supplying the market with 
petroleum products. Although the petroleum market responds to pressures, it rarelystrays fiom 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 econohic incentives for bringing 
supplies in from other regions, thus restoring the supply/demand balance. 

Each PAD District is treated as a single firm. This restricts the ability to deal with issues such as 
rationalization ofsmall refineries. Rationalization .can only be de& with on a disaggregate basis. Capacity 
is allowed to expand, with some limitations, but the model d e s  not distinguish between additions to 
existing refineries or the building of new facilities. -Investment criteria are developed exogenously, . 
although &e decision to invest is'endogenous. The m&el does not require foresight to be perfect, but uses 
,the best available infomhtion concerning future'prices, demands, and market conditions as the basis for 
investment decisions. '. 

Existing regulations concerning product types and specifications, the cost of environmental compliance;. 
'and Federal and S@te taxes are also modeled in the PMM, The PMM reflects ' k n t  national and regional . 
legislative and regulatory changes $at will affect future- petroleum supply and product prices. 'It 

# 

, '  
. .  

t 

' 

I . 

, -  

-. ' 

incorporates taxes iplposed by the 1993 Budget Reconciliation Act as well as costs resulting from the 
Clean kr Act Amendments of 1990 (CAAA90) and other eneonmental legisiafion. 

The costs.of producing new formulations of gasoline and diesel fuel that will be phased in as a result of the 

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. 

. 

. CAAA90 are detkrmined within the linear proga&ning (LP) representation by incorporating I 

Motor Gasoline Specifiations 
. I  i 

"he PMM mpdels $e production &d distribution of four different types of gasoline: traditional, 
oxygenated, reformulated, and reformulatedmigh4xygen. The fopowing sp&.dons are included in 
PMM to'differentie between traditional and reformulated gasolineblends: =&e, oxygen content, Reid 
vapor pressure (Ryp), benzene content, aromatic content, sulfur content, and o1eG content. 

Starting in 1998 the specific&ons for tr@tional gasoline reflect the Environmental Protection Agency's a 

@PA) "1990 baseline.:' These.spe&cations-prevent the qualiQ of traditional gasoline from eroding over 
time, which is the intent of the EA'S "antidumping" requirements. 

Oxygenated gasoline, which has been required during h t e r  in many US. cities since October of 1992, 
' 

requires a oxygen content of2.7 percent by weight. Some areas that require oxygenated gasoline will also 
require reformulated gasoline. In those overlapping areas, reformulated-high oxygen gasoline containing 
2.7 percent oxygen will be required. Oxygenated gasoke is ksumdto'have specifications identikd.to . 

. .  
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traditional gasoline with the exception of a higher oxygen requirement.' similarly? t ie oxygen requirement 
is assumed to be the only difference between the reformulatedlhigh Oxygen ana reformulated gasoline 

, blends.' 

. Beginning ,h 1995, many areas of the country will require reformulated gasohe.' Between 1995 and 1997, 
the Environmental Protection Agency @PA) will certify' reformulated gasoline according to either the, ' . 
"simple" or "complex" models. The PMM assumes that reformulated gasoline duringlhis time period will 
meet the EPA's "simple model" definition, which allows no lead content, limits benzene content to 1.0 
p.ercent and zgom&cs content.to 25 percent by volume, requires an oxygen content of 2.0 percent by 
weight, and caps nitrogen oxide emissions at a baseline level. Be&g in 1998, the EPA will only 
certify reformulated gasoline.using the "complex model," which allows refiners to specify%reformulated ' 
gasoline based on emissions reductions either from their compan@'.1990 baseline or from the EPA's 1990 

' beelhe. .-me PMM uses.a set of sp&cations.that meet the "complex model" requirements, but it does . ' 

- 
' 

' 

I .  

not attempt to determine tlje ophnal specificakons that me& the "complex mdel." Specifications such as 
Rvp, aromatics, sulhr ,  q d  olefin content change in the ieak 2000 refle&g further emissions reductions 

. .  

. .  
required by CAAA90. 

The.CAAA90.provided for special treatment of California that would allow dikerent specifications for 
oxygen& and reformulated gasoline in that State. In 1992, caiifornia requested a waiver from the winter 
oxygen req@emenkof 2.7. percent to reduce thk requikment to a range of 1.8 to 2.2 brcent. The PMM 
assumes that PAD District V reGers must meet the California specifications: Therefore, for 1993-1994, 
the specificationsfor oxygenated gasoline in PAD District V meet a 2.0-percent standard. Starting in 
1996, the specifications for reformulated gasoline in PAD District V are the sameas Califoriia standards. 

Rvp limitgions &e effective during'summer . -  . months, which' are defined differently in different regions. In 
addition, different Rvp specifications apply within each refining region; or Petroleum Administration for 

' Defense (PAD) district. "he PMM'assumes' that these variations in Rvp are cap- in the annual average 
specifications,.which are. based on summer Rvp limits, winter Rvp esthpaks; and seasonal weights. 

Motor GasolineMarket Shares ' ' 

. .  

\ .  

.. 

% . . .  , ,  
. .  

. . .  
, .  

Within the PMM, total gasoline demand is disaggregm @to demand for traditional, oxygenated, . 
reform-, and reformula$dhighkxygen gasolines by applying assumptions about the a h u a l  market 
shares for k h  type. The shares change over time based on assumptions about the market penetration of 
new fuels. Annual assumptions for each region account for the seasonal and city-by+ity 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 art&.. The PMM assumes a 5? 
percent spillover of oxygenated and reforkulated gasoline into attainment areas. 

. 

' 

. 

. *  . -  
1 .  

. .  
. .  . .  
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+ .  
The oxygenated gasoee shares throughout $e forecast assume wintertime participation of 39 carbon 
monoxide nonattainment areas. Year-round consumption of oxygenated gasoline hi Minnesota is assumed 

* beg&ning,in 1997 in accordance with State legislation. The PMM also assumes that, starting in 1995, 
reformulatedgasoline wil l  be consumed in'the nine required areas plus ax& that had petitioned the EPA 
to opt in? Areas that initially opted-in but opted-out as of June 1995 are not included. 

D i a l ,  Fuel Specific+ions and Market Shies  

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. 

' h e  PMM contains a sharing methodology to allocate distillate demands between low and high sulfur. 
Market shares for low-sulfur diesel and distillate fuel are estimated based on data from EM'S annual Fuel 
biz and Kerosebe Sales Report 1992 @OE/EIA-0535(92), October'1993). Since about 20 percent of 
current demand in the transportation sector is off highway, 80 percent of transportation demand for 
distillate fuel is&umed to be low sulfur. Consumption of !ow-suk d i s h  outside of the 
transportation sector i s  assumed to be zero. 

e 

% 

. .. 

- 

, .  
' End-Use Product Prices 

End-use petroleum product prices are based on marginal costs of production plus production-related fixed' 
costs plus distribution costs ,and tax&. The &ginal costs of production are determined by $e model and ' ' 

represent variable c o k  of production including additional Costs for meeting refomdated fuels provi>ions * 

ofthe C M 9 0 .  Fixed refinery costs include fixed operating costs: a,4&rcent return on assets, and 
environmental costs .associated ivith contro&g p.oUutiosat refineries4. AssuIliing that refinery-related. 
fixed costs ,are recoyered in the prices of light products, fixed costs & allocated among the prices of 
liquefied petroleum gases, gasoline, distillate,lcerosene, and jet fuel. These costs'are based on average 
annual estimates and are assumed to re+ constant over the forecast period. 

- 

. '. . 

' 

- .  

The costs of distributing and marketing petroleum products4rerepresented by adding fixed distribution 
costs to the marginal and refinery fixed 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- 

) 

*Requi;ed areas: Baltimo;e, Chicago, Hartford, Houston, Lqs Angeles, Milwaukee, New Yo& City, Philadelphia, and San 
Diego. Opt-in Areas Within: Texas, District of Columbia, New Jersey, Maryland, Delaware, New York, Connecticut, Virginia, 
New Hampshire, Massachusetts, Pennsylvania, Maine, and Rhode Island. 

4Environmental cost estimates are based on National Petroleum Couqcil, US. Petroleum R&ing - Meeting Requirements for 
%leaner Fuels and Rt$neries, .Volume I (Washington, DC, August 1993). 

. 'Fixed operating costs include payrop, maintenance, labor and mate&, depreciation, and other expenses. 
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. use and wholesale prices. The costs for kerosene qe  the average difference between end-use prices of . 
kerosene and wholesde distillate prices. , I 

.~ 

State and Federal taxes are also add@ to transportation fuels .to determine final end-use prices: R k n t  tax 
trend analysis indicated thk S@.e taxes increase at the r?e of inflation, while Feded-taxes.do not. In the 
PMM,'thekfore, State taxes are held c o n h t j n  real'tem throughout the forecast while Federal taxes are 

. *  

deflated at the &e of inflation. . .  

< .  
. Crude Oil Quality 

In'the.PMM, the quality ofcrude oil is characterized by average gravi& and sulfur levels. Both domestic 
ana imported crude oil'are divided into five categories as'defined by the ranges of gravity and s& shown . . 

~, 

, .  t in Table A2 in Appendix A. ' . 

' ,  A."cbmposite" cnide oil &th the appropriate yields i d  quakes is developed for eacli category by 
averaging the characteristics of specific crude oii skeams that fall into each category. While the domestic 
and foreign @de types have the same dekitions, the composite ?des for each category may differ 
b d s e  different -de streams.make up the'composites, For domestic crude oil;an esfirjnate of total 

importedcrude oh, a s e p m  supply curve is prokded for k h  of the five categories. 
. production is made mt, then shard out to each of the five categories based on historical data For 

, .  
: 

. . .RegionalAssumptions ' . \  

. I ,  

P W .  refining regions are the five Petroleum Administration for Defense.(PAD) districti. Individual 
refiheries are aggregated hito onelinear proipmming representation for mh PAD district kgion. In order 
to intkract with other "EMS modules withdifferent regional repiesentations, ce& PMM &puts and 
outpup-are converted froma PAD district to a n o n - P b  district regional structure and'vice versa. 

. .  . 
. I  , .  . ,  

, -  

. . CapacityExga@onAssumptions , , 

PMM kows for capacity expansicin of ill processiig units'inclu,ding distillation cap&ty, vaqmm 
'distillation, hydrokeahg, coking, fluid catalytic cracking, hyilrocracking, alkylation, z&d,methyl tertiary 
butyl ether (hrTTBE) mzinufacture. Cap&ty expansion occurs by processing unit, starting from base:year , 
capacities established by PAD district using historical data. 

Expansion is determined when the vdue received from the additional product sales exceeds the investment 
and operatihg cos& of the new unit The'investment costs assume a 15-percent rate of return over a 15- 
year plant life. Expansion through 1995 is determined by adding to the exishg capacities of uxiits planned 
and under conskuction thk are expected to begin okrating during this time. Capacity expansion is done 
111 3-yyir increments. For example, after the model has reached a solution for forecast . .  y w .  1995, the Ph4M ' 

. 

. 
- 

-. 
.. . .  . .  
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. .  

. I  

looks ahead and.dete&es the optimal capacities given the demands and prices existing in the 1998 . 
forecast year. The PMM then allows 50 percent of that capacity to be.built in forecast y& 1996,25. 
percent in 1997, ind 25 percent in 1998. At the end of 1998, the cycle'begins anew. 

Strategic Petroleum Reserve Fill Rate 

The PMM assumes noadditions for the Strategic Petroleum Reserve during the forecast period. Additions. 
to the Strategic Petroleum Reserve have not been included in recent budgets. 

I;egislation 

:The PMM reflects recent national and regional. legislative and regulGory changes that will affect future 
petroleum supply and product prices. It incorporates taxes imposed by the 1993 Budget Reconciliation 

' 

. -  

I _  

. ' 

. .  
' . Act 2 well as costs resulting from environmental legisl@ion. . 

* .  

The Budget Reconciliation A h  imposes a tax increase of 4.3 cents per gdlon on transpor&&on fuels 

October 1,1993, and takes effect in the PMM in 1994. Jet fuel haS been granted a 2-year delay. 

I ,  

including gasoline, diesel, liquefied petroleum gases, and jet fuel. Except for jet fue1;the tax began on 
. t .  

With.a god of reducing tailpipe emissions iri .areas failing to meet EederaI air quality standards 
(nonattainment.areas), Title , ,  II of the CAAA90 established regulations for gasoline form&tion. S e g  in 
November 1992, gasoline sold during the winter in 39 cafbon monoxide nonattaininent areas was required 
to be o~ygenated:~ 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 toiic air pollutants, wep as m&t a number of other new specifications. 
Additionkmas with less severe ozone problems have chosen to "opt in" to the reformulated gasoline 
requirement.. In a few metropolitan areas wik both. ozone and carbon monoxide problems, the' I 

requirements for oxygenated and reformulated g&oline will overlap. In other words, .during the &ter 
months a refomuiated/high oxygen gqolinewill be required! 

Title II of the CAAA90,also established.regulations on the csul€i.u A d  &omatics content of diesel fuel thg 
took effect on October 1,1993. AN diesel fuel sold for use on highways now'contains less sulfur and 

' 

I .  

meets pew aromatics or cetane level standards. 

A number of pieces of legklhon are aimed at controlling air, water, andwaste emissions from refineries, 
themselves.  hi: PMM incorporates related environmental investments as refinery fixed costs. m e  

* I  

. 
t 

. .  . .  

sOxygenated gasoline must contain an oxygen conknt of 2.7 percent by weight. 
6Gasoline that meets the r&pirements of reformulated $ p o k e  and has an oxygexfqontent of 2.7 percent. by weight. -.  . .  

/ .  
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. estimated expenditures are based.on results ofthe 1993 National Petroleum Council Study? These . . 

investments reflect compliance ~ t h  Titles I, ICT, and V of CAAA90, the Clean Water Act, the Resource 
Conservation and Recovery Act, and anticipatkd regulations including the phase out of hydrofluoric acid 

- ' * and a broad-based requirement for corrective action. No cqsts for remediation beyond the refinery site'are 
' 

I 

.' included. . .  . I 

I .  . ~ 3.4 Alternative Approaches' and Reasons forSelection 
! 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  
a manageable frsunework for providing information in a timely fashion.. The-PMM w& developed not only 

. for:fo&ting purposes, but'also to proAde a policy analysis tool. These dual objectives were key to. 
deciding the,approach taken in the PMM. Various alternatives are discussed below followed by a 
summary of the reasons for chooshg th? linear programming approach. 

' 

. 

. . 
, .  

I 

' . 3.5 PseudodataEconometric Equation Approach 
s. 

The OMM, as described above, uses a pseudodataleconometric equ.ation approach. "he o6jective of this 
approach is to retain the advantages of a large, complex refiriery model, with the capability of responding 

' to a wide variety of issues, in an integrated enviropent. The response surface generated by thelarge 
number of model runs represents the output of the LP for given sets of inputs, and the 'econometric 

- equations provide a means to quickly k s s ? h e  results. 
. .  

- Two primary problems 4th this .approach are ~ a c c m c y  and preparation b e .  The'model runs must be 

combination of inputs cannot usually be anticipated, the pseudodata only provide an approximation of the 
model response. Moreover, the econometric equations are only qn approximation of the shape of the 

' 
. devised so that'the pseudodata adequately cover the range of each of the inputs. Since the exact . ,  

3 

. 
I . .  . responsesurface. . ,  

' 

Prepqtion time (i.e.,.the time f.s.i;.d before' the model is ready for integrated runs) can be significant for 

substantik time and effort. The OMM equations were reestimated only about once every 4.years. 
-However, because NEMS will be us& for an;?ytical studies as well as mid-range forecasting, the equations 
may have to'be updated for each p&cular, study. 

In'addition, the capabilities ofthe PMM, compared to the'OMM, espekially the increased regionaEty,'the ' 

this approach.' &e design, the generation of pseudodata, and the estimation of the equations dl require I .  

I .  

. .  . .  ' : 

*-explicit treatment of imports, and the new products and product-specif$ations, would increase 

'NalionalPeb.oleum Council, US. Petro&?T R&hg -Meeting Re'quirements for C h i  Fuels and R q f i n e h ,  Volume I 
(Wash&gton, DC, August 1993). - 
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considerably the number of runs r e q ~ e d  to adequately cover the range of each input variable. For these ' . ,  
I 

, reasons, the' pseudodata/econometric equation 'approach was not considered as a basis for PMM. 
. .  

, 
! * : 

,I 3.6 Linear Approximation Approach . 

I . .  
Another type of pseudodata approach, Called the linear approxiniation or lookup approach, was considered. 
Pseudodata would still need to be generated. The output of several hundred model runs would be placed 

set of product demand levels and input prices. The runs' would cover the expected range of pr@uct 

b in a database, yith qach record containing the rehery output quantities and prices &sociatea with a given 

'de&@s-and input prices. , .  I . 
In the integrated environment, the inputs to t@e PMM (a v&tor 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 

the Euclidean distance to the input data vector. The output quantities would .be those (10) that minirr;ized 
'and prices would then be estimated fkom a link combination of the chosen set of data records. 

. ,  - 

I I ' 

.- 
Several.@vankges over the OMM approach are noteworthy. The econometric equations would not ne& 
to be reestimated with e&h newset of pseudodata, condderably reducing model preparation time. 

' . Fukhermore, the output variables could,include.rnore than just product prices. ; Ariy variable generated by 
. the use of an LP model could.be placed in the database add accessed by the beak approkmation method. 

.. 

- 
. ' .  

. I  

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 qe, regeneration of several ' 

h u n e d  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 &creased interactions&tween PMM and oher 
models. The number of runs must be sufficient to adequately cover the expected range of each input 
variable, so it increases substantidly with each additional input. Also, the accuracy of this method relative 

pseudodaWqconometric equation approach? 

. 

' 

to the other approaches has not been established, but is considered to be less acc& thah even the . 1 .  

/ 

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

Extreme point m d e w g  is sirpi lar to the pseudodata approach in that a detailid model is used to generate 
output vectors. The results of each run are expressed as column vectors of input/ouGut coefficients 

1 derived over a range of cases design& to span the poential solution space?. 
, .  

A'linear programming refinery model can be'appreciably condensed through the. khnique of extreme 
point vectors. The extreme point representation - .  models the refinery as series of operating modes Or plans. 
A slate of products is produced per barrel of processed chde oil. An illusktion of two typical extreme 

refinery;such maximum production of gasoline or 'distillate' (?To. 2 he&g oil and.diesk fuel). For each 
solution of the detailed refinery model, the crude oils consumed as inputs are diyided by the total crude oil: 
proqsed'to provide a volume fraction of each. crude oil,. which &l sum to 1.0 as shown in the row . 
labeled "Total Crkde." k l i  solution also provides the product volumes produced as outputs, which are 
also divided by the to& crude od pr&ssed. 'After accounting for fuel burned ,and losses, not shown in the 
table, &e sum ofthe outputs will also sum to KO. The result is a representation of a feasible and optimal 
operating plan expressed as inputs and outputs per barrel of total 'crqde oil processed by the refinery model. 
Extreme point vktors typicallyhave less than 50 equations for b c h  refining region, including crude oil 

. balance equations, refinery unit capacity equations, and product balance equations. 

'The operating modes, such as m&um gasoline and maximum distillate, are created by successive 
'solutions, of the detaild refinei mode1,responding to increased prices for the product to be maximized. 
Some typical modes to. be generatea may ix . . 

. . . 

. . ,  . point vectors is shown in Table 3.1. Each c o l u h  of the table represents an operating mode for the ' * I  

' 

, . 

. 

. .  a .  

maximumlminimum production of each grade of gasoline, . 
. 

0 

maximum/minimum production of jet fuel, 
maximum/&um pro&ction of No. 2 heating oil, .. maximumhinimum,production of low sulfur highway diesel fuel, or . .  

I * .I maxim&minimum production of residual fuel oil. 

. . The extreme point kpresentations can be expandd to differentiate between various crude oil operaling 
mqdes, such'as incremental volumes of Arab Light or incremental volumes of West Texas Intermediate 
(wlq. .. . .  

- . 
. .  

/ ' .  ' I .  . .  

.. 
'Linear Programming, Inc., PALBEMS Inregration Methodobgy Stua'y, final report prepired for the EIA Office-of Statistical . 

. Standards, contract No. DE-ACO1-8&EI-l9633 (Washington, D.C., April 1987). . 

. .  
. .  

. .  
* /  
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. I  

. Table 3.1. E-ple of Extreme P o k  Vectors 
Yields per Barrel of Total Crude Flow. . . 

. .  

1 

The difference from the pseudodata approach is tfik these vectors are then placed in a linear programming 
environment, The eweme points m' not just output quantities and prices from the LP model runs, as in 
the pseudodata approach, but coefficients which break input qAtities into outputs of products, taking into 
account the associated costs: Solutions are'derived by max&nEng profits or mhimking costs usinglhear 
cqmbinations of these extreme point column vect0rs.b represent the refinery LP,. 'A second .impomt . 

&ere& is that the required amount of extreme points numb& in the tens d e r  thk the huriclreds. 

The advantage of using extremi: point vectors to ribresent r e , m g  operations is that thk resulting model is . 
smaller and solves faster than. a detailed refinery model. $e disadvantage is thaf 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 MMS. Moreover, extreme points'should probably be regenerated for 
each new forecast and each particular analytical s4dy. This would be a tinieconsuming process. Extreme' 
points have also been criticized €or inaccurately represent&g refinery operations:' although increasing the 
range and number of.the modes can respond in part to this criticism. 

' . 

. .  
, 

. 

:% 

1 . 
I 

\ . I  

. .  '"bid., pp. 25-39. 
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. ... 

3.8 Detailed Linear Programming Approach . 

t Detailed linear programming models have been very successful at modeling refinery problems. The . ' 

particular'dvantgge of using linear programrhing models to iefiresent refine& proiesses'is that they allow 
reiinery managers to c a ~ a t e  the marginal costs of products while simuitineously edicating the required 
operating conditions for maximum profitabiliq. Furthermore, linear programmin'g process models confain 
detailed engineering stnicture directly r e l e  to the rehery processes and product qudity, and can ' 

therefore readily i n c o r p o ~ '  new technologies and technologi&l change. 

- 

* 

. .  

. .  . .  - 
' . . Alinear programming approach in the PMM allows'more flexibility for dealing with analykc4 issues th& 

the other approichesconsidered. ' Changes to product specifications, the addition of new products or ' 

rehery inputs, and/or changes jn processing unit costs or capacities gan be handled directly in the linear 
, , 'programmhg stnkture. Many of the shortcomings of the pseudodata and extreme point approaches are not 

problems for a &ear progmmhing 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. , ., 
_ .  

, 

., 

. .  
, .  

. , -  

. . En- Information A&tion 

1 

. .  
. .  
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4. Model'Structure 

During each ,NEiMS iteration, product demand quantities and other variables supplied by NEMS models 
are used to update the2MM matrix. An o p m  solution is obtained from the updated matrix where 
marginal petroleum product prices and other material balance information are extractid Post-processing 
takes place on the petroleum product prices and refinery input and output volumes,,system variables are 
updated, and reports are produced. The modification and opthization of.the PMM matrix are both 
accomplished by executing FORTRAN callable LP subroutines available from an LP subroutine library. 
Appendix B describes the formulation of the linear programming representation in the PMM. . 

The linear programming portion 0 f . p ~ ~  is prepared offline in the form of an MPS' file prior to NEMS 
processing. Offline generation of the PMM 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 wiiting are currently being used. Appendix A describes the input 
data tables used to develop the input matrix of the PMM. 

The REFINE subroutine is.the &'controlling subroutine for the PMM.' The following paragraph 
' describesthe REFINEi process flow, which is illustrated by Figures 4.1,4.2,4.3, and 4.4. The flow 
diagraqs 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. 

The REFINE subroutine initializes variables and-rea& fixed data during the first year and first iteration of , 

any MMS mn (Figure 4.1). The subroutine then follows one of five branches during any NEMS iteration. 

- .  . .  
* 

' 
. 

0 

I 

0 If the history swiich is on ~d it is the first year and first iteration, 

I 

. I  

. .  
' .  . 

' *  

'. 

. .  

'Mathematical Programming System format. 
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* I RDPMMXP I ' 
k 

. .  

Figure 4.1 PMM Flow Diagram 
. .  

I REFINE I C U R ~ R = I  I 

I 

, 

- .  
. .A Reports=OFF & H.istoty=OFF or 

' -  

, ( ReportstON & History=OFF or , 
Reports=OFF & History=ON 8 CURIYR>=6 . .  

1 .  

FCCRPT OBJRPT 

.RETURN 
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Figure 4.2 Matrix Preprocessing Subroutines 

PMMLP I - '  
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Fi&e 4.3 Matrix .Postprocessing Subroutines 

. .  
, .  

. ,  

. .  

I 

. I  

PRMUPMM 

DSTCPMM 
. ,  

. .  . 
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k ’  
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, 
I 

. .  

DOMU 

. +i FCCMODOP I 

I MGSPCDL I 

+l RFPRTINF 

? 
. .  
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Figure 4.4 Capacity Expansion Subroutines 
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histdrical values %e read from an input file., . 
... . . - 

' 

0 .  Ifthe history switch is on and it is a historical year after the first year and first iteration, then the 
I PMM performs no opekions but simply returns to the NEMS systemopedons: No operations 

are performed because all historical data were retrievq and variables were updated on the first 

0' If &e history switchis 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 i tedon; then the PMM LP mat& is updated k t h  

' 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 pricks .and other PMM output data are 
-'retrieved from,the LP optimal solutions and output variables are updated. 

If it is.a reporting iteration, 'the history switch i s  on, andit is'not a historical year; or if il is a ' 
reporting iteration and the his!ory switch is 0% then several internal PMM analyst reports are 
.updated. ' If it is also a capacity expansion year, 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). The capacity expansion methodology is described in more detail 
below. 

0 If it is a reporting iteration, theshort Term Energy Outlook (STEO) benchharking switch is on, 
'*and it is NEMS year six; then the P a  LP is solved using input datausixig expectation values for 
. a future year to determine processing unit expansion for the intervening years (Figures 4.1 ,and * 

I 

< .~ iteration of the first year. - ' . .  
. .  

. . . 

. .  

' 

. a  , .  

' * I  ' 

I -. 
, I  

. 4.4). - ' 

% .  Capacity Expansion MethodoIog$ ' 

PMM models capa&G expansion for all the refinery processing units whicli include but are not limited to 
distillation capacity, vacuum distillation, hydrotreating,. coking, fluid catalytic cracking, hydrockking, 
alQlation, 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 add operating costs of the new . 

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

, 

.. . 
- - 

' , * 

. . 
, .  .. 

Expansion through 1995 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 1996, capa'city 
' expansion is done in three year increments. For example, after the model has reached a solution for I 

forecast year 1995, the PMM looks ahead and determines the optimal capacities given the estiinated 
demands and prices existing in the 1998 forecast year. The PMM then allows 50 percent of that capacity 
to be built in forecast year 1996,25 percent in 1997 and 25 percent in 1998. At the end of 1998, the cycle 

. beginsanew. . 

. .  

. .  . .  . .  

. .. 
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4.1 MainSubroutines 
. \ .  

Section 4.1 describes the functions of the subroutines & figure 4.1, the main controlling subroutines. 

. (RETINE) Main,controlling subroutine for the PMM. 
* .  

Purpose: REFINE is the driver subroutine for the PMM. It us& basic FORTRAN controlling . 
structure, NEMS integratingmodel common variables, and P W  internal variables to set up and 
processthe P h  LP and to update NEMS variables based on optimal LP solution. 

Eyations: NoAe.. 

("PMM) Initialize variables. 

Purpose: Initializes certain variables. 

Eyations: - .  
' PUCm&,, = 0.0 

PrnF, , ,  = 0.0 
' RFQDINPOT;,, = 0.0 

PRDDmm,,N = 0.0 
CRDOTHOTF,, = 0.0 
C"ACCF,, = 0.0 

. CRDsms,, = 0.0 
CRDPRDSUP,, = 0.0 I .  

P R D s m & . w  = 0.0 
BLDIMPe,,-=O.O . . .  
PUBASEF,,, = 0.0 - 

- PUBASEUTF,,,, = 0.0 . 
where: 

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

, .  

' 

' (F'IXDPMM) Read*%xed inputs. 

Purbose: FKDPMM reads in and initializes internal data required foi processing the PMM. 
, 
- . Eauations: None. 

Input Files: MUlPRDS Tax input data 
MU2PPRDS Sectoral end-use markups 
QDCRDCF Fixed Datainput file 

Energy Information A~ * . a tion 
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. .  
(RDPMMXP) ~ e a d ~  in the PMM specific expectation values from a.in@ut file. , . 

Pumose: The RDPMMXP subroutine k i d  the SP-T input file and updates PMM specific 
expectations values. These- values are. used for refinery capaiity planning. 

Equations: None. I .  

I ' 

i 

., 
I 

. \  

. .  
InDut file: SPRFLRT PMM specific expectations input file. 

(LOADPMM) Sets up the PMM LP for proecssing by the Ok: 
, .  

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

Eou&ions: None. * .  

. ,  

. .  

) '  ; (DEFLP) Defines and OML LP matrix model space and ixiitializes common'control variables for a given . .  model. 
' 

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

,, 

I .  

. .  . ' Euuations: None. 
. .  

. Data'Passed ' MODEL, model name, SEE, plodel size 
i 

>, (MPSINLP) Converts a model from and MPS foripat file &d stores it in the model database. 
. .  \ 

Pumse: Converts a model from and MPS format file and stores it in the model databye using the 
- .  

. .  
. OMLfunctionWFMSPlN. .- 

. .  Ecluations: None. ' . , - 

. (LOADLP) Loads theiPmode1fromthedatabaseintomemory. . . . ' . 

- .  
. .  . .  

. Puruose: Loads the LP model from the W a s e  into memo6 and prepares it for optimization 
using the OML function WFLOAD. 

Euuations: None. 

. I  . ,  
. I  

. ,  

' (RFHIST1) Read in. histo& data for 1990 through 1994. ' ' . I .  

~ Pumose: RFHISTl reads in history data from an extemal @e and updates PMM output data for 
history years 1990 to 1993. . 

. '  Eauations: None. , , 

. *  , , .  

. .  ' *  ' 
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. .  
h u t  File: ELCGPUR .PMM historical data input file 

(NEXTDATA) Advances file pointer one record. 

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

i 
* Equations: None. 

(RFTAX) Aggregates state and federal petroleum product taxes. - .  

Pumose: W A X  aggregates the states and federal petroleum taxes. 

Equations: Total petroleum product tax are set at the state tax plus the nominal dollars federal tax. 
' ., . .  

(DEhbPMM) Convert system demands. , 
1 .  

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

* Euuations: The conversion from Btu to MbbYd is as follows: 

RFQ(PR)=(((Q(PR)AS,-Q(FPR)RFJ&(PR)Q)/365)*1000 
PmDMD4@ = RFQ(PR), 

The motor gasoline share of M85 and E85 transportation fuels are also added tothe total 
motor gasoline demands such that - 

RFQMG&((QMGAS,+QIiE~*O. 1 S+QME&*O. ~ ~ ) / c F M G Q / ~  65)*1 OOO 

, 
where; 

RFQ(PR) = product demand by Census division 
PRDDMD = product demand by Census division 
Q(PR)AS = product demand in all sectors 
*Q(FPR)RF = prbduct consumed for rksnery fuel 
CF(PR)Q = convekion factor from MMBtu/bbl . . 

(FPR) = refinery fuel products identifier 
.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 

. 

I 

, .  
(PR) = product types . .  

. 
. 

. .  
. .  

I Energy-Information Administration 
N I B S  Petroleum Market ModelDocnmentation 

. .  

. .  

. .  

' . Page4-9 



- : 

. 

Refinery.fue1 consumption, Q(FPR)RF, is subtrac.pxl from the prduct 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: 

PRDDMD;~ = RFQMG, * M G S ~ ~  
. -  

~. 
where; 

PRDDMD = product demand by Census division 
t = motor gasohe product desigktor index, 2,3,4,5 , .  . 

I . MGSHR.= motor gasoline inarket shares - .  
. -  I .  

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 distiilate demarid (Refer to 
Appendix F, Estimation of Low-Sulfur Diesel Market S h h s ,  for more details): 

' 

. .- . 
. 

. ,  
~ PRDDMDd14 = DSLSPLT*((QDSTR, /CFDSQ)/365)*100O . , 

J .  
whek 

.. 14 = product index for low sulfur diesel (DSL) . .  
. I  DSLSPLT = 0.8 . . .  

QDSTR ='quantity of transportaiion distillate 
CFDSQ = conversion factor for DSL MMBTUhbl 

1 

* 

365 = days per year 
1000 = millions to thousands .. . 

Ethanol and methanolkonsumed in the transporkon s&tor afe assumed to be blends of 85 
. percent @coho1 and 15 Rrcent gasoline. Therefore, the demand for%msportation ethanol and . 

. . methanol in the PMM are 85 percent of the'transportation demand total, and 15 percent is added to 
gasoline deniand. ~ i n d y ,  u.S. totals aie ~alcUlate;d:. . ' , 

' 

, _  

P ~ D ~ I l , ,  = c PRDDMDdpr,, 

where; 

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

d 

(DpRDpMM) Estimate domestic crude oil production. 

. .. 

. '1. 

t .  . I t  
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Purpose:i Estimates domestic crude oil production. 

Euuations: Conventual domestic crude production are calculated for the nine lower 48 oil gas 
regions. Alaskan production and Enhanced Oil Recovery @!OR) production are obtained 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 

' 

RFQDCRDor,, = (OGPRRCOm,, * ' 

(WRWHPor,* ~ ~ - o r , y . * )  1 OGELSCO or,,) * 
- 

0 G ~ E ~ C 0 ~ , ~ ) / 3 6 5  
, 

and . 

I . DCRDWHPm,, = OLALP, * (W~P,4.50)o~TAm 

where; ' . I  

' * RFQDCRD = conventional domestic crude production, MMbbVcd . 

. 
DCRDWHP = domestic.crude well-head price 
OGPRRCO = production ratio, suppQed by OGSM. 
OGELSCO =production elasticity, supplied by OGSM . 
OGRESGO = beginning of ye& reserves, supplied by OGSM 

WOP = World Oil Price, supplied by International 
OLBTA =Wellhead tb WOP price elasticity, from OGSM , 

0.5 = benchmark constant to adjust WOP, supplied .by OGSM 
or = Oil and gas region index, 1 through 9 
yr = NJ3MS year index, 1 through 26 
365 = Day per year 

O W  = regression constant, supplied by OGSM , -  

. ' .  

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

RFQTDCRDor,, = RFQDCRDm,, + . 

I 

. ((OGQEORP~,~lbO0)/365) 

, I where; . -. 

RFQTDCRD = Total domestic production, Mh4bbVcd 
OGQEORPR = EOR production, MBCY, supplied by OGSM 

or = oil and gas regions, 1 through 6 
yr = NEMS year index, 1 through 26 . 

. 
1000 = thousands to millions 

- ,  - 365,= days per year 

. .  

, .  
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I . 

. _  . .  
. '  I 

(PMMLP) Solve PMM LP. . 

I ;.Puruose: PMMLP calls many subroutines that perfonh updates'to the LP bounds, RHS, and input 
. e  ' .  . , -  costsandoptimizesthematrix. : , . , 

. .  
..- Eu-uations:'.Refer to Appndix B. 
. .  

.. 
(WRTBAS) write acivan? basis. 

. - 
. ,  

Puruose: WRTBAS writes the basis for the LP optimalsolution to,an external file for any given 
NEMS year by &g the PUNCHLP subroutine. 

Euuations: None. 
Output File: ' BASPMMl . PMM basis output file . 

. .  . I .  . .  
, A  

, I  

(SEXLP) Activates a specified\OML model memory space for processing. . .  
, .  

. > -  

Puipose: Sets a $veri OML mddel space to be active using the WFSET function, such that any 
OML routines 

. ,  I .  
will be applied to the given modei. 

. .-Euuations: None. ,' ,- 

. .  - .  .: . .  

1 .  

, . . (OPTLP) .Optimizes the model. 
- ,  . .  

Puruose: . Optimizes the model using the OML function WFOPT. ' 

Euuations: ' None. 
. 

(MRTANLZ) :Writes.an ANALYZE packed Lp rn- and solution file. ' 

. .  
. h o s e :  k T k  writes an ANALYZE packed &P matrix and.solution d e  the LP &x and 

solution specified in memorywing the GOMOT subroutine. 

Eauations: None. 
. . '  \ .  . , . .  

. .  . .  

I .  

Outuut File: PACKpMM PMM ANALYZE output file 
. . .  . .  , .  . ,  

, 

(XCEPMM) Retrieve G d  calculate processing unit capacity expansion. investment bounds. 

Purpose:' XC&MM retrieves the expected processing investment activity level by using the 
SCOW subroutine and calculates the processing unit build and investment bounds: 

Euuations: Processing unit cumulative builds .and investment bounds are calculated such that: 
. .  

I - .  



where; 

’PUINV = processing unit investment bound, Mbbllcd 
PUEXPfiYr+3,p = processing unit expansion as. 

, 

determined inexpansion year yr 
, pu = processing unit index, 1 through 31 , 

1 .  

* pd = PAD District index 1 through 5 
yr = NEMSindex years 6,9,12,15,18,21,24 

The decision to allow half of the expinsion 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 =ea of the 
model will be more thoroughly tested and the constraint may be changed. 

Processing unit cumulative builds, PUBLD is: 

PUBLDfiF,pJ = 0; when yr = 6 
PuBLDfiY,p=PuBLDfi,-,,p + P m ~ Y - l . p J  ’ . 

. .where yr >.NEMS index year 6 -, 

pu = processing unit index, 1 through 31, I ’ 

pd = PAD Distrkt index 1 through 5 
yr = NEMS index years 6,9,12,15,18,21,24 . . 

(RPTIPMM) write report 1, Lp solution.’ 

Purpose: RPTlPMM Mtes the LP solution to an external file. 

Fmuations: None. 

Output File: PMMPFUQT PMM solution output l5ie - 

oRpT4PMM) Write report 4, PMM iteration reports. 

_ -  

Purpose: RPT4PMM p& solution values from the LP using SROWLP,.SCOLLP subroutines 
and writes to an ex@mal file PMM analyst reports during each NEMS iteration. 

&nations:. Solution values are extracted from solution matrix, reformatted and converted tithe 
properunits. , - 

.. 
Output File: ALPHADN Iteration reports output file 

(RPT6PMM) Write, report 6+ OMNI formatted tables, supply curves &d demands. 

8 

. .  
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. .  
Purpose: RPT6PMM writes OMNI tables used forstand-alone PMM mat& generation. 

' Eauations: None. 

I . .  

Output File: lMPCURV . OMNI data table output file 
' .  I 

.(RpTIpMM) Write report 7, PMM forecast reports. ' 

J 

Pumose: m m  extracts solution'values from the 
subroutines and writes to an external file PMM analyst rkports at the end of a NEMS run. 

using the SCOLLP and SROWLP. 

, .  . .  
, .  

Euuations: .Solution values are extracted from solution matrix reformatted.and 'converted to the 
. properunits. , .  

OutDut File: PMMRPTS PMM rePo$ output file' ' . . I 

(USTOT) Calculates totals by PAD District, Census division, and U.S. for RPT7PMM, RPTSPMM, &d 
RPTASPMM. 

\ .  . 1 .  

Pumose: Totals various PMM output data. 

*~4uationS: .performs units conversions on so,ie oftheto-. 
. I  

, I .  . .  . .  . .  . I .  

/ 

\ .  . .  write report 8,:continuation i f  report 7. 
. .  

Purpose: RPTSPMM pulls solution values from the LP using the SCOLLP ani  SROWLP 
subroutines .and writes to an exkrnal file PMM analyst reports at the end 0f.a NEMS mn. 

. Equationsf 'Solution values areexkkted .from solution matrix refori&tted and converted to. the 
proper units. 

. .  . ' 

. -  

. .  
, .  

. .  Outout File: PMMRPTS PMM*qports output file 

(RPTASPMM) Write report AS, continuation ofreport 8. 

. 

1 

Purpose: ;RPTASPMM pulls solution values from the LP using the SCOLLP and SROWLP 
subroutines and writes to an external file PMM analyst reports at the end of a NEMS mn. 

" Eauations: Solution values are extracted from solution m&ix reformatted and convert&l to the 

' 

.. 
. .  

I .  , .  . .  ..proper units. 
I ,  

. .  
. OutDutFile: PMMRPTS. ~ ~ ~ k p o r t s o u t p u t f i l e '  '. , , a '  . .  

' . (FCCRPT) Reports'the fluid catalytic qckers.leve1 of operations. 

, -  . .  
. / I  
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I 

Pumose: This subrouke reports the levels of operations for the modes of ope&on of the 

Euuations: None. . -  

, fluidized catalytic cracker. 
7 '  

, .  . .  

~\ . .Output File: P-S PMM reports output file. . 

. .  (ALKRPT) prints the alkylation report to the PMM f o r k t  reports. 
. ,  . I  

Pumose: Solution values extracted using the subroutine-ALKIvIODE are reformatt@ and printed 

Output File: PMMRPTS PMAd reports output file. 

a -  

i 
* to an outputfile:. 

(SPECRPT) prints the,motor gasoline specifications report. 

Purpose: SPECRPT print the motor gzisoline specifhtion report to the detailed P&lM reports. , 

Euuations: None. . .  
,Output File: PMMRPTS PMM reports output file.. 

.. 
. (OBJRPT) Prints the objective function report. -. 

Purpose: OBJRPT print the objktive function of the PMMfor the NEMS fdrecaSt.to the PMM 
detailed reports output file. 

' 

, .  
, .  . i'6 ._ 

Li I .  
Eu-uations: None. 

. . .  . .  

Output File: PMMRPTS ,PMM reports output file. 

(PMMRPTHD) Prints the detailed P d  reports header. . ,  

. Pumose: 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 reports such that only 
each years final iteration reports are retained. 

Euuations: None. , 
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Output File: ALPHADN PMM repork output file. 

. 
. .  

. .  
I .  

. 
I .  

. . _  

. . .  

. ' ,  

, I .  
. .  

Page 4 - 16 Eb& Idonnation Adminish tion ' 

&MS Petroleum Market Model Ddcumentation 
, .  .. . .  

. I  

. ,  I .  . .. . .  

. . *  



: :  

4.2 Matrix Preprocessing Subroutines 

r 'Section 4.2 describes the function of the subroutines in figure 4.2, preprocess& of the PMM matrix. 
r .  

(INSRTLP) Lads an'advance basis into the LP model. 

Pumose: Loads a standard format basis from a file into the LP model using the OML function 
WFINSRT. . .  

Equations: None. . 
. I  . 

I (PRTRj'LOC) Prints the NkMS iteration A d  year to the OML output file.' 

Pumose: Printslhe NEMS year and itemtion in the OML output file, SYSPRIkT-, by forcing an 

location of PMMkformation in SYSPRINT file for debugging purposes. 
. oh, error message using erroneous calls to a e  PMM LP matrjx.  his function facilitates the 

, ,  

' Equations: None. 
, .  

(CHGNGCRV) updates thk natural gis supply curve for refinery fuel use. 
I 

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

* .  

Equations: 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 uppe?bounds.on ihe last four steps of the 
supply curve during any first iteration of a NEMS year or the capacity planning iteration. During 
any other N b l S  iteration the upper bound on the first point of the supply curve is set at the 
difference between the sum of the upper bounds-of the last four steps on the supply curve and the I 

difference between the sum of the upper bounds on the first four points'of the supply'curve and the 
sumof activity levels on points of ihe supply cuFe from the previous NEMS i t e e o n  solution. 
If the upper bound on @e first point of the supply.curire, just described falls below the lower 
b,ound on the first point of the curve, @en the upper bound is set at value one percent above the 
lower bound on the first point of the curve. - . 

, '  
(CHGCESW) Update Capacity Expansion Switch. . .  

hmose: CHGCESW changes the LP conshint that alIowsinvest&ent in processing uriits 
capacities to compete with imported products by using the CRHSLP subroutine. 

' 

, 

,. L 
Euuatiok: None. 

. .  . . .  
(ADDCAP) Update Caphty. . 

. ,  . .  
* EnergyInfomtionAdministrp tion 
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. .  
. .  

I 

. h o s e :  ADDCAP changes the capacity exp.ansion investment and build bounds using +e 
CBNDLP subroutine with values obtain@ from the XCEPMM subroutine. The upper investment 
bounds on the aromatics recovery processing unit'(ARP) are set at 1000 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 methodolo'gy. 

~ Euuations: None. 

- (CHGPUBLD) Limit 1995 Capacity Expansion., . 
. ,  I ,  . .  

Purpose:- Processing unit capacities & &e PMM start from a Y994.base, which includes units 
under construction that are planned to be operationk by the end o€ 1994.. Therefore, no capacity 
expansion is allowed in 1994. This subroutine sets the'1994 expansion limits at zero by using the . 
CBNDLP subroutine. 

Euuations: None. . 

. I  - . ' 

' I  '~ 

. .  
- /  

(CHGDNGP) Updatq Natural Gas Production and Priks. ' , 

'~ - 

. .  
Pumose: Natural gas productiqn and pricescome 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 CV- subroutines. During the capacity expansion 
. iteration the'CHGDNGP subroutine uses the expected natural gas production and prices' as inputs 

, 

. intotheLPmodeL 

/ Equations: The industrial.intemptable price of natural gas is used for the-prices of gas to ' 

.' 
. 

-line& in PAD Districts I and V. PAD District'DI refinery natural gas prices are calculated as 
.&e quantity weighted'average natural gas well-head price in NGTDM regions'two, four, and eight. 
Natural gas well-head prices in NGTDM.regions three and five are used for PAD Districts II and . 
N respectively. These prices are converied to $MW. ~ u r i n g  @e capkity expansion iteration 
the expected industrial interuptable price of natural gas and expected domestic production of 
natural gas is used as inputs into'the LP qatrix. 

. 
., 

, .  

I '  

. ' (CHGELPR) update elqtricity costs. 
4 .  . I _ I  

~. . Purpose: CHGELPR updatesthe cost of electricity in each ofthe five PAD Diskcts using , 

indust&l price of electricity using the C V W  subroutine. During the capacity pliimhg . 
.iteration the CHGELPR subroutine.uses the expected cost of electricity ip each of the five PAD 

I 

. 
Districts. . o  

Equations: 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. 
. ,  

h o s e : '  CHGDMDS sets the upper and lower bounds for prdauct demands. For all products , 

except "other," the upper and lo*er bounds are equal. The bounds &e set at +e level of,demand 

~nergp &mation A.dmlnistration' , .  
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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 &fining 
production flexibility and minimize infeasibilities. During the capacity expansion iteration the 
CHGDMDS u p b s  bounds using the expected demands variables. 

, . 

I 

Euuations: None. 
. . .  * '  . 

(CHGDCRD) Update.domestic crude production. . . .  
' Purpose: CHGDCRD Upda&s the LP'domestic crude production variables using the .BNDLP 

subroutines; During the capacity planning iteration the CHGDCRD subroutine updates the 
domestic crude production bounds usingthe expected crudeproduction variables. 

. Euuation's: Conventional and Enhanced Oil Recovery (EOR) production are combined for the 

. 

total U.S. crude production and units are converted to Mbbl/cd.. . .  

(CHGGSPC) Updates the motor gasoline specifications. 

',Purpose: CHGGSPC updates motor gasoline specifications using the CVALLP subroutine.. 

Euuations: None. 
I 

. .  

(CHGSPRE) Change Strategic Petroleum Reserve (SPR) and Crude Oil Exports for the LP. 

Purpose: Sets the upper and lower bounds for SPRBdditions and crude oil exports. For both 
items, the upper an3 lower bounds are equal and are set using the CBNDLP subroutine.. They are 
set as exogenous inputs to the program. . . 

Equations: None. . 

. .  

(CHGMETD) Change methanol demand for the LP. 

Purpose: Sets the upper and lower bounds for methanol demand. The upper and lower bounds &e 
equal. During the capacity expansion iteration the expected methanol demand is used to u p h  
the bounds. 

. 
' 

. .  
:Euuations: None. . .  

I .  

(CHGCGCOF') - Updates the cogeneration sales to grid coefficients for @e cogeneration procssing unit. 

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

. .  . .  

Equation: COEF,, = CNST, * PELAS,, 

. .  
. ,  
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. .  

where: ' 

COEF = sales to grid coefficient . .  
, CNST = Percentage constant, 0.8368,0.0009,0.3090,0.7170,0.6025 for each PAD Districti-V 
respectively. 

. PELAS = Prices of electricity to a l l  sectors . ,  

I cd = census division index ! 

. .  
- yr=yearindex . ,  

. (CEIGPRDVL) Update the objective row,of the product demands column.. 
. .  a'. 

Purpose: This subroutine updates the objective row value for the product demsind colupns. 

Equations: ~eobject ivemw is updated as a fbnction of k o  &es the world oil price; 

e .  

1~ 

- i  
. (CEIGETEISUB)'Updates. LP coefficient that handles the ethanol subsidy. 

. ,  

Purpos& .This subroutine updates the LP coefficient for the ethanol subsidy. 

.' E&ations: &e ethanol subsidy remains constant at $18.29/Bbl. 

(hJFWVAL) Adjust refinery fue1,use coefficient on all refinery fuels. 
1 . .  

Purpose: ,This subroutine is used to calibrate refinery fuel consumption'with historical'estimates. 
For the AEO.1996 this value was 1.0, thus no calibr&ionwas performd. 

Equations: None. 

. I  

, .  
I '  

, .  

, ,  

(CHGCGCAP) Updates thk refin6ry cogeneration Capacities. ~ 

. .  

Pubose: This subroutine u p b s  the base refinery cogeneration capacities with the planned 
' additions. 

. . Euuations: For year 1995 the additions are 2754 i d  1468.8 MBCD for the PAD Districts three 
and five respectively. . 

. I  . .  

. (CHGCATCO@ Updates catalytic coke coeKcient. 

Puxpose: This subroutine updates the &ytic coke LP coefficient. 
. .  

. I  'Equations: The coeKcient is updated once at the beginning of the " E M S  forecast and then' 
remains constant throughoutthe NEMS forecast.. The updated-cqefficient is the current value as 
from the PMM database minus 0.024. 

1 .  

, I  
. ,  

' (CHGALKEXP) Updates the L-p Alaskan expo@ crude supply curve. , .  

. .  
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I .  

Pumose: The LP Alaskan export crude supply curve. 

Equations: The prices steps on the supply cuwe are set as a function of world oil prices such that 
the price is the world oil price minus three dollars and eight cents. The volumes are set at sixty six 
MBCD for the three points on the supply eke; q e s e  prigs were set bzsed on analyst judgement. 

* 

. .  
(CHGAKNGL) 'Updates Alaskan natural gas liquids production. 

Pumose: k s  subroutine updates the LP Alaskan natural gas liquid bounds using the OGSM 
variable OGNGLAK. 

. -  . 'Euuations:None I ' 

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

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. This value was made 
based on analyst judgement to me& the minimum winter mode of operation for the FCC unit. . 

(CHGFCCMOD) Fhid catalytic F k e r  (FCC) phase out algorithm. 

* hipose: This subroutine phases out less advanced modes of operation for: the FCC processbg 
Unit. 

.. 

Equdions: Phase out for the 70H, 70U, 70M, H70, U70, and M70 FCC modes of operations start 
in year 2000 by s e m g  an upper bounds of the modes at two thirds of the year 1999 activity, in 
year 2001 one third of the 1999 activity is applied to the upper bounds, and in y& 2001 the 
bounds are fixed at zero. 

. 

(EMISCOST) updates 'the rksnery emission cost vector. 

' Pumose: Update the input cost of the v&tor of the b-urning petroleum products in the refinery 
using the CVALLP subroutine.. 

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

. 

, .  

(CHGETHN) Update ethanol supply curves in LP.. 

Purpose: CHGETHN updates the LP ethanol supply curve representation with values obtained 
from the Renewable Fuels Model by using the CBNDLP and C V .  subroutines. The ethanol . 
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. .  . .  . , .  

. .  

1 .  
. .  . .  

supply curves are represented in the LP by a stepwise function comprised of five price, quantity 

Ewations: Ethahol supply curve.data are only available for Census divisions 3 and 4. 
the supply curves for Census divisions 3 and 4 have data for only me last four steps of the supply 
curve. The ethanol supply curve 'quantity units are 'converted to MbbVcd and the supply cuqve 
steps areconverted fiom'absoIute quantities to differential step quantities. 

P'airs. 
. >  . . 

,ddition, 

' .  

'. (CHGUNFO) Update unfinished oil costs; 
. .  

Purpose: CHGUNFO updates the cost of unfinished oils ushg the CVAILP subroutine. ' 

Euuations: Unfinished oils costs are set at a value based on typical refinery' gate prices for the 
streams h&vy gas oil medium sulfur (HGM), naphtha paraffinic W P ) ,  and atmospheric residual 
type B (ARB) as a function,of crude oil price where: 

. .  , .  

, . 

. 

, - 

'I 

ARB,= 1.1 * WOP, 
NPP, = 1.2 * WOP,, .. ': . 

, .  
HGM, = lh * WOP; 

. -  
where 

ARB .=,Atmospheric residual type B cost 
NPP 7 Naphta parafinic cost 
HGM = heavy gas oil medium sulfur cost 
WOP = World oil price 
yr = NEMS year, 1 through 26 

. 

. 

(&GEXPRD) Update to& exported product. . . I . I' 

. 

Pumose: CHGEXERD updates the total product export LP constraint by using the CRHSLP 
subroutine. 

~ 

. .  
Ecruations: Total product exports are related to total petroleum product demand and inversely 
re1.W to total imported petroleum products such $at: 

. i  

. . .  
PRDEXP = (5.21E-08 ~~OVRDIMP'~')  * ((TOTPRDDI~D~") * 1E06) . . .  

. *  

where, . ' . 
. .  I .  

PRDEXP = TOM product expirts 

TOTPRDIMP = Total petroleum product imports 
TOTPRDDMD = To@ petroleum product demands 

1E06 = Unit conversion 

5.21E-08 = Log intempt . 

3.51 = Regression coefficient . .  

. .  
(CHGIMTOT) Update total product imported constraint. . 

. _  . .  
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I 

Purpose: CHGWOT updates ?he LP constraint for total_ mkiinum imported product using the 
CRHSLP subroutine. . .  

Euuations: Set to 9900 MbbYcd. This value is based on analyst judgement i d  iscurrently set ' 

high enough that the constraint is not expected to be reached. . 

(CHGCKSU) Update petroleum coke and sulfur costs. . 

Puqose: CHGCKSU updates the cost of petroleum coke, export and distress expo? petroleum 
coke costs, and the cost of sulfur using the CVALLP subroutirie. 

P 

Equations: Petroleum coke cos& are based'on a 1991 price of $20/ton for low sulfur coke aqd 
$15/ton for high sulfur coke. These prices are converted to $/bbl and scaled by the 1991 world oil 
price (WOP). The results are values of 0.203 .and 0.15Zwbich are multipiied 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 
hi& s u h r  coke costs. I A similar approach is used for sulfur, with a cost of $9O/ton transformed 
into value of 5.0 times the'WOP. 

' 

. -  
P I  

(CHGz9CST) Updates the distress product imports supply vectors input cost. 

. ~ ~ r b o s e :  updates the distress product imports supply vectors input cost ucig the CVALLP 
subroutine. 

huatioi!: The distress product imports sput  cost it set at five time the WOP. . .  
' .  

(CHCZ~EXP) updates the distress proiluct exports supply vectors &put cost. . 

Pumose: updates the distress product exports supply vectors input cost using the CVALLP 

Equations: f i e  distress product exports input ,cost a set i t  ten percent ofthe WOP: 

, subroutSe. 

r .  

. (CHGICRD) Update imporb+ crude supply curie in the b. 
Pumose: CHGICRD updates the LP hported crude supply curves using values obtained from the 
International Model. 

v .  
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. I  
e ,  

. ,  

Equations: h e  Ingrnationai Model provides imported crude supply curves for each PAb District . 
.and five.crude types to the PMM. These imported &de.supply curves represent three price- 
quantity relationships for each imported crude in'eich PAD District. The second and third quantity 

incrementd supply volumes are absolute prices. During the capacity expansion look ahead I 

. . iteration CHGICRD updates imported supply curVe bounds with the expected imported crude 

. 
.' .' 

/ 
* steps for each supply curve are incremental supply volumes. The prices related to these 

supply yariables. . . . .  

( A D J I k )  Adjustthe international &de supply curves.' ' ' 

Purbose: This subroutine is used to make adjustments to the international crude supply curve. 
prices and/or volumes. 

. Equations: For all crudes in PAD Districts two and five adjust the costs as follows: 
,.PAD.District two importi=d crude price is 'the price fiom theimports supply curves minus ,' 

* 
I .  

one d o h .  - P b  District five imported crude p h e  is.the price fiom the imports supply 
curves plus two dollars. These adjustments' w e s t i p t e d  based on anslyst judgement. 

, -  

(CHGIPyj update imported prodkt supply curves; .. 

w o s e i  CHGIPF~D updates LP imported prodbct supply curves using values'passed fiom the. 

1 -  ' 
Ecluations: The Internationil Model provides imported product supply curves to the PMM for. 

* International Model.' - .  
. .  3 ,  

. <  

. . each product and eich PAD District. These imported prduct supply curves represent price- ' '  

. 

.a ' curves are in'cremental supply volurpes. Th.e priceslrelated to these incremental supply volum'es . 
quantity re@tionships for each imported product. The second and third quantity steps on the supply . 

. . I  

I .  . .  ' . ~absolut.iprices. 
I .  

. . , (ADm.RD) Adjusts the @ternation4 product supply curves. 

Pumose: .This subroutine make adjustments to the internationril supply curve prices and/or 
volumes. 

~ Equations: Adjusts the prices on the imported produpt supply c k e s  for the west coptPAD 
Distiict five such that the addition amount is added'to the import prices for F h  product: 

c . I  . .  . .  
. .  

. .  

, 

, .  
Imported product 

. .  RFG 
TRG . 
JTA 
N2H 
N6B 
DSL 
N61 

. .  . .  p a i .  

, AdjustmentAmouht 

' 6.72 . 
4.41 . 

. 3.27 
. 3.03 

3.03 - 
5.01 
2.00 
2.00 . 

. ,  



. *  . .  
LPG 
om . , 

2.00 ' ~ 

2.00 '. 

In addition the volumes for the east coast, PAD District one, and gulf coast, PAD District three, 
LPG were change such that each volume point on the supply curve for the east coast and gulf coast \ 

are 10 and 25 MBCD respectively. 

These adjustments were made based on analysts judgement, ' I 

(CHGEXPPRC) update exported petroleum product prices. 
- _  

. .  I 

Pumose: This subroutine updates &e objective row for each exported.petroleum product. 

' Equations: None. 

, 
I .  (CHGMTBIMPJ Updates the k E  and methanol impork supply function. ' 

Purpose: This subroutine updates the MTBE and methanol import supply curve costs and 
' volumes. 

' Equations: The import supply curires are updated & a finction ,of world oil price. These 
adjustment were made based on analyst judgement. 

(CHGIRAC) Ufidate average refinery acquisition'cost p d e e r s .  , 

, ,  
' L  

' . Pumose: CHGIMC updates the average refinery acquisition cost constrainti usihg the CVALLP 
subroutine. ' 

I 

Eclueons: Cost of crudes in each Pcu> D&trict are updated and the minimum and maximum 
tolerilnce' for the average acquisition cos! are set $1199/bbl. This value .we chosen based on . 
analyst judgement. ._ 

(RFROS) ~ p & s  the renewable oxygenates constraint. , 

- *  \ . Pumosei RFROS update the renewable oxygenates specificaton @OS) constraints for motor. 
, gasoline using the CVALLP subroutine. 

Equations: Themotor gasoline minimum renewable oxygenates const@nts 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 1996 the R0S.was 
Off: 

' 
3 

, 

,. 
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. .  
’ , ’ ,  4.3 Matrix P.ostprocessing Subroutines 

- .  
. .  

I .  

, .  I ‘  

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

’ 

. .  
. .  

, 1  . ~ m O ~ j ~ U p d a t e  Comion Block variables I 

*Purpose: Updates the P& and NEMS system common block values of refinery production 
volumes by NEMSrefinery prqduct and by PAD District.. -Also updates &e total U.S. production 

’ volumes by.product. This is done at each itemon for every-projection year. 

. Ecluations: Row actiGty solution values of the PMM e, representing total refinery production by 
RAD District by refined product are sequentially read and corresponding common block variables 
are set tothe matrix solution values or to sums of several values is appropriate. For hstance, the’ 
common.block variable to be updated may be LPG production for PAD District I. Then ’the 

. 

- ,  . .~ 

’ 

, - solution activity for the LP row that conGols LPG production volume in PAD District I is.accessed 
. fiom.theLl? solution area and the corresponding common block variable is set equal to that value. 

’ . 

‘ I .  
. I  

a .  , r  

1 .  ‘(PRMUPMM) Add refinery fixed costs. 

’ Purpose; Retrieves the marginal,petroleurp product prices from LP.using the SROdvLp 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 tot& United 
States are calculated. The wholesale costs of+sidual fuel are determined using an econometric 
equation. Wholesale kerosene prices areset using the wholesale distill& prices. 

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

. .  . .  

Pk,& = V&UEF,, + RFPRDq,; * FXPCT 
* ’  where: . I  

. I  

. P=iefinery gab price of petroleum product pr 
VALUE = &e marginal value of petroleum product pr 
FtFPRDFX = . the refinery fixed costs, including refinery .ope@ting costs, return on 

FXPCT = percentage allocated of the fixed cost. Fix cost are @located only at 80, ‘80,90, 
and lbo percent during the years 1995 to’l998.respectively. -This’lag in applying total 
fixed costs takes into account the expected time frame ,in refinery investment . n  for 
environmental control costs. 

investment, and en*onm&ntal control costs (see Appendix F). 
. I  

\ . .  . . 
, -  , .  ’ pr=product . 

~ cd = Census diyision 

Wholesale prices of residual fuel are determined as a function of WOP and residual demand 
fraction such that 

- ,  
I 

Pmd = 42 * (IN’I’CP + SLP * (WOP142) + (CNSNT * ((QRL, + QRH)/QPRD))) 
where: 

I 
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P = refinery gate price of low i d  high sulfur residual fuel 
INTCP = -0.57507 ,or -.117698 for low and high sulfur residual respectively 
SLP = 0.979872 OR 1.001313 for low and high sulfur residual respectively 
WOP = World oil price 
T S N T  = 0.297792 or’0.42297 for low dnd high sulfur residual respectively 

’ QRH = Demand for high sulfur residual, fuel 
QPRD = Total petroleum product demand 
pr = product 
cd = Census division 
42 = gallons ’per barrel 

. 

’ ,  

. 

. QRL = Demand for low sulfur residual fuel I 

., 

- .  - .  
I .  

I .  

Demands’for all four types of gasoline are summed by Census division 
., 

. .  ’ MGDM& = c. 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: 

. a  

MGDMD, = MGDMD, 
’ cd=1,9 

where: )I . 
us = U.S. total index 11 
C;a = Census division 1 through 9 

. 

National demand for each type of gasoline is estimated by: I .  
.. 

MGDMD~ = M G D M D ~ ~  . 
. , cd=1,9 

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

. 

A weighted average gasoline price is calculated for each Census division based on prices of the 
various types of gasoline: 

PA.@K& = 2 ((PMGDMD,, * PRDDMD,J/MGDMD,) 
p1=2,3,4,5 

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

National average prices for each product including indiyidual types of gasoline are estimated by: 
, .  

. .  
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. .  
. ’  . 

PpGt = c Pprd * P~DMDpr,cd)~~DMDFS,t . 
, 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 gasolhe price is estimakd by: 
. .> 

PALMGt = (PMG>* MGDMDJPRDDMDF,J . ~ 

. . p+2,3,4,5 . ’ 

where: . .  

MGDMD = motor gasoline demand 

. .  . %  

. PMGDMD = motor gasoline price 
PRDDMD = product d e h d  

P = price of product 
PMG = price of motor g-oline of type pr 
pr = product index I 

t = national total index 

. .  

. .  . . 

. .  cd = Census division 
I 

\ -  . -  

8 .  
. .  . .  

I. . I 

* ., 
, .  . .  

(DSTCP~UM) ~stiniate distillation capacity an i  refinery utilization. . . I  

I .  - ,  
. L  

, ~ u v o s k :  ~ x - 6  capacity expansion’informatiim from LP.  tima mates annuai distillation capacity, 
utilization and annual and cumulative capacity.expansion. Totals PAD District estimates to 
national estimates. . <  

EquAons: Refinery distillation capacity is taken at &ety perint  to@ capacity to account for 
over o p M o n ’ a n d  in the LP. Units.are converted to MMBCD &d US.. total are determined: 

.~ ’ 

8 . .  .. 
(COG@MM) ~stir; late refinery cogeneration. . ,  

’ Pumose: Reads refinery capacity, investments, and geneeon from LP using the SCOLLP ’ 

subroutine. 
Ewations: Results are shared out to‘census c!ivisions, fuel categories, and .self or gcid categories. _ ,  

U.S. and PAD.Distiict tot& are dculated. I .  

I Electricity sales to grid are estimated in kwh: . . 
I .  

i 

RFCGGRIDPDp = RFCGGENPD, * PCGRDPD, 
\ , .  

Electricity used by refineries is estimated in kwh: 

. .  
I .  

. -  

. . .  



Estimaks are converted,to trillion Btu. PAD District level estimates for cogeneration, cogeneration 
-. 

capacity,.relinery fuel consumption, generation for self and for the grid are then allkated to the ' 
various census divisions. The estimates for fuel consumption, capacity, generation are 
desegregated by fuel type and by generation to grid verbs to self. Census division estimates are, 
summed to U.S. t o m .  

, (ELPMMRD) Calculate elytricity consumption data ' 

,Purpdse: ELPMA~RD retrieves the electricity consumption activity fiom the LP using the 
SCOLLJ! subroutine. 

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

- 
I 

I .  

(SULF'PMM) Estimate sulfur allowances. 
. '  

Purpose:. Estimates sulfur allowances awarded to 
1999. 

' Euuations: Calculate the possible dowan& volumes from small refiners eIigibIe for allowances 
*in million barrels per year: 

diesel refiners for years '1993 through 
. I  

PAV =(QDSAS/cn>SQ) * 0.128 *.OS9 
.. 

' where 
- .  

'QDSAS is the quantity of'hi~tillate pr+uced 
CF'DSQ is distillate conversion,factor MMBtu/bbI -. 

The ratio factor 0.128 represents the proportion of dis&Ilate produced at smaiI refineries and 0.59 - . 
' represents the proportion ofdistiUate that is'diesel fuel. 

* .  Possible allowance volumes (PAW are converted to possible allowance weight (PAW): 

PAW = PAV * 302/2006 5 

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

. REQALLOW = PAW * 0.00224 * 1000000 * 2 

\ 

Refiner's.sulfur allowances (RFSAL) are set equal to the minimum of the estimated amount 
(REQALLOW) or maximum allowable amount of 35,OOp.. 

RFSAL = MIN (REQALLOW,35OqO) 1 

' 
AIIowan&s for 1993 are cdculated as one-fourth of RFSAL due to the October 1993 s p t  date. 

b '  
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- 
- . (P-Estimaterefineryfueluse. . 

Purpose: Estimates refinery consumption of distillate, residual fuel,'co& LPGs, nahral gas, still , 

gas, petroleum coke, and other petroleum products by PAD District; 

Eauations: Retrieve he1 use values from the &I? us@ the SCOLLP subroutine and converts units 
to MMBtu.- Sums PAD district data to U.S. totals and determines total U.S refinery petroleum fuel 

' 

. .  

. . useminusnaturalgasfueluse.. ' 

. I  

(RFDMDFU) Convert refinery fuel use to e n s u s  division demands. . .  ' ' 
< .  

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

Eauationk Calculates refinery fuel consumption in each Census division based on P& District 
estim'ates. 

, .  . . .  . .  
I demands. . 

. .  

. . . .  ' / .  

. (PMMOU") Update the Common Block Variables, 
' 

Purpose: Updates a number of W S  c o d o n  block price and volume vhables whose values are 
*determined by output of the PMM LP. This subroutine is &.at each NEMS iteration. 

. . .  

. .  

Ea' uaons  * '  : Various values are sequentially pulled out of the LP solution are and cokesponding , 
. 

common block variables are set to various functions of the solution values. 

The row.matrix solution values accessed &,activity, slack, lower. bound, upper bound, and pi. 
The column values sire for @vi@, cost, lower'bourid, upper bound, zind DJ. For instance, the 
common black variable to be updated may be total product imports. Thenthe activity for the LP 
row that controls product imports is obtained from the solution and the corresponding common 
block variable is set equal to that.value adjusted for, any difference in .uGts of measure. , 

. .  . ,. 

. ' .. 
I .  . . 

. .  
. I  

. . . (PMMOIh'3) Update Common Block Variables 
\ 

Purpose:' Updates the PMM and NEMS system com&on block valuesof refinery production 
.volumes by NEMS refinery product and 'by PAD District. Also updates the total U.S.. production 
volumes by product. This is done at &h iteration for every projection year. 

Eauitions: Row ktivity solution values of the P d  LP, representing total reaery production by 
. .  ~ . PAD' Dispict by refined prbduct are sequentiallyre(id and corresponding common block variables 

. 
t 

. ,  . .  
. , 

. are set to the niatrix solution values or. to sums of several values as appropriate. 
I. . .  

. ,  . -  
. .  

(DCRDPRC) Retrieves domestic crude marginal prices from the LP solution. 
, I  
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, #  

: 
* .  

Pumose:' DCRDPRC reprieves the mhgb values of domestic crude by OGSM region and crude 
- .  

type by using the SROWLPmbroutine. 

Equations: None. 

(WCNVFCT) Calculates the heat rates for petroleum product imports and exports and motor gasoline. 

Pumose: WCNFCT calculates the quantity weighted average heat rates for petroleum product * 
imports, exports, and motor gasoline. 

~. 

' Eguations: The heat rate of imported petroleum product is calculated using the weiated average 
of each products heat rate. This calculation is also performed to the exported petroleum products. 
Each motor gasolines heat rate is used to calculated the quantity weighted average aggregate 
gasoline heat rate. 

(DOMU) Calculate endase prices by sector. . -  

Purpose: DOMU breaks wholesale petroleum products pricesinto sectoral-and-use product prices. 
1 

, .  
Eauations: Se&oral end-use prices are calculated by adding two sectoral markups, one for taxes 
the other for transpodtion costs, to the refinery gate prices for each petroleum product. Units are 

, 'converted to $/MMBW and themotor 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. 

Equations: None. \ 
.~ 

(ALKMODE) Retrieves the alkylation units mode of operation utilization. . .  . .  
Pumose:. This subroutine retrieve the activity arhount for each alkylation mode of operation from 
the LP solution. . . 

- ,  .. - ' Equations: None. 

b (GETPMMO) Retrieve objective functions value from the Lpsolution. . ' . 
Purpose: This subroutine retrieve the objective function value from the Lp solutions for repokng 
ih the detailed PMM reports. 

Equations: None. 

(RFCAPX) Calculate refinery capital expenditure.. . 

. .  
Energy Information Administration - 7  
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. . *  
*. 

. .  
.~ . .  

m o s e : .  RFCAPX calculates reiineryhpital expepditure. , .  

Equations: RFREv, = RFiREV,+l *.1.023 . 
', 

. .  where: 

, I  

.~ 
':RFREV = ieiinery revenue 

: yr=NEiMSyear , 
. .  . . 1.023 = growth rate 

I 
. , ,  

(MG&&L) Retrieves motor gasoline specificarion . information. . .  . . ,  

Purpose: This subroutine rktrieves the' motor gasoline specifications LP row hatus and dual value ' . ' 
forreporting. . 

. Eipations: None. 

1 .  

. I  

. I  

. ,  

. (RFPRTI") & k t s  "LP infeasible" message ahd lists.inf&iblerows and columns. . ! 

Purpose:. RFPRPTINF pMts and error message to the job unit and list row and col&s that had 
infeasibilities: ' ,. ' 

Equdons: None.' 

Output File: 

, .  
. .  

. . ~  - .  
. ,  

. . The default system output device, the screen or mainframe ' job unit , 

\ 
- 

1 
8 .  

, .. . . .  
. 
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. .  . .  * 

. (MPSINLP) Loads the PMM LP matrix file into an OML matrix file.. 
' 

EuuBtions: None. 

Data Passed: * CON-, column name, SLCT selected range, STATC, status value,VALUE, 
, .  . . values - 

(SROwLIr) Retrieve the current solution row from memory. . ' 

. Purpose: Retrieves the 'current solution row from memory using the.OML function WFSROW, 
which retrieves the specified solution (activity, slack, lower limit, upper limit, PI value) and status 

Euuations: None. ' 

. 

(b8sic;upper limited; lower limited, equal, free) into a predefined. array. \ 

Purpose: This subroutine calls an OML function which reformats an MPS formatted file into an 
OML LP matrix format. 

' .  

. .  Euuations:None. -' , .  

(PUNCHLP) Saves the current basis to a file. I 
. .  

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

. I h-uations: None. 

(RBNDLP) Retrieves bound values from a column. 

/ .  

, ,  

' Purpose: Retrieves bound values from a coiimn using the OML WFRSNQ function. 

Euuations: None. - I 

Data Passed: 

: 
. I  

., 

COLNAME, colm'name, LWBD, lower bound, UPBD, upper bound . 

- 
. ,  (RN-P) 'Retrieves row names from the matfix LP. 

' Purpose: Retrieves row names from the matrix.LP using the O k L  function WFRNAME. 

Euuations: None. 

1 

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

. .  - 
, 

(SCOLLP) Retrieves solution columri values from the LP solution. 
Purpose: Retrieves solution column values from the LP solution using the OML knction 
WFSCOL. 

I Energy Jnfomfion Admhishtion . . .  
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. 4.4 'Capacity Expansion Subroutine 
. I .  

. .  . .  
. .  

,Section 4.4 descnbes the function of the subrouthies 'in figure 4.4, preprocessing the PMM matrix for 
capadity expansion expectation. 

(XPMMLP) Set up and solve expected PMM LP for capacity expansion loop. 

PuGose: XPMML,P calls subroutines to set up the LP for the capacity expansion look ahead year, 
solves the LP, and writes the basis for that solution. 

Euuations: None. 

(CHGPUINV) Update process&g unit investment capacities bounds.' 

Pumose: C H G P W  updates the processing unit investment and cumulative build bounds in the ' 

LP during @e capacity expansion iteration. 

Euuations: Processing unit investments are upper bounded by 1000 Mbbllcd and eumulative . 
,builds are fixed bounded based on @e processing unit builds to date. , 

The remainder of the subroutines in figure 4.4 have been presented in section 4.2, the matrix preprocessing 
subrouthe. - .  

,r. 

I 

. .  
.. 
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.. 
' I  

. .  

. '  

-4.5 OML Specific'Subroutines 
I 

\ ,  

. Additional'subroutines used to perform OML specific matrix operations during the'& pre and post 
processing are presented below. 

' 

. *  

(CBNDL$) Updates LP coiumn bounds. 
1 

&mise: The column bounds art5 updated yith usingthe'OML function'%TCBND. , 

Eauations: None. 

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

- I  

I - .  

. ?  

(CNAMELP) RetrievesLPcolumnname. ' . , . 
-. . 

Puroose: Retrieves'LP column name using the OML functionVFCNAME. , - '  

Eauations: None. 
C .  

I .  

, .  ~ a t a  passed: I, cplumn index, NAME, coluind name . .  
. I  

(CRHSLP) Up-S a LP RHS with the specified value. 
* . .  

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

. . .  . Equatioins: None. . 

Data Passed: COLNAME, calk name, RHSVAL, right hand v'alue ' 

. .  . . .  
, .  

i 
(CVALLP) .updates coefficient v a ~ u i i i  the LP m e .  . 

. I  . .  
Purpose: Ujs 'cqefficient valie in the LP initrii U s ~ g  the OX& function WFCVAL. 

Eauations: None. 

~ataPased: . COLNAME, column name, ROW-, row nape, VAL, coeffiCiint value . - 
r 

(RVALLP) Retrieves coefficient value in the L9 matrix.. I 

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

Equations: ' None. . I 

Data Passed: 

. ,  
, I  

5 
, I  

COLNAME, column name, R O W N M ,  row naple, VAL, cokfficient value 
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. .  
. '  APPENDIX A PMM Data and Outputs . . .  

. A.1 PMM Variables and Data Sources . . *  

1 

. This appen& is divided in two parts; Section A.l lists the variablesand definitions used in the PMM, 
.Section A.2 lists the data tables and the& soures used in the creation of the initial PMM matrix that is 
loaded' to the NEMS environment, These data tables constitute the mijor portion ofthe PMM &ti as they . ' 

represent the refining process unit technology and capacities, quali~,characteristics and specifications, . 
, used @,each of tlie dive rrefining regions. . . . I  

. : 

A.1.1 PMM LP and NEMS Variable Names Cross References 

A cross reference listing betwe& the PMM LP matrix names and NEMS variable names is shown in Table 
Al. The dimensional units are based on the PMM LP vari*ab.les, the NEMS variable units may vary to. 
conform to NEMS standards. 

. Table Ai. PMM/NEMs Cross References 

pMM LP Variable LP Units' NEMS Variable 8 

Mbbl/c4$87/bbl 
' Mbblfcd,$87/bbI ' 

, Mbblfcd ' . 
. Mbblfcd 

hlbblfcd 
MbbVcd 
Mbblfcd 

' $87/kWh 
Mbblfcd,$87/bbl 
Bdday . 

Mbblfcd 
MM$87fllr 
MbbIlcd 
mED 
MFOED 

. Mbblfcd , 

Mbblfcd 
' Mbbhd,.$87/bbl 

$87/bbl 

$87+cf 

Mbblfcd 

QNSN 
QPSP 
PRDDMD 
PRDDMDMD 
?? 
RFgExcRD 
RFSPRFR 
PELIN 
WQElDH, WPETOH 
PRNG-PADD 
PGI",OGWPRNG 
RFQDcRD.OGQEoRpR 
constantsOor5oooO . 
constant9900 
PRPFLJ 
PRPFF 
P W ,  or constants of 0,lOOO 
0.0 PUCUM PmNV 
QmCRSC, FHLADD. PJTIhfCRsC D (cd) 
ITM??SC DISWRC WHERE ?? = LG GS RFLD 
DSRLRHEOTPF 
ITM??SC WHERE?? =LG GS RF LD DS RLRH 
JF OT PF 
PRDEXPTOT . 

\ . -  

. .  I '  

. I  
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. ,  

. .  

LPUnits' . NEMS Variable 

MbbVcd $87/bbl 

$87/bbl 
. $87/bbl . 

$87/bbl . 
$87/bbl 
%87/bbl 
$87/bbl 
$87/bbl 
$87hbl 
$87/bbl 
%87/bbl 
$87/bbl 
$87/bbl 
MbbVd 

b Y  

. MbbVcd ' 

Nochadge , . 
. MGSPCS 

lT-WOP, NPPCOEJ? 
IT-WOP, HGMCOEF 
Tr-WOP. +corn 
IT-WOP, PCOKL 
IT-WOP. PCOLH 
IT-WOP. SULSAL 
IT-WOP, PCOKR PRCPCNT . 
IT-WOP, PCOKH 
IT-WOP \ 

IT-WOP 
Tr-WOP, IRACN, lRACX 
P@d) OT constant 0.99 
DSTCAP, DSTUTL 
RFDSTCAP, RFDSTUTL 
RFDsTcAP,RFDsTuTL,RFDsm 
RFDPRD@rd) 
RFQICRD 
RFPQIPRDT 
RFQWC 
RFQPRDT 

'RFQEXPRDT 
RFPQNGL 
RFQPRCG 
RFQNGL-RF 
RFQPRCG . 
RFQPRCG 
QCDUUPD 
W W D  
RFCAPEXP 
RFQDDJPOTRFETHD . 
RFQDnvpOTRFhXTBI 
RFQDlNPOTRFME'Il 
RFQDDJPOTRFhETD 
RFQDDJPOT-w 

RFCRDDCR 

RFCRDAKA 
RFCRDTOT 

' RFNGFIOT 
RFh,lTBD 

. .  

'RFQDDJPOTRFMTBM85 . . . 
, RFCRDL48 

. .  

D (cd) @rd) 
K @d) ACUCAP 
E @d) AcUJ"v 
LOACUBLD 

A@CRDFC€i 
8 

* 

A@PRDIMP , . A@UNFIMP 

A@PRDEXP 
A@NGLPRD 
A@GAIN 

* A@NGL,RFN 
A@PEEOK 
A@SULSAL. ' 
A@- . 
f(pd)COK 
A@INVST . 
A@ETHPRD 
A@hTlBIMP 
A@MFIIMP 
G @d) MOHO1 
A@ME.i,DEM 
A@MEIU85 

AQCRDL.48 * 
A@CRDAKA 
A@CRDTOT 

. A@NGFIOT 

A@PRDDEM . 

A@CRDrn. 

MbbVcd 
MbbVcd 
MbbVcd 

MbbVcd 
MbbVcd 
MbbVcd , 
MbbVcd 

. MbbVcd 
MbbVcd 

'. Mbbllcd 1 

. MbbVcd 
- ' MbbVcd 

MbbVcd . 
MbbVcd . .  

'MbbVcd 
. - .  MM$87/Yr 

MbbVcd 
MbbVcd ' 

MbbVcd 
MbbVcd 

' MbbVcd I . .  
'MbbVcd . 

' -  . MbbVcd 
MbbVcd 
MbbVcd 

- 
I - '  

. .  

.MbbVcd . 
' ' MbbVcd. 

MbbVcd . 
$87/bbI,MbbVcd 
MbbVcd ' ~ I 

MbbVcd ~ ' 

' ' MbbVcd 
MbbUcd. 
Mbbycd 

MbbVcd 
MbbVcd 
IvIbbVcd 

Mbbycd 

MbbVcd 
MbbVcd 

' B a y  
$87/bbl , ,  

R7Ibbl 

. $87lbbl 

\ .  

' MbbVcd 

'MbbVcd , 

M b ~ V c d ' .  , 

. ,  

c 

\ 
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NAME - 

Name - 

LP Units 

. $87/bbl 
. $87/bbl 

%87/bbl 
MbbYcd . 

MbbYcd 
. Bcf 
Bcf 
MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 

. MbbYcd 
MbbYcd 
MbbYcd 
MbbYcd 

. MbbVcd 
a t o n  
MbbYcd 

MbbYcd, 

NO. m set , '  Legend for Codes - values 

1-9 
1 4 A  
LPG-M85 
1-9 , 

ACU-PFA 
LtHv 
LPG-DSL 
RV-BZ 

. .  

w 
NGS-JNH . 
m-m 
LPG 
TmditiooalXIlOgaS 
Reformulated moms 

9 
7 

9 '  
' 2 0  

.37 ' 
, 5  

12 
6 

* 6  

. 30 
19 

- .  A.1.2 PMlkl Output Variables 
. *  

~REFINERYMODCUZO~LJTVARIABL6S ' 
NAME .Y!!mi D-ON. 

m8i$m/Day 
MMbbYcd- 

. MMbbYyr' 
MMbbllcd 
IKMbbYcd 
MM$87JDay 
Tonslyr 

. MMbpycd 

. $87/bbl,Mbbllcd 
MMbbVcd 

. .  
Enerav Infomation Administration 

Refincryrevenues . 
Domestic conventional aude 
Rfsprfillrate 
Spr imports 
R f c a p i t a l e x ~ n d i ~ ,  . 
suvpraIlowances 
prclquan of ngl by PAD dishict 

Totalprodud~~ppIied . 

Quantity other input to reh.  
QuantityofPro=singgains 

I 
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. .  
, *  

- NAME . DEFINITION . 

BCF .  as plant fuel cons~~otal NG production 
$87/bbl Dometic crude wellhead price 
$87/bbl Expecteddomesticcrudewellhdprice . . - 
MMbbyyr 
W b W  
$87/bbl . 

Expected domestic crude production 
Total domestic crude (hcl EOR) 
Domestic aude price by crude type 

REFINERYREPORTOuTpUTVARIABLES . . .  
- U N I T S .  

$87krn 
mW 
mW 
kW& 
MbbYcd 
Percent 
$87/bbl,MbbVcd 
$87lbbl,MbbVcd 
$87/bbl,MbbVcd 
$87/bbI,MbbVd 
$87/bbI,MbbVcd 
$87/bbl,MbbVcd 
$87/bbl,MbbVcd . 
$87/bbl,MbbYcd 
$87/bbl,MbbVcd 
$87/bbl,MbbVcd 
$87/bbl,MEibVcd 
$87/bbl,MbbVcd 
$87/bbl&lbbYcd 
MMbbYYR 
MMbbliYR 
MMbbVcd 
MhfbbYcd 
MMbbYd 
MMbbYcd 
MMbbVcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 
MMbbYcd 

.* D E T ” I 0 N  

hI&BbYcd 
’ ~ . MMbbVcd 

MMbbYcd ” ’ 

$87&bI,hQvlbbhd 

MMbbVcd , 

- .MMbbYcd ’ . MMbbYcd I 

. . I MMbbVcd 

‘, . MMbbYcd 

.. MMbbYcd 
, . . MMbbVcd 

’ MMbbYcd 
’ . MMbbYcd . 

MbbYcd‘ 

.MbbYcd 
MbbYcd ’ 

MbhYcd 

MbbYcd . 1 

. MbbYcd 
‘ MbbYcd 

MbbYcd 
I .‘ . MbbYcd 

I .  

EIeuricity purchased by PAD District 
Cogen. opacityby Cen. Div. 
Cogen. capacity by PAD District 
Cogen. capacity by PAD District 
Refinery w o n  capacity 
Capacity utilization rate 

Import crude-medium sulfur heavy ‘ 
I Importcrudehighsulfurlight ’ 

Import audehigh sulfur heavy . 
Import crude-high sulfur very heavy 
Imports motor gasoline @,Q) . 
Imports distillate (Pa 

’ Impomlowsulfurresid@,Q) 
Imports high sulfur resid (F’Q) 
Imports jet fuel @,cy) 
Imports IPg (Pa 
Imports methaaol (PA3 
lmpoas mtbe @,Q) 
CrudenetimpoIts 
Totalprodnetimp01t.s 
Quantity of motor gasoline 
~uantity of distillate fuel oil- 
Quantity of jet fuel 
Quantity of resid low sulfur 
Quantityofresidhighsulfur 
Quantity ofb3  
Quantity of petrochem feedstocks . 

. Importcrude-lowsulfurlight(P,Q) . 

. 

I Quantityofkerosene 
. Quantity of other 

Quantity of asphalpt and road oil 
QuantityofstiUgas 
Quantityofpetroleumcoke 

Total product exported . ,  

Impoxtedtotalcrude 

Totalimportedproduct 

Crude exported 

Totalimportsofunfinishedaude 
Industrial product demand 
Transportion product demand 
R & d e n W C o M  product demand 
Utilityprcduct demand 
Total sectoral demand 
Rehery production; LPG 
Refinery prd; motor gasoline 
Refinery prd; reformulated m o w  
Refinery prd; high oxygenated m o p  
RefineIy prd; reform. hi oxyg. rnogas 
&finery prd; jet fuel 
Refineryprd;kemsene 
Refinery prd, no. 2 distillate 
Refinery prd; low sulfur resid oil , . 
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NAME 
I 

‘ DEFINITlON 

\ 





7 .  

NAME- 
I 

UNITS . .  
. DEFINITION 

. ,  
Petrochemical Feedstocks, Industrial 
Still Gas, Industrial 
stillGa&Refinery 
Petroleum Cok Industrial 
Petroleum Coke, Refiuery 
PetroleumCoke,Electrici~ 
PetroIeumCokAUSectors 
Asphalt and Road Oil, Industrial 
Other Petr. Transp, e; aviation‘gas) 
O t h e r P e t r O l e u m , ~ ~  . . 
Other Petroleum, Refinery 
OtherPetroleum,AUsectors~ 
Total Petroleum, Residential TotalPetrolem, commercial . .  
TotalPe~mIeum, Transportatl ‘on . 
Total Petroleum, Industrial 

Total Petroleum, El&city 
T& Petroleum, AIl Seaon 
Methanol Tm~prtat ib  
Ethanol Transportarion 
hchased Be.. Refinery 
Natural Gas, Refinery 
coal Refinery 
Biomass,Refinery . 

, 

TotalPetroleum,Refinery . 

I INTERNA~ONALMARKETMODELVARIABLES ’ 
DEFINITION - .  UNITS NAME * 

.$87/bbl . 
Mbbllcd 
%87/bbl 

$87/bbl,Mbbllcd 
. $87hbl,Mbbllcd 

%87/bbl,Mbbllcd 
%87hbl,Mbbllcd’ 
%87/bbl,Mbbllcd 
W/bbl,Mbbllcd 
$87/bbl,Mbbllcd 

. $87/bbl,Mbbllcd 
$87/bbl,Mbbllcd I 

W/bbI,Mbbllcd 
%87/bbl,Mbbllcd 
$87/bbl,Mbbllcd 

OILANDGASSUPPLYMODELVARIABLES 
DEFINITION 

. a  

UNITS 
Dimensionless Oilelasticity 
MMbbyMMbbyyr CWPRratio 
MMbbVYr oilreserves - 
MMbbVYr 
$87/bbl . OGSMtaxsimulationvariable . 
Mbbllcd N G L h  Alaska 

Oil supply from EOR by Region 

NATURAL GAS TRANSMISSIONAND D ~ ~ ~ ~ U T I O N  SUPPLY MODEL‘VARIABIZS 
. DEFINITION. . . - NAME UNITS 

Bct7Yr ’ 

%87/Md 
B a r  

Domestic dry.NG production . 
Ng WeIheadprice. 
Totaldrygasproduction(W/L&P) 

. ’ .  
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PRICEVAplABLEs 
‘UNITS - DEFINITION 

ymJ3wABLEvARIABm . 
DJ3lNlTION . - NAMk . u N l p r s  

W P J X O H ( M N C R O P , M N U h l ~ O H )  $87/bbl Ethanol pridstep 
W Q E ’ F O H ( M N C R O P , M N U M C R , F O H )  . MbbVcd E&inolquall/step 

,. . 

A.l.2.2 Other P&3M Variables - 

VARIABLESUsEDI”ALLYrn\PMM . .  
- UNITS ” DJ3lNlTION NAME 

Refinery produas prices 
$87/bbl . Motor gasoline all combined 
$87/bbl , Traditional mogas pM--cR”uMw 

PMGRFG(M”UM-1 
p h f w m - 1  $87&bl T R H m w  
PMGRFH(MNUMcRMNuMyR 1 $87/bbl * RFHmogas , 

,&finery products prices 
. PMG2”lY(MNUMcklhlWW . . $87hbl TRGmogaswithmarkup 

PMG3TR(MNUM-) , $87/bbl RFGmogaswithmarkup 1 

PMG4TR(MNUMCR&MMYR .I ‘ $87/bbl TRHmogaswithmarkup 

$87/bbl Distillatefueloil ’ , 

PMGSTR(MNUM 

$87/bbl Low sulfur diesel 
PDSW- . 
PDSLOfNUM-1 

$87/bbl pJFm-1. 
$87/bb€ ‘ . 
$87/bbl Lowsulfurutilityresid. 

P--) 
P R L u T ( M N U M C -  . . . 
PMm-)  
P R ” u M  1 , $87/blil . ; ’ Highsulfurutiitiyresid. 

PPFm-1 
PPCfMWM-) 

P M M N l J M ~ )  
P B S ( M N U M C X ”  

’.. P M 8 5 ( M N U M w )  
QcDupD(MNuMyR) I .  $87/bbl .. Crudewdasproduct 

O m T ( M N U M 0 W N U M Y W  , .  

. .PdG(MNuM&YR) 
I . .  $87/bbl RFG mogas - .  

. ,  

I .  

1 .  . $87/bbl ~ RFHmogaswithmu 

Jet fuel 
Residqalfueloillowsulfur . . , .  

’ $87/bbl Highsulfurresid 

P W M N U M S  $87/bbl , IPG- 
$87/bbl ’ Petrochemicalfedpcks 
$87/bbl Petroleum coke 

: pKSm-1 . . _  %87/bbl Kerosene .’ 

. Pomm-) . .  . $87/bbl , ~ . Other 
$87/bbl ~ Asphalt~droadoil- I 

%87/bbl 
$87/bbl . ’ . M85 

. .  , 
End of year reserves for oil . .  - - O L E O Y R S ( M N U M 0 ~ )  .MMbbl ’ .  

’ .  MMbbVday/MMbbl ProduuionRatio 
Dimpsiodes PriceeWcitybeta ’ I 

$87/bbl . ’ Wen head price for (year - 1) O W E L C W O R )  . 

O L 4 J J m O R )  .. .Dimensionless Wen head price alpha 
OLBTA(MNUM0R) . . Dimensionless’ , ~ Wenheadpricebeta 
p c R D R 3 )  ’ . . 
Q c R D R 3 )  
QPRDRFW-18) ’, . Mbbycd , Refinery production volume by product 

Refinery gas plant produnction volumes 

. OLF(MNUM0R)  

&ice of crude, relinery gate 
Quantity of crude, refinery gate 

. $87/bbl’ . 
: . ’ MbbVcd 

MbbVcd ’ Total refinery production yolumes ’ QPRDmWWMYR) 
. QlO) ‘ BCF . QPRDEX(MNUMPRJ8) MbbVcd Refineryproduction export by product 

Q P R D m m R I 8 J 4 ” M W  * MbbVd Production distress export by product 

RFCRDDCRWWMYR) MbbVcd Domesticcrudeproduction . 
. RFMETM8S(MNUMYR) MMbbVcd , MethanolforM85 

MbbVcd Alaskancrudeproduction . 
MbbVcd ’ - Lower 48 *de produ~on 

--w”, 
, ~R’FcRDIA8(TvmMYR) 

. .  
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- NAME DEFINlTION 

-1 ‘ $ 8 7 m t u  
%871MMBtu 0ther-s- ‘on sector 

‘ phermarlarpsindustrialsector . . , 
CensuS division character identifers 

%871MMBtu 
Text 
Text Domestic k d e  supply r e s  identifers , 

Text . Quantitycharacteridentifiers 
; Text Product chamcter identifiers 

Text I . 
. T+ 

Text 

. o  
O E E Z g Y 4 C X M N U M W )  
O-(MNUM-) 
NLv(9) 
NLV2(9) 
QNTO . 

.. PRD(20) 
IPRD(12) 
PADJXS) 
CRDTyPo . ’ . 
MGSCHARO 
BNDSO ’, 

RFCESWTC ,Text . capacityexpansion.switch ‘ 

MPSSWTC ’ ’ Text MPS matrix load switch 
RFADVBAS , Text Advance basis load switch 
~ I S r n ~ ‘  . 
RFl7swTc 

.. .mm’ . I  . Text 
PRCUNlT() Text 

MGSPCS(6S”LJMYR) . MapY . Motor gasoline specifications 
Motor gasoline market shares 

~. MbbVcd‘ Pductdemand 
’ . Mbbllch . Chernicalm~oldemand , 

P R D D M D W W )  
PRDDMD-) ’ 

None LOWBND 
UPBND None 
PRIUP a None 

None 
PCOKH None 
Pum(MNuMPRm-) 

’ 8  

‘ .  
r .  Text Impormi prcduct chrctr identifers 

PAD District character identifiers 
Crude type character identifiers 

‘ Mogas share character identifiers . ,  

.Text . Bounds ch@mter idenaers 

Text . Report.lswitch 
Text I . Report7switch 

uhanol supply curve switch 
Process unit character identifier . 

. -  RFHIST Text ! History switch 
. RFOnmrg9) Text . Other fuel use character identifier 

. .  . . .MGSHR-6,MNUMCR) P-nt ’. 

Variable for passing d$a to OML 
, VariableforpassingdatatoOML 

,’ Variable for passing data to OML . 
Variable for passing data to OML 

Prpcess unit gmuMive builds 
. procesS unit invemnent builds 

Variablq for file unit identifier- 

VariablefOrpassingdatatoOML~ 
. PCOKL- 

, MbbYcd .. 
MbbYcd 
None 

% ’ None’ Variable for file unit idehtifier ’ 

None Infeasible solution switch 

P W ( M N u M P R m m 1  . . 
. .  , FolPMM 

. FOZMM 
. PMMINF 

‘ -. RPTIYRI . 
RPTlYR2 
RPTlYR3 
m Y R 4  ’ 

. RPTIYRS 
RPTIYR6 . 
PUBASE(MNuMPR4O”LJMYR) 

-umLJMm 

-1WNf-pfW 1 .MMbbycd- . 4nportedMTBE . 
RFEMIssT.(MNuhP-12) ‘ ’ Mmy ‘ 1  , .Total refinery emissions 
RFmT(MNuMP-0) . ’ 
RFCG-@@W@- 

RFCGCONS(MNUMP 1- . ‘ tBtu Re~cogeneratonPADDistrict 

Text Reportlswitch 

. Text 
Text 
Text 
Text Reportlswitch ‘ 

. I  Pecent . Proce+gunits bak utilization 
MhlbbYcd . Imphedmethanol 

, I  Text Reportlswitch . .  
5 -Reportlswitch. 

Reportlswitch. 

Report 1 switch . 

MbbVcd . processingunits~Eapacity 
.* P U B - - R 4 m ?  

* \  . -DW”YR) MMbbVcd Domestic MTBE 

.Percent . Refineryfuelmix 
Percent Steam, PAD District percent adjustment 

* RFslEAM(MNuhP-) -&Y SteaOibyP~Dktrict . 

. . ‘ . k w h  ’ Receipts of ele+city 
- RFCGGENPD(MNUMP 1 TBtu ’ Refinery cogendion by PAD Di@ct 

RFCGRECW- 

.. R F C G G D P D W m )  TBtu . Refinery cog&. to grid by PAD District 
- R F C G S E W P D ( M N U M P ~ )  TBtu Refinery Sogen. Self 
F G m W l ” - )  TBtu Refinery cogen. Fuel , ’ 
RFCGGENCD(MNUM-) 
R F C G G - m v )  ’ - ;  
RRGSEWWMWM-) , P t u ’  Refinery cogen. Self by cenus division . 
RFCG-w-) 
FLOWCRD-14) 
CAPCRD Percent W e  pipeline utilization ‘ 14) I 

TBtu Refmery cogen. Generation 
TBtu 

TBtu I ’ . ‘ Refinery cogen. Fuel by cenus division 
MbbYcd ’ ’  ’ Crude pipeline flow 

MbbYcd ’ Product pipeline flow . 

Refinery. cogen. To grid by cenus division 

F L O W P R D ~ l )  . , - 
‘ 8  . .  , .  
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P*prent 
MbbVcd 
Percent . 

’ S87hbl - 

MMbbVcd 
. MbbVcd 

mon . 
Fmaion 
S87Ibbl 
$87hbl 

. W b V c d  
MCFkd 
MMbbVcd- 
MMbbVcd 

’ MMbbVcd,%87hbl 
MMbbVc4$87/bbl 
$87/MMBtu 

. S87hbl - 
. Text 

MMbbVcd , 

‘ P e t  
Integer 

. Percept 
Percent 

I Percent 
Text 
Text 
Text 

. hteger 
integer 

* MMbbVcd 
I MMbbVcd 

MMbbVcd 
, . MMbbVcd 

MMbbVcd 
MMbbVcd 

MMbbVcd 
MMbbVcd 
MMbbVcd . 
MMbbVcd 
MMbbVcd 
MMbbVcd . 
MMbbVcd . 
MMbbVcd . 
MMbbVcd 
MMbbVcd 
MMbbVcd 

. ‘ a  MMbbVcd . 
MMbbVcd 
’MMbb2cd 
MMbbVcd 
Mbbllcd‘ 

Text . 
‘ MbbVcd I , 

- .MMbbL/cd 

’ Text 

Ms87lday 

Integer. 

ItlteEer 
Integer 

Text 

S87hbl . 

Percent 

I)-ON 
, 

Product pipeline utilitarioo 
LPG pipeline flow 
LPG pipeline utilization 

. RefinerycapitalcostbypIoduct 
Quantity of ngl inputs to xefinery 
Additonal supply imports of HL aude 
Supply step adjustment for N6lcB 
PricestepadjustmentforN6lcB 
Refiner acquisition cost min. tolerance 
Refiner acquisitioh cwt max. tolerance. 
Quantity of distress product import 
Domestic rlamal to refine-ries. 
Subtotal refinery fuel use w/o nar. gas 
Total refhey fuel use wirh natural gas 
Subtotal imported product w/o Methanol 
totalimportdproductwithMethan01 
Federal motorgasoline tax 
PMMlocalexpeaedWOP 
Write basis on first/lan iteration switch 
Totalallowableproductexports 
Model testing variable 
Modeltestingswitch 
h w  sulfur diesel and distiIlate split 
Distres import price mubiplier 
Dismess ex- price mdriplier 
D i s t r e s s~ index l i s t  
Subroutidename index 
Passingsubrontinenameindex 
PMMreliningregionsmdex 
PMMdemandregionsindex 
Ethanol for motor gasoline 
-01 for -E 

. . 

FCC unit astivity variabk by mode 
FCCunitmodes 
AIkuIarion unit mode 
AIkuIarion unit astivity vaiiable by mode 
Objective function value by year 
ROS switch, on or off 
Packfileyear. 
lRAcbounds 
processing unit opacity expansions factor 
~P-gfirstyesn 
Repomng~Year 

, 

I .  .. , 

. 
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. ,  
: UNITS . DEFINI[TION 

. .  
Integer PMM b?se year. 1995 

$87/bbl 
$87/bbl 
$87/bbl RFGbenchkrkhgfactor ' 

$87/bbl 

PMM last history YE&, 1994 
S E O  benchmarking switkh 
LPGbenchmarkingfactor , 
TRG benchmaking factor 

. $87/bbl . , .~benChmarkingfactor 
, RFHbenchmarkingfactor 

. JTAbenchmarkingfactor 
NWbenChmarkingfactor 

$87/bbl N6I benchmarking factor 
N6B benchmarking &or 

' OTHbenchmarkingfactor . 
$87/bbl . ,  PcFbenchmarkingfauor 

. Integer 
' Integer . . 

:$87/bbl , . 
$87/bbl. 

' ' S87/bbl . 
. . $87/bbl 

' , . %87/bbl ASTbenchmkhgfactor. 
$p/bbl DSLbenchmarkingfactor 
$87/bbl . N67 benchnkling factor . . 
$87/bbl N68 benchmarking factor 
$87/bbl. , COKbenchmaxkiug factor ' 
$87/bbl ' ' I E85 benchmarking factor 

_, $87/bbl . ' 

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

M85knchmarkingfactor . 

Exported crude excep alas& 
Marginal vahe of low sulfur'residual oil 
Marginal value of high sulfur residual oil 
Marginal value of low sulfur residual oil 
Marginal value of high sulfur residual oil 

KERbenchmmkingfactor. 

I 

Deliveredpenolwmproductprices ' 

LpG. , $87/bbl I .. 
$87/bbl . ; . RFG 
$87/bbl . ' * .  TRH 

RFH 
JTA $87/bbl 

$87/bbl N W ,  
$87/bbl DSL I .  

'PCF 
KER 

$q/bbl . , 

' $87/bbl 
$87/bbl OTH 

N61 . 
'N6B.  
.N67 
-N68 

I $87/bbl Motorgasoline 

$87/bbl , TRG. - ' 

%87/bbl ' 

- .  

' I  . $87/bbl , . .  
, $87/bbl 

' $87/bbl 
$87fbbl 

$87mbl . 
$87/bbl ' ' 

$87/bbl M85 

$87/bbl I Motorgasoline . 
%87/bbl 
$87/bbl - , : TRG 

. I $87/bbl R F G .  
'$87/bbl - ,  
$87/bbl R F H ,  

' N2H 
$87/bbl , 

$87/bbl 
, $87/bbl . - DSL , 

$87/bbl PCF 
%87/bbl . ' - 'KER 

$87/bbl , N6I 
b87hbI ' . .'N6B' 

$87/bbl . 'AST - -  

I E85 , 

. COK . 

R e ! k ~ G ? t 4 ? ~ C t p r i c e S  

JTA J 

. .  

. $87/bbl I .  OTH 

. .  

Energy Information Administration 
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$87hbl 
$87hbl 
Text ' 

Text 
Text 
S87hbl 

$87hbl 
' W h b l  

Legend for Codes 

, .  

: . Text- 

MNuMyR=NEMsyearindex,1throu&26 
' MNuMcR~ctnsuSregionin&X,1thrwgh11 

MNUMPR =.PAD District index, 1 through 6 
MNUMOR = Oil and Gas Region Index, 1 through 15 ' 
MNcROP = Ethanol supply crop index, 1 and 2 
MNEM)H =Ethanol supply m e  point index 1 through 5 

. 

,. . 

.. 

. ., 

.. 

. DEFINITION 
\ 

AST 
COK 
RFGspecifimtions 
TRGspecifimtions 
RFG specification row status 

TRGspecifimtionrowstatus 

RFG specification row dual activity 

. RFGspecificationrowdualactivity 

RFGspecificationrowdualactivity 

. _  - .  
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' I  

. #  
. .  

I . .  
. .  

. .  . .  t >' ,,A.2 Data Sources , '  . ,' 

# 

' The PMM data have been developed by EIA and others since DOE received' the first model database from . 
Turner, Mason Associates during 1975-76. These data were u s d  extensively during 1983-1986 during the 
development of the EIA Refhery Yield Model (RYh4). , The RYM database underwent substantial review . 
and update by oil industry experts when the National Petroleum Council (NPC) used the RYM duringthe 
development of 'their 1986 study on U.S. refining flexibility. In 1985, EIA provided the updated 
fjyM/NpC data and OMNI m a e .  and report generator pr0gram.s to Oak Ridge National Laborkories 
(ORNL), and its, consultqt ENSYS, to support a study for the US; Navy.' The data used for this version 
of PMM was provided by ENSYS to E k  in September 1992 and.& based on some ENSYS in-house data 

) s o w s  as well as review &d 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 EW in May 1995 
but has not yet b&n incorporated into Ph4M. The data sources include: ~. 

4 ' .  

A.2.1 

.. 

The original Refinery Yield Model (RYM) Dak Base provided by EIA in about 1981 to ORNL. 
This data was-.then combined with thq.1985 RYM./hPC updates and used by their consultant, 
msys. 
Oil & Gas Journal, Hydrocarbvn Processing, NPkA papers, MI papers, ASTM sp'ecs and , 

COK&&O~ methods, Chemical Engineering, G w .  & Handwerk (mainly correlations), AIChE 
papers, Petroleum Review 
An extensivereview of foreip journals obtaindprith &e aid o i O m  for the highdensity jet 
fuelstudy . . 
Contractor reports,and data - M.W. Kellogg, UOP, IFP; Snam vojetti and Foster and Wheeler 
Consultantreports and WaS-published -.Bonner & Moore, A.D. Little,:Chem Systems and 
Purvin&Gertz. . 

. .~ ~. 
, .  

\ I .  8 .  

* 

. .  
. .  

I 

. \  Process Technology and Cost Data 
' . ,  

Refining process technology and cost data need periodic =,view and update. This is because 
environmental legislation, lighter product slates, and heavier crude slates have spurred new pr&ss 
'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 consultant studies. 

. 

.. 

. .  3 .  

'Oak Ridge NaiionalLaboratoty, EnSys Energy and Systems, Enhancement of EM Refinery , 
' Evaluaiion Modeling Sysfem Refinery yield Model Exfension .and Demonsfraiion on' Gasoline and Diesel 

Qualm /eues,-(August. 1988). 

Energy Information Administration ' .  
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A.2.2 Refinery Capacitjr Construction and Utilization Dati . 

The base capacity for refinery process units, as publish4 by EIA, provide the baSe year values. ,The . 
planned construction of refinery process units, kis published annually by the Oil & Gas Joumizl (OGJ), 
together with published articles on national, company, or individual refinery activities are used to 
supplement and cross-check the Gase data from EIA. These data require annual updating and c@eful cross- 
checking for error, om&sions, anilroperating status:- . . 

Construction project data are gathered principally &om annual surveys published'in the OiZ & Gas Journal 
and in Hydrocarbon Processing, again supplemented, cross+hecked and updated by hdividual 
announcements or published studies. Theapproach used i s  to review all announced projects, but to ody 
include as ,active those that have reached the engineering, construction, or start-up stage. . , 

It is also nkssary to track installed and projected capacity. for M'Q3E and TAME plants, both @-refinery , 
and merchant. Principal sources for these ,data are EIA surveys, Fuel Refonn&tion, and the Pace 
Petrochemical Service publications. 

. -  
, .* 

. .  
' ' 

. .  

A.2.3 Crude Supply and Product Demand Data * . 

The crude oil supply is provided by two of the 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 prices 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 diffepntiated by API 
gravity, sulfur content, and the yield of material boiling at a t e m p e e  higher than 1050 degrees 
Fahrenheit. The import supply curve values are stored in the NEMS restart file. Each year of a NEMS ru; 
contains quantities and import prices for crude oil in Jhree step supply increments for &h importing PAD 
District. 

, 

.. 

. Energy Information AdmmHlatidn 
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I 

- -  . .  
Both domestic and imported crude oils are grouped in the five categories shown below. While the domestic a 

and foreign categories have the same gravity and sulfur defhitions, the composite characteristics of.each 
type may differ because different crude streams make up the composites. The five domestic crude groups 
are tagged wi& the codes D U ,  DMH, DHL, DHH, and DHV. The imported &de oil codes are FLL, 
FMH, FHL, FHH, and FH%. In' addition, Alaska North Slope and Alaska South are included as individual 
crude oil s&s for a total of 12 crude groups. 

I , I  

< 

. 
Table A2. Aggregate Crude Oil Categories for . e  PMM/NEMS . ! 

. .  

. , Natural Gas Liquids (NGL's) 
I 

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

' .Other Hydrocarbons and Alcohols% . 
\r. 

Other hydrocarbons such as propane abd butanes ak supplied by the output of the gas plant 
model. Ethanol is supplied by the Renewable FuelsModel'of NEMS in Census Divisions 3 and 4. 

' The supply of ethanol is represented as a stepfimction . .  yith each ihcrement of supply available at a 
higherprice. . 

Some methanol is &ported wie'the balance required by PMM supplii by'the methanol p b t  hi 
each refining iegion. Methyl Teqary Butyl Ether (MIBE) is produced by MTBE plants (both 
merchant and refinery locations) in each refining region; additional supplies are imported. 

, 

. . , .  

' 
, . - 

. .I . >  

' . Products 

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

Energy Information Adminis?ration 
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.~ 
I 

\ ~ 

. _  
. .. , A.2.4 Product Specification/Grade Spl.it Data 

For the United States, surveys by industry organizations such.as NPRA, APq NPC and NPER, together 
with government sources such as Department of Defense, provide relatively frequent and detailed insights 
into actual U.S. product qualities and grade splks. These data are important for establishkg case studies. 

' 3  

' A.23 Transportation' Data ' : I 

PMM transportation data for the United States on capacities and rates have been developed from the OSPR 
NACOD Model and updated for environmental costs reflecting the oil Poilution Control Act. The 
transportation costs were obtained from a recent National Petroleum Council study in 1993. 

A.2.6 Product Yield and Quality Blending Data . I 

, .  
~n addition to the general sources heady mentioned, a number of further sources relating to specific 

' properties are given below: 

. ,  - 

. '  

Cetane Number - API Refining Dept., Vol. 61, p.39 and appendkc for the modified ASTM 0976-80 
Equation (George U n z e h ) ;  . . .  

. Net Heat of Combustion - ASTM 03338 (MI range 37.5 - 64.5) (relaxing ASTM 02382. , .  
. , .  Wt. percent Lvdroaen - A m  Method 03343 (replacing Dl OI 8) 

Smoke point vs. hvdronen content - empirical cohelation developed by ENSYS Smoke point to 
Luminometer Number conversion, ASTM D1322. . . 

Viscositv urediction based on the work of PUAssociates (Dr.'.Paul S. Kydi) ancifroln the' 
Abbott, Kaufinan and Domashe correlation of viscosities. (See PLI repofi- "Fuel and Engine 
E2ect Correlations, Task 1.1,. Computerize Fuel Prope?ty* Correlations and Validate". Viscosity 
inteqwlation included and based on computerized fbmuluefor ASTM charts. 

Viscositv blendinn indices - computerization.of Gary & Handwerk fonnulae - p.172 (l@ hand 
side), 

Static and Dvnam ic SurfQce Tensions - MI Technical DataBook method. 

F h h  point Blendina Iridex Numbers - Gary & Hagdwerk, p. 173. 

Pour Point blendinn Indices - ibid., p.I 75. 
. . .  - ,  

RVP blendinn indices have been .gatheredj?om. several public and in-house sources and have 
been verified against Gary & Handwerk, p. I66. 

Energy lnfonnutiin Administration 
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I .  

I 

- ,  

RON and MON blending deltas are rflective of bhse gasoline sensitivity have been drawn from . 
,mny sources andmeraged. I 

' 

I ,  

_ .  
A.2.7 Units of Measurement . .  
. .  

The general rule adopted in the model is that quantities of oil ak in thousands of barrels per day, prices or 
'costs are in dollars per-bml and quantities of money are, therefore, in thousands of dollars per day. 

Exceptions to the aboye rule are: 

, 
1 . ,  

1. 

.2. 

3. 

. 4. 

5. 

I .  Process gas PGS . BO3245 ' 3,861 
Edylene . ' c2E. .003219 . . 4,180 . .  . .  

. .  One bpml FOE is 6.3 million Btu. I . 

I 

me assumed Btu content for other major refkery streams is shown below: - ' 

. I  

a .  
. I  

Stream - Code ', h4MBtujbbIFOE. ' 

Gasoline \.. TRG . 5.253 ', 

Jet Fuel ' . JTA . -5.670 . 
' No. 2 Heating Oil 'N2H : .5.825. . 

Residual Oil N6IJ6B 6.287 
LPG LPG , 3.625 
MethanoVgasoline M85' , ' 2.820 . 

-1 " EthanoVgasoline ' . '  E85 , 3.500 
, ,  

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

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

. *  

, I  

Gases lighter than propane are m&ured in thousads of barrels fuel oil eqNvalent (FOE) per day. 
These are hased on the following conveision factors: 

' 

. 

. Gas'skeam - Code I bblF6EAb cfhblF0E ' 

, Hydrogen " ~. '"2 .008190 23,077 
'' Hydrogensulfide - His ' , ,' .001040 10,145 

.Methandnaturalgas. : ~% NGS _ '  303414 .6,917 
, Ethane . c c 2  - ..003245 3,861 

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 mekured in terms 
of product volume. These include: 
OLE, ETH, C24, ALK, CPL, DIP, DIM, AlU?,,C4I, H2P, and SUL. 

. 
* 

I _  

_ .  . .  
.. 

. .  
,. 
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r .  2 

I 

6. 

7. 

, I  ' 

8. 
I 

Note also that uhit activity level of WP, and SUL actiVities represents the production of 0.1 
thousand fuel oil equivalent barrels of hydrogen and 0.1 lhousand short tons of sulfur per day, and 
uses 0.1 units of capacity. 

Quality and specification units are those specified in each 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 in percent weight. 

Steam consumption is given in pounds per barrel (Ibhbl). Thus an &ivi& in Mbbycd consumes 
steam in thousands of pounds per day (Mlblday). Steam generation capacity is in millions of 
pounds @er day (MMlb/day)). The consumption of .OM93 fuel oil equivalent bbl per day to mise l' 
lb/hr of steam is equivalent to 1225 Btu per lb steam. 

, 

Electricity consumption is in kWhhbl. Generation is in MkWclay. 

A.3 PMM Model Data Tables 

. 
. I  

.. . ,  
. .  

. .  

. ;  

.. 

This section describes in detail the function and content of the PMM model datafables used to generate the 
initial PMM matrix for NEMS. The entries in these tables are Mbbycd for volume and $hbl for costs, 
unless otherwise noted. With the shift of computer processing to the EIA FS6000 in 1995, the 0- 
code was replaced with FOR" in conjunction with subroutines fromJhe Optimization Modeling 
Library (OML). The data table formats used by OMNI were no longer valid which required-a change in 
table format, o r g h t i o n  and design from the AE095 version. The most significant change was in the 
refinery process unit table design in which the table rows representing "policy" limits (variable operating 
cost (OVC, LOS, etc.) , utilities (KWH and STM)  and capacity consumption (CAP) were separated into 
three tables labeled (uns)POL, (uns)UTI, and (uns)CAP: The process yields were placed in tables named 
(uns)REP. The symbol (uns) represents aprocess unit. This was done to k l e r a t e  the FORTRAN matrix 
generation process. 

All data tables are located in a directory on the RS6000 named: 
/rehe/db6/ddefault/data/mrm5 

.The reference (filename) in the following pges refers to the individual file narhe 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 Region ID) Census Division 
l E PAD District I ' I  New England 

C PAD District It 2 MidAtlantic , 
G PAD District III 3 East North Central 
M PADDistrictIV 4 .West North Cent& 

I 6 East South Central 
7 West South Central 
8 Mountain 

e ,  W PADDistrictV 5 South Atlantic 

9 Pacific, including California 

. .  Energy Informat& Administration 
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. .  
. .I 

, I  

7 1  . 

A.3.1 Matrix Control / 

This section describes fhe tables used to control ,the number of constm&ts (rows), and column variables in 
the matrix e well as tlie stipulations for the limits on constraints and variibles. , 

. .  .. 

I 

(main) 
1 .  . .  I .  

TABLE RFNREG . LIST OF ACllVE REFINING-REGIONS ' 
Column names One. column, PAD. . 

Row names 

E&ie~. . numerk value for PADD, 1-5.. 

I 

One charadter region codes, E, C, G, M, W. 

,' 1, 

. .  
. TABLEDEM~VDREG ' LIST OF AClWE CENSUS DMSION DEMAND REGIONS 

. .  Co1umn names One column, REGION. , I  

I ,  

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

- ,  

. 1  , 
Entries ' .  numeric value for Census Division, .l-9.. I 

. .  
TABLE RFNEXF LIST OF REFINING REGIONS L I N ~ D  TO EXPORTREGIONS % ' 

.. 
. .  . 

. t .  

Column names One column, RFID. 

Row names . Two character codes, first character is exporting Censusa division, second 
.. . character is refining region E,C, G, M, W. 

, .  

Entries numeric value for.PADD, 1-5. 

TABLE EXPROD LIST OF EXPORT PRODUCTS . 
1 .  

, .  I _  

- Column names . One column, DUMMY. 
. i  

. Rownames ' Thrk character product codes 

Entries none , 
/. . 

Energy Infomatron Admin'irclfion . 
NEMS Petroleum Market Model Documentation Page A - 20 

. I  

, .  

.. .; 

, -  - . - .  ._  



. 

I 

TABLE FORCRB 
Column names 

Row names - Three character cmde'stream group codes 

LlST OF FOREIGNIMPORT CRUDES 
One column, DUMMY. * 

Entries ' none 

TABLEWOP . WORLD OIL PRlCEBY YEAR 
CoIumn names 1 , Onecolumi, WOP. ' 

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

Entries World Oil Price in 1987 $/bbl. ' 

. I  

TABLE USERYEAR YEAR FOR MODELRUN ' 
Column names One column, WAR. 

Row names 
. .  

"he6 character code, e.g. Y95. 

. .  

Entrjes I Numeric value for year, e.g. 6 for 1995. ' 

TABLE YRDOLLAR COWRSION FROM I987 TO 2992 DOLLARS 
Coiumn names One c O I U ~ A ,  1991. , , 

Row names 1987 
I 

. .  . .  
/ 

Entries Numeric value for converting 1987$ to 1991$. I .  

TABLEZIRACFAC FACTOR FOR IRACSPREAD 
Column nanies One column, DELTA. . . , 

Row names 2lRAC 

Entries hgeonaveiigeprice,$/bbl. , ' ' .  
* .  
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T M U  TRSOVC . 
. Columnnames ' 

Row names 

Entiies 

~ b i ~  INVFACP 
Column names 

Row n&es 

.- Entries 

. Rownames 

Entries 

. ' ~ T A B L E P R Q A ~  
Column names \ .  

'Row names 

Entries 

- .  
i .  

, - ,  

. .  

One column, OVC. 

One character refining region code. 

Conversion of variable operating costs to 1991$. 

, ,  

, .  \ -  

FACTOR TO C O W R T  OVC TO 1991$ 

IhTESTME" LOCATION AND EWRONMENTAL FACTORS 
Loc,ENv . 

One character refining region code. 

column LOC contains the investment location factor multiplier, reiining region 
JII, US. Gulf co&tis assumed to be 1 .O. Column ENV contains the 

' environmental investment cost indtiplier, currently set at 1.0 for all regions. * 

. I .  

I .  

, I  

' 

. .  
. . (akaexp), . . 

.. , 

P R I C E / Q U A N ~ V A L U E S  FORAL~SKAEX~ORTS ' . i 

Two columns, P ana Q \ 

. .  

Six rows, three neg?ive shifts N1 N2, N3 and three positive shifts, P4, P5, and 
P6. 

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

. .  . 
, .  

NGL PRICE QUANTITY FROMALASKA NORTH SFPE 
' .VOL, W; and EXPPRC 

, .  OGSMcodeAfor-Alaska ' ', . .. * 

Volume limit on NGL supply, Wbl/cd, Transportation cost to region W, pseudo 
supply prik, $/bbl. r 

. :  
/ '  I 

. .  
. .  i 

I 
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TABLE NGMU 
. CoGnunames . 

Row names. . 

Entries 

t 
, ~. .. 

TULESADELQ 
Column names 

Row names 

Entries 

TDLESADELPX. 
Columnnames . . 

Row names 

. .  Entries 

NGL COMPOSITION FROMALASKA . . 
One column, PER. 

Three character NGL strearg cqdes. 

’ volume fraction composition of NGL’s. 

j .  

.(avoids) 

. . I  

1 
~ 

DELTA FRACTION OF QUANTITIES FOR PRODUCT SHIFTS 
Six columns, three negative shifts N3, N2, N1 and three positive shifts, Ply P2, 
andP3. . 

. 

. I  

First three characters finished prqduct codes. 

Percentage {as a &tion) of demand quantity QO as, 
quantities are based on price shifts of1 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 de-ds’yithin a price range to help I 

speed convergence i n . N E ~ s .  . 

FRACTION OF PRICES FOR EACE QUAXUTYSEIFT 

upper bound. The 

- -  

. .  

O n e c o l u m n , ~ A ~ ~ l t s  , . 

Six rows, hp negative shifts N1, N2, N3 and three positive shifts, Ply P2, and ‘ 
P3. 

. - .  c 

. *  
’ I ,  

Percentage (as a fraction) of price of import step ~3 for i m p o w  products. 

TABLE PRDAVOID LIST OF . .  PRODUCTS FOR AVOIDS ,. 

Column names One.columu, SOWHAT 

Rownames . Three character product codes. 

Entries None. 
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(ngprod) I . 

. .  . . \  
T ~ L E  SPNGF , SUPPLYSTEP PRICES FOR NATURAL GAS TO REFINERY 
cohm nama one  c o ~ u m ,  ALLREG 8 

. - .  , .  

' ,  Row names ' '. Two ch&r, names, first character is N (negative shift) or P (positive shift), 

Entries ' . I  

TABLE SQNGF 
Column names 

. .  

second character is a number from 1 to 8 representing steps on the supply curve. 

price increments in $/Mcf from reference well head price. 

I 
i 

SUPPLY STEP Q U A ~ Z T E S  FOR NATURAL GAS TO REFINERY 
' 

Two columns, MAX and MIN 

ROW names Two chakcter n k e s ,  first char$ckr is" (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. 

. . .  

. ,  
_ .  

I .  
. .  

. .  . Enees ' 

. )  

TMLJ&VAL, SUPPLY OF NATURAL GAS TO REFINERY , .  

Column n a g s  

' Rownames 
, .  

Five columns, one for each refining region. . 
. .  

One row, VOL. 
I 

i 

Entries Volume estimak reference quantity supply. in Bcf. 
- 

(prdexp) .I ' 

TABLE E X F L I ~ '  ZIMITON us. PRODUCTEXFORTS 
C o l w  names One column FIX 

1 .  ,. 
One TOW, cz implies all regions. 

Fixed limit on product exports in Mbbi/cd 

- I  

. Row names 
- ,  

. I  

.. . Entries ' 

1 .  
~ . .  

, 

. .  
. .  
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TABLE UNFEQT COEFFICIENTS FOR UNFmISHED OIL IMPORTS 
Column names . 

I ‘  . coefficients. 
Two columns, SLOPE, CONST, that descxjbe’the regression equation 1 

. \  

. .  Row names 0nerow;XYZ * 

Entries ..‘ ’ . Slope and intercept for equation that correlates unfinished oil-imports to crude 
input. 

T B L E  UNFIMP UNFINISHED OIL IMPORT SHARES . . .  
Column names Three columns, E, G, &d Z. +E and .G represent import refining regions. Z 

represents multiplier of World Oil Price (WOP) for import prices. 

Row\UNF represents total unfinished oils. Rows NPP, HGM, and ARB are 
unfinished oil streams imported to U.S. 

Coefficients under refining regions represent volumemfractions. Column 2 values 
are multipliers of WOP applied to import price. 

i 

. Row names 

Entries , 

. 

TABLE UNFBND 
Columnnames . 

LIMITS ON UNFINISHED OIL IMPORTS 
Two’columus, E and G, represent import r e h g  regions. ’ 

I 

Row names Rows NPP, HGM, and ARB are unfinished oil tqeams imported to United States. 

. .  
Entries . Volume limits .on individual impfirt streams. . 

. ,  . ,  

TABLE INVLIM ’ 

‘ ~ o w n k e s  . One character refining region code. . .  

I ~ S T M E N T  &IT BY REFINING REGION (R;) 
Column names * One COIU&, MAX. 

Entries I Limit of investment in millions of dollars. 

Energy Information Administration 
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* TABLEINVUSA 
. . . Columnnames 1 

I .  

Rownames , 

- ,  Entries 

. .. 

. TABLE E&NS 
column names 

. . .  

Row names 

. .  Entries 

.( 

- TABLEEMFUM 
CoIumn'names . 

, ,Rownames 

- TABLE(R)RCOL 
Column names 

Row names 

Entries 

INVESTMENT LIMIT FOR. U.S. 
One co~Umn, MAX. . .  

One row, @ implies all regions. . 
I 

Limit of investment in millions of dollars. 

I .  

(emish) 

EMISSIONS FROM PROCESS UNITS . . 

Five columns, representing type of emission - VOC, CO1, NOX, SOX, and CAR 
.- , .  (Carbon). . ,  . .  

- .  First three c h a m p s  process unit copes. ' 

Emissions in Mlb&tbbl for VOC, N0X;SOX. Units of MM IbsMbbl for CO1, ' . 
c02, CAR. 

.. 
- .  

EMISSIONS FROM FUEL BURNING ' . . .  

Five, columns, representing type of emission- VOC, COl, NOX, SOX, aqd CAR 
(Carbon). . 

First three characten stream codes b k e d  in reGery fuel system. 

Emissions in MlbMbbl for VOC, NOX, SOX. Units of MM IbsMbbl for CO1, 
c02,  CqR. 

' 
- 

- , -  

1 

' .  (fixcois) . . 
. .  , .  

I LIST OF V A Z U A B ~ S  TO BEEXCLUDED FOR REGION (R) 
One'column, FCC- ' - . .  

' Three character FCC operating mode names 
-- 

. A 1.O.indicates that column will be fixed at levelof 0.0 

\ 
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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 refinkg region with three supply step increments. 

(domcrude) . ,  

P 

TABLE DCRSUP DOMESTIC CRUDE OIL IMPORTS BY OGSMREGION . 
Column names One column for each OGSM region 

Row names Rows for selected years from Y90 to Y10. 

Entries 

These 'values are available fiom $he' NEMS restart fiie for a given scenario. 

Production volume in each OGSM region 
I .  

TABW DCRSHR 
Column names 

SRARE BY W W E R  48 CRUDE GROUP 
One column for each 0GSM.redon 

. .  

Rownames , Five domestic aggregate crude groups plus Alaskan groups. . . 

Entries . I Fractional share of production volume in kach OGSM region 

TABLECkEXP VOLUME 0F.CRUDE EXPORTS FROM U.S. I 
Column names 

Row names 

Entries , 

Two columns,'cRDExp represents crude oil exports, CRDSPR reppents the 
SPRfillrate. . 

One row, VOL. . 

Export volume in MbbYcd . 

1 
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TABLE ICR(crt)(R) CRUDE OIL IMPORTS BY CRUDE GROUP . ' 
1 '  , 

Column names . Six columns, ClYQ1,C2,Q2,C3,Q3 ' 

. .  
- .  

, 
. *  I 

, I  

. Rownames ' ,  hEMSYk~code .* ' ,  

. .  
Entries Columns.Q(n) represent the availability MbbVcd of kach %&de. Columns C(n) ' 

. .  

. ' show the landed price in $/bbl at each r e h g  region. 
. .  . .  

These values areivailable ,from the NEMS restart filefor a given scenario. , , . ,  

. (crdval) 
I I .  

TABLE ICRDAV 
Columnnames ., 

CkUDE OIL QUWZZES . 

Six columks, Ql%,,P, API, SUL, GR and S 

- 
I 

-. 

. . Crudecodes '. . 
, .  

. R O W ~ & I ~ ~  

. 
* -  Column,Qfi contains the projeckd availabsty in h43bl/$l of each'crude. These 
. voltkes are only used -for determining the relative volumes of each crude oil. 

For reporhg purposes, the table also includes *ta on the gravity, sulfur content, 
and 'grade'.of each *de. The grade consists of two lewrs indicating the grot~p 
i, MH, HL, HH, HV, the first indicative of the sulfur content and the sedond, of 

. .  . Entries 

. .  

. 

. .  
. API'gravity. . .  , .  
' Column S contains a code letter indicating the so&e of the crude where: A = 

Alaska, D = Domestic (i.e. lower 48 States), F = Foreign, S = U.S. strat&c 

. .  

.. 
. .  

..reserve - .  . -  
1 

- .  

.. 
1 

. .. 
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A.3.3 Other Raw Materials Availability . 

.\. 
(ethanol) 

', 
TABLE SUPETH(D) E X W O L  SUPPLY BY CENSUS DMSION @) 

a .  

Column names six coluinns, C l ~ l , C 2 ~ , C 3 ~  

. .  ROW i i e s  NEMS Year code 

Entries Columhs R(n) represent the availabili~.in Mbbycd of Ethanol. Columns C(n) 
show the supply price in $/bbl in each Census division. . 

) 

These values ark available from the NEMS res- file for a given scknario. ' 

(utility) - 
k 

, WL+S(R)UAP 
Column names 

Rowhames ' 

Entries 

Ul7LJTY PURCBAsES.- REFINERY R " 1 

CST, MIN, MAX, FIX, FCT. 

Codes. for purchased utilities. 

C~lumn CST contains the purchase price of the utility in dollars per unit. . 
Columns MIN,,MAX, and FM permit ihe application of limits to the amount pur- 
chased. In &e current model, fuel (FUL) is not purchased and is excluded from . 
the table2: Electricity isgurchased in kWh and the process tables express power 
consumption in kwhper barrel.. Purchae of steam (STM) may also be activated 
in this table, although general practice is to omit it or fix it at zero on the basis.that 
refineries normally generate steam intemdy. 

I .  f 

. .  

*Purchased fuel may take the form of purchased naiural gas input via Tables (/?)NCP, 

I .  

. .  

. I  
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. .  
. .  ~ .. 

. .  . 
. I  

.A.3.4 Product Imports 
. .  I. 

. I  '@rhPfi)  

. TABLE IPR(PRD)(R) PRODUCT IMPORTS TO REGION (R) 
Column names SiX,columns; C 1 & l Y C 2 ~ , C 3 ~  '. 

. .  

.Rownames .~ NEMS Y- code . .  

. .  

. . .  

. En&es Column R(n) iepresent the availability in MbbVd of each product (PRD) 
imported.' Columns C(n) show the. landed price in $/bbl at each refiriing region. 

Tiese values are available frim the NEMS restart file f6r a given scenario. * 

. ,  
. c  

. TA~~LENEMSRSD IMPORTED RESIDUAL.OIL SUPPLY Q U A N ~ ~ ~ A N D  PNCE 
Column names . Two co1umns;RlB is fraction of step 1 import quantity, RlPR is multiplier of 

'step 1 prick in increments of 2 percent. . 
. .  

. . _  
. .  

. ,  
Row names . ~ 2   through.^; step namekcrements. 

, 
. * .  

. .  
' I  . -  

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

. , I  

Entries ' 

. . .  I .  

TABLE IMPLM U . T  ON U.S. PRODUCTIMPORTS. . . . I 

Column names . .OnecolumnMAX 

Row names.. one riwY @ implies kgioris. 

Ent& 
, .  

. .  - .  
Limit on product hportsin MbbYcd 

1 .  

, -  

. I  

. . .  
, -  

. .  



. .  

A.3.5 Product Demands 

(demand) 

PRODUCT DEMAND 
One coluxxin for each Census Division. 

NEMS Year code. 

Ddmand in MbbVcd 

TABLES @rd) 
Column names 

Row names 

Entries 
. 

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

TABLE (D)PRDEXP PRODUCT EXPORTS 
. Columnnames One column VOL for volume exported ' 

. .  . 

First three charactersof export finished product codes. . .  Row names 

. Entries - Export volume in MbbVcd 

TABLE EXPLJM . 
Column names 

UMlT ON PRQDUCT EXPORTS 
Two columns, YRPC and FKfor  percent per year growth and- fixed volume for . 

.. thestartyear. 
- .  

Rownames The start year, i.e. 1995 
, .  

. '  
. .  

,Entries ' YRPC value is multiplier for growth. FIX column is in MbbVcd. 

TABLE MULTEXPR PRICE MULZXPLJER FOR PRODUCTEXPORTS 
Column names . I One column MULT. . .  

- 
Row names * price 

Entries 
. .  

Multiplier for export.price as function of $ep 1 import price. . 
, .  

, 
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. .  

REFINERY EXPORTREGION LIST 
One column REFINERY 

One character code for expok region. . 
. -  . .  

Row names 

. Code for refining region. 
a .  

Entries 

T M L E  C B M I X  PRICE AND CONVERSON FACTOR FOR COKE . -  
~01Urm; names Two col&s, C I d  and CKH for low sulfur and high sulfur coke, respectively. 

. I  \ .  

Rownames . . 

Entries 

- 1  OBJ, CKL, CKH, and COK 

Price ratio for coke (multiplied by.WOP). Conversion from tons to bbls, and 1.0 
coefficient for materi$'baIan&. ,: 

LIST OF PRODUCT FOR DEikiNNDS 
One column DUMMY ' ' 

First three characteis of finished product codes. 

I .  

. .  

. .  

. I .  

TABLE PRODLIST 
'Column names 

Rownames , -  

Entries 
: 

None. 

CHEMICAL METHANOLDEMAND 
One column CHEM for volume demand by chemical industry. 

\ .  

TABLE DEMMET 
Colunin names . 

, 

NEMS Year cocie. . , . Row names 

, .  s .  

Demand volunie ip MbbVal i Entries 
, .  

1 

- .  
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. .  . ,  

A.3.6 Crude and Product Transportation . .  

. .  
Tesportation links are specified for. movements between all regions in the model; from domestic crude I. 

, oil supply regions (Oil and Gas Supply Model - OGSrvi>, crude oil import-regions, relining regjons, and 
.' demand regions. 'Modes of transportation are provided for marine vessel, pipeline, and barge/truck . 

Ejplicit pipelines were identified and aggregated where necessary to represent links from refining regions 
to Census divhions. The table name structuremes as the first two characters to represent the mode - TP 
for tanker movements, PL for pipline and BV for Bargflruck. Characters 3 and 4 are' CR for crude oil, 
PR for products, and LG for LPG. Shipping costs are in $hbl from a sou& to a destination region. The 

. value must be negative to allow movement. A positive'value indicates a 'disallowed movement. An 

' 

' 

' 

* explicit zero indicates a no cost movement. 
' . 

' TABLESPCR(S) 
; ' Column names, 

DOMESTIC CRUDE MOVEMENTS (TmhZR)  EX OGSMREGION (S) 
Crude goup domestic, three' characters. * .  

First character is mode code; second character, code for deskation re-g ' 

region. 
Rownames , . 

Entries 'Shipping cost in $hbl to destination region. 

'DOMESIX CRUDE MOWMENTS (PIPELINE) EX OGSMREGION (SI TABLES PLCR(S) 

Column names . I Crude group domestic, three charackrs. 

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

Row names 

' Entries Shipping cost in $hbl to destination region. . 

. e. 

. .  
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~. 
. .  ' .  . 

. * I _  

. TABLES PLC&R) . ALL CRUDE MOVEMENTS (PIPELINE) EXREGION (R) . .  

Column naines Crude group domestic and foreign;three characters. 

Row names 

Entries 
i .. 

. .  
. .  

TABLES lPPR(R) 
Column names 

. Row names 

Entries , 

TABLES PLPR(R) ' - 
Column names 

I -  

- 

. I  

. .  
. First charicter 'is mode code; second character, code for desiixiation region. 

, I  

. I  

Shipping cost in $/bbl to destination region. ' , 

PRODUCT SHIPPING COSTS. ( T ~ K E R )  EX RE~INERY R 
Codes for finished products that are shipped by tanker. 

Tbsportation m d e  (one charact&) and destixiation region codes (one character) 
for a total of two chatdctei. 

Shipping cost in $/bbl.. 

_ .  

PRODUCT SHIPPING COSTS (PIPELINE) EXREFINERY R ; 
Codes for finished products that are shipped by pipeline. 

Rownames . ' Transportation mode (one character) and destination region codes (one character) 

' .  
Entries Shipping cost in $/bbl. 

I 

. TABLES BWR(R) PRODUCT SHPPING COSTS (BARGE/TRUCK) EXREFINERY R 
Columnnaies . Finished product codes for shipments by barge andor truck. : I 

Rownames ~ 

. 
Transportation'mode (one character) and destination region codes (one character) 

Entries 

for a total of two characters. 

Shipping cost in $/bbl. . ' 

. .  
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. I  

TABLES TPME(R) 
Column names 

Row names 

. ,  Entries 

TABLES PET(D) 
Coluinn names 

Rownames , 

Entries . I 

TABLES PLLG(R) 
Column names 

Rownames , 

METHANOL SHIPPING COSTS EXREFINERY R 
MET for methanol. 

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

\ 

Shipping cost in $/bbl. 

E T ~ O L  SHIPPING COSTS EX CENSUS DMSION D 
ETH for ethanol. 

Transportation mode (one character) and destination region codes (one character) 
for a t o g  of two chakters. 

Shipping cost in .$/bbl. 

LPG & PCF SHIPPING COSTS (PIPEUNE) EX REFINERY R 
LPG and Petrochemi& Feed @CF) products that are shipped by pipeline. 

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

,_ 

Entries Shipping cost in $/bbl. 
. .  

.TABLE2MvCCAP MARl" VESSEL (CRODE) CAPACITY 
Column names -formaximuincapacity 

Row names TVC folIowed by transportation mode (one character) and 'CP 

' Entries Capacity in thousands of dead weight tons @WT) - . _J 

. .  
~. 

TABLEPLCCAP ,PIPELINE (CkUDE) CAPACITI? 
Column names 

Row names 

. ,  MAX for maximum capacity 

TPC followed by source region code (one character), transportation mode (one 
character) and destination region code (one chhcter) . .  '. 

Entries ' Capacity in'Mbbl/cd 

. :  
, .  

I . b '  

* I  

. .  
* .  
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TABLEMWCk' 
Column names . 

Row names . .. 

Entries . ~ 

. . .  

. TABLEBITCAP' 
Column names 

I 

Row names 
- I  

.€intries ' 

TABLE P U M P  
Column names 

Row names 

Enhe! . 

. . T A B L E P L k A P  
. .  

Column names 

Row names 

. * ' .  Entries 

1 .  

. .  

MARl" VESSEL (PRODUCTS) CAPACITY 
MAX for maximum capacity 

TVP followed by transportation mode (one character) and CP 

Capacity in thousands of dead weight tons @WT) 5 ' 

&URINE BARGE (PRODUCTS) CAPACITY' . . 
MAX for maximum capacity 

TVP followed by &spo&on mode (one character) and-CP' , 
. .  
Capacity in thousahds of dead weight tons @WT) I ' 

, ,  

- 
PIPELINE (PRODUCTS) CAPACITY 
~~~formax imumcapad i ty  . 

TP,C followed by source region code (one character), transportation mode (one 
character) and dkstination region code (one chkter) ,  

. .  

, ,  
. -  

. L  . .  
. .  . -  

* . 

. capaciiyinMbbl/cd 

J ,  

-. PIPELINE (LPG PRODUCTS) CAPACITY ~' . 

- ,  'I $lAx for maximumcapacity . .  . .  

'TPL follow& by so- region code (one chaqcter), transpornon mode (one 
cliaracter) &d destination region code (one character) . 

CapacitykMbbIhd , . . ' 

. _  

, .  

-. 
' .  

. .  , .  

, ' ,  

. ,  
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A.3.7 Refinery Capacities and Operations 1 

,, (xefproc) 

TABLES CM(R) 
Column names 

REFINING CAPACITIES - REFINERY R 
CAP, PUL, AND BLD. * 

Row names Process unit codes. 

. Entries Column CApcontains existing unit epacities in thousands of barrels per calendar . ' 

day capacity (Ml3bVCD). 

Column P* contains fractional utilizations, which convert nameplk calendar 
day capacity to capacity available to the PF model. The P u i  factors represent 
actual utilizations and will vary from unit to unit, from regionto region, and from 

.~ 
I 

, .  
, case toase.  These factors are used to control over optimiiation. . 

. I  

I 

. 
Column BLD contains a 1.0 if a unit can be expanded, otherwise a 0.0 me& no 

1 capacity expansion for that unit. . .  

(acsunit) 

TABLE ACUCUTS ATMOSPHERIC D I S T I U n O N  YIELD FOR CRUDE OILS . ' 

Column names Three character crude stream group code AMH for h s k a  North Slope, U. for 
Alaska Light, D(11) for domestic a i d e  oils and Fa) for imported crude oils. 

Row names Three character intermedie streain codes. 

Entries I Volyne fractions 6 b l  Outputhbl Input). . 

'-,, - ' 7  

. .  . .  

- : .  
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- .  ' .  
i! . 
\ \ .  

. .  
. .  .\ 

Atmospheric dis@lation refinery process unit This unit charactexizes the crude oils by differentiating the I 

yields of the f o n o ~ g  fractions: 

IC4 . 
NC4 

LSR(C5-175) ' 

LSR(C5-175) 

LSR (-475) 

LT NAPH (175-250). ' 

- LT NAPH (175-250) 
LT NAPH (175-250) ' 

. NAPH(250-325) 
NAPH (250-325) 
NAPH (250-325) - .  
H N/L J(325-375) 

. . ~ H N/L J(325-375) 
H N/L J(325-375) 

% HNLJ(325-375) . 

' KERO(375-500) 
KERO(375-500) 
KERO(375-500) ' 
KERO(375-500) 

. KERO(375-500) 

. . KERO(375-500) 

- _  H N/L J(325-375) ' 

. HNLJ(325-375) -. . , .  

. KERq375-500) . : . 

. HKERO(500-550) 
HKERO(500-550) 
HKERO(500-550) . 

, HKERO(500-550) 
HKERO(500-550) . 

. HKER0(500;550) 
HKERO(500-550) 
HKERO(500-550) 

. DSLB(550-650) 
DSL B(550-650) 

- DSLB(550-650) , . 
'DSL B(550-650) 
DSL B(550-650) . * 

DSL B(550-650) - ' 

KERO(375-500) . ' 

. .  

. DSL B(550-650) . 

. DSL B(550-650) 
. PSL B(550-650) 

DSL B(550-650) . 
DSLB(550-650). ' ' 

ATMOS RED CRUDE 

DSL B(550-650) - 

Descriution 
. I  

low octane 
intermediateoctane . I  

highocfaqe 
. paraffinic 
intermediate 
naphthenic 
paraffinic 
inteamediate 
naphthenic 
paraffiqic low freeze pt. index. 
intermediate low freeze pt. in* 
naphthenk low freeze pt. index' 
paraffinichighfretzept.index . ~ 

intermediate high freeze pt. index ~ 

'naphthenic high freeze pt. index 
low fi pt., low .smoke pt., low sulfur 
low fi pt., low smoke pt., high sulfur 
low fi pt., high smoke pt., low sulfur 
low fi pt.. high smoke pt., high sulfur 

high fi pt., low smoke pt., high SUIfur 
high fi pt., high smoke pt., low sulfur . ' 

low fi pt.,low 'smoke pt., low sulfur 

low fi pt., high smoke pt., low sulfur 
high fi pt., low smoke.pt., low sulfur 
high fi pt,  low smoke pt.. low sulfur 
high fi pt., low.Smoke pt.. high sulfur 
high fi pt.; high smoke pt., low sulfur 
high fi pt., high smoke pt., high sulfur 
low pour pt., low W e  index, low sulfur . 
low pour pt,, low cetane.index, high sulfur 
low pour pt., low cetane index, medium sulfur 
low pour pt.. high h e  index, medium sulfur 
low pour pt. high cetane in,dex, low sulfur 
low pour pt., high cetane index, high sulfur 

' highpour pt., low cetane index, low sulfur 
high pour pt., low &e index, medium sulfur 
high pour pt., low cetane index, high sulfur 
high pour pt., high &e index, low sulfur . 
high poui pt., high &e index, medium sulfur 
high pour pt., high cerane index, high sulfur 
T y p e A h u g h M  - 

. 

. ' 

.high fi pt., IOW smoke pt., IOW sulfur 

high fi pt., high spoke pt., high.sulfur 

low fi pt., low smoke pt., high sulfur ' - 
. 

' siream ' 

'Mnemonic code 
PGS 

' c c 3  
: IC4 
. Nc4. 
SRL 
SRI 

SRH 
LNP 
LNI 

' LyN 
NPP 
NPI 

NPN 
JPL 

< .  

JIL 
JNL 
JPH 

, J I H  : J "  
S K L L  

'KLH 
K H L -  

' K H H  
1LL 

* 1LH 
. 1HL 

1" 
3LL 
3LH 
3HL 
3" 
4LL 
4LH 
4HL 

DHM 
DHL 
DHH 
2LL 

2LM 
. ' 2LH 

2HL 
- 2HM 

2" 
ARA-M 

I .  

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 collected and compared 
from many sources and progressively built into thd model. Assay data for stored SPR crude oils were 
obtained fiom U. S. Department of Energy, "strategic Petroleum Reserve C&e Oil Stream Qurfliv 
Ch;zracteristics", August 1'1990. . , 

I - .  . .  
, I  

. .  
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Tabk ACUCUTS yields have been volume balanced to 0; i.e., total yields equal 1.0 exactly. Process 
losses are accounted for using Tables PFAREP and REIJZEP. 

0 

T U M  ACUPOL ATMOSPEERIC DISlZLATIoN NON-YIELD VALUES FOB CRUDE 
OILS 

Column names . 

, Rownaines 

, Entries 

' TABLEACUUZ7 

Column names. 

Row names 

Entries 

T A B L E I . .  

Column names 

Row names 

Entries, , 

, .  

OVC for variable operating cost and LOS for losses 
' 

' Three character crude stream group codes 

$/bbl for costs. Volume ftactions (bbl Outputhbl Input) for LOS. 
* 

ATMOS. DISlluATION UllLITy CONSU-ON FOR CRUDE OILS 

KWH and STM 

Three character crude s t rwgroup codes 

Electricity (kWh) and steam (Ibhbl). 
. .  

I ~ S T M E N T  UMPBY REGIOI; 
MAX 

One character region code and @ for total U.S. 

. .  

Million dollk of total capacity expansion investment. . .  

* I  (setrows) . 

~RE~INERYPOLICYROW CONSTRAINTS - REFINERY R 
TYPE. 

P 

The thr character row narqes correspond to processing constraints and are 
discussed 7 below. 

. .  

A non-blank entry in the TYPE column causes generation of a row of 

TABLES (R)POL 
Column name 

kokgames ' 

Entries 
I corresponding type, either a max, min or fixed. 

, .  I 

. -  

, .  - , .  
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. ,  

. I  

. . Theprocess constraint rows ,in the current fomiulation are % follows: 
. SVRj SVH, SVL, SVC Wt severity on FCC, RFH, .& arid RFC respectively. 

* ' PFH, PFL, PFU, PFF b i t  H,S, very low (09~~rcent) ,  low (1 percent), and high (3 
percent) sulfur fuel oil3 to refinery fuel respectively, 

' 

FLX limits'the use of flexicoking acti&tiesb(which are actually depicted as modes of 
operation.of the fluid'coker) to the level'of known flexicoker capacities, 

\ ' .  , .  
I MSL, MSR, FCR, MSD, MSZ, FCU &e used to, control FCC 'activities: 

. 0 . MSL ,maximum use of light olefki modes .- . .  
0' 

' 0  
MSR . maximum low sulfur residue feed 
FCR: maximum high sulfur residue feed 
MSD: maximum distillaSe feed . .  
.MSZ qmaxiinum use of ZSM high octane catalyst. I 

0 

. o  
.. 

a .  

.. 
FCU: .maximum ultra-low sulfur feed ope+ons, 

-Mxu: maximumuse of R62 high octane catalyst 
Loo, M5: maximum use of100 and 105 severity on the'RFL unit 

' HOp, H05: maximum 160 and 105 severity on the RFH unit 

RCU maximum ultra-low pressure a d  lsw 6e&ene operations on the RFC unit 

. .  
. .  - . .MXU, LOO, LO5, HO'O, H05, COS, RCU control reformer operations: 

0 

0 

0 

0. ' 

. .  

# .  .a  . .  C05: m-um 105 severity operation of the RFC unit ' . 
, .  

' D&J and DDU limit deep desulfurization of kerosene/hea& kerosene.and of dieselllight , .  cycle oil in the - 
, .  distillate desulfurizer. , 

. .  . (hpol )  ' 

I 

TABLE UNITPOL- PROCES~UNITS ~ ~ I ~ P O ~ C Y R O W  C O N S T ~ N T S .  , 

Columnnine .. ' ~ k  ' 
. .  

. Rownames The three chakcterrow names correspond to processing units that have policy 
lhi&. These udts are described below as tables LIM(uns). 

. -  
. 

. I  Entries None. . . - 

Note that the entries in tables LlM(uns), which represent fraction of throughput, will appear as entries in 
the column'Z(r)FLO(uns). The current set of '(uns) are5 , 

* FCC, RFL, RFH, RFC; DDS, FUM, KFS,.and ETH. 
. x. 

\ .. . .  

3PFL PFU and PFBare'used tQ set the amount of residual fuel input to refinery fuel, generally based 
on hihorical data. If left uncontrolled, resid input to refineryVuel can swing wildly and unrealislic.ally. 

. .  
Energy Infomatiin Administration ' 
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TABLES LJM(UNS) REFINERYROLJCYLJMITS . ' 

Column name Three character policy limit code. . 

'Row names , One ch'mter.row names comspond torching regions. 

A value representing a volume fraction bf 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 s u m  of theixis-jing capacity, builds, and 
new capacity expansion. 

. .  Entries 

I 

. (refproc) I . .  
* TDLEINV ' . INVESTMENT PARAMETERS REFINERY UNITS. 

Column nanies INV, FXOC, CAPREC. 

Rownames * Pr&ss unit codes. 

Entries Column INV contains investment in $/bbl, FXOC has the fixed operating cost ii~ 
$/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 

- generated offline: 

. .  
The capital recovery factor is built up from cost of capital, economic life, depreciation'life A d  k x  rate. 
Straight-line depreciation is ksumed and depreciation is considered as an expense tobe offset as a tax 
credit against theltax burden. The calculatedcapital recovery fsictpr is on 
resultant investment purchase vector costs are on the same basis. 

after-tax basis and the 

, I  

, I  

. .  * . ( n r f P h 0  ., 

TABLE I W O H  
Column names 

Row names Process unit MOH. 

Entries 

INVESTMENT PARAMETERS M E T W O L  PLANT 
INV, CAPWC, FXOC, TOTEXP 

column INV contains investment in $/bbl, CAPREC has the daily annualized 
hvestment cost, FXOC has &e fixed operating cost in $/bbl, and TOTEXP is the . .  
sum of CAPREC and FXOC. 1 \ .  

' .  . 
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This table provides the methanol plant investment parameters required for h e  total annualized cost of 
investment and ked cost coefficients which are placed on the process y i t  expansion activities. These 
values are genera.ted offline. 

* 
. .  TABLE GASPLT GAS LIQUIDS PROCESSING PLANT 

. Columnnames Five columns, (R)O1 for each refining region. 
' .  . .  

L .  DGP; (gas plant feed), PGS, CC3, IC4, NC4, NAT, ( N a W  Gas Liquids NGVs), 
8 ,  

. Row names 

_. . ,  OVC opeiating cqit, LOS procisswg lqss. 

Entries . 'Gas plant feeh iri Bcffday; yields in Iv€bbI/Bcf. . 1 . .. 

. . T~U.GASSHFT AUOWSHIFT OF ETHANEAND PROPANE TO NATURAL G A S . '  
Column names Two columns,' SC2 for shift of ethane to natural gas, SC3 for shift of propane to 

natuqigas. , 

/ .  

.. . .  
Row names. . cci, (natural gas), LOS processiig ioss, and OBJ; 

, .  

I .  

'Entries ' . kmount shifted from g i  plant yield to natural gas in MhbvBcf. '0BJ.represent.s 

. , . .  . .  credit for gas plant operating costs. 
. .  

. .  TABLE G A S C !  I CApAClTy OF GAS PLANT. . 

Column names ' . Five columns, (R)Ol.for each refining region. 

Rownames ' 
., 

.CCl, dry gas supply limit, FAC; gas residue factorj CAP, gas plant capacity, LIM, 
limit on propane shift. ' 

& plant fd and CAP in Bcffday, FAC is volume fraction, LIM in MbbVcd. 

. '  
I .  

'' Entries 
. ~. . -  . .  

. r  , .  

. .  
. T U L E  MOHPLT METHANOL P U N T '  . 
Column names Five columns; @)01 . .  for each relining region. ' . 

Rownames. . 

Entries ' Natural gas plant feed in Mlhcflday, yields in MbbVcd of methanol. . ' 

. .  

' cc1, ( n a k  gas feed), MET methanol  output,,^^^ operating cost. 

2 ,  

. -  . .  . .  

. ,- .. 
\ 

c 
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,. 

5 

TABLEMOHC' . CAPACIlYOFMET&OLPWT 
Column names 

Row names 

Five columns, (R)O1 for each refining region; . .  
-\ 

One row, CAP. , .  

Plant &pacity in Mbbvcd. 
. -  

, I  

Entries 

I .  

. .  

. .  

. -  
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. . . 

: A.3.8. Product Blending and Specifications 
. . /  

. .  

(ggsobhd) '. 

. .  

TABLES Q(r)GSL . REGIONAL GASOUNE SPECIFICATIONS 
Column nam.es Finishedgasolinecodes ' 1 

Row names 
I 

Two chaiacter quality codes, followed by X (maximum) or N (minimum). . 

Entries Columns contain specification levels for the corresponding,qualities. 
. -  

I 

. .  . SUBSPECRFG QUALITY SPECIFICATIONS . -  TABLES (R)SSR 
Column names SSR and RFH 

1 .  

Product qualities codes using six characters; the hrst three are GG,.the next two . ' - Rownames . . 
* _  

' ' are quality codes, the last is &er Xi for maximum or N for minimum. . 

Enpies . . Product quality specifiwons. The quality c&ffikents of SSR reflect a ' ' 

reformulated gasoline that is to be blended with 7.8% Ethanol and therefore has a 

' TABLEs(R)SST 
Column names 

. Row names 

lower octane and other qualities to accommodate the quality barrels delivered by 
Ethanol.. ' 

SUBSPEC TRG QUAUTYSPECIFICAITONS . . , 
. .  

. .. SST arid 'I" > I  

Product quities codes using six characters; the first three &e TRG; the next two ' 

' .  are qualitycodes, the.last is either X for maximum or N for minimum. 
d 

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. 
i -  

Energy Information Adminiimtiion 
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. .  

T A B U  GCB . 
Column names 

. Rownames ' 

Entries 

TABLEMCOBV 
Column names 

. .  

Row names 

Enfries 

, 
I 

, 
i .- 

T M q  GSPEFH 
Column names 

. 
GASOLINE QUMJTIES (EX OCTANE) . 
Quality codes 

Row names 

Entries 

, I  

. I  

Intermediate product codes ' 

- . .  I 

. ,  

Blending values ' 

GASOLINE COMPONENT OCTANE RATINGS 
Eight columns, ROO, R05, Rl5, R30, MOO, M05, M15, M30 of which thePMM 
model uses just two, ROO aid MOO-(lead-k research and motor ocees)  

, ~ntermediate stream gasoline coinponent Codes -. ' 

Reseawh and motor octane blending numbers for each.component at four levels of 
lead. ' 

Since the PMM model reduces all gasoline *&des to an equivalent lead-fiee 
basis, the only entries relevant in these "BV'tables are.those under unleaded 
ROO 
from T&& MCOBVand used in the releva& gasoline blend. 

- 

. .  

MOO ,oc'tane columns. Non-zero entries &e. added to the base octanes 

. ' 

MINIMUMOXYGEN FRACTIONINRFG . .  

'One column, .RE 

One row, RFGN 

Minimum fraction of,oxygen in reformulated gasoline. EPA regulation requires 
15% in 1995 and 30'. thereafter. 

(distblnd) 

! .  I 
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. .  
I .  . $  . .  

T ~ L E . Q ( ~ ) D F O  I REGIONAL DISZTUTE/FUEL OIL SPECIFICATIONS . 
Columd names 

. .  
Finished distillate fuel oil codes; Distillates JTA, N2H, DSL and residual fuel oils 

' 

* .  . N6I,N6B.. 
- .  

Two c h T t e r  quality tees, followed by X (maximum) or N (minimum). Row names 
. .  

.Entries . Colimns contain specification levels for the iomisponding iualities; 
., 

.When a compact Level 2 formulation is invoked, the Distillate Desulfurizaton (DDS) and Deep 
' hydrotreating (DHT) process uhits column acti~ties are deleted and the distillate fuel oil blending 
submatrices are supplemenGd with blending activities ,that reflect the untreated streams, utilities &d other 
inputs needed to produce a barrel of hydrogen treated s&. The following tables are used to supply the 
approprik coefficients. The letters (DFO) represent the five distillate fuel oil products (BA= Jet Fuel, , 

N2H = No. 2 Heating Oii, DSL = Low Sulfur Diesel fuel, N6I= Low Sulfur Residual Oil, N6B = High 
Sulfur Residual Oil). 

T D e S  FN(DF0) ' UNTREATED STREAMQUALITIES.FOR (DFO) FUEL BLENDING 
Column names Product qualities codes. 

. \  

I ,  

I ,  
I .  

. >  c 

I .  

Rownames I ' Three character untreated htermediate stream codes. I .  

Entries Boduct quality specifications. -The Sulfur coefficients are @e difference between 
. .the product specification and the component sulfur content on a weight basis. 

. ,  . .  

. .  

. -  

I ,  

, .  
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. .  
I .  . .  

TABLES BX(DF0) 

' Column names . .  

DDS TREATED STREAMQUALUTES & INPUTS FOR @FO) FUEL 

Three charactk-pseudo codes for the combination of the untreated/treslted stream 
combination 3T-A = JO1 to J20, N2H = QOl to 467, DSL = Lbl to L65, N6I= 
RO1 to R60, N6B = SO1 to S59. 

- BLENDING \ 

/ 

Row names 

Entries 

TABLEBHDSL ~ 

. .  
Column names 

Row names ' .  

EntdeS 

Product qualities codes using three characters; the .@st two-are quality codes, the . 
last is x for maximum oi N for minimum. other rows!ebresent the qaties, 
opkrating cost, capacity of the DDS unit and &treated intermediate stream inputs 
required. 

Product quality specifications. The Sulfur'c&fficients are the difference between 
the product speiification and the component sulfur content on a weight basis. 

. .  

I ,  

DHTTREATED STREAMQUAUITES'AND INPUTS FOR DSL FUEL 
BLENDING 
Three character pseudo codes for .the combinatiop of the uptreated/treated stream 
combination from &e DHT unit = HOl.to H24. 

hoduct qualities codes using three characters; .the first two are quality codes, the 
last is either X for maximum or N for minimum. Other rows represent the utilities; 
operating cost, capacity of the DHT unit and untreated intermediate stream inputs 
required.' 

Product quality specifications. The Sulfur coefficients are the difference between 

. .  

the product specification &d the component sulfur con& on a weight basis. . 
. .  

. _  
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, 
, .  . .  . . .  

1 

(rdpes) . I  

TABLE RCP RECIPE BLEND CONTROL 
Columnnames . Two columns, A and CST, plus &termediate streag codes - 

Rownames ' .  Finished product'codes followed by a number. The intention is,to,pro&de for 
m e p t  &pes for a given produdt. The row ending in a zero must be present. . . * 

4 
' I  

1 .  

Entries . . , A non-blank entry in columri A activates the corresponding biehd. ' 

. . .. C o l u k  CST contains any cost met in making the blend, e.g. mL"cost for 
production of aviatioi gasoline. . 

 hi remaining ~ o ~ u m n s  coptain .the voluine fractions,ofthe components making 
up the blend. 

~, 

.. 

. .  , .  

TABLE ~ P M M  . @IPING NETWORKAND M I S C E U A ~ E O U S  TUSFERS 
'  his unit ailows the transfer of one refinery stream to another - the transfer vector naines are'in fhe form, 
xxryyy where =is the source stream code and yyy is the destination S t r d  code.. ' ' 

Selected refinery,minor finished product sales trapsfers are kciuded in T d k  TRspMM, namely: 

- , 

, .  
' 

optional condensation of C, and C, streams into sales LPG. This is useful where data are not ' * 

* *  separately available for propane and butane sales (Wouldnormdy be de-activked through 

- .  . .  
I .  

* .  
' asterisks in'COlumn 1.) . ~. 

- condensation of benzene, toluene, and xylene into kOm&ics .and BTX sales. 

Table.TRSPMkis also us+ for condensation of feed streams for several of the key refhery process UI$S. 

This economizes on detail in refinery processunit representations at the expense ofadding a relatively 
, -  

. .  . .  ' s a  nu&r O ~ L P  transfer vectors; . ,  

. . The original transfers were derived from the parent Tyner Mason model provided to EIA and has been ' 

amended and extended by ENSYS and EIA. . ,  

-TA.BLJ%CKSMIX . . SALABLECOKERECIPES 
' Column names . . . Two columns, representing low sulfur coke and high sulfur coke. 

Coke streah codes and Product coke, COK. OBJ is scaled selling price for coke. 

' Price for coke in 1987- dollk.divided by. WOP. Conversion from tons to barrels 

. I  

:. . '~bwnames 

Entries ' 

\. , of salable coke. 
. .  

I 
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. 

RECIPE BLJ3WlNG FOR KEROSENE AND RESIDUAL OiLeTO 

T&ee coiumns, &R, N67, andN68; 

Stream-codes for components of each blend bnd bknded product codes. ' 

Volbme fraction of ,each component in find blends. * 
A table exis& for e+h Census divisiori. 

UZiLIXTEF . .  
. ,  

. .  

' . 
I :  

TABLE BL"P(D) 

Column names * 

Rownames . 
. ,  

' Entries 

, ! . .  
TABLEBWX((D))YXX RECIPE BLENDS FOR'HIGH OXYGEN GASOLJNES IN 

CENSUS@) 
Four columns, E85, M85, "RH, and RF€L . - .. 

Stream cod& for components of each blend and blended product codes plus OBJ 
row. \ .  

-Volume A t i o n  of each component in find blends. Row OBJ contains @x credit 
for blends.'. 

~ 

Column names 

Rbwnames . 

. I  

Entries 

I .  

. J : I 

~ 

. -  I 

.. 

. '  

I 
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. . A.3.9 Refining , .  Technology 7 ' 

- .  
f i e  tables described in this section are essential to the representation of refining technologY. The table 
en&& are in volume @actions (bbl Outputhbl Input) except for costs ($hbl) and utilifies for electricity. 
(kWh/bbl) or s& (lbhbl). All the table names and descriptions in this section contain refinery process 
unit Gelds o& and are named (uns)REP - whek REP stands for &finery Pr&ss. Three addtional sets 
of 'tables exist'& with a name sthcture of (uns) POL, (uns)U"l, and (uns)CAP. The rows in these tables 
containthe column names fiom table (uns)W. The POL mles cmtain co~umns listing the policy rows 
(OVC, LOS, etc.). I The UTI tables contain columns listing the utilities (KWH, STM). The CAP tables 

, have shgle column named CAP with entries for the operating mode capacity consumption. 

* . 

\ .  

I 
' 

t 

. r  

. .  (refproc) , .  - .  
, ,  

. .  

TABLE VCUREP . CRUDE VACUUM DISTIUAZTON UNIT I .-. 
Vacuum distillation refinery process &t. This unit separates- atmosphedc distillation tower bottoms into 
&e foUowing fractions: 

- . . 

, .  
, ,  .. 

. a  

Heavy dike1 cut (650-690 degrees Fahrenheit), &ording to sulfur\ content, pour point and cetane 
index '' . 

, .  

- ,Light gas oil (690-800 degrees Fahrenheit), ,&ording to sulfur content i ' 

- Heavy gas oil (800-.1050 degrees Fahrenheit), according to sulfur content - 
- .  ' Vakuum residuum.(1050 + degreesFahrenheit), &ording to, sulfur content, with the high 

. ,  - metdasphaltene content residua being undekut below.1050 degrees Fahrenheit. , 

, .  8 
, ,  

. .  
. .  

' . .  

. -  
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. I  

The atmospheric residua which feed @e vacuum distillation unit tower afe classified wording to similar 
API gravity, sulfur cbntent, viscosity, and gas oil'content~into 13 degories. These provide sufficient . 
differentiation for the RYM regional model: ' . , 

, .  

Table A3. .A$nospheric Residual Oil QuaIities 
I 

Data soWces .are based on in-house ENSYS data and ENSYS calculations b d  e s k .  . 

. 1 hl the following tables described in this section -&e located in file name (refproc). The table entries'are 
. 

in volume fractions (bbl Outputhbl Input) excepkfor costs ($/bbl) and utilities for elecpicity (kWh) or 
steam(lbhb1). , * .  

I .  

(refproc) . .  

. TABLEKRLIREP 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 A d  to match both low and high sulfur coke . ' 
productions against actual regional makes. The naphtha fractions produced are of necessity stabilized and 
reformed (the anriualized cost of stabilizing the (3-175 fraction is included in the OVC &t operating cost 

. Energy lnfomatidn Administration ' .. 
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. ,  

'~ 
. .  

row). The midde di@IIates require stabiitionand hydrotreatixig before blendingto distill&. fuels. The 
i coker gas oil plroauced may be desulfurized'and routed eithler to FCC feed or residual fuel oil blending. 

Data sources .are in-house h S Y S  data gathered from a variety of published sources, includibg J. H. Gary 
and G.E. Handwerk, "Petroleum Re$ining.Technubgy and Economics'', 1975 and the EIA RYh4 model 

. 

. . ,  

-_ data as provided to'OF2NL bFEIA and thereafter to EJSYS.. . 

TABLEgRFREP FLUJDAND FLExlCOKER 
-' . IFIuid coking of vacuum,residua to produce coke ,and lighkr products. Care has been taken to.weight 

balance the yields apd to match both low and high sulfur coke productions against actual regional makes. ' 

The naphtha €?adions produced q e  of necessity stabilized and reformed (the *annu& cost of stabikhg 
the C5-175'f'raction is included in the OVC unit operatjng cost row). The middle dist i l laks require 
stabilization and hydrotreating &fore blending to distillate fuels; .The coker gas oil prodbud may be 
desnlfurized and routed either to FCC feed or residual he1 oil.blending.. 

, 

. .Hexicoking is also rep~ksented in this program module; refl&ting'the gasification of the coke produced to 
. .  

. .  
.- . . fuel gas. i ,  

. ,  

The'& so&s include the following:. ' . . . .  

Busch, R. A. et al, "Flexicoking + Hydrotreating Processes for Qualiv Products", 
presented at the AI- Spring Meeting, April 1979. 

. .  

Blaser, D. E. et al,.'Fluid CokinglFlexicoking, a Flexible Process for Upgrading Heavy 
Crudes'; Exxon Research and Engineering Comp&y, Octoher 26,1978. 

. 

, .  

TABLE SDAREP PROPANE D E - A S P U T E R  . ' - .  

Residua produced by the vacuum distillation b i t  are' solvent extracted to pro&& akphalt, FCC feed, and 
.heavy fuel oil blending component.+ D& sources &'in-house q S Y S  data gathered from a variely-of ' 1 

I ' published sour&. , \  

, .  . .  
Because of the limited number of vacuum residua.depicted'in.the model, it is not possible for this unit to 
convert one residuum into another, plus gas oil and retain'reasonable volume, weight and sulfur balances. 
Accor@ngiy, the model activities represent only the partial conversion of one residuum into-another. 

TABLE'WhUWP . . 'WSBREAgR - 1  

thermal~cracking process and produces aproporrion of lighter products. 

. -  

I '  . .  

. ' Visbreaking of vacuum residua to produce lower4 viscosity resid& blendstocks. Visbreaking is a mild 

. .  . .  - ,  1 

. .  . .  
,* - . . .  
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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. 

. TULE NDSREP NMHTEU HYDROTREATER 
I .  

Hydrotreating of various refinery naphtha streams prior to reforming or blending with naphtha sales. The 
dah sour& is the EIA RYM model data provided to ORNL and thereafter to EkSYS and in-house ENSYS 
data 

TABLEDDSREP . H E A V N U H I H A ,  KEROSEA?&pNDMLDDLEANDHEAW 

T h i s  unit represents the.desulfurization of a broad and comprehensive set of refinerjl stfeams, ranging fro4 
,325 IBP to 690 EP degrees Fahrexkeit. Various degrees of desulfurizatonintensity are also represented, . 
ranging from normal (90 percent desulfuription) to the ultra low sulfur mode for blending to meet 0.05 
weight percent diesel fuel. The different modes are'also reflected &rough the use of the CAP row, with 
coefficients ranging from 0.8 to 3.33 to,represent the .&Yerentcatalyst to oil ratios req& to achieve 
different degrees of desulfurization. The i n c k e  in  the^^ coefficients is taneount  to for&g a I 

reduction in unit throughput and space velocity to reduce the sulfur level of the product stream. 

D I S I X L ~ T E  DESULFUHZER . 

High &d medium and low s u h r  (adequate for conventional, but not ultra-low sulfur fuels) feeds are 
included in Tabe 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 furfiual extraction unit raffinates; ie-waxed diesel fractions; and 
select JP8-X and JPl 1 cuts from spkcialty naphthenic crude oils used for producing high density jet fuels. I 

Data sources are the EIA RYM model data provided to ORNL and thereafier to ENSYS and ENSYS 
analysis of published sour&. These include: 

' 

. 
, .  

- -  . 

Shih, S. S. et al, "Deep Desulfizrization of Distilhte Components", Paper 264B presented 

* at the AKhE Fall Meeting, November 1990. , . ,  . 

McCulloch, D. C. et al, "Higher Severity Diesel Hydrotreating ", Paper 'AM-87-58 
presented at the NPRA h u a l  Meeting, March 1987. 

Johnson,'A. D., "study Shows Marginul Gainsfrom Hydrotreating", Oil & Gas Journal, 
May 30,1983., p.78. 

- 
I 

Yoes, J, R. and h i m ,  M. Y., "Confronting New. Challenges in Distilhte.Hydroteating ", 
Paper AM-87-59 presentkd at the NPRA Annual Meeting, March 1987. 

. I  

. .  
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I 

TABLEFDSR~P GAS OIL DESULFURIZERLMI.. HYDRO-CRACKBR 
. .This unit represents the desulfurization of light and he* gas oils, including soker gas oil, to produce 

' 

hydro-treated gas. oils for FCC feed and heavy fuel oil blending. A light hydrocracking mode is also repre- 
sented to produce a very low sulfur content gas oil fo; the purpose of remoiing sulfur from light and heavy 
catalytic gasolines in order to prduce refomhated gasoline at the 50 ppm sulfur level. ' 

Data sources ?e the EIA R3?M model data provided to ORNL and thereafter to ENSYS-and in-house ' 

WSYS data. The mild gas oil hydrokracking data were obtained&-om: 

- 
*' 

' , 

. 

Belt, B. A., ''New Approaches to FCC Hydrotreuting", Paper 44C presented'at the AIChE 
, .  SpMg Meeting, March 1990; I .  

, .  

. ,  I -.TABLERDS REslDuu~ DESULFURIZER - .  
This unit represents the desulfurization of. vacuum and akospheric. residua, gas oils A d  asphalt. Two 

are generally in the 0.5- to' 1.0-weight percent sulfur content level and may beused as low sulfur residual 
fuel oil blendstocks, or to provide the FCC yith feed for residuum cracking. 

Data so'urdes are the EIA RYM model data provideb to ORNL and &ereafter to ENSYS , in-house ENSYS 
data, and other published sources, including the following: 

. .  .. levels of desulfurizaton are represented: '77 percent and 85 percent desulfurization. The heavy products ' . , . 
~ 

\ 

, 

. '  , .. 

. Bihon, A. et al, Wyvahl F and T Processesfor High Conversion and Deep Rqfinivg of . . 1 ' 

Residues", Paper Ah!€-88-62 presented at the NPRA Annu& Mkting, March . L  1988. 

' 

I .  

TD& LUB .LUBE OILAND W M P R O D U C ~ ~ ~ ~ V  ' 1  

This is a rather simplified representation, which.transfers 800-1050 degree Fahrenheit hydroh$ g~ oil, ' 
and paraffin base-gas oil to-combined lube oil and wax sales. Themit contains' the estimated fuel, power, 

' steam, and oP;=rating cost requirements to produce these products. 

~ a t a  sources are tie EIA RYM model data. 

. ' 

.. ! , ' 
f .  

. .  
\ 

. ,  . 

TABLE HCR DISTIUATE EIYDROCRACKER . 
\ 

This grocess unit h y d r m c h  a range of distillates to produce either predominantly Vght, medium, and 
h&vy naphtha for gasoline blending and reformer feed, or distillate for jet fiiel'an'd Addle distillate 
products (particularly low sulfur blends). qese two modes of operation require large quantities of 
hydrogen, from 1800 to 3600 cflbbl of feed, depending on the feedstock A d  severity ofthe operation.' The ' 

primary feeds are .. light i d  heavy gas oils: 

. 

- .  . ,  

! ' I .  

' LGP,LGL, paraffine, low, medium, and high sulfur light gas oils, e / .  

I .  

. LGM,andLGH: . 690 to 800 degees Fahrenheit. . ' 
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HGP,HGL, * , paraffinic, low, medium, and high.sulfur heavy gas oils, . 
' HGM, and HGH 800 to 1050 degrees Fahrenheit. . . ' 1 .  

- 

LC6: 

The lighter virgin distillates may also be routed.to hydrocmxer feed. These streams are gathered into feeds 
HFL and HFH in TdZe TmPMM as follows: 

high aromaticcontent, high sulfur light cycle oil . 

. i  

DSL B(550-650)bLW 
DSL B(550-650)LPkX.S 
DSL B(55085O)LP/HC/HS 
DSL B(550-65O)'/LCL.S 
DSL B(550-650)HP/HCL.S 
DSL C(650-690)LP/LCL.S 
DSL C(650-69.0)~/€#W 
DSL C(650-690)HP&CL.S 
DSL C(650-69O)Hp/HCL.S 
DIST(550-650) HS/LM 

LGO Fb(690-800) PFFN 
LGO FD(690-800) LO 
LGO FD(690-800) HI S 

DIST(650-690) HS/LM- 

' ' 

COKER DIST (375,420) 
COKER DIST (375-570) 
COKER DIST (57'5-620) 
CKRDISTRAFFINATE 
CKRDISTEXTMCT , 

CRACKER FD LO s 
CRACKER FD LO s 
CRACKERFD HIS- 

. CRACKER FD LO S 
CRACKERFDLOS * 
CRACKER FD LO S 
CRACKER FD LO S 
CRACKER FD LO S 
CRACKERFDLOS - 
CRACKERFEED 
CRACKERFEED 
CRACKER FD LO S 
CRACKER FD LO s 
CRACKERFDHIS . 
CRACKERFDHIS 
CRACKERWHIS 
CRACKER FD HI S 
CRACKERFDHIS 
CRACKERFDHIS 

DL-LHFL 
DHLHFL 
D" 
2LLHFL 
2 " F L  
6LLHFL . 

' 6 " F L  
7LLHFL 
7HLHFL 
D" 
6 H L "  
LGPHFL 
LGLHFL . 
L G H "  
CKDHFH 
CCLHFH 
C C H "  . 
CLEHFH 
CLR" - 

. ,  

Data sources are the EIA RYM model aata provided to ORNL'and thereafter to ENSYS and in-house 
ENSYS data. Published sources include the followjng: 

. 

Alcock, L. et al, "BP Hydrocracks For Mid Distillates", Oil & Gas JoUinal, July 6,1974, 
p.102. 

- 
J. H. Gary and G.E. Handwerk, "Petroleum Refining Technology and Economics", 1975. , 

I .  

Logwinuk, A. K., ''The ART Process mers Increased Refinery Flexjbility", Petroleum 
Review, October ,1985, p.41. , \ 

. .  

. . .  

. .  
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TABLE HCV I@SZDUUMRYDROCRACKER I .  

This unit hydrocracks a range of vacuum residua producing 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 
c a b 1  net residuum feed. The feedstocks are vacuum resids produced by the vacuum distillation unit VCU 
and subsequently condensed to a smaller set of streams in Table TRSPMd: 

' 

- 
* 

. VACRES VHISUL(3.8) RSV 
VACRES HISUL(2.3) . RSH 
VAC & INT SUL (1.5) RSM 
VAC RES LO SUL (0.9) .. RSI. 
VACRES VLOSUL(O:5) . .RSL 

* Data sources gre the EIA RYM model data provided to ORNL &d 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 Alh-88-61 presented at the WRA Annual Meeting, Maich 1988. 

Suchanek, A.J. and Christian, B. R, ''New Diversity Shown for &?ART Process", gaper 
AM-88-74 presented at the NPRA Annual Meting, March 1988. 

. 

- Boening, RE. et al, "Recent Data on Resid Hydrocracker", Hydrocarbon Processing", 
. .  . SeptemMr 1987, p.59. . 

. .  

TABLEHCN NAPHTRAR~~~ROCRACKER . . 

, This unit consmi6 of the order of 1500 cfhbl of hydrogent6 hydrocrack naphthas. The naphthas are 
hydrocracked to produce primarily propane, isobutahe, and' nomial butane. While this process has a 
history of commercial opektion; it is not in wide-sprkad , .  use. However, the advent of reformulated 

. gasoline has renewd interest .because ?he naphtha hydocracker functions to supply feed to alkylation and . 
oxygenate process unie. '@e 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 normid butane. may be isomerized to pro&& isobutane. An additional fit 
with reformulated gasoline production is the fact that naphtha is subtracted from the reformer feed, thus ' 

. 

. 

d- 

lowering . )  the quantities of benzene and aromatics that are.produced. 

Data sources are based on in-house ENSYS data, calculations and estimates. 

I 

. .  

. .  

_ '  . .  
. I  

. .  
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. -  

TABLE TCG 
TABLE TCN Z Z E W  CRACKER-(250-375) NAPHTHA S T m S  

T H E W  CRACKER-LIGHT GAS STREAMS 0 

TABLE TCV T H E W  CRACKER-DESULFURIZED VACUUMGAS.0IL S-3 
. .  

1 '  

I .  

The above process.units are olefin plant peirochemical units which are characteristic of petrochemical 
plant operations. They w included in the model because they have potential relevance to the production 
of reforhlatedgasoline since'they produce light'olefins (ethylene, propylene and is0 and normal 
butylenes) for alkylation plant feed and (the isobutylene)-for MTBE and ETBE plant feed. They can also 
be used directly h any representation of the petrochemical sector via the PMM "oxy-Ffjnery" feature. 

Process unit TCG may use ethane, propane or is0 or nor& 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 sources are based on published data: 
, .  

Zdonik, S. B. and Meilun, E. C., 'b@n Feedstock and Product FZexibiZity", Chemical 
Engineering Progress, September 1983. - 

Barendrect,'.S. et al, "BBUTACRACKING Steam Cracking For'Butane Upgrading", Paper 
%E, presented at @e AIChESpr@g Meeting, April 1991. 

. 

- 
TABLE JPS JETFUEL CUTPOINTADJUSENT 
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 frei&g point specification for JP-8 and Jet MA-1 jet fuels 
in the optimal m h e r  conforming to indusw'practice. This &in be regarded as a "pseudo-unit" 
conresponding to an atmospheric, towercut point adjustment when making a jet fuel' run, or as'a real side- 
stream &tionator. Data.sources are based on in-house ENSYS data, calculations, and estimates.' 

' ' . ' ' 

. .  
c .  

TULE JFP LIGHT CYCLE OIUCOKER DISTILLATE PRE-FRAC~O~.ATION . .  This is a specialty unit which prepares cracked aromatic streams for furfural unit extraction and 
hydrogenation (units FEX and HDN) for the production of high density jet fuels. High density jet fuels are 
experimental fueis which increase the flight range of volume limited aircraft. The cuts &e 70 Overhead/30 
Bottoms for LCO and 80 Overhd20 Bottoms.for coker distillate: The fractionated streams may also be 
routed to conventional distillate products and heaG fuel oils, thus increasing blending flexibility. 

'( 

. 

2 
. . I  

-1 
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~. . .  

. . .  . _  
I .  

y e .  . .  
D& sources a& based on in-house @SYS data, calculations andestimates. ' . 

, .  3 

I .  
. .  

TABLE DHT DIS~UATEDEEP H~ROTREATER 
This process hydrogenates middle d i s w  aromatics q d  achieves deep desulfurization (to levels beyond 
those available with conventiond distillate desulfurization, see Tablk DDS). Potential feeds include . 
kerosene, diesel, and li@t cycle oils, covering the.boiling A g e  from 375 to 650 degrees Fahrenheit. The , 

deep hydromating process 
produce ultra-low.sulfurlaromatics fuels (less than 0.05 percent sulfur and less than 10 percent aromatics ' , .  

content); Conkentional distillate desulfurization units, on the other hand, are generally capable of rqluchig 
.the aromatics content by only 1. to 2 percent aronptics. This process is ap alkrnative to middle distillate 
furfural exb;action, but avoids ;he problem of aromatics disposition. However, hydrogen consumption is * 

',high, from 750 to 900 c a b 1  feed for'virgin .&illates and from 1 lOOto 2100 cmbl for the more aromatic 

be used to raise jet fuel smoke point, raise diesel' fuel ce&e number, and 

, .  

~. 
. FCC cycle oils. 

. , I  
. .  . ,  

 his pr&s may b e w e d  to the production of reformgated gasoline since some reformulated gasoline 
production schemes ihvolve very high conversion .FCC operations, which in turn increase the aromaticity 
of the light cycle oili produced. Deep distillate hydrotrea&g makes it possible to more easily prciduce ' 

. ' . specification diesel fuel under these circumstances, &thoutdowngrading cycle oils to heavy residual fuel 

, 

I I 

. .  , .  

. . .  .oil.' . 
, .  

I -  

' Data s.ources are in-house ENSY? data and published data, including: 

, , 
Suchanek, A.J: and Hamilton, G. L., "Diesel by SWSAT - Low PressureLuw CosvzOw '- ' 

Aromatics", Paper AM-91-35 presented at the NPW Annual Meeting, March 1991. 

' 

. .  

- Nashi RM., "Meeting the Challenge ofLow Arohtics Diese1";Paper AM-89-29 
I ,  , . . , presented at the NPRA k u a l  Meeting; March 1989. . . ,  

~ .I 

' TABLE FEX .DISTILLATE F U ~ U U  EXTRACTION 
. . This process extracts aromatics from distillate yith the aromgics being concentpted @ the furfiual phase. , 

Furfhd ext.kction also lowers the suzfur content of the%eated raffinate. Potential feeds include kerosene, 
diesel &tions,'light cycle oils, and coker dis&ates, covekg the boiling range from 375 to 690 degees ' , 

I Fahrenheit. -The ieduction in distillate aromgics content can be used to raise jet fuel smoke point and/or 
' raise diesel fuel c e p e  number and,produce ultra low aromatics fuels (less than 10 percent aromatics I 

. content). Conventional clesdfurization units, on f ie  other hand, are generally capable of reducing the 
, aromatics content by only 1 to 2 percent. . 

. This process is & alternative to middle distillate deep hydrotreating, but necessitates the disposition of the 
- aromatics-produced,' generally by attempting to d p p  to other @stillates, or by using them to reduce the 

viscosity and perhaps the sulfur con& of heavy residual fuel oils. How.ever, the significant hydrogen 

' 

. 

! 
* .  

, ,  
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, .  
. consumption ass&iated with deep hydrotreating is avoided, ranging from 750 to 900 cf7bbl feed for Virgin 

distillates and from 1100 to 2100 cf7bbl for the more aromatic FCC cycle oils. 

The f ~ r f ~ r a l  extraction unit is a l ~ o  uSed.to extract aromatics from virgin distillate streams, FCC Cycle o i ~  * 

and'coker dibtille overhead cuts prior to the hydrogenation of the aromatic extracts to produce distillate 
range naphthenes. The naphthenes are blended to produce exmimental high density jet fuels. 

Data sources are based on ENSYS+culations and estimates and $-house ENSYS.data. Published da$ . 

sources include: I. 

, 

: 

\ ' 
, .  

. I  

1 . '  . .  
Refinery Handbook, Furfural Extraction of& Oils, Hydrocarbon Processing, September 
1982, p.183. , 

. '  
. _  

, .  
. Benham,'A.' L. et al, "REDEX Process Extrac~ Ar~mut i~~" ,  Hydrocarbon Processing, , .  

, September 1967, p.135. 

TABU HDN HIGH DENSITY JET FUEL "IROPROCESSING 
This unit hydroprocesses several types of s t r e  to produce highly naphthenic blending components for 
high de'nsity jet fuel. feedsticks ire: 

light pyolysis fuel oil 
FCC light cycle oil 70 percent overhead cuts 

- 8 the corresponding light cycle oil furfural extracts I - coker dis-tillate SO percent overhead cuts - ,  

the corresponding cokr  distillate furf~ral extracts 
the aromatic furfural unit extracts produced from Virgin distillate streams, ranging from 375 to 500 

- 

- 
- 

degree Fahrenheit boiling p g e .  

.This unit employs severe processing conditions and the fuel, power, and steam costs are high. Hydrogen 
consumption can reach 2400 cf7bbl for the virgin'distillate stream aromatic extracts and 3500cf7bbl for the 

e other highly refractory streams. 
I .  . .  

The former Soviet Union has utilized high density jet fuelsto increase the mission range of voime-limited ' 
military jet aircraft. Data were gathered and pieced together from several.published Russian and other 

. .  

* foreign sources with the help of ORNL. Other published sources used include: . .  
. ,  

Korosi, A. et i, "Hydroprocessing oxlight Pyrolysis Fuel Oil for Kerosene Jet Fuel", 
Technical Report AFWAL,-TR-80-2012, February 1980. ' 

Hall, L. W., 'Froduction of Jet Fuel Samplesfrom Light Cycle'and Light Pyrolysis Oil", 
Technical.Report AFV&4L-TR-87-2001, March 1987. 

* _  

. 

. I  . .  

I . .  

. .  

I 
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. TABLE DEW C A T ~ Y T I C  GAS OIL D E W ~ N G  f 

This is a c d y t i c  .process based on the Mobil pr&ss for converting the paraffin wax components i;? ' 

intermediate'and heavy middle distillate streams in order to meet the freezing and pour point specifications 
for low pour distillate,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 pour point depressants. 

' 

. .  . -  
This unit f @ s  high pour refinery streams covering the range of 550 to 690 degrees Fahrenheit, where the 
high boiling paraffin waxes are concentrated. Approximately 200 cflbbl of hydrogen is consumed. . 

. ,  
Published sources include: L 

Collins, 1. M. and Unzelman, G. H., Yltenzatives Availuble to Meet Diesel Cetpne 
.- 1 Qwlity Chpllenge", Oil & Gas 'Journal, May 30,.1983, p.71,. . . 8 . .  

TABLE RFH REFORMER-SEMI REGENERATNEI450 PSI REACTOR . ' 

, TABLE.RFL . @FORMER-SEMI REGEA?/CYCUC-200 PSI REACTOR 
T U L E  RFC CONl7NUOUS REFORMER u)W PRESS../HIGH DENSITY BIMET.CATALYST 

. Naphtha reforming rekery pr-ss unik. 'These individual key processes represent the. different stages of 
reformer technology development. Parafhic, naphthenic, and inteqmliate naphtha feeds are represented 
tqproduce re€ormates spanning the range of 80 to 105 clear research octane.number. The low end of the 
Ffonning severity range is gear& to' accommodating the lower aromitic content of reformulated gasoline; 

. the high end represents the &it of current refoiming .tec~ology. The effect of low &rough high 
reforming severity on reformer throlighput cx+acity;is represented in row CAP, with coefficients r a n e g  
from 0.9 to 1.2, with an entiy of 1.0 representing 95-100 RONC 'reformate production. 

. 

r 

. .The severity rows SVH, SVL and SVC contain the reforme RONC octane. Several operating mode 
limitation r0ws.m also available in the reformer tables to link to .T&~s (R)POL constraints: . .  

Loo, HOO to limit maximum- 100 RONC reforming severity ' 
COS, LO5, H05 to limit maximum 105 RONC reforming severity 
MXU to limit the proportion ofU0P type R-62 high densi6 bimetallic reforming catalyst 
RCU to limit very low pressure and low benzene advanced modes on the continuous reformer . 

.. 
'. . (RFC). t 

The spzific reformer feed s- represented include the following: 

( .  158-175 degrees'liahrenheit very light vir& naphtha i 

' 175-250 degrees Fahrenheit . .light *gin naphtha < I  

. ,  . -  
\' . . -  

. *  Energy lnformation Administratiin . .  
.NEMS Petrokum Market Model Documentgtibn , . .. .PagieA-60 

~. 
6 

I 

. J  . .  .. 
, ,  

* ,  
< : 

. - ,  . ,  . , - .  . ~ . -  .. ._ - ~ >.(- . , .~ . . 1. . .. , .,'.-:.. - , 
, A;..,7,,>., I- , -% ~ - ~- . . _ - "  ~~ -: *. .  , . , ~ ~~.~ , ~. . , ~ - _. ~ ~. ~~. 



250-325 degrees Fahrenheit. interm,ediate virgin naphtha 
325-375 degrees Fahrenheit heavy virgin naphtha 
250-400 degrees’Fahrenheit heavy FCC gasoline 

. 175-375 degrees Fahrenheit coker napKtha , . ’ 

250-325 degrees Fahrenheit heavy hydrocrackate 
215-250 degrks Fahrenheit light virgin naphtha, prefractionated topmove benzene 

precursoq. 

The capability to reform 3252375 virgin naph$a feed stock is not immediately apparent in the reformer. . 

data tables because it is represented in Tdle’TRSPMM by combining naphtha desulfiuizer feeds, namely: 

H N/L J(325-375) P/LF NAPHTHA(250-325) P ‘JPLNPP 

H N/L J(325-375) P/HF NAP”A(250-325) P JPHNPP 
. H N/L J(325-375) I/HF NAPHTHA(250-325) I . m 1  

\ 

H N/L J(325-375) W.3 . NAPHTHA(250-325) I . JlLNPI 
H N/L J(325-375) N/LF NAPHTHA(250-325)N . J ” P N  . 

H N/L J(325-375) N/HF NAP”A(250-325) N JNHNPN 

The,reformer.products include hydrogen (95 percent pkty), fuel gas; LpG, and Wboiling,mge 
reformate. 

The gradation of &formate 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 achievedin the model by eliminating the 158-175 fraction and, if 
necessary, the 175-250 fractions from reformer feed. In addition,:the model now has the option to pre- 

’ fractionate light naphtha L 2 i 5  degrees Fahrenheit to produce feedstock to @e RFC +f for very low 
benkne reformate production. (See Table GCB for comparison of reformate benzene contents.) 

~ ’ 

. -  
Altogether, the PMM model contains several methods for benzene reduction or removal: 

1. 
2. Reformate splitting (Table RES) 
3. 
4. 
5. * 

* 

Reformer feed pre-fractionation as discussed above, 

Extriction of benzene (for *sale) from reformate qomatics (T&le 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 rkformate’benzene content by approximately 
30 percent for reformulated gasoline production. Commercial plant data have not yet been obtained to 
verify the model reforming yields. - 
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, .  
Data sokces ark the Erk RYM model data prbvided to ORNL and thereafter to ENSYS and in-house . 

,> ENSYS &.and published data compar&i&d gathered from a variety of sources. Sources include: 

'"UOP Process Solutions for Refonnuluted GqoZine", Copyright 1991, UOP/RFG SK 05- . ' ' 

/ 
, .  ' 91, prdvided by UOP to ORNL. 

van Br&khoven;E. B. et al, "On the Reduction of Benzene in Reformater', Paper 28B 
, . presented at theAIChE Spring Meeting, March 1990. 

' 

, ' 

Jones, P: "The Conversion Refinery: The Catalytic Magic Wand", Petroleum Review, 
May 1987. 

McClung, R. G. and Novak, W. J., Ymprove Reformer Operation with Trace Su@r 
Removal", Paper AM-8747 presented at the NPRA Annual Meeting, March 1987. ' 

. I  

Gemtsen, Dr. L., A.; "Catalytic Refoni2ing of Heart Cut FCC Naphth",'Paper AM-85- 
56 presented at the NPRA &mual Meeting, Maich 1985. 

TMLJT'SPL N M H T n  SPUTTER' 
This is a feed p r e p e o n  unit which fractionates kghtnaphtha for reformer feed.. C5-175 degrees 
Fahrenheit straight run gasoline is fractionated to produce C5-158 light gasoline for gasoline blending and 
158-175 degrees Fahrenheit light naphtha for reformer f&@. This represents the light end E g e  of 

.~ currently feasible reformer feed. The spfitter now also enables splitting,175-250 degrees Fahrenheit light 
naphtha at 215 degrees'Fhnheit to produce a 175-215 degrees Fahrenheit light naphtha and a215-250 
degrees Fahrenheit low benzene reformer feedstock. 

The fractionated light naphthas pr&uced may also be blended to JP4 military jet fuel and to naphtha sides. 

Data sources are in-house ENSYS data and the following: 

. - I' 

, I  

. . .. 

, .  . .  
' 

. .  ,~ . . .  .. 
"UOP Process Solutions for Refokulated Gasoline", Copyright 1991, UOP/RFG SK 05- 

1 . .  I 

, .  
. . 91, provided by UOP to ORNL. \ 

. vap Broekhoven, E. B. et 4, . .  ,"On the Reduction of Benzene in Refomte", Paper 28B 

* ,  . .  

presented at the AIChE Spring Meeting, March 1990. .- , . 

TABLERES REFORMATE SPUTTER 
This unit splits the reformates produced from 250-375 degrkes Fahrenheit intermediatefieavy naphtha into 
an overhead and a bottoms cut. Tliese fractions may be separate€y blended into conventional and 
reformulated giolines to aid.in meeting reformulated gasoline specifications. The aromatics concentrate 
in the bottoms cut and the benzene in the ove&,ead: 
Data sources are in-house ENSYS .data and ENSYS ckculations, e s h a k s  and published data, including: 
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. .  

van Broekhoven, E. B. et al, "On the Reduction of Benzene in Reformate", Paper 28B . -  

presented at the (EhE Spring Meeting, March 1990. 

"UOP Process Solutions for Reformulated Gasoline", Copyright 1991, UOPRFG SK 05- 
91, provided by UOP to ORNL. , 

' 

TABLEARP AROMATICS EXTRACTION 
9 s  unitemploys solvent extraction of reformate and reformate fractions to produce benzene, toluene, and 
xylene @"X) qomatics for sale, and light and heavy raffinates for gasoline and jet/distillate fie1 blending. 
@I of the reformates produced in the semi-regenerative, continuous and cyclic reformers are potential unit 
feeds, along withetheir overhead and bottom cutsproduced in the reformate splitter. 

I 

D W  sources &e the EIA RYM'model data provided to ORNL and thereafter to ENSYS and in-house 
ENSYS data and ENSYS calculations bnd estimates. . 

TABLEALM'ALWMAX: 
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 
light/inkmediate naphtha are reacted.with fuel gas c o n h g  ethylene 'or with propylene to produce an 
essentially bekne-free reformate. .'r;hese reformates are then blended to meet reformule gasoline 
benzene specification. '(Note: the aromatics concentration in th2 gasoline-blend is hardly altered) 

. 

Data sources include the following: , '  

B. M. Wood et al, "Alkylate Aromatics in. th.2 Gasoline via the.UOPALK&&& Process'; 
Copyright 1990, provided by UOP to ORNL.. 

, 
"UOP Process Solutionsfor Refohnuluted GasolineY, Copyright 1991, UOPRFG SK 05- 
91, provided by UOP to ORNL. 

TABLECYC CYCLAR 
Cyclar refinery process unit based on the UOP cyclar process to cyclarize propane and butane to prcgiuke 
BTX. A fractionated benzene stream is produced al0ng.wit.h a TX (toluene, xylene) stream designated as 
cyclar gasoline. This is a de-hydrogenation process which produces approxima@ly 2000 cflbbl feed of ' 

The data sources include the following: 

,. Anderson, R. F. et al, "Cyclur - One Step Processing of LPG to Arongztics and' 
Hydrogen", Paper 83D presented at the AIChE Spring Meeting, March 1985. . 1  

, .  

I .  
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TABLE FCC FLUID CATALYTIC CRAC~ER 
This key process unit is tap&le of catalytically cpcking gas oil, light gas oil,'distillate Ad residua streams 
to produce light ends, FCC gasoline, light cycle oil (distillate) and decant oil (resid). The primary feeds 
represented are: 

. .  
I I .  

. .  

, '  

- .  ,Feedstream I . 

HGP 
HGL: 

. -  
. .  

HGM 
. HGH 

GOH ' 

I 

% ,  G O U '  
DFF: 
DkK: 

HGX . . 

I Atmospheric Residua: . 

Description 
paraffinic low sulfur gas oil (800-1050 degrees Fake$eit) 
low sulfur 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) ultra low sulfur 
distillate feed (550-690 degrees Fahrenheit) 
d e s u h  atmospheric residuum (1050 degrees Fahrenheit+). 
Produced by unit RDS. 
gas oil raffinate produced bypropane solvent de-asphalting 
several residua of sufficiently low asphalt and metals content 
(which tend to be the lower sulfur content residua) to conform to 
currentFCC technolosy limitations. 

hydroh-ed gas oil (800-1050 degrees Fahrenheit) , I '  

, 

In order to contain the already large number of FCC.feed vectors, severa ls t rk  &cornposited into the 
I - above primaryfeeis in +dh, TRSPMM as listed below: 

DSL C(650-690) LO S N- 

DSL C(650-690) LO S N 

COKERGASOIL I 

LGO FD(690 800) MD S N 

LGO FD(690-800) PFFN 
HGO FD(800 1050) LO S N 
DIST LS/LM 
DSL B(550-650) "c/Ls 
DSL C(650-690) Lp/Hc/Ls 
DSL C(650-690) HPEI&L,S 

DSL C(650-69O)LO S N . 
DSL C(650-690) LO S ,N 

. DSL C(650-69O)-LO S N 
- 

. DSL C(650-690) PF%N 

! 
' LGO FD(690-800) HI S N 

LGO FD(690-800) LO S N 

.. 

s DSL C(650-690) LO S N 

. 

HGO FD(800-1050) LO S N 6LLHGL 
HGO FD(800-1050) LO S N 
HGO FD(800-1050) LO S N 

6HLHGL 
. 7LLHGL 

HGO FD(800-1050) PFFN "L,LGP 
HGO FD(800-1050) HI S N 
HGO FD(800-1050) HI S N 
HGO FD(800-1050) MD S-N LGMHGM 
HGO FD(800-1050) LO S N 

CGOHGH 
LGHE3GH 

LGLHGL 
HGO FD(800-1050) PF6N LGPHGP 
HYD G.O. LOS N UNH HGLGOH 
DIST FCC FEED DLLDF 
DIST FCC FEED 2HLDFF 
H DIST FCC FEED 6HLDFF 
H DIST FCC FEED 7HLDFF 
HGO FD(800-1050) LO S N 6LLHGL 
HGO FD(800-1050) LO S N 6HLHGL 
HGO FD(800-1050) LO S N 7LLHGL 

' I  
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I The FCC is characterized by several modes of operation and provision for activating restrictions on * 

I 
flexibility have been built in for constraining advanced FCC catalyst technology options and h&ting over- 
optimization. The FCC representation now accurately equates FCC gasoline, distillates, and decant oil 
product sulfur with feed sulfur. The available options are: 

. , 

' * 

. Option 
Conventional zeoljte catalyst 

high suifur fedproduct 
medmlfur fedproduct 
low sulfur fedproduct 
ulh-low sulfur fWproduct 

High octane zeolite catalyst 
high sulfur fedproduct * 

med.sulfur fedproduct 
low sulfur fedproduct 
ultra-low sulfur fedproduct 

Low olefin content gasoline 
high sulfur fWproduct 
medsulfur fedproduct 
low sulfur fedproduct I 

ultra-low. sulfur fedproduct 

'High light olefin yield 
high sulfur fedproduct *( 

med.sulfur feed/product 
low sulfur fedproduct 
ultra-low sulfur fedproduct 

Ultra-LowSulfurModes . '- , . 

. .  

' 
i 

FCC gasoline codes 

Fi6, FI7, Fi8 
FC6, FC7, FC8 
FR6, FR7, FR8 
FQ6, FQ7, FQ8* 

ZI6,ZI7,ZI8 
ZC6,ZC7,ZC8 . 
ZR6,ZR7,ZR8 
RC6, RC7, RC8 

. . Constraints 

MSD, MSR,F& 

621,721,82I . 
6ZF, 7ZF; 8ZF 

. ' .  62&72&8ZR 
6RF, 7RF,-8RF . 

/ 

851 . * .  

85F , 

8% 
?m 

, 

MSD,MSR,MSZ 
and E a  

MSZ ' 

MSL 

FCU 

. ' - . *  .~ ' 

. I  

AUModes SVR 

I * This feed sulfirr/catalyst mode currently not activated although FCC gasoline properties :' 

. .  ' ire'heu in  abl le GCB, et;. . 1 . . 
MSD and MSR refer to constraints on distillatellight 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 associa@ sulfur content lower than 0.7 percent: MSZand MSL limit the 
proportion of speciaity zeolite catalysts. The above references to low s u l f ~ r  FCC gasoline refer to the 
production of cwytic gasolines generally suited to \m*king reformulated gasoline at the So-ppm level. - 
FCU is the constraint on all ultra-low sulfur modes. 

. . 
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The low olefin content gasoline mode is direqed at reducing the olefin content of-reformulated gasoline by 
reducingthe olefins in the catalytic gasoline, phcipally the light catalytic-gasoline: This mode alsoIoweri 
';the o c h e  somewhat and reduces the yield of C, and lighter olefins. . 

The high lightalefin yield'operation takes a d&e&nt.approach to reformulated gasoline production &d 
utilizes enhanced octaneZSM-5 catalyst With OHS additive to maximize the yieldof light olefins to,. 
produce feedstocks for @e oxygenate and alkylation 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 associated with this opedon. This is a high conversion operation in the 80 to 85 
percent.range. . 

The FCC conversion range represented in the model is from 65 to 85 perqnt conversion to 430 degrees 
Fahrenheit- FCC gasoline. The SVR row may be used to constrain or report the overall conversion level. 
The light end yields contained in  the model reflect ,an overall C3 recovery of 75 percent. Light cycle oil 
.characterizations (qualities) &e a function of conversion and FCC feed sulfur level. D&ted (clarified) 
oil characterizations are a'function of sulfur level only: 

< '  . . .  

. 

I .  

. . I. . 

. .  LCO mow 0.0% 60P CONV LC7 ' 

LCO 0.25s 60P CONV LCl 

LCO 0.85s 60P COW Lk3 
L C O . . . .  _.' 
LCO ' 2.00s '60P COW LC5 . . .  
LCO . . 2.00s 80P CON LC6 - ~I 

CI;ARIFIEDOIL ' 0.1OSUL COX 

1 UARIFIEDOIL 2i2OSUL ' COM 

. LCouLoaT 0.05s 80P COW LC8 ' . I  

0.25S.80P COW LC2 I ' , 
1 .  

Lea -._ 

0.85s 80P CONk LC4 ' 

- 

. , -OIL . 0.65SUL COL' 

CLARiFlED O E  5.50 SUL COH . ,  

. ,  

The four ievels of K O  q d  decant oil sulfur.correspond to the fowbase levels of FCC feed sulfur, 
nSmely: 0.05 percent, 0.30 percent, 1 .OO percent, 2.50 percent. Actual feeds may produce mixes of, 
products dependirig upon actual feed sulfur level. 

I 

. .  .. 

Weight fraction catalytic coke yields are contained in the model (row C0K)'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: . 1 

. >  . .  
. .  

. -  
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Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS and +-house 
ENSYS'data include the following published data. , 

e .  

,"Fuelsfor Tomorrow", staff article, Oil & &,Journal, June 18,1990,p.52: 

chin, A. A. et al, *'~FCC cracking o f c o b r  G ~ S   oils^^, Paper 91C presented at the 
AIChE Fall Mkting, November 1989 

' 

. -  

Humphries, A. et al, "The Resid Challenge: FCC Catalyst T e c h b g y  Up&e", 
, Paper 70C presented at the AIchE Spring Meeting, April 1991. 

Stokes G. M. et al, "Reformulated Gasoline Will Change FCC Operations and . . 
Catalysts", Oil & Gas Journal, July 2,1990, p.58. . -  

' 

* .  

Keywo& D. A. and Reid, T. A., "OCt&e Enhancement Fronk,PG", Paper 5A 
presented at the AI- Summer Meeting, August 1989. ' 

"Innovative Improvements Highlight FCC's Past gul Future", staff article, Oil & 
.Gas Journal, January 8,1990, p.33. 

Deady, J: et al, "Strategies For Reducing FCC Gmoiine Sensitivi@',Papei AM- 
'89-13 presented at the NPRA Annual Meeting, March 1%9. 

Dwyer, F.G. et al, "Octane Enhancement In FCC Via Z!JM:S", Paper AM-87-63 
presented at the NPRA Annual Meeting, March 1987. 

Yanik, S, J. et al, %ovel Approach to Octane Enhancement Via FCC Cataly- 
sis", Paper AM-85-48 presented at the WRA Annual Meeting,, March 1985. 

Krikorian,'K. V. and Brice, J. C., "FCC's Efect on Refinery Yie@", Hydrocarbon . 
Processing, September 1987, p.63. . . . 

' . . 

* '. - 

. .  - ' .  . '  . . .  

TABLE FGS 1 GASOLINE FRAclloNATION 
This idealized unit, representing a probabIe series of distillation towe& fractionates: 

. ,  
- m o l e  catalytic gasoline specific to &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 -lation 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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a ,  

, heavy catalytic gasoline (250 - 400 degrees Fa&enheit).foFreformer feed and gdsoline blending; and 'the . 
, .  

,front end of light cycle O i l  for distillate blending. , '  
. -  I .  

. .  
Coker naphtha (175 - 375 degrees Fahrenheit) is fractionatkd-to produce is0 amylene, the other reactive 

. ' amylenes and reactive hexylenes, &d the rerinaining naphtha bogom. 
. .  . 

. . Natural gasoline is frslctionated to produce is0 and normal butape and light and mediu.m naphtha cuts. ' . 

Data sources are in-house ENSYS data, calculations aid es&s supported by the fogowing: 

' . Keefer, P. and Masters, K., "Ultimate C4/C5.0lefin Processing Scheme for 

. -  Maximizing Refonnuluted Gasoline Production", Paper AM-91-50 presented at 
the N P ~  Annual Meeting, March 1991. 

' 

. I  
. .  . .  

Stokes G. M. et-al, "Reformulated Gasoline Will Change FCC Operations and . . I .  

C&alysts", Oil & Gas Journal, July 2,1990, p.58. 

I .  

 TABLE^ ETS . E ~ Y L E N E  CRYOGENIC FRACT~ONATION . . 

 his unit distills ethylene, fiom refinery gas for alkylation plant feed'using cryogenic oow temperature , 
technology). AU feed and product stieams are in bbIFOE-and the saturate co-product PGS (ethane) is used 
for refineifuel gas and to meet pyrefinery sales requirements.. 

- Data sources are based on in-house ENSYS data, calculations; and estjmates. 

TABLE OLE C,C, DE-HYDROGENATION ( ~ ~ O L Z X I ~  ' 
. 

This process unit.dehydrogenates saturated CYC31C4 and IC5 refiiery s t r e b  to produce on the order of 
) .  1500 cmbl of hydrogen per bbl of feed and the coqesponding olefin streams for alkylation anddxygenate 

plant fe&. The propylene may be used for alkylation (or ether'DIPE) plant feed and petrocheqical sales, 
h e  norm$ butylene for alkylation plant feed, the: isobutylene for MTEWETBE oxygenate production and . , 
alkylation plant feed and the isokylene for TAMFdTAEE oxygenate production and alkylation plant feed. 
"his process is &@for reformulated gasoline productio,n and aids in RVP reduction &ough removing , 
butane and isopentaqe from the gasoline pool. 

, , 

. I 

. 

1 
. '  . ,  

.- 
i .  . .  

' .  , {  . .  
. .  .Data sources include the followiflg: 

. >  
"UOP Process Solutions for Refonnuluted Gasoline", C,opyright 1991, UOP/RFG . ' 

- .  

ISK 05-91, provided by UOP to ORNL., - .  

Buonomo, G. et al, "The Fluidized Bed Technology for ParafJins Dehydogew- 
tion: S& Progetti-Yarshtez Process', presented to DEWTIT 1990 Petrochemi- 
cal Review, Houston, Texas, March 27-29,1990. . .. , . 

. .  

. 
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1 . .  
1 .  

TABLE C4I. BUTANE ISOMERIZATION . 
This unit isomerizes normal butane to produce isobutane. The isobutane may be usedefor $lqhtion plant 
feed and, potentially; for dehydrogenation to produce isobutylene for MlBE and ETBE production. 

I 

, L .  

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-U' 
This unit spits FCC and coker total butylenes into 70 percent normal butylene (C4E) and 30 percent . . 
isobufylene (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 total butylene s&+n are included in the oxygenate plant costs. 

n;e 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 thh produced by'isobutylene. 
Therefore, if the.alkylation unit is preferentially consuming normal butylene'from FCWcoker 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, oxygen% and alkylation units are both present in the LP solution 
(to pro&e reforinulated gasoline), then the MTBE/ETBE unit is situated upstream ofthe 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 optimiz8tion (understate costs) for some cases. 

Data sources =,in-house ENSYS data. 

. .  . J ,  

1 ,  . _  
. .  

. I .  

: 
* .  Oxygenate Products 

, - Metha~~olFeed' Code .MTBE - TAME THME 

Isobutylene 14E X' 
0 .  

Reactive Amylenes ' ,R5E X 

ReactiveHexylenes ' R6E - . X ' .  . 

TABLE EIIEI,ET.  OXYGENATEPRODUCZ~ON 
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 Produds 
. .  

II i. 

U I IJ 
, .  ' 
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, .  

. The data for TH&lE and THEE were =-hated by ENSYS, since there is &le or no commercial 
experience to provide operating data Other dha soGces include the following: 

Bakas, S.T. et al,, "Production of Ethersfrom Fiehi Butanes and R&nery . 
Strem,", presented at the AIW Summer Meeting, in San Diego, California, 

, .  - . , .  
* August 1.990. . .  

. .  . .  . .  
.- . .'Pichard, "No'vel Catalyst:Widens Octane Oppohaities", NPRA Anhual ~ 

. Meeting, San Antonio;Texas, March-29-31,1987. 
, .  

' Miller, D. J., "Ethyl Tertiary Butyl Ether (ETBE) Production'!,Baper 42B 
presented at the AIChE Summer Meeting, August 1989. 

. 
' .  

' D e  Courieres, J., "The Gasoline Ethers: MTBE, El?3E, T h E  & TME: Their ' ' 

Produetzbn", Paper 13A presented at the AIChE Summer Meting, August 1990. * 

. ,  . .  \ .  
, Chem&d Engineering Progress', August 1991, p.16.'. . 

Unzehan, G. W., "Future Role of Ethers in U. S. Gasoline", Paper AM-89-06 
presented at.the . N P h  Annud'Meeting, March 19.89. 

. 

, .  

Ethanol Feed I Code ETBE . . T A E E .  THEE 

Isobutylene 14E ' X ~. 
. .  

~. - 
Reactive Amylenes . R5E X ' .  

? Reactive Hexylenes . R6E X 

Refinery 'Handbook, Ethers, Hydrocarbon Processing, November 1990, p. 126. 

"UOP Process Solutions for Refonnulated Gasoline", Copyright 1991 , UOPIRFG 
SK 05:91, provided by UOP to O m .  

. .  

Prichard, G., Wove1 Catalyst Widens Octane Opportunities", Paper AM-87-48 
presenteQ at the NPRA Annual Meeting, Mkch.1987. 

~ 

I I -  
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-.  
TABLE DIP PROPYLENE OXYGENATE PRODUCTION . 
This unit is model& after a recentlyannounced Mobil process which reacts propylene and watei to ' 
produce a propylene ether (DJPE). 

. .  
. .  , 

. 

* . I  

TABLECH DIMERIZATION OF ETHYLENE TO I-BUTENE 
This unit dimerizeiethylene to 1-butene.for alkylation plant feed. It produces a small byproduct quantity 
of 1-hexene. 

Data sources are'based on in-house ENSYS data, calculations, and estimates. 
\ 

I 

. .  

TABLE C4T ISOMERIZATION OF BUTENEI TO BUTENE-2 " . .  
,~ 

This unit isomerizes butene-1 to butene12 for the purpose of improving alkylate quality and reducing the I 

*lation plant &id consumption. ApEroximately 13 c ~ b l  of hydrogen is consum& to hydrogenate 
butadiene and reduce the mercaptan c o n & ,  Alkyl& octanes are increased 1.8 RONC and 0.8 MONC 
and alkylation plant operating costs'are'reduced by approximately 30 percent. 

I .  

. L 

. .  
. 

Data sources include the following: ' . 
I 

'Novalany, S. and McClung, €& G., %etterAlkyfrom Treafed Olefins", Hydrocar- 
' bon Pr&ssing, September 1989, p.66.. 

. .  . .  . I  

TABLEALX' ALXYLAl'YOi$ 
The isobutane sulfuric acid alkylation of the following feed streams is repmented: . ,  

. -  . 

_ .  I E T " E p 0 E ) '  C2E 
PROPYLENE u c 3  
MlXEDB.U"LENES . . UC4 . . 

N-BUTYL;ENE C4E 

ISOBU?YLEP& ' I4E. 
* . NORMALAMYIENE C5E 

REACTIVEAMYLENE(IS0) p5E ' 

. .  
. .  

'FRT/ISOM BUTENE-:! T4E . 
. .  

r . .  ... 
The feedstocks are reacted with iso-butane to produce alkylate product. The range of f&toc& has been 
extended because of the high significance of allqlates as kfomulated gasohe blendstocks. 

Data sources ire the EM RYM model data provided, to ORNL and thereafter to ENSYS and in-house 
ENSYS data. Published sources include: .. , 

. .  .. . .  
EnerEly Information Adminnistration , .  
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Leon&d,.J. et al, "iVhat,to do WithRefinery Propylenes'< Paper 5B, present& .at 
the AIW Summer Meeting, August 1989. 

'Mast+s, K. R., '!4lkyhtion's Role in Reformulated Gasoline",. presented at the 
AIChE Spring Meeting, April 1991. 

.Masters, k 'aqd Prohaska, E.A., '!A& MTBE Unit Ahead of Alkylation", 

.Hydrocarbon Prmsshig,.August 1988, p.48. . 

"UOP~Frocess Solutiorq for R@ormuluted Gqoline", Copyright 1994,. UOP/RFG 

. .  . .  

. .  

* ,  

I . . SK 05-91, provided-by UOP to O R k .  ' 

T D a C P L  CATALMlCPOLYMEIUZATION ' . 

A. process using solid phosphoric acid c.?alyst to polymerize propylene and butylenes to produce olefinic 
poljlner gasoline. \ 

I .  
Data sources are the EIA RYM model data provided to ORNL and thereafter to ENSYS and &-house 

. .  , 

! 

EPiSYS data. 

TABLEDIM DI~IERSOL 

, .  

A process using liquid phosphoric acid catalyst to polymerik propylene to prbduce dimer, which is lighter 
and higher in octane than. olefinic polymer gasoline. ' 

, 
I , -  . .  

, .  

. .  Data sources include:, . .  e ,  r 

. I  

- .  
Leonar& J. et al, "Whut to do with Refinery Propylenes", Paper 33, presented at . 
the A I C E  S d e r  Meeting, August 1989,. , .. 

. _  I 

T.'.ib%H56 - RYDROGE~YAITON OF NORMXLAMY..NEAND HEX~LENE. 
 his unit hydrogenates the porma~ c&6 olems to produce low 'octane n0nm.1 pentanes and hexanes' for 
isomerizer unit f& where'the qtanes are raised. Hydrogen consumptions p-e in &e kqge of 1300-1500 
,cf/bbl. . 

Datasources are based on in-house ENSYS d& calculations' and estimates. ' . 

* 

. ,  
- -  

. .  
. .  

In an era of reformulated gasolihes, this process provides a means of removhg tlie rkctive normal C, and. 
c6 olefins from the gasoline pool.. As descnbed elsewhere, the is0 C, and C, olefins ire likely to be dealt 
with by alkylation or e thkf idon .  . .  

_ ,  
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. .  TABLE PHI PENTmEBEXXNE ISOMERIZATION 
This is a partial recycle isome&r (without molecuk sieve) which produces isopentane- and isohexane- 
rich isomerates from the following potential feed s i c :  . . 

NATURAZ, GASOLINE NAT 
LSR GASO(C5-175)ION SRI 

- LSR GASO(C5-158) GLI 
NORMALPENTANE . NC5 I 

' _ .  9 N O R M A L . " E '  NC6. 
I .  

Data sources are in-house ENSYS dz$a and the foliowing sources: 

Schmidt, k. j:et 81, "Ca&"st a& Engineering Irkvations hnprove 
. Isomriaition Techniques", Paper AM-87-61, presented at the NPJW &ual 

* 
I 

. . 

Meeting, March 1987. . -  
I '  

"UOP Process Solutions for Reformulated Gasoline", Copyright 1991, UOP/RFG 
SK 05-91, provided by UOP to ORNL. ' ' 

TABLE TRI' PENTMEBEXANE (TOT&RECYC&E') ISOMEMZATION . 
This is a total recycle isome&r with molecular sieve which produces a high oc'tane isomerate, 
approximately 4 RONC and 7 MONC greater than produced by unit PHI. The capital and operating costs 
are ~ I S O  hi&er. . ,  

. .  

. .  
* -  

Dah sources include the following . .. 

8 '  Sager, T.C. et al, "Cost Efective Isomerization Options for Tomorrow's Light 
Gasoline Processing Options", Paper AM-89-12, present& at the NPW Annual 

' Meeting, March 1989. * 

* I '  

Refinery Handbook, Hysomer and TIP System, Hydrocarbon Processbg, 
septemkr 1984, p.21. , 

. .  
I .  
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' TABLE E .  HYDROGEN PRODUCZION VIA STEAMREFOMNG . . 
~ TABLE E2X . WROGENPRODUCTlON I44 PMTLQL OWATION 

These prdcess units produce hydrogen by steam ieforming and p&al oxidation, respectively. The steam 
reforming feeds include natiml gas, propane, butane, and light naphtha, The partial oxidation plant feeds 
include lqw, inkmediate, and high sulfur fuel oils. . , ,  

Hydrogen is expressed in bblFOE.throughout the model., Correspondence is' 19,646 CfkblFOE, equivalent 
to'S0.9 bblFOE,&Mcf of hydrogen. The hydogen is produ% at 97 percent purity, containing 3 percent I 

methane.. . . 

Data sources are'in-house ENSYS data. 

. . 
. -  . .  

\ 

* ,  

, .  ' .  

I 

TABLE Hu) ' EIYDROGEN TRANSFER TO FUEL 2 .  

This is essentiallya model dbration table which permits 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 utilizedapcity and reflects the factthhat not 
reforming, is reclaimed'for hydrotreating refinery streams. 

producedhydrogen, notably from ktalytic , 

\ '  

TABLE SUL SULFUR PLANT 
' . This -unit reacts hydrogen sulfide with steam over iron oxide catalyst to produce sales grade sulfur. The 

unit is modeled after the Claus process with the capability to add a Stretford unit to reduce the hydrogen 
sulfide in the tail gas. Thesulfur quantity is expressed in short tons and the coefficients in the unit are' 
.scaled by.0.l to increase the LP solution efficiency. 

Data sources aqe the EM RYM model data provided. to 0- and thereafter to ENSYS and in-house 
ENSYS data. 

. . 
. 

. ,  . .  - .  
. .  

. 
. .  

TABLE FUM IUZFINERY FUEL PSEUDO-UNIT 
' -. Pseudo-unit for routing refinery s& to refinery fuel. This unit mixes refinery gases, naphthas, 

distillates and fuel oils to the model "m row for internal refinery process unit fuel consumption. The 

* 

, ,  
. ' feed coefficients reflect the bblFOE conversion factors. I .  

.. 
- \ 

- ,  

.. 
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< \  

. .  

' The LP solution activities associated with this unit should be controlled and/or scht;hized since an over- 
constrained or otherwiseinfeasible mddel may be characterized by dumping high value streams,to refinery 
fuel. . -  
Dga sources are not pertinent except for the bblF0E conversion factors. These are bas,ed on ENSYS 
calculations ahd estimates.. 

, .  3 ,  

, .  

. .  

f 

, '  . 

9 T ~ L E S T G  S T E ~ ~ ~ ~ G E N E R A T ~ O N  
' TABI*E KWG P O W R  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). 
efficiency of 31 percent is assumed for power generation and 70 percent for steam generation. The power 
and steam are consum& in the various refinery process .units. 

Data sources are the EIA RYM mpdel data pro6dM to ORNL and thereafter to ENSYS, in-house ENSYS 
,dataland ENSYS calculations and estimates. 

' 

. .  . -  

TABLE ~ L R E P  REFINERY LOSS PSEUDO-UNIT 

the crude run, across the light ends Streams namely process gas, Gs, Cis, and light naphtha. The loss 

This pseudcwnitis used to represent refinery light end losses and to adjust refinery loss to match 
calibration cases. The unit's single vector all- light ends loss, as a fraction (currently 0.5 percent) of 

vector is equated with crude run via row FRL which is generated in Tables RELPQL. Each crude 
processing vector in Table ACUCUTS has a 1 entry against FRL. 

I 

Estimatks oflhe loss factors are based on in-house ENSYS & and estimates based on calibration runs 
and knowlttdge of refinery losses. J .  

I 

. .  . 
TABLE PFAREP 
This pseudo-unit is used to represent refinery propane and butane losses to refinery fuel gas (C, and 
lighte;). The unit's single vector $locates C, and C, losses (transfersj to fuel gas as a fraction (currently 
0.4 percent) of total crude run. The transfer vector is equated with k d e i u n  via row APF which-is 
generated in 'Table PFAPOL. &h crude processing vector in Table ACUCUTS has a 1 entry against . . 
APF. Estimates of the fuel adjustment factors arebased on in-house ENSYS data and estimates based on 

PRODUCED FUEL ADJUSTMENT PSEUDO-UNIT 

'calibration runs and bowledge of refinery losses. . . -  

Energy Information Administration 
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.~ 

-., , (cogener) 
I .  

TABLE CGNREP COGENERATION . . ,  

This refinery process u&t is used to produce s t k n  and generate electricity for sale to the power grid. The . 
&tion sold is contaimi in input table SELCGN, the +ctricity not sold is consumed by refinery process 
unh .  Datasources &e from EIA. . 1 

Column names One column,CGN , I  

One row, FUL 
. *  

ROW names '. ., 

Entries 

e I 

. TABLESEXGN 
' Cohimnnames . - 

Fuel consumption 

COGENERATION SALES BY PADD ~ 

One column, SOLD 

PADD Codes, E,C,G,M,W. 

I 

Row names 
. .  . -  

Entries. . Fraction sold in each PADD. 
. .  I 

COGENERATION SALES B Y P ~ D  
One Column; SOLD 

TABLESEXGN 
Columnnames - 

, .  , .  
PADD Codes, E,C,G,M,W. 

Fraclion sold in each PADD. 
- .  

I 

, .  
. .  

Rownames . 

Entries 

' , ,  
, , -  . - 

.. - ,  
. .  

1 
. .  

. .  

. .  
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. .  

.' . 
* I  

APPENDIX B. .Mathematical Description of .Model 
* \  

Each refiner is trying to minimize the cost of me&g demands. Therefore, the market moves toward - 1  

lower-cost refiqek who have access to crude bil and markets.' A key premise is that the selection of crude 
oils, refinery process utilization, and logistics will adjust to minimize the overall cost of supplying the 
market with petroleum products. 

in order to gene& refined product prices, t h & ~ ~  contains a static linear pro& model ofthe U.S. 
petroleum relining and marketing system that meets demand for refined products while mbimking costs. . 
The PMM, like the other NEMS models, is written in FORTRAN. The RS6000 software includes the 
0ptimization.Modeling Library or OML, a set of FORTRAN callable subroutines. The LP portion of the . 
PMM is a complete problem matrix prepared prior to,NEMS processing. "fie Up remains in fast memory 
throughout the NEMS run, thereby avoiding many disk YO operations. 

' 

. *  

I 
It is necessary to view the PMM in the'context of the NEMS progrim 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 cdculate energy prices. When the prices.&d demands converge ta within the specified . 
tolerance, the NEMS iteration is complete and the next yearly NEMS cycle begins. If the computed prices 
have not converged, new ,demand quantities are computed, passed to the supply models, and the cycle is 

prices frqm an optimal solution to the P a  L9. Theseproduct pricesare output to the NEMS dexpnd 

convergence is reached. The demandjevel modifications to the PMM Wand the re-optibbation of the 
LP mat&, which remains in core memory, areBccomplished by exqting F O R W  callable 
subroutines. . 

FqrAJ5096 the original generation of the PMh4:matriX is performed ushg OML' ad FORTRAN. Ow 
(Optimization'Modeling Library) is a library of FORTRAN callabie subroutines for data table 
manipulation, mm generation, and solution retrieval programs for.report wrihg.. The &.is solved 
with the optimizer, C - W .  

repeated. In the case of the PMM, a supply model, the refined product prices are obtained as the marginal 

models. The LP matrix is updated with the new demands for.reihied products and the cycle continues until 

. .  

. .  
1 

* .  

' .  

B.l Mathematical' Formulation.. . . 
. .  

The table of column activity definitions and row constraints 'defined in the PMh4 matrix incorporate certain 
premises which are described in Appendix A. The general structure of the matrix is shown in Table B1. 

. .  

'Ketron Management Science, Inc., Opiirnization Mode/ing library, OM& User ManuuL (November 
1994). 

1994). 
. 'Ketron Management Science, Inc., C-WHQ Linear Progrumrning Opfirnizer, User Manual, (July' 

' 

. .  
Energy lnfotmation Administration . .  
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. 

. .  

\ 

Table B1. PMM Linear Pronrnm Slruclure : 
. e  

. .  

. .  

I Energy lnfonnaflon Admlnldraflon . 
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B.2 Matrix Indices 

1 ,  , .  1 .  

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

. Table B2. Index Definitions 

Index Svmbol DescriDtion' 

Domestic crude oil production region 

Crudeoiltype . 

Markebhgregion . . ' 
, .  

. Product q i p e  

Procgssing mode or shipping mode . 

- 

C .  

Refinery stream 

Refina product 

, Pricinglevel 

Refinery region 
. .  

Refinery s t & m  

Processing unit type 

Crude oil source 

Product specification quality 
. -  

. .  

Energ); Inforhation Administration 
NEMS Petroleum Market Model Documentation Page B - 3 

I 

, .  



- .  , .  

I. . .  * . '  

. .  

B.3 .C@umn Definitions 
. .  

Table B3. Column Definitions 

Column Notation -., DescriDtion 
. .  

. Volume of alcohol (a) purchased in d e k d  region '(d) at price level (q). 
At present, this column exists only for ethsmol. 

. .  , 

?ads 

. Dp,d 4 
Sics volume of product (p) in demand regon (d). 

. 'Increment of sal& volume decrease fiom'the base of Dap for product (p) 
in deIpand region (4) at price level (q). 

gciement of sales volume in&e fiom the b&e/ofDdp for product (p) in 
. .  

. 

. demand region (d) at price level-(@. I ' 
' I  

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

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

(h). . - 

. .  
. volume of product (p) mahufactured in refinery region (r) using recipe 

- .  . -  - 
Volume of product '@)macle 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 @) imported into refinexy. region (r) at price 
level(@., : . 

I _  

' .  

. .  . -  

' Base processing capacity in p r k s i n g  unit xu) at refinery re'gion (r) in 
I@bl/cd. This column is upper bounded. 

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

Volume of me&,anol consumed by the chemical hidustry in refinery, 
I ; region (r). . 

. 

. .  
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I 

ColumnNotation * ' 

Mt . . .  

-q I 

pb 

QPJ ,. ' 

- .  &"? 

' %m ' 

Description 

Total volume of U.S: meth&ol consumption by the chemical hdustry, ari 
input. . . .  
Volume at price discount q of Alaskan Crude (AMH) exports. 

Volume at price. increment q of Alaskan Crude (AMH) exports. 

Export volume of crude oil (c) with source code (v) produced in domestic . 
region@). . 

Volume of domestic crude oil produced eprodu&g region (b). 

Volume of 'imported crude oil type (c) imported by refinery region (r) at 
price level (9. - 

' . . .  

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

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

. Manufac&irhg activity level in mode (m) operation in processing unit (u) 
2 at refinery region (r). 

\ 

* 
. ~ o t a l  volume' of i m p o k  unfinished oil oyer refinery iegions. 

I .  

. TU 

, Tij 

/ 
Vcj . 

vp" 
1 

vcts 

, '  

Volume of unfinished oil component (i) pr&sed in refinery region (r). 

Volume of s t r e i n  (s) transferred into product 

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

in refinery region (r). 

. .  

Volume of stream (s) transferred to stream (s? at reiiiery regicin (r). 

Quantity of utility (I) that is purchased in refinery region (r): (I) = KWH, 
STM, and NGF (power, steam, akd natural gas fuel) with units in 
thousands of kWh, Mlbs., and MMcf respectively. 

. ,  

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

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

Total crude oil transhipped from PAD District III to PAD District €L This 
column is cons&ed to some maximum. 

- 
r 
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. .  . .  

. Column Notation . DescriDtion 
, I  . 1. 

V%S. Total crude oil shipped by pipeline from domestic producing region (b) to I 

refinery region (r). ms column is constrained to some maximum. 
; . 

. VPPr,am " TOM volume of light products @) shipped via pipeline mode (m) from 
. ' ' relining region (r) to demand region (d). This column is constrained'to 

some maximum. 

' 

' 

:VQlrd.m. .. ' ~ Total volume of LPG products (p) shipped via pipeline mode (m) from 
refi&g region.(r) to demand region (d). This'column is constrained to 

Volume of &oh01 (a) shipped from demand region (d) to refinery region .' 

. ,  somemaximum. . 

wid& * * 

* I  (r)' via mode (m). 

. WPS.am , Volume of product @) shipped'from refinery region (r) to demand region 
(d)viamode(ni). . . . . 

Volumeof product @) & s h i p k  from demand region (d) to demand I 

~ 

' W P d d m  . .  
. *  region (d') via mode (m). ' ' 

. .  x d d :  ,' 

y,,a,,,' 
. Volume of product @) exported from demand region (d). 

Volume of crude oil type (c) with source code (v) shipped from domestic 
region @)-to refinery'region' (r) viamode.(m). 

..' . Volume of domestic crude oil type (c) yith so&ce code (v3 trarishipped 
' . from refinery region (r) to refinej region ($1 via mode (m). 1 ,  

. .  . . ' Y G " S s b ,  

~. 
zt . 

ZET, 

Total volume of &de oil processed over all refinery regions. 

Total volume of ethkol supplied from region (d). 

. . '  

.. zox, . Total quantity of perwnt oxygen-bkels in reformulated gasoline . 
-. 'produced in region (r). . . 

a ,  

ZZAMHTOT . Export volume of Alaskan , -  Crude Oil. -- 
, .  

. I  

. .  

* / . .  .. 
.. a i  - .  

- .  
. I  . -  
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. .  

1. 
1 1  B.4 Objective .Function 
1 .  . I .  , .  

The objective function has been established bked on the premise that costs associated with product 
imports, non-crbde oil inputs, and crudeail supplies are bas@ on a given world oil price. With this in 
mind, the following objective function has been defined for Pm. 

. .  . .  
Given: - /  

is the unit price of product @) sold in demand region (d). It is the price associated 
,with the demand volume for that product in the specified demand region, i.e. it is 

' associated with Dpd' Similarly, each of the other 'PR' coefficients represents the . 
unit price offhe activity it is ass&ated with. 

is the target price for Alaskan crude exports.. 

is the discount from Alaskap crude target pn&. 

is the premium added to the Alaskan crude Wget price.. 

is the variable cost per unit of column 
manufacturing activity in mode (m) opemon in processing unit (u) at refinery. 
region (r). Similarly, 'each of the other '(2' coefficients represents the unit cost of 
the activity it is associated with in the objective function as stated below. 

is the sum of federal and state tax credits for use of ethanol'in gasoline. 

. . 
' I .  

- 
PRAMH 

PRAM"¶ 

PMMHPq 

cwm 

, .  

i.e. the cost of one unit of 
I 

. 

. .  
m d  . 

I 
.Maximize the difference' between the following sum of product revenues and costs: Thus theobjktive .. ' 

'function is represented as the maximization of a quantity defined by the following revenue t e e :  

'd'p Ddp*p%p + 'Sd'q DPp,dq*p%,dq + 'sh'r Hd4r*p%, 2$&&&,b,d*p&&,d 

' ' + E& q , d * P % , d  &&&oGv,b*p&v,b + 2; Z E T d  * .T& + -0T * $- 

~ 

+ 2; "Pq * PRAMHPq 

. minus the following cost terms: 

\ 
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.. 

* .  . 

, .  

I 

- .  

B.5 Row Congtraints 

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

. 
xb pb*cb + E D q  %,r,q*cc,r,q - WOP*Nwop*Zt 2 0 

WOP 

Nwop . -  
- .  

zt 

r; 

the volhne of domestic crude oil produced in production region (b). 

the crude oil cost applicable to P,,. $/bbl 

the volume of &ported 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. I 

is crude oil cost applicable to &,g. $/bbl 
, 

is the prk&sed World Oil hice. $/bb! 
. I  

is minimum ,fraction'of the WOP by which refiners must.acquire crude oils by 
. .  volume weighted average; of course Nwop 5 1. . . .  

is totd processed crude oil over all  refinery I .  ~giok. 

. '  Le., the average r&er acquisition cost of crude oil,& be at least some input 
fraction of WOP. 

Note: The index (v) denoting crude oil source ds always '"F" for imported crude. 
Therefore; no summation .on (v) occm for  pi^.^., 

, ,  

. .. . 

. I  

2. The implicit world oil.pn&, WOP (the.reher's acc&ition cost of imported crude I .  oil), must not be 
greater than some fraction .of pre&sed WOP: 

. .  
. .  

- 
& Pb*cb + X D q  &,zC,q - WOP * NWOP * Zt S O ' 
where: 

is the maximum €taction of the WOP by which refiners must acquire crude oils by . ' 
volume weighted average, of course Xwop 2 1. 

. .  xvop , 
- 

, '  .. . 
Le., theaverage refinery acquisition cost of crude oil must not exceed some input 
fraction of WOP. 

. .  
- .  

. .  
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\ . .  
NO&:  his constraint in conjuction with the previous constraint confine the 
imported crude oil volumes so that their composite uiit cog is close to the WOP. 
Since the costs of *e 5 types of imported crude oil brkket the WOP, there is a 
continuum of import possibilities. Of course the crude oils vary in cost according 
to crude quality &d transportation cost. However, to avoid infeasibilities due to 
an overly restrictive tonstralint, itis presently the practice to flow a variation of 
50 cents per barrel. This is also made necessary when maximum import 
restrictions ?e placed on all but a k i n g "  crude oil. Clearly, if the tolerance is 
sufficiently relaxed,'a single crude type could be imported rather than a 
reasonably balanced mix. 

* . .  

' .  
I .  .~ 

e .  

3, Cdculate total "de oil processed by summing all crude oc volumes processed over al l  refinery regions: ' 

. .  

. .  
where: 

%"J ' . is the crude oil volume'distilied in refinery region (r) from source (v) of crude oil 
type . ' 
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: . 3 

I . .  where: 

* ' . 4J.q is the volume of product imported into refinery region.(r) it cost level (s).' 

. . Ipmax is the maximum assumed volume of imiorted products dowed into the US., an 
. inputvalue. 

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

5, Assure that the volumes of methanol consum& in each refinery region sum to the assumed total volume. 
' ,- 

Xr:,M,-Mt = 0 * 

where: 

is methanol consumed by the chemical industry in refinery'region (r). 

is total U.S. methanol consumption by the chemical industry, an input. Mt 

\ 
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c 

'. 

Le., methanolxonsumed by the chemical industry in each refinery region must 
sum to the projected chemical industry total.. \ 

-No&: The PMM models domesticmethanol production aggregated to the refinery 
. region level as though the plants were processing units integral to the refinery: 
The methanol produetionis allocated to.two demands: chemical industry demand 

. I .  

and transportationsector demand. . .  
:. 

6: Limit capital investment for refipery expansion in,each kfinery region: 
- 

Z,,&,~*&,; 5 Emax, t/ r . .  . 

where: . 

,. , 

I .  % 
' 

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

4, . .  

, .  

. .  

. . .  1 
* ,  

I .  

. - .  . , .  \ 

is the capital investment required per unit of capacity for processing unit type (u) , 
in refinery region (r); w o n  dollars per MbbYd. * 

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

Le., total capital expen&&res are limited for each refinery region. This limit .' 

allows the user to place limits on.expansion for a given scenario. The default 
values are large such thatthey are not constraining, except in PADD I where a 
limit of $500 miltion dollars is the default. This value is based on anGyst . 
judgement to reflect the low.expe&ation of refinery expansion on the'East Coast. 

Note:. For NEMS production Ans, 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. 

I .  

. '  
. I  

. .  
7. ,Limit tqtal US. refinery capital ,inve&meit: 

. .  

.where: I . . ,  

is the upper limit on. capid investment over all refinery iegions, an input $MM 

Le., total capital expenditunis are constrai&d. to some maximum. This limit 
'allows the user to place limits on expansion for all regions in the Unitedstates.' 

Note: '@is constraint has been used to determine maximum product import needs 
by setting Emax to zero.' It has not been-opedve in any production runs thus far. 
However, like the previous row, it:is a potential policy exploration handle, For 

. _  - .  . Emax 

1 .  

. 

-' The default value is $50 billion and is not constrahhg. * , .  

A 

. 
. .  

. '  , .  

, .  . .  
b 

. .  
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r, 
. 

instance, one could hypothesize'that in a capital-short domestic environment, total * 

industry investment is limited. ' 
. .  . 

8. Limit the volume'of unfihished oil processed in U.S. refineries: . 
ZJJr F@.vJ - B1-* TU r BO 

where: 

%VJ 

. ,  
. TU * 

B0,Bl 

is the crude oil volume distilled in refineryregion (r) from source (v) of crude oil 

is total processed unfinished oil over all refinery regions.. 

tYpe(c). . . 

'are regression equation coefficients (see Appendix A). BO =1l7674.3,.Bl = 
4.087. , 

Le., the maximum allowable unfinished oil'processed is a linear function of total 
crude oil processed. 

. I  

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

. .  &*Tu -Ti, 2 0 .V r,i 

where: 

Ti, is the volume of unfinished oil component (i) processed in refinery region (r). 

.is the fraction of component (i) of total unfinished oil that is processed in refinery 
region (r), an input 

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

* 

Air 

10. Balance by volume, at the demand rkgions, each alcohol purchased by the petroleum ixidustry and 
domestic methanol shipped in from the refinery regions.aga@st alcohol blended by recipe in the demand 
region and alcohol shipped out ,of the demand region: 

, ,  ' 
where: 

( 1 .  is the volume of alcohol (a) purchas,ed in demand region (d) at price level (q). At B a ¶  
. present, this column exists only for ethanol, . -  

. .  

* W y b  is the volume of alcohol (a) received jh demand region (d) from refinery region (r) 
via shipping mode (m). This column exists only for methanol. . ' ' 

Energy Infohation Adminitation 
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l 

. I $ h d  is the volume of recipe prduct @) c o n h g  alcohol (a) consum4 in demand 

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

.is the volume of alcohol (a) shipped from.dem&d region (d) to refinery region (r) 
via mode (m). This column, is valid only for ethanol. ' It is assumed that all. 
ethanol purchases "e inade in the demand regions. Thus, ethanol needed by the 
refinery for processingor blending .must be shipped from the demand regions. 

Le., in each demand region, all alcohol that is purchased or'produced and shipped 
in from the refinery regions mustbe either splash blended into or shipped to a 

, region(d). , 

- ' 

, .  
. ,  A b  

- Wa&m 
. 

. 

. .  

- ,  - -  ' refining center. ., 
, ,  - 

11. For those produck which are not blended by recipe at the demand regions, each demand region, and 
for each product, impoits plus what is received via domestic shipment must equal-the volume blended into - - 
recipes plus regular sales volume: 

- 
. ' . $,d + Vzn wp~,d,m'- q d  - ip& %*,h,d*hh - Dp,d + 2q D&d,q zq DPp.d,q = P . 

.~ _ I  

, .  where: . , .  

I .  is volume of product (p) imported into demand &@on (d). - . 
. I  

. '  $ , d '  

-' w;di . is product @) received in region (d) from refinery region (r) via mode (m). 

. .  

.. 

XRa .. is volume of product @) exported &om demand region (d).. 

is volume o€ product @') manufactured by recipe (h) at demand region (d).' This, 
column exists only when product @).is consumed to produce product @) by a 
.recipe blended at the demand region, i.e. splash blended at the terminals. 

% is the volume fraction of product (p) consumed. by recipe (h), an input. ' 

is a base sales volume of product (p) in demand region (d), this activity is fixed at 
the last NEMS iterative demand value; i.e., it does not &pact thesolution. 

- .is an increment of sales volume decrease from the base of D, for product @) in 
demand region.(d) at price level (9). 

. is an increment of sales volume increase from the base of D,,! for product @),in 
demand region (d) at price level (q). , 

Le., in each demand region, for &h product, a balabce 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; 

Note: The columns D s h  and Dpphq represent and allow incrementill increases 
and decreases around the base demand value, Dp,+ An increase.in volume around 

, 

' ' %*+d 

' 

. 
, .  

.AF#l 

D R d  
. 

.. ~ 

D4.Q . : 

. .  
DpP..,¶ . 

' 

I 

I 

, ... - 

~, 
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this base is activated with an average input price determined by the demand. 
elasticity of the product. .The situation for incremental volume decreases is 

, ' simiiar,.ex&pt the price is given ii negative value. since the increment is 
. essentially behg backed out of the base volume. .The purpose of this structure, as 

opposed30 having a single fixed DBd, is to reduce wide.swings in demand 
between NEMS iteralions 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 it the demand terminals -. so that manufactured volume plus impoa~ equals the 
recipe d e s  volume for these terminal splash blended reci&x 

I 

.- 
. .  

. .  
' where: 

p' E p so that.p' is asubset of all products and.in fxt,.p' = E85 and M85. 

. %,4d 

. .  
* 

is volume of product @'):made by kpe (h), produced at demand region (d) by 

i s  volume of product @') impoaed into demand region (d). . 

is the sales volume of product @') in demandreion (d). 

. Le., for each demand region, all M85 and E85 blended at the terminals plus M85 
and E85 importea into the demand regionmust equal sales of the correspondihg 
products. . , 

, .  splash blending. * - 

. ,  
$*d ' 

~. DPV 

1 .  

13..$or Census Divisions (demand regions) 5 and 6, balance the volume of each product that is'shipped 
into the demand region Mth volume shipped out of the demand region: - 

v -' 

where: ' 

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

Wpr.$i is volume of product @) received by demand region (d') from refinery region (r) $a 
- 

pipeline (PL) mode (m). These columns are generated only for the pipeline. shipping 
mode when (d') is CD 6. 

. .  

., - .  . ' 

wp,d,dl,m is volume of product @) received in demand region (d') via transhipmentfrom demand 
region (d) by mode- (m), e.g. from 6 to 5 or from 5 to 2. For these col&s, d' = d is not 

. allowed. 

: .  
- 
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I . .  
. .  

' W,& is volume of product (p) transhipped from d e k d  region id') to demand region (d) by 
. 

I -, representipd sales 
mode (m). However, for these columns, d' = d is alJ.owed, in this case the activity 

. .  
Le., pipeline product received in CD 5 or CD 6 must balance PiL product sales 
and transhipments. . .  

. .  
Note: CD 5 and CD 2'&d Atlantic)'receive much of their product volumes via 
pipeline .(PA) originating in'PAD District IIL .Thus PAD District II production 
which is 'transported via PiL is split into one activity representing P L  product 
whichis sold in CD 6 and &other activity which is product trapshipped through 
CD 6 into CD. 5. Similarly, this I&er component is splitinto b o  column 
.activities, one which represents PL product sales in CD 5, and another which 

I 

' 

represents product .transhipped thtough CD 5 to 2. . . .  
. .  I ,  

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

, .  

, .  where: . 

'b 

- \ 

.. 
is total vo1ume.of.domestic crude oil produced at producing region (b). 

is the fraction by volume of Pb that is crude type (c) with source code (VI, an 
input. 

:. . 
4 . 4 b  

I 

is the export volume of &de oil (c) with sour& code (v) produced in domestic 
region@). ' . 

I- 

. O+,b 

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

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

I 

I '  

15. Limit shipments of crude oil.on Jones Act marine tankers: : 
. I  

I - .  - .  

where: . . .. 

m' E m m' is'the set of shipping mkes that correspond to Jones Actcrude.oil tankers. 

' YGvhJme is volume of ckde oil type (c) with source 'code (v) produced in domestic region (b) that is 
, I  

shipped to refinery region (r) via mode (m'). 
. I  

, 
. .  4 .  is dead weight tons per banel of &de oil of type (c), about 0.1344: , 

. ,  . .  .I - 
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.. 
Vcj . .  is total dead weight tons of Jones Act crude oil. This coluIpn is constrained to 

somemaximum. . e- 

Le., total Jones act crude oil shipments are limited'by the existing flkt. . I 

Note: This constraint is stated & 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 staqdpoint) because this aUows the analyst to add a minimum 
constraint or change over to a fixed constraint within the fortran code without a 
regeneration of the MPS file. Thus it is an artifice of convenience. . 

, .  
Lnit shipments of rehed product on Jones Act marine tankers by product class (clean, dirty...): 

. t  

ZplZJdZil ~ ~ . ~ ~ * b ~  - vF = o 
where: 

m' E m m' is the set of shipping modes that correspond to Jones Act product tankers carrying * 

.P'€P ' . 

WpeAw is volume of product @') shipped from refinery region (r) to demand region (d) via mode 

v product class (pc) 

- ,  . ,  

product class (pc). \ 

p' is the set of prwlucp which correspond to the product class (pc) of the . . 
particular constraini row. , . 

I I 

. .  ~ (m'). 
I 4 is dead weight tons per barrel of product @), an input. . *  

. .  
. ' V F  . is total dead weight tons of Jones Act product of a shipping class @c). This 

column is constrained to s o m e h u m .  

Le., Jones Act product shipment volume is limited by tanker availability. 
, 

. 

17. Allow Ad limit transhipments of crude oil from &e Gulf Coast to the PA? District II refining region: 

~ ~ c ~ c , ~ , G , C , m - ~ ~ ~  = 0 - .  
' t  . .  

8 . .  where: . 

yc,v,G,Cm - is volume of crude' oil type (c) with source code (v) that is transhipped from the 
PAD District III (cod&) refinery region to the PAD District 11 (code=C) refinery 
region. 

. 

is total crude oil transhipped from PAD District III to PAD District II. This 
column is constrained to some .maximum 

VCtS 

Le., the volume of crude oil shipped from the Gulf Coast to PAD District II 
refineries is limited. ' 

Energy Infohation Administration 
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18. For each domestic crude oil producing region and refinery region (r) allowable combinatjon, allow and 
limit pipeline shipments of crude oil: 

. .  

. 
Where: . 

I 

YGv,bsp is volume of Crude oil type (c) that is shipped from domestic producing region (b) to 
refinery region (r) via pipeline mode (m). 

V%J - 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 sGpped by pipeline fiomeach applicable 
producing regionhefinery regiqn pair. 

- , 

19. For each refinery/demand region applicable combintion, limit pipeline shipments of light products to 
available capacity:- 

I .  

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). . 

' _  
. Wp.J,b is volume of product @') shipped from refinery region (r) to demand region (d) via . 

.pipeline mode (m). . .  

' . vppr,& is total volume of light products @') shipped via pipeline mode (m) from refining region . .  
(r) to demand region (a). This column is constrained to some maximum. 

' Le., the volume of light products that can be shipped by pipeline from each 
refinery region to each de&d region is limited by the available pipeee . 

capacity. , ' 

20. For each refinery/demand region applicable combination, l&it 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 fiom refinery region (r) to demand 
.region (d)via pipeline mode (m). 

. 
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, 

WplJ,& is volume of LPG product @') shipped from refinery region (r) to demand region (d) $a -. 

Vtpk,, is total volume of LPG products @9 shipped via pipeline mode (m) from refining region 

pipeline mode (m). i .  
* <  

, 

(r) to demand region (a)., This column is constrained to some maximmi . 
Le., the volume of LPG products that can be shipped by pipeline from each 
refinery region to each demand region is limited by the available pipeline 
Capacity. 

21. Refinery 'policy' table entries are adhered to: 

& 2 m Q m * 4 y m -  A,*zFLp, &2,= 0 v e,r 
. .  

where: 

is the mmufactufig activity level in mode (m) operation in procissing unit (u) at 
refinery region (r). 

is the coefficient entered into the processing unit (u) @le for refinery region (r) in 
the operating mode (m) column at policy row (e), an input. 

,is the fractional amount o f t o d  capacity value entem in the policy table in row . 
(e) for fefinery region (r), an input, i.e., constraints may be introduced by the 
analyst via the 'policy" rows. 

Note: The type of row (si>,=) is de&nined by the entry in column heading 
' TYPE of the.policy table (r)POL where Asr, appears. It may also be anon- 

constraining row, in which: case the row is free. The total processing unit 
throughput is the-base for &policy limits in each refinery region: 

A u .  

I 

. -  

. .  
, z J z O , - ~ - ~ * ~ + E , , J  = 6 v r,.u . 

. .  
1 .  

. .  
where: ' 

-0, is the sum of the base, build, and expanded capacity in processing unit (u) at refinery 
, -  

. 
region (r). . .  

K, 

' b  

Lw . 
1 .  

is the base processing capacity'in processing unit (a) &refinery region (r) in 
MbbVcd. This column is upper bounded rather thanfixed. See note below. - 
is the stream factor for processing unit (u) at refinery region (r) defined as the ratio 
of calendar day capacity to stream day capacity. . *  

is the cumulative stream day capacity added for processing unit (u) &.refinery 
region.(r) during the previous simulated periods. This column is, of course, fixed. 

is the stream day capacity added during this s i m u l d  period for processing unit 
(u) at refinery region (r). . %s column is generally upper bounded. 

J 

I 
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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 vfinery and crude thatis'transhipped to other re-finery regions: 

, - \ 

. .  

where: 
I .  

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

. .  
YGVtJa is volume of domestic crude oil type (c) with source code (v) that is received at refinery 

region (r) by transhipment through refineiy region (r') via mode (m). . 
. Y5iJYa is volume of domestic'crude oil Q& (c) with source'code (v) that is transhipped through 

., refinej region (r) to refinery region (r') *a mode (m). . 
. .  

%v,r is volume of domestic &de oil type (c) .with source code (v) that is processed 
, . through the atmospheric tower at refinery region (r): . 

Le., for each domestic crude oil at each refinery region, the volume consumed at 
the refinery plus what is shipped out of the refinery region must equal what is 
shipped into the refinery region. 

/ 

23. For each applicable combindon of imported crude oil and refinery region, balance imports received 
directly,plus iniports transhipments re ived  from other refinery regions against crude.oil consumed at the 

. 

' refinery and crude that is transhipped to other refinery regions: ., 

. Eq P4,r.q + 'FJm,Ycpf.r.m e &&n YG,&,m.- %,r = 0 v CY r , -  
% 

. ,  
. .  where; . . . ' -  

. ,  
is the quantity of imported crude oil icquired by relhery &ion (r) of crude type 
(c) at price level (a. . ' 

. .  
I .  %l.¶ . 

. .  

Ye& is volume of imported crude oh type (c) that is' received at refinery reion .(r) by 
. I transhipment from refinery region (r') via mode (m). 

YGJy; & volume of imported qude oi€ type (c) that is transhipped from refinery region (r) to 
refinery region (r? $a mode (m). I .  

%FJ . is volume of imported crude oil type (c) that is . ,  processed through the atmospheric 
tower at refinery region (r). 

Lt:, each-imported crude oil must be balanced at each refinery by matching 
iinports and what is received through transhipment against refinery consumption 

: , -  

-.. 

, . . 

. I  

. _  . and what is transhipped to other refineries.. I , 

. I  

. I  - 
. .  ' .  

Energy l n f o h i n  Administration 
i ' NEMS Petroleum Market Model Documentailon . Page B - 18 

< .  . .  . .  

., . .  ~ 

I (  ' .  



24, Balance each'product at each refinery region: 

Q P S  . is volume of spec product @) manufactured in refinery region (r). M e n  product 
@) is a spec pbduct, column & does not exist . . 

. .  
. is volume of prodkt @) manufaclUrea in refinery region (r) using recipe Q. 

m e n  this co1u.h is active for product @), column QpS ddes not exist. 

L4I . , * is volume of refined product @>'imported into refinery region (r) at price level (4): - 

R P S  . is the volume of stream (s) transferred into product @) in refinery region (r). 

%P*? . is the volunie of product @) transferrk into product @? storage in refinery region . 
(e. 

%*& ' is-the volume of product made by recipk (h) at refinery region (r) hi which product . 
@') is an.ingreiiient. 

is the vo1ume of product @) consumed per qiit of recipe (h), ah input. . 

is the volume of product @) shipped from refinery rigion (r) to demand region (d) 

Le, for each product at each refinery, the'volume &ufactured plus volume 

to the volume transferred to other iower quality products plus the itmount . 

consumed by recipe plus the volume shipped to market. 

. .  
APP 

WWAm 
= .  ; viamode(m). . 

c imported plus volume transferred from another higher quality product must equal . . . 

is the quantity of utility (1.3 that is purchased in refinery region (r). Of course Q) =. 
-KWH, STM, and NGF (power, s t k n ,  and natural gas fuel) with units in 
thousands of kwh, Ibs., and Mcf respectively. 

is the manufacturing activity level in mode (m) operation ih proce'ssing unit (u) at 
refinery region (r). 

.. 

. .  
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. ALwm isthe quantity of utility 0) consumed (-) or manufactured (+) per unit of operation 
of processing unit (u) in mode (m) in refinery fegion (r). The (u) index includes 
the utilitymanufacturing units. 

. 

> .  - 
, I  'QPS is the volume of spic product @) manufactured at refinery regjion (r). This 

column exists only When product @) is  a spec blend. 

%' . 

is the qiantity of utili& 0) consun+ per uhit of spec product 6) manufactured at 
refinery region (r). 

'is the volume of product @) manufactured by recipe blend (h) at refinery region 
(r). This column exists only whed product.@) is a spec blend. 

is the quantity of utility 0) consumed per ,unit of recipe product (h) manufactured 
at refinery region (r). 

Le., for each-utility at each refinery region, the quantify purchased plus the 
imount xqangactured must equal the consumption. ' 

26. Constrain each processing unit throughput to maximuin' capacity at each refin-ery region: 

% &%m-&-&*&fEw) = 0 V ' T , U  . 

_ .  
where: .' . .  

is the manufacturing activity level in mode (mj operation in processing unit (u) at . -  %m . < I  

refinery region (r). 
. ,  

. &.. is the base processing capacity in processing unit (u) at refinery region'(r) in 
MbbYcd. ' This column is upper bounded rather than fixed. See note below. . 

is the stream factor for procissing unit (u) at refinery region (r) defined as the ratio 

is the cUmulative stream daycapaciG added for processing .unit (u) at refinery , 

region (r) during the previous simuhted periods. This column is, of course, fixed. 

is the s&- day capacity added during this s&uIatkd period-for processing unit 
(u) at refinery region (r). This column is generally upper bounded. 

of calendar day capacity to stream,day capacity. ._  
- & *  

L 
. .  . 

. . 

. .  E, 
, .  

% , .  . -Le., the ktivity of a particular processing unit must be limited to the m&um 

Note: By making this row.iixed with the bqe  capdty upper bounded, the 
processing throughput is'calculated as K, + &*(L, + EW). df course, in a 
model lacking cabadity expansioncapabfity, the c.apacity constraint row is 
commody constructed as throughput and is equal to or less than a right-hand-side 

, _  operakg capacity. 

. .  
' I  , 

' . 
-. 

. .  - .' capacity value so that the throughput is merely the row activity. . .  
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. .  
27..Balance eachhtermediate refinery stream at each refinery region: I 

E,,Em'QP*~,wP + Es (Tx,, - T b )  - E; GLpr - E&, €I,,**b = 0 

where: 

i e s  

V i, r 
I I 

.. . . .. 
i.e., the intermediate streams .are a subset of all refinery s&. 

* 4 W P  

Tx,, 

' T b .  

is the manufacturing activity level in mode (m) operation in processing unit (u) at 
refinery region (r). . 

is d e  volume fraction of intermediate stream (i) created (or consumed if the sign 
is negative) per unit of manufacturing activity level in mode (m) opetation in 
processing unit (u) at refinery region (r) for processing unit (u) at refinery region 
@). 

is the volume of stream is) transferred to intermediate stream (i) at refinery region 
(0. 

. .  

' 

' 

is the volumi of htemediate stream (i) transferred to stream (s) irefinery region 
(e. .. 

GLPJ is the volume of intermedit& stream (i) blended into spec blended product (p) at 
refinery region (r). 

* 

. H P *  , . ' is the volume of product @) mmufactuied &ording to recipe (h) at refinery 
' region.(r). - 

. 4 h  is the volume Mtion of intermediate stream (i) consumed per unit volume of . 
product manufactured according to recipe 

Le., at each refinery region, each i&xnkdiate stieam must be volume balanced so 
. 1  that the amount manufactured plus the amount transferred from higher quality 

streams must equal the volume's conswed by manufacturingprocesses, tfie 
amount that may be transfe,rred to*other lower quality streank plus the volumes 
blended into spec and recipe products. 

at refinery reson (r). 
. .  

28. Constrain qu*ties of sp& blended products: 
' 

I Xi GLpJ*b,i,p - %*b,pJ 0 'Q Y, p, r 
. .  where: 

. 

is the volume of infermediate stream (i) blended into spec-blended product @) at 
refinery redon (r). 

is the blend value of property (y) for spec product @) of stream (i). 

GLP; . . ,  

* b A P  

Q P J  . is the total volume of spec-blended product @) Inahfactired at refinery region 
(r). 

I .  
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is the c o n s m g  value of property (y) that spec product <PI must adhere to; &., 

Note: The row type v&es depending upon.whether the blend specification 
quality is a maximum, -mi&um, or fixed value. 

i.e., for each spec for each producj at each re&ery region, the aggregate spec 
value of the product determined byvolume weighting the spec properties of the 
consumtid blending stocks must not violate the specification limii 

I 
. !  

' .  - 4.L 
I .  an octane number, at refinee region (r). . 

. 

0 .  
*- 

,. 

I I .  

29. Sum oxygen percentage contribution by oxygenates blendq to reformulated gasoline 

where: , . . .  
is the volume of oxygenate streani (OX) bieided to RFG in region (r). 

- is the percentage oxygen in oxygenate stream (OX). This group includes m E ,  
TAM,,and Ti-lM\ &om meth&ol i d  ETB, TAE, and.T€IE from ethanol. Also 

is the volume of RFG splash blended wi& ethanol in region r. 

i s  the volume of RFH splash blended with ethanol in region r. 

,is the. total volume in units of percent oxygen-barrels of RFG. 

'. 
'GOXJ& 
POox - -  

. .  
ihcluded is the ethanol splash blended. . .  

HvJ 

F k  is the fraction of ethanol in RFG for.2.0% min oxygen (= 5.8%). . 
%r"s 
zox, - -  

. ' 
" PO,, is the percentage oxygen in ethanol . ' - '  

. . FEMRFH is the fraction of ethanol in RFH for 2.7% min oxygen (= 7.8%). 

xoE G ~ & ~ . * P o ~ ~  +Hmwcs *PO, *F-~ + H ~  *PO;*F* 2 L*ZOX, 

. . .  

~ . 30. Sum oxygen percentage contribution by renewable oxygenates blended to RFG. , , 

I .  

. .  

where, h addition to the txku defined ih equation 29: . . ' , , '. 

GO€RFGJ 
. poOE/ . 

'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 from ethanol. Also included is the ethanol splash blended. 
is the volume fraction of the oxygen that must come from renewable oxygenates, 
i.e., ethanol, ethylbenzene (ETB) and ethyl etheis (TAE and THE). ' 

, 

, - ' I , , L  . 

, I  . I  . c 

31. Calculate refinery consumption of natural gas supply by-summing volumes processed for each refinery 
region: 

Z&NGRFNp-UJVGF = 0 . ,  
. .  

8 ,  where: 

, NJVGRFNp 

. .  UPGF is th . 

* -  ' 

. .  

is the volume of natural gas consumed in refinery region (r) at supply price delta 
0). . 

total volume of natural gas consumed in refinery region r. 
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I .  

32. P l k  an upper bound on each natural.,g+ supply step volume: 
. .  

, 
. .  

N,NG&, 2, N G ~  ' 

, 
. .  where: ' , 

N,NGRFNp 

NG, m x  

' .  

. . is the volume of natural gas allowed on step,p in region (r) at cost a cost delta. 

is the maximum volume of natural gas supply allowed, based on .an hput value. 
Note that step N1 has a minimum lower bound volume. 

33. Calculate Alaskan crude export volumes: ' . . . * 

, .  \ f 

where: 

. Z4 wq Volume at price increment q of Alaskan &de (AMH)'exports. 
Zq "Nq Volume at price discount q of Alaskan Crude (AMH) expo-. 

34. Place k upper bound on each Alaskan crude supply step volume: 

,"x,*- 4 . .  
where: 

volume at price kCrement/discount q of Maskan crude (m expo+. -4 

-4- is the maximum volume of crude export.allowed, based on an input value. 
a *  

35. ~n addition to the above, several non-constraining rows exist merely as a convenience to sum over 
certain columns via the row activity parameter.. 

* .  

. .  . .  

r , I  . I  

. ,  

. .  . 
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- B.6 Row and Column Cross'References 

The PMM LP matrix is generated from a program written in +e FORiRAN language using callable 
subroutines from O a .  ' The co&spondence between the rows and t€ie column symbols in the preceding 
matrix description and the.generated matrix names of PMM are shown in Table B4. 

. 

, .  

' Table 3k Column Cross References . 

Column Notation. ' , .  

D(d)@)Sl ~' 

, 

- .  

' . Lp,'. --. 

* Mt D@METSl I 

Ow.b ' . . O@CRDEXP 

P(b)DCRQl 

%vs . R(r)AcUoW 

Energy Infoktkion Administration 
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MatrixName ' . ' 
_ .  '-. Column Notation 

Tu . . TQTOTUNF 
. .  

. .  

. .  

. *  
vpc . ,  h 

Vcts 

V d , .  . 

, 
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. .  

e .  Column Notation Matrix Name 

ZQTOTCRD 

Z(d)ETHTAX 

Z(r)RFGOXY ' 

N(r)NGF" 

U(r)NGF 

I '  ' 

I .  

i I 

, .  

I .  . .  

- .  . .  

- .  
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.. APPENDIX D Model Abstract . 

i. .- 
._ 

D.l Model Name: 

Petroleum Mkket Model 

, 

, '  

PMM * .  , 

- D.2,Model Acronym: 

D.3. Description: . .  

The Petroleum Market Model is a simulation of the U.S. petroleum industry. It includes 12.domestic crude' 
oil production regions, 5 refiriing '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 ' 
p r o m  optimidtion which ensures a rational economic simulation of decisions of petroleum sourcing, 

products are manufactured,imported, and marketed. Seven of these products are specification blended, 
while the remaining 11 are recipe blended. Capacitated transportation system are included to repksent . 
existing ink-U.S. crude oil and product shipments (LPG, clean, dirty) yia pipeline; marine e r ,  barge, 
and !rucWrail tankers. The export and import of &de oil and refined prbaucts is also simulated. AU 
impdrts are purchased in accordance with import supply cuNes. Domestic. manufacture of methanol is 
represented as though the processing plants were a part of the refinery complexes wheieas ethanol sources . 
are treated as merchant. Transportation is allowed for ethanol shipments to the demand region terminals 
forsplaqliblending. , ' 

\ 

' resource allocations, and the calculation of marginal price basis for the prdducts. Eighteen refined 

. .  , .  

. The program is Written in FORTRAN which includes callable subroutines allowing full communication 
with the LP portion of the model 'which is in the form of an' MPS resident file. 

. .. 
,' .. . 
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. l  . .  

. .  

. .  , .  
, .  . .  

. .  . .  . a .  

. . 6.4. Purpose of 'the Model: 
I .  

' be  PMM models domestic petroleum refining activities, the marketing of petroleum products to 
consumption regions, the,production of natural gas liquids in gas processing pwts, and domestic methanol 
broduction. .The purpose of the PMM is to project petroleum product prices, refining activities, and 
movFments .of petroleum into the United S@tes and among domestic regions. In addition; the model 
contains adequate structure and is sufficiently flexible to examine the impact of a wide variety of 
petroleum-related issues and policy options, in order to foster. understanding of the petroleum refining and 
marketing industry as well'as determine the effects of certain policies'and regulations. 

The PMM proj&ts sources of supply for m&ting.pe&oleum product demand. The sources of supply 
include crude oil, both domestic and imported, other inputs including alcohols,and'ethers; natural gas p&t 
- _  liquids production; petroleum product imports; and refinery processing gain. Inaddition, the PMM 
estimates domesticxehery capacity expansion and fuel, consumption. Product prices are. estimated at the 
Census division level and much of the.ref&g activity information is at the Petroleum Administration for 
-Defense (PAD) District level. , . I  

, 

, 
I .  

I 

. ' \ .  

D.5 Most Recent Model Update: 
t 

October 1995 

b . D.6 Part of Another Modell? 
- .  

Ngiond Energy Modeling System ("EMS) 
. .  

. I  

. I  

. D.7 Model Interfaces: 
- \  

' .  

-- . 
_ I  I 

. Receives. information from the International, N.atural Gas'Tk-ksrhission and Distribution, Oil and Gas . , 

Supply, Renewable Fuels, Electricity Market, Residential, 'com&ercial, hdustrial, and Trapspor&ion , 

Models; Delivers information to each of the models listed above plus the'ficroeconomic Model. 
.. 

. .  

. _  . .  

. I  

/ 

, .  . .  
I .  

, -  
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. .  . I  

D.8 Official Model Representative: . 
I 

, ' b  

BruceBawks I 

Office of Integrated Analysis and Forecasting. 
Oil and Gas Analysis Branch . 

(202) 586-6579 . 
. .  

I . I  

'D.9Documenfation: . . . 
, .  

- .  
EIA Model.Documentation: Petroleum Market Model of the Natiokl Energy Modeling System (NEMS), 
December 1995. (DO,!ZEM-M#59). 

. D.10 Archive Media and Installation Manual 
- 

. .  
', . 

- ,  . .  . 
Archived zis part of the NEMS pioduction runs. 

.: 

.D.11 Energy Sysiem Described: ' 

PetroIeum refining industj and refined products market. 

D.12 Coverage: , '  I 

. I  

Geographic: Twelve domestic crude oil production regions (East Coast, Gulf Coast, Mid€ontinent, . 
Permian Basin, Rocky Mounkn, West Coast, Atlantic Offshore, Gulf Offshore, Pacific.Offshore, Alaska 
South, Alaska Noah, Alaska Offshore); five refining regions PAD Districts I-V); nine &ket 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 UnitFrequency: Annual, 1990 through 2015 

Products: LPG, Wtional motor gasoline, traditional high oxygen motor gasoline, reformulated motor . 
gasoline, reformulated high oxygen motdr gasoline, M85, E85, jet &el, distillate fuel oil, highway 'diesel,, 
low-sulfur residual fuel oil, high-sulfur residual fuel oil, petr&hemical feedstocks, aspkWroad oil, 
marketable coke, still gas, other. 

. .  
, 

. 

. ,  
. <  
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Refinery Processes: crude distillation, vacuum distillation, delayed coker, fluid coker, v i sbker ,  fluid 
d y t i c  cracker, hydrockker-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, pen(hex isomer&tion, butane isomerization, etherification, 
butanes splitter, dimersol, butylene isomerization, naphtha splitter, C2X5 dehydrogenator, hydrogen plant, 

. sulfur plant, aromatics recovery plant, lube + wax plants9 FCC gasoline splitter, gas/H2 splitter, stream 
transfers, fuel system, steam production, power generation . 
Crude Oil: Alaska low sulfur light, Alaska mid sulfur heavy, domestic !ow sulfur light, domestic mid. 
sulfur heavy, domestic high sulfur lighk domestic high sulfur heavy, domestic high sulfur very heavy, 
imported low suifur light, imported mid sulfur heavy, imported high sulfur light, imported high sulfiir 

Transportation Modes: Jones Act dirty &e tanker, Jones clean m&e tanker, LPG marine &r, 
import tankers, clean barge, dirty barge, LPG pipeline, clean'pipelines, dirty pipelines, d t r u c k  tankers. 

. , These cover all significant U.S. links. 

, .  heavy, imported high sulfur very heavy. . . ,  
- .  

' . 

' ,  

D.13 Modeling Features: * .  . 
. ,  . -  

Model Structure: FORTRAN d a b i e  subroutines which update the linear programming matrix, re- 
optimize, extract and post-process the solution results, update system variibles, and produce reports. ' 

' 

. .Model Technique: Optimization of linear programming representation of refinery processing and 
. . ksportation which relatesthe various economic parameters and stq~ctural capabilities with resource 

. Constraints to produce the r&quired product at minimum cost, thereby producing the marginal product 
pn&s in a manner that accounts for the major faciors applicable in a market economy. 

Special Features: dhoice of imports or domestic production of prdaucts is modeled,xxipacity expansion is 
determined endogenously, product prices'include fixed imd environmental costs, oxygenated ,and 
reformulated gasolines and low-sulfur diesel fuel are explicitly modeled. 

. .  

. . ~ .  . .  

. D.14 Non-DOE Input Sources: 
, I  

, .  

Information Resourqs Inc. @u), WORLD'model data, N&ional Petrole& Council, ICF Resources 

, ' e. . I  

e .  

. .  ., . .  
.. 

- .  
. I  \ . .  
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D.15 DOE Input Sources: 
, '  . .  

Forms: .. 

EIA-14 Refiners' Monthly Cost Report -. 
EIA-182. Domestic &de Oil First Purchase 

. EIA-782A Monthly Petroleum Product Sales 
, EIA-782B Resellerhtetailer's Monthly Petroleum Product Sales 

EM-782C 

EM-81 1 

Monthly Petroleum Products Sold into States for Consumption 
EIA-810 Monthly Refinery Report . .  

. Monthly Bulk Terminal Report 
, ' EIA-812 Monthly Product Pipeline Report 

* EIA-813 . Monthly Crude oil Report 
- .  EIA-814 . Monthlyhporb 

~ 1 ~ - 8 1 7 '  Monthly Tanker and Barge Movement 
* EIA-820 Annual Refinery Report * 

EIA-826 Monthly Electric Utility Sales . -. 
EIA-856 . Monthly Foreign Crude Oil Akuisition ., 

EIA-867 Annual Nonutility Poufer Producer Report - 

L 

In adchon to the above, i n f o d o n  is obtained from several Energy hforniation Administration formal 
publications: Petroleum Supply Annual, Petroleum Supply Monthly, Petrolerim Marketing Annual; 
Petroleum Markking Monthly, Fuel Oil and Kerosene Sales, Natural Gas Annual, Natural GasMonthly, . 
.Annual Energy Review, Monthly Energy Review, State Energy Data Report, State Energy Price and . ' 
Expenditure Report. . 

I .  

. .  
- .  

-. 

. .  

, .  

. * . .  , .  
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1 

, . .  
' , ,  

' D.16 Computing Environment: . .  
' .  

. ,  
* .  , .  

. Hardware: 'RS 6000 POWER server 590 
operatingsystem. AJX version 3 

Memory Requirement .4,OOOK 

Estimated Run Time: 
4peCialR-s: \ ,None. 

, .  

. software: AIX FORTRAN, OML 

Storage Requirement: . 34.7MB . 
L 2,200 seconds ia a full NEMS run (26 years) . 

D.17 Independent Expert Reviews Conducted: ' 
/ , -  

Independent reviews of the Component Design Report of the PMM were conducted by: 

I .  AS. Matine, ASM Consulting Services, July 1992 ' 

A.S. Manne, ASM Consulting Services, September 1992 
. . ,  

\ *  . D.18 Statuseof. Evaluation Efforts by Sponsor: . 

None.. . 

I 
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APPENDIX E. Data Quality 

E.l Quality of. Distribution Cost,Data 

. -  

Costs related to distributing petroleum products to end-users &-e inco&orated by adding fixed 
transportation markups to the wholesale prices which include the variable and fixed refinery costs. 
Transportation markups for petroleum products are estimated as the average annual difference between 
retail and wholesde prices over the years 1984 through 1994l: The differences are based on whoIesaIe 
prices in the producing Census &vision and end-use prices (whkh do not include taxes) in the consuming 
Census division. See Appendix F for a discussion of programs and input files used in estimating these 
markups. * 

Annual wholesale prices for all petroleum products are.aggreg@ from stak-level prices from &e EIA- 
782A. The'estimation and reliability of the EIA-782A data is discussed in the Pegroleurn Marketing ' 

Annual I994 @OE/EIA-0487(94)). See Table El  for inputs and sources. 

With the exception of gasoline, non-utility distill& fuel, and jet fuel, sectoral end-user prices &rough 
1992 areaggregated fiom prices from the State Energy Price and Expenditures Report 1992 (SEPER). 
The methodology b'ehind these state-level sectoial prices are discussed ixi the Stczte Energy Price-aql 
Expenditures Report I992 @OE/EIA-0376(92)). One area of concern is the3EPER methodologyfor 
'residual fuel transportation prices where the vessel bunkering prices are tied to State el-tric utility prices. 
This me&odology is questionable because most u&ty residual fuel use is on the.East Coast w h e k  vessel 
bunkering is concentrated on the Gulf and West Coasts. 

Gasoline, jetfuel, and non-utilitydistillate prick are estim*ated as weigh@ averages ushg end-user prices 
fiom EIA-782A and sec'toral consumption from the Skte Energy Data Report @OE/EIA%214(92) 
(SEDS). 

* : 
I 

. Due to a two-year lag in the publication of the SEPER data, end-use price estimates for 1991 and 1992 are 
calculated using the same data series and methodology described in SEPER. The SEPER methodoiogy 
uses prices from 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 data and to Electric Power 
Annual -1994 (DOE/EIA-0348(94)) for a discussion or the reliabilility of electric utilities data from FERC- 
423 and EIA-759. Table E l  shows the data series used in the estimation of end-use prices. 

\ 

- .  

Transportation &kups for kerosene ,*. based on the difference between end-user kerosene prices and Hiholesale distillate 
prices. . , I .  

I .  

Energy Idomtion Administra tion 
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Table El. SouruG of Markup Inputs t .  

1 

. , 

. 
. .  

Fuel a . 

Distillate EU 
. .  

SEPER, EIA-759, FERC-423 

Low SulfurResidual EU , , . SEPER, EIA-759, FERC-423 

. ,  

. -  
Fuel 

-HighSulfurResidual EU 
Fuel i .  1 ,  

SEF'h, EIA-759, m C - 4 2 3  
. .  

. . ,  

. .  - .  

E.2 Quality of fax Data . .: 

- .  
In the PMM, State and Federal taxes are added to the prices of gpoline, and distillate fuel, liquefied 
petroleum gas (LPG), jet fuel, ethanol and methanol in the transportation sector. State taxes ate held 
constant in real terms'whbe Federal taxes are deflated in each forecast year. The t& methodology was 
adopted starting with AE095 because a tax trend analysis indicated thq State taxes keep pace with 
'inflatioa while Federal taxes do not, 

* 

' 

The State taxes are add& as Census division weighted averages which are basaon the most recently- 
available State taxes. State tax& forLPGs, jet fuel, ethanol, and'methanol are taken from The Clean Fuels 
Report, April 1995, published by J.E. Sinor'Consultants. State and Federal &xes for gasoline and . 

. .  
, .  

' , PageE-2 
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transpoxtation distillate are based on data from the Federal.Highway Administration; but are modified to 
include other known changes to State taxes. The quality of the State Ievel tax data is.unknown but deemed 
reliable. Federal taxes,. which were increased by 4.3 per gallon 1993, are widely published, and deemed 
highly reliable. . 
See Appendix F for a d&cription of programs and input files used in.the estimation of historical taxes and 
taxes used in' the price. projections: . I 

.E.3 PMM Cr'itical Variables . 
- .  

The PMM' contains numerous.variables and para&ete& Some variableshave greater impact on model ' 
results than others. The following is a list of variables that we believe has a high degree of influeixe on 
PMM results. It is provided to help users understand the ciitical factors affect& the PMM. 

' . . Worldoilpri& * I  - ,  
. .  

0 Product demands 
Imported*crude supply curves 

. 0 Irinported product supply curves . , 

0 Domestic crude production 
Prices and available supplies of methanol,, ethanol;. MTBE, and other etders 

' 0 Market shares for gasoline iind distillate types 
NGL supply volumes 

. .  

' . '[ 

0 Investment cost for capacity expansion ' . .  

I , -  

Most of these v&abIes &e pr0vid.d byother models in the NEMS syste~ll, The investment cost and 
market share &*&e developed offline arid read in to the PMM. I 

Tests on some of these variables &e discussed in a separate' appendix to this documentation, titled 
Documentation of the Petroleum Market Modei Appendix 'Model Deyebper's iep0r-t; In an earlier 
effort, a detailed Mbktion was made, using the same refinery model technology database as in PMM, . 
compared agaiyst the EIAPetroleum 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 &tud PSA 
values and total production just 0.28 percent higher. A more complete comparison, including assumptions, 
can be found in the cited reference. 

'_ 

. .  

'YJ.S. Detailed Refinery hdel ," Letter of Octokr 20,1993, from Martin Tallett of E$TSYS'to G. H. H q  of EIA. ' 
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APPENDIX F. Estimation Methodologies 

.- 
F.1 Refinery Investment Recovery Thresholds 

I . .  

The calculation methodology for the capital invystment recovery threshold values have been taken from a 
standard refinery industry reference.' The inside battery limits (ISBL) investment cost and labor costs for 
most of the processing unit types were obtained from a study by Bonner and Moore Associates? The 'data 
for typical unit sizes and stream factors as well as supplementary bvestment and labor was obtained from 
the World Oil Refining, Logistics, and DistributionfWORLD) 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 thheems to be widely shared in the petroleum industry. 

The&side battery limits cost per barrel investment cost at the Gulf Coast (I?) for each refinery prodess 
modeld was obtained from the cited data sources. The total investment cost 0 was then calculated 
using the referenced methodolog. Finally, the capital recovery threshold for each prm& was calculated. 

Given that a Gulf Coast plant and equipment battee limits cost €or an expansion of processing plant type I 
is Pi dollars per barrel per day of stream day.capacity (This is assumed to include r@red storage fac&ties 

. but not necessarily all mandated environmental systems.), then the nominal total plant andeq6pment cost 

. . 

. 

- 
. .  

at'some arbitrary'l&ation would be . . .  

.mE$Jp +u)(1 +o) (1) 
, .  

. .  . _  where u = Utilities cost multiplier 
0 = Offsites multiplier 

i 

With construction occunring over a $year period at a constant rate, the present value of the nominal total 
plant and equipment is 

. .  

'J.H. Gary and G.E. Handwerk, Petroleum Rejiniiag: Technology and Economics (New York Marcel Dt 
Chapters 13 and 14. 

ker, 1973, 
. .  

%onner & Moore Associates, Inc., A Capital Expanrion Methodology Review of the Department of Energy's 
Petroleum Market Model, prepared forthe United States Department of Energy, Contract No. EI-94-25066 (Houston,.TX, July 
1994). 

3Ensys Energy & Systems, Inc., WORLD Reference Manual, a reference for Usk by the analyst and management 
prepared for the United States Department of Energy, ContractNo. DE-AC-01-87FE-61299 (Wqhington, D.C., September 
1992). 8 

I .  
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. 
. I  . .  

where DEF = inflatiqn rate during construction . 

.Qe  final land, plant,,and equipment cost is " 

. .  

(3) FPE,=PVNT~EXI +s)(i +c> 
* .  I . I  

., where S = Special costs multipFer (includes land) 
c = Contingency cOst multipfier , ' 

. .  , I  

.. 

- ,  

The total invistment is ' 

* .  

(4) 
/IW,=(l +W)*FPh 

. ,  
. \  

. ,  

' , where W=Workingcapitalmultiplier - - -  

. A multiplier @led the plant depreciation factor or PDF, is-used in the investment recovery calculations. It 
is merely the ratio of depreciable investment to total investment. More specjfically, the numerator of the 

' PDF is total invtktment less land, working.capital, and supplies. The total Gulf Coast investment cost and 
depreciable ipvestment fraction (PDF) as well as&e fixed costs are presented in Table F4. The location 
factors, taken from working papers developed for the 1993"kC refinery study, a ~ ~ 5  presented in Table F2; 
In order to do ihis, several premises have been set in accordance with Table F1. The multipliers in Table 
F1 were obtained from the Ggry and Handwerk reference.. The variability of these factors is unknown. 

FORTRAN code while maintaining flexibility in changing the key volatile parameters such as required 
return on investment.  he investment datajm use for two different purposes in PMM: (1) the negative of 
'the sum of the.recovery factor and the fixed cost are entered irito the objective row of the unit expansion . 
.vectors of the PMM LP to provide an investment decision criteria; Le., the investr$ent will occur,to the 
e x k t  that it is economic and (2) the basic investment cost multiplie+I by the location factor (L) and 
&y appropriate environment factor is what must be multiplied by the LP expansion vector activity with the 
resulting products summed to provide entries for the CAPEXP matrix;.i.e. the .capital expenditure table, of 

, . The IMT values were pre-calculated in a workshekt so the recovery.factors.cou1d.be placed ii~ the 
. 

. 

the " E M S  FORTRAN common blc& , '  

. .  
, .  

I 

.. 
. I  
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Table F1. Investment Multiplier V ~ u e s  

Multiplier - -  Value . ' 
, u  * . .  .0.075 
0 0.15 
DEF ~ '0.03 
C 0.15 I j  

S 0.04 
W 020 : * . .  

1 
. I  

"lie capital recovery threshold is calculated fiom: ' 

I .  

, .  

. d  
I 

* .  
c 

. I  
, , where, 
1 .  

I t  
I .  CRTiJ = . The daily investment recovery required for processhig unit type I at location j, 

$/bbl ' . .  
I 

The investment required for processing unit type I on the Gulf Coast, $/bbl 

Location factor for PAD District j 

hveitmbnt fact& for environmental capital expenditure 
. 

I - ,  = 

Lj.= 

' E =  

PDF, = Plant depreciation factor (fraction of investment thatmay be depreciated) for 
processing unit type I 

Effective combined income tax rate in PAD District j 

Investment retum rate, fraction 

Plant life, years 

I 
. *  

I 
. *  

. .  

R =  

PL = 

i .  
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Table F2. Location Index (J-) Ad Lodation Factors 

PADDistrict LocationFactor ~ . 
- I  

1 
. 

I I '  
rn 

. >  Iv 
I '  V 

/ .  
. .  

. .  

when R > 0, then . .  

.1.2 
1.2 
1.0 
1.2 
1.2 

(6) 
I /  

, -  e .  

otherwise, 

where 

TRF = 

' mj= 
Federal income tax rate 

Average state income tax'rate for'PAD District j; weighted by crude oil charge 

Note thalan investment tsUt. credit can be added to this.iiwestment model by decreasing the JNV by the 
applicable fraction. ' 

The reader may ver@ his understanding of the'investment equations from a simple example. Chculating 
@e capita! recovery r e q ~ e h  to expand the crude oil distillation tower capacity in PAD District III by one 
barrel per day for a 15 percent return over a 15-year plant life with a combined income tax rate o f 4 2  
percent viith no a ~ ~ o w a n ~ e  for collateral environmental cosi, 

. I  

. 

. ,  . I  

- .  . 
/ 

, .  CRT;,,, = $o.wday. - 

. .  
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Refinery Unit Fixed Cost Factor ' 

The fixed cost which, in conjunction with the-capital recovery threshold forms the threshold for expansion 
investment decisions, for processing unit type I is calculated from: 

I 

I ,  . 6 

' Fc,=&B,+Pvm€~g 365 I.1 ' . (8) 
* *  . .  . . .  .- 

- 
% .  

where - . . *. 
' B = operations labor, $ /YW/ESBU~~~ , 

the 6 "F" multipliers are shown in Table F3.' 

Table F3. Fixed Cost Multiplier Values 
, .  

Multiplier - Value 
1,Insurance : 0.005 

,2,Localtaxrate ' 0.01 
3, Maintenance 0.04 , : . . '  

5,Overfiead . 0.015. 
6, Environment . 0.02 

I -  

., -4,supplies . 0.002 ' 

. 

. 

. .  
The labor charge, 3, 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 thenew environmental refinery operation and 

. main@nance cost as about onathiid of base operations-and maintenance over the 1991-1995 time period. 
G a j  and Handwerk estimate the maintenance factor to vary between 3% and8%, 4% was used because '- 
the trend is for refineries to increase operating efficiency'over time. Variabhity of the other factors is 

. $)-  

* I 

' unknown. 

I -  

* .  
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\ . * I  

Table F4. Refineiy Investment Recovery Data . 

($1991) 
processing unit unit INir PDF Fixed cost 

Index (D~llafipabblld) . ($/bbl) 

Crude oil tower ACU ' $673 0.760 $0.14 

' VCU $1,067 0.760 , $021 : . Vaup lun i t  . .  
, . - 1  

, , . SOlvkntdeasphalting - i. , I .., SDA % .  $2275 . . 0.760 $0.46 '. 
\ 

. Delayed Gker I , K R D  $5,135 0.760 $0.99 ,. 
. K R F  , $6559 '0.760 . $128 Fl&d/flexicokex 

VisbreakdCC * ,  b R  . ~ $1,657 I 0.760, ' $0.34 - .  
.. Naphtha hydrotreaik . NDS ' - . $1312. 0.760 $0.28 ' . '  . . 

Di&a!edestllfmkr DDS 1 , , $1,933 0.760 $0.41 ' 

FCC feed hydrofiner , . FDS $2349 0.760 $0.47 , 

. .  RDS, $5,394 . I 0.760 $1.11 
- -  . Residuumdesulfunzet . ' 

* &o$hydrocracka- ' . H a ' .  . ' $6512- ' 0.760 '. $1.33 ' 

Residuum hydmaacker 

Naphtha hydrotreater 

HCV 

H e  f 
I $8,702 0.760 $1.74 

$3,990 0.760 $0.81 
- .  

, \  LUB $16,109 I 0.760' . $3.21 . .  
, L u b e ~ d ~ u n i t s  

' D E W  . 
.JFP 

. _  $1,613 . - 
$2584 . , 

0.760 $0.34, * 

0.760 $0.88 

, HidensityATFMhit ' ,HDN'  . , $17,819 0.760 $3.63 

HPsemiregznREPoRMER . .  . 'RFH ' $2,157. ' 0.760. $0.49 I 

LP cyclic reformer RFL. , $9561 - 0.760, $0.59 

LP continuo& &mer ' RFC.' ' $3,164 .' 0.760 $0.68 

* .  Naphthasplitter. . SPL . , $863 ' '  - 0.760. $0.*17 

hydiog&on ' ' OLE 1 $13,232 . 0.760 $2.73 

Fluidcatcracker . . .  FCC' ' -  , .$4,358 0.760 $0.88 

FCC fractionation 1 .  ' FGS ., ' $690, , 0.760. ' $0.13 

Alkylation unit * ALK ' ' $7,150 0.760 $1.54 ' 

: 

, -  

PoIymerizationunit' . CPL . w  0.760 $0.49 

Dhersolunit - DIM . $3,107' 0.760: ' $0.65, 

Aromaticsrecovery . .  ARP $3,625 . 0.760 . $0.78 

. PedHex Isomerization PHI . ~ $4,315 0.760 $1.14 

) . ,  

' Butane isom@zation' 

Total recycle isom 

c4I I 

m 
$6,213 .' 0.760 $1.68 

$6,725 ' 0.760 . $1.37 . .  , .  
i . Cyclarunit I CYC $12,797 0.760 $2.49 , .  

EnergyInfo&tionAd;ninistra tion ' . 
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. I  

Fixed cost 
($/bbl) 

Pr!Jcesshg Unit , Unit INV- PDF 
.Index (Dollars per bblld) 

Ether01 unit ' 

H2 Steam ref bfdd ' 

H2 Partial Ox bfoeld 

sulfur, s tonslday 

' Steam gena, lb& 

- power g&eration, MKW 
. .  

I MDistFumualhrting 
* .  

M Dist deep hy&otrt 

Methanolunit * ' 

. .  

. .  

' .  

ErH $8,054 
\ *  

H2P 

H2X 
SUL 

STG 
) .  

' KWG 
FEX 

DHT 

MOH 

~ $32J79 

$32,634 

- .  $200 

$72 

$9 

$2,053 

. .  $2,851 

, $30,611 

Energy Infomation Adminkhation 
NEMS Petroleum Market Model Documentation 

0.760 $1.78 . 
0.760 $6.56 

0.760 $6.31 

- ' 0.760 $0.04 

0.760 $0.01 

0.760 I $0.00 

0.760 $0.41 

0.760 . $056 

. 0.760 $3.41 

.. 

, 

I 
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. .  

.\ 

, '  \ 

F.2 Gas Plant Models 

I .  

* ,  

. .  

The gts Ednt m o d s  for each PAD District is maintained on the spreadsheet 'NGL.WK1' mdntained - 
within EIA by the Oil and Gas Analysis Branch. These models require gas plant wet gas volumes as input. 

, In order to accommodate the idonhion available, dry g q  production volume, and permit gas plant 
.activity to be driven 6y'dry n&ml gas demand, factors are applied to the dry gas demand volumes to 

. calculate imputed iolumei of processed wet gas. rd PADD V, the PMM mociels + ~ y  the CmoAia gas 
plane. Although Alaska pr$u&s and processesa considerable volume of natural gas, it is nearly all used 
for reinjection with some NGL dumped &to the crude pipeline with the exception of modest volumes of ' 

southern Alaska production.. Thesouthem Alaska production does have alocal NGL,market with much of 
the'dry gas shipped out as J&G; In anycase, the PAD District V re+ery industry is virtually unaffected , ' 

by Alas@ NGL production. Thus, the PMM.ag$egate gas plant includes CalifoMa only. Gas residue > 

volumes are not availablelo the PMM but total dry gas volumes by P b  District are. This infom.ation is 
in the " E M S  common'block region. Specific+ly,. the total dry gas volurges are av'ailable in: 

, 

. .  

. ,  .'Commonblock. . NGTDMOUT 
I 

, .  

PRNG-PADD~ADD,Y~R), BCF .' 
. .  

Variablernatrk 

. .  
DFAption: . i Total dry gas procfuced including plant fuel and lease fuel (P&L) for PAD 

' District F F D '  in y e  'YEAR' excluding Alaska. 
' 

Each of the five values must be multipIied by a factorto obtain an estimate of thecorresponding wet gas 
that is processed by the gas plants; i.e. the total dry gas volumes are multiplied. by the ratio of processed 
,wet g& to total dry g& production. These Mos are de&& from 1993 data4 so that data variability is 
unknown. The five multipliers are shown hTable F5. f - ,  

, I  

, .  

. .  - .  

, ' .. 

. .  . .  
I 

. . ' 4Energy Information Administration, Naturd Gas Ann& 1993, DOE/EIA-0131(93); (Washipgton, DC, October 
. 1994). . . .  

' .  
EnergyInformationAdmi&ra tion 
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\ 

Table F5. Total Dry Gas MuItipIier 
, 

PADDistrict Multidier 
I 0.4536 
I I '  0.7659 
III 
rv 
CA 

. 0.7572 
' , . 1.0136 

0.7745 .. 

The multiplier for PAD District I is. low because relatively lkle of @e mdest PAD District I g k  
production is prwsskd beyond field decontamination. The multiplier is high for PADD IV because a 
great deal ofUtah g& production is reinject@ for field pressuremaintenance. This reinjected gas is not 
counted in total dry gas production. , , 

' . 

I .  

I .  

The NGL extraction is allowed to occur at a minimuni, maximum, or average level. Complete ekane . , ,  

I 

rejection is allowed with a processing c rd t  for each barrel rejected. Propane rejection occurs in U.S. gas . 

plants but to an unlcnown extent. The model allows propane rejection up to one fourth of the propahe 
,volume. .The basic model structure is devisedfiom the Pack Consultanti annual petrochemical repod. 
The liquids extraction.data have been.calculated by averaging.actual liquid extraction volumes from the 4- 
.year period 1990 - 19936 as well ak obtaining minimum 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 statistidally bas& models, as opposed to engineering models, may understate processing 
flexibility. Furthermore, the gas business is not statistical. It is driven by technology and ecomomics, i.e. . 

history is suspect as a basis,for suchvalues.. The model for PAD District III is shown in &e followhg 
table. Models for.the other P h  Districts e similar except'the extraction co@Ycients Mer.  

. .  
. .  1' * I 

'Pace Petrochemical Service, AnnUaI Issue, (Houston, TX, September 1989): 
6Energy Information Administration, Nurural GmAnnualI991, DOE/EIA-0131(91), (Washington, DC, October 1992) . . 

and similarly, the Natural Gas Annuals for 1986-1990. . .  

Energy Information Administration. . 
. ' NEMS Petroleum Market Model Docnmentation . PageF-9 - .  



Table F6. Gas Plant Model for PAD Ristrict IH 

Row' R AVG . ETH. PRO . Type HS 
MIN MAX 

. .  
WetNatGas (Mh4cf) -1.OOo , -1.OOO -1.OOO ' , =  0 

-Gas 0 0.945 0.938 0.941 . ~ 0.002 0.002 = + ,  , 

14.562 '-1.OOO 
I ,  

Ethane (bbl). ' I 14.070 14.332 

'. Propane (bbl) . 11.165 . 11.628 1 l1.782' -1.Ooo ' ' . .  

. N-Butane (bbl) 2.506, 4.409 3.349. 

. I  4.693 ' .  . , , I  

. 4.375 . 4.776 , .  1 .  

I-Butane (bbl) ' 

. ,  

- . NatGasoline (bbl) ' 7.025 7.310 7.286 
. ,  

-39.058 . -42394 -41.613 0.998 . 0.998 - .  Volume Loss (MMcf) 

. .  Fuel (MMcfl) ' -0.037 ,4040 . -0.040 

- Opea.CoSt($) . -115.07. -124.82 -12251 

5.88'. ' 2.94 
. ,  

. -  . Opea. Cost ($/bbl) ' 

1.Ooo I S '  -I. . >  . Capacitylimit(bbYd) ' ' 

. .  .\ 

The above table Wers from the implemented model in three respects. Propane rejection is controlled via , 

objktive function row rather than occupying two roys 
things are shown in the above form for the sake of clarity. The major difference is that'the wet-gas balance . 
row is an equalzero.rowin.the'&P represendon. There is a column representing pseudo purchases of wet ' 

. gas with a.plus one in the wet gas balance row and minus the forecasted gas price in the objective function 
TOW. bf course, this column is fix'kd at the detekned level of procqssed wet gas. 

. column limit in the LP d e r  than as a row limit and the operating costs ate merely entered into the 
' 

. '  
'e the above depiction suggests. Of course these 

. .  
- \  

, .  . .  
. ,  

1 ,  

. .  
. ,  , I  

J .  

. .  

. ,  . .  
t ' .  

. .  
" , 

. .  
, 

\ . .  . .  
, .  

tion - Energy InformationA8 - - ' 
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1 .  

1 ' . ' F.3 Chemical Industry Demand for Methanol . 

. 
Since the PMM jncludes methanol plant models in each PAD District representing all U.S. methanol 
capacity, U.S. chemical industry demand (demand other than for MTBE/TAME'fwstock and neat fue1)is 
a required input. The Pace Consultants make long range forecasts of the chemical industry demand7. , 

Their forecast is:. * . 
1 

. I .  

. -  

Table F7. Chemical Industry Demand for Methanol 

I 

. Y e a r  - .  . 'Demand IMbbVd] - Year - Demand (MbbVd) 
. 1990 66.7 2003 89.4 
1991 73.7 

~. 

'2004 93.4 ' 
\ 1992 72.0 ' 2005 97.6 

I 1993 : 73.4 . I 2006 . , 102.0 
1994 74.8 2007 . . . 106.6 . ,  

1995 . 76.6 2008 , .111.4 
I I 1996 78.0 * 2009 . . 116.4 

1998 81.0 201 1 127.1 
1999 . 82.6 2012 132.8 

2013 138.8 
2014 ' .-145.0 

2902 87.6 ' 2015 151.6 

I 1997 79.5 . 2010 . 121.6 

. ,  

. .  

, 2000 84.2 
. 2001 85.8 

The methanol plant modei in each PAD District is represented by asingle column acti?ty eat consumes 
natural gas and produces methahol. Two additional transportation ktivities allow the methanol produced 
to be transported to the re-g region for production of MTBE/rAME andor splash blending in gasoline 

, or sent to meet the national demand for methanol.by chemical plane. The model @so allows capaci6 
, expansion .of the methanolplsnt. . .  

. .  
- .  . .  

. 

. .  
. .  

. .  1 

' 'Pace Petrochemical Service, AnnuaI Issue, (Houston, TX, October 1992). 

* Energy Wormation Administra tion 
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, 

. .  F.4 Estimation of Refinery Fixed Costs . , 

The mar@ prices computed'in the P k .  by the&e of the Simplex algorithm .cannot be used directly to 

refinery. The marginal prices do include the raw material and variable unit operating costs and will reflect 
the relative costs of producing each product, ' 

. A methQdology was developed to allocate fixed refinery costs to &e. eginal prices of light products 
(LE'G, gasoline, kerosine, jet fuel, No. 2 heating oil, and low sulfur highway diesel) thus including fixed 
costs in the prices reported at the refiqery gate. The heavy products (residual oil, petrochemical 
feedsto+s, asphalt, and other) are piiced at their.mar&al cost due to competition from otheffuels. Fixed 
r&nery costs heach PAD District a& esthgatedas the sum of fix$ opeking costs, return on assets, and 
enviro&nental.costs associated with controlling pollution at refineries cable F8). The averige annual cost 

present model, but further analysis will be perfomed fo determine the.variability of these costs. 

. determine the. wholesale (refhery gate) price because they'd0 not include the fixed cos& of operating the 

~ , .  . 
. I  

~. 
. I  

' 

- is applied to ail years and is recovered in the prices of light prducts only. These costs'do not vary in the . .  . 
. .  

. 

. .  
, - Table FS. Refinery Fixed Cob,  by PAD District 

(1987$/bbl) ' , 

. .  

, - -  

\ 

. 
m e  methodology for allocating costs among light prod& is baed on.the concept of marginal cost and 
was developed&om a similacapproach used by the Gas Research Instithte (GRI ).8 The steps used are as 
follows: .. . 

. ,  
_ -  

(1) 

(2) 

Determine the fixed costs for each PAD District which include payroll, m@tenance, 
deprecidion, and other'fixed operating expenses. 
Determine a fair return (profitjon assets. 

. .  
*&'Res&h Institute, "US. Refining Model Methodology", (May 1991). 

. .  :. 
Energy Information Administra tion - . 
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(3) 
. (4) 
(5) 

(6) 
(7) 

Determine the envirQmntal investment and operating costs. . 
The total costs to be raovered are the sum of (l), (2), and (3). 
Determine the marginal revenue from the LP solution that will recover the marginal cost 
(the product of the marginal price of each product times the production volume). 
Calculate ratios that will apportion the fixed costs to the light products marginal prices. 
Use the ratios from (6) to scale the marginal prices to refinery gate wholesale prices. 

* 

. where: , 

' .  

First, margkal revenue is determined for each refining region R: 

1 

= VALUE(Lpz, * VOLuME(LP)R 
~ = VALUE@IE')R * VOLUME(€lP)R 

1 . .  
. .  

VALuE(LP) - .  is the marginal price for, each light product (LP) that bear the fixed cost 
VALUE(HP) 
VOLuME(LP) 

. VOLuME(HP) 

is'the marginal price for each heavy product (Hl?) that will not bear the fixed cost 
is the .production volume for each Ii& product . 

is the production volume for each heavy product 

- 
* 

- 

TOTREV, = R E W ( L P ) R  + mW@)R 

Second, the total revenue required, including the fix& costs, FTXCOST is determined: 
, e  

WoWvR ' A  ,= REVLPO, + REV€P@Ph +( FTXCOST~*VOLUME) . I  

N L W v R  = NTOmvR - W m ( € l P ) R  
The last step is to calculate the refinery gate price for each light product . 

.. 
Refiiery Fixed Operating Co@ 

The fixed operating cost values were developed from information published by the National Petroleum 
Council based on a 1984 survey of U.S. refineries and are summarized in Table F9. The published 
values were adjusted to 1987 dollars based on the Nelson Investment Index. The original NPC da@ - 
included refineries of different complexities from simple to deep conversion in each PAD District. 
Volume weighted costs were developed based on capacities in each P@ District.. . 

. 
. .  

%ationaI Petroleum Council, US. Petrolek Refining, (October 1986); , 

, I  

* .  

8 .  

Energy Information Administra tion - 
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, 

r 

TabIe F9. Fixed Operating Costs by PAD District 
(198j $hbI except where noted) 

, .  

Reherg Re& on Akets 
/ 

* ,  
I' . 

The use of i return on assets (ROA) is a i  attempt tb in~lucik a fiir return' On invistment as part of the 
pfinery cost structure. Es&s ofgross fixed assets by refinery type and PAD District were obtained 
from &e NPC study previously cited. The level of rew on. assets was set at 4 percent. This return) is-' 
based on a simple average of the net income to total assets for major energy producers for the years.1989, 
1990, and 1991 reported by EIA in 1992.'0 By comparison, the S&dard &Poor's 400 ROA is 3.9 
percent; Ip Table PlO, the Gross Fixed ksets  are expkssed in $/bbl/d of distillation capacity and the 

, resultkg per barrel cost at a rate of4 percent are shown for each PAD District. 
. 

. . , 

, .  
- .  

. .  

. .  
. I  

. .  
, .  

. .  \ 

/ 

\ 

% n e G  Information Administration, Perfoomuu2ce Profiles of Major Eergy Producers, 1991; DOEEJA-0206(91), 
.. 

-. . ' 
, I  

. .  , (Washington, D.C., December 1992). - ~ 
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I . .  
. c  

I 

Gross Fixed Assets (1987 
$/bbl/d) 

r 

ROA at 4 Percent (1987 $/bbl) . 

' Table F10. Return,on k e t s ,  by PAD District 

t 

PAD' . PAD' PAD PAD 1 PAD 
District1 DistrictII District District D&ctV 

2183 ' 1280 1925 1687 2091 

024 - .  0.14 . 0.221' 0.18 0.23 

m . .  Iv 

Refinery Environmental Costs 

Refinery source costs are expenditures incurred to satisfy regulations related to air and water pollutants, 
solid wkte management, and health and safety controls at refineries. Related costs are baed on estimates 

Petroleum Council Study." 

. -  

I 
I of capital investment, one-time, and . -  operalion and maintenance expenses provided in the 1993 National 

The NPC Study provides PAb District level esthhtes of capital,:one-time, and,opeFting and maintanence 
expenses over three time periods: 1991-1995,1996-2000, and 2000-2010. ,Operation and maintainence 
expenses existjng prior to 1996 are not used as they are already reflkted in the fixed operating cost I 
esthyttes. The NPC estimates were converted to &I annual averagecost per barrel of distillation capacity 
for inclusion as a refinery hed cost (Table F8); ' 

The underlying NPC analysis reflects the actions described below: 

- 

' . . .  
. -  

. .  I .  , . .  

Air related 'costs include &ent of Wbient'A qual& stan& (Title I of the Clean -e Act 
Amendments), hazardous air polluthts (Title III, MACT standards), and permits (Titl-e V)". 

\ 

\ 

Water related costs include technology required to satisfy toxicity requirements of the National 
Pollution Discharge Elimination System (NPDESj authorized by.the Clean Water Act. Costs for 
additional measures to protect groundwater are also as~umed'~. 

Solid waste related costs include remediation of contaminated soil at refineries sites, recovery and 
monitoring wells, the listing of additional refinery w ~ t e s  as hazardous, the closing of unlined 

* impoundments, and an assumed phased replacement of half the tanks over 40 yeak of ageI4. 

, .  
"National Petroleum'Council, US. Petrole& Refining '1 Meeting Requirements for Cleaner Fuels a h  Refineries, 

Volume I (Washington, DC, August 1993). 
. %id, Sqtion V-9-12: 

131bid, Section V-13. ' 

141bid, Section V-16. 

. .  Energy Infomation Administra tion . 
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\ .  

, . .  - ,  
- ,  

. Safety and healtli related costs includes & assumed phase-out of hydrofluoric alkylation @f) 
. plants due to the classification of iif as a $ghly hazardous materid. 'SI@ costs associated with 
implementing process hazards analysis ire $so contained in the NPC esti~hates'~. . 

, *  * .  ' 

For comparative pbrposes NPC's estimated capital imd OTE costs aggregated over 1991-2010 results in 
total environmental investments of $43.5 billion. The NPC sum can be'compared to estimated ihvestments 
published by the APII6, by adding.the API estimates for individuiil legisl&on that are consistent with NPC. 
The NPC total f& in the middle of the range of API investments of $19.4 to $60.0 billion. . . 

. I  . .  , ,  

F.5 Estimation of Distribution Costs . , 
- .  

- 
. ' Costs &lated to distributing petroleum products to end-users are incorporated by adding fixed - . 

, .  
. tianspodon markups to the wholesale prices. which include'the variable and fixed refinery' costs. 
. Transportation markups'for petroleum products aie esthqated as the average annual difference betwiken 
retail Ad wholesale prices over the y 6  1984 through 1994. The diffeences are based on whol&ale 
prices in the producing Census division i d  end-use prices (which do not include taxe) d the consuming 
Census.divi&on. Wholeiale prices q aggregated from State-level prices from the EIA-782A. Sectoral 
end-user p r h s  are aggregated,from State-level prices hom-the State Energy pride and Expenditures 
Report (SEPER) 1992.. End-use prices after 1992 are estimated according to the SEPER'splethodology. 

. 

. .  . Computer programs apd data files used toes- &spo$tation markups are discussed below. 
I .  

. ,  
.. 

I . .  

. .  Data-R&ding Programs , . ,  
. .  

The following programs access EIA survey dati and should be updated each ye&., Member names, of SAS 
, .  . .  

. I  

, .  ., data sets aie given in parenthesis. . I  

. t  

-', CN6007.PRJ.NEMSkARKUP~WHOLSALE , I  
. /  

Prom. :  

FilesRead: &l6G7.BBM.A.SASDB.STATE.A€% ' 

.. ' 
(IMPSTATA~. 

. '  h6007.BBM.A.SASDB.STATE.AB9495. 
(IMP94A) . - 

.~ . .  

*51bici, Section V-19. . , . *  

~ '%e & of the initial cost estimates in Costs to the Petrole& Industry of Major New and Future Federal 
Govenunent Environmental Requiremenfs, American Petroleum Institute, Discussion Paper #070, (Washin&on, D.C., October 

RCRA reauthorization. 
. 1991), Tablk ES-1 and ES-2. Aggregate estimates exclude product specification and off-site costs, and utilized minimum 

I _  

. ,  

.. Enei-gy Information Administration 
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. CN6007.PRJ.NEMS.MARKUP.SASDB 
. .  

. ,  (REGIONS) . . 
(WHOLSALE) . . 

- . This program reads a databases containing State-level refiner. wholesale prices from the EIA-782A. A 
separate file is read'for data prior to 1994 because the 782 data was kept in a different data system. 
Wholesale prices f l r  asphalt and road oil, distillate fuel, gasoline, jet fuel, kerosene, liquefied petroleum 
gases, and,residual fuel oil are aggregated into Census division pdces (cents/gaUon) and output to the 

' NEMS database for other markup programs to &sS. I .  

I 

Program: CN6007.PRJ.NEMS.MARKUP.EIA782.READ 

Files Read: CN6007.BBM:A.SASDB.STATE.Al39495 
' (IMP94B) 

CN6007.PRJ.NEMS.MSASDB . *  I 

I This program updates retail prices oqthe NEMS database using the most recent data from the EIA-782A 
contained in IMP94B. The State4evel prices for gasoline, distillate, kerosene, jet fuel, high and low sulfur 
residual fuel, andliquefied petroleum gwes for the most recent 2 years, 1993 and 1994, are aggregated into 
regional prices and added to data for previous years (using PRODE). The p r o k  is updated by revising * 

files and incremepiing YEAR in line 82. Contact the Petroleum Marketing Division of the Office of Oil 
, and Gas concerning the EM-782 data which is.available in March. 

* 

- 
.. 

Program: CN6007.PRJ.NEMS.MARKUP.GDPtV 

= .  . !  Files Read: CN6007.PRJ.NEJMS.MSASDB 
(GDP87). 

This program updates the GDP deflators in the NEMS database. Program should be rerun after adding 
most recent year's deflator. 

- 

, I , .  

Program: CN6007:PRJ.NEMS.MAiKUP.CONFAC . 

Files Read: CN6007.PRJ.NEMS.&4ARKUP.SASDB 
(CONVER84 through CONVER93) 

Energy Inforplation Administra tion 
N h B  Petroleum Market Model Documentation 

, .  . .  

, .  . .  

Page E - 17 



. -  : . .  
# 

l 

1 .  e .  

' . This program provides annual conversion factors for each product. Factors for the 'most recent year of the 
+PER'S should be added tb the data. TJlese conversion factors are acceSskd by the SEPERXEAD . I 

programs. The Ipg factor is updated based on the upcoming SEDS (information available in April), ' I a .  

. I  
. a .  

I 

! , *  
, 

program: CN6007.PRJ.NEMS.MARKUP.SEPERREAD90 

Files Read: CN6356.PRJ.SEPERSJO.SAS.DATA , 

CN6007;PRJ.&MS.MAFkJPSASDB ' 
(CONVER8,4 through CONVER93) , 

(STATE84through STATE93) ' - .  

' . 
/ .This program reads State-level prices by sector from SEPER-1993 ahd puts them into the NEMS b a s e :  
prices afe acceised for the following products: 

I .  

.. .gasoline(mg) . 

distilliite (df) ' . - 

\ 'kerosene (ks) 
@idud fuel (rf) 

, liquefied petroleum gases (lg) 
jetfuel(jf) - , 

hphalt and road. oil (ar) ' . 

petrochemi& feedstocks (fs) , 

I 

I ,  

.. . . ,  . .  
. .  

, 4 .  , 

. ,  
. .  . naphtha feedstocks (fn)' . ' 

. other f&tocks-(fo) - 
. .  

Theprogram is set up to read only one y& of dat2 at a time."The data is available in September. The * 

program should be rerun for historical years back to.1984 since historical data are sometimes revised & 
, SEPER's. kh'year's data canbe ;jPdated by uncommentihg the appropriate line between 15 anh 21. The 

price series is read'fiom the SEPER's'database $th 1984 pri& at l d o n  23.1. and consecutive years at , 

intervals at 14 (1985'at 225, and so on). The appropriate lines shouldalso be uncommentd between 38 
and 44 and betw&n 61 and 67. 

I 

' 

. 
' 

, I  

. I  - - . .  

pr0grZU.U: * . CN6007.PRJ.NEMS.MARKUP.READN59 \ 

Files Read: CN6007.PRJ.NEMS.M.SASDB 
(REGIONS) 
(E759Y85 through E759Y93) 

. CN6944.PRJ.F759.MAST&94 

. .  @ergy Information Administration 
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I 

This program reads monthly volumes of distillate, low and high sulfur residual fuel consumed by electric 
utilities from EM-759. The volumes are by-State and are in gallons. The program annualizes the volumes 
and assigns them to Census divisions. 

.., 
Program: ' , .  

FilesRead: ' 

, .  

. 
CN6007.PRJ."S.MARKUP.F'423.READ 

CN6501 .PRJ.F423.EXTR1984.REVGAS 
CN65Ol.PRJ.F423.EXTR1985.REVGAS . 
.CN650 1 .PRJ.F423.EXTR1986.REVGAS 
CN6501 .PRJ.F423.EXl"Rl987.REVGAS 
CN6501 .PRJ.F423.EXTR1988.DATA 
CN6501 .PRI.F423.EXl"R1989.DATA 
CN650 1 .PRJ.F423.EXTR1990.DATA 
cN6501.PRJ.F423.ExTR1991~DATA , 
CN6501 .PkJ.F423.EXTR1992.DATA I 

CN6501 .PRJ.F423.EXTR1993.FJNfi 
, CN6501.PRJ.F423.E1994.FJN& 
* CN6007.PRJ.NEMS.M.SASDB 

. -  

L 

. .  
This program reads State-levelquantities and costs of distillate, i d  high and low 'sulfur residual fuel 

. .  

consumed.by electric utilities from F.ERC:Fonn 423. The quadtities and costs are converted to a trillion 
Btu basis and assigned to Census divisions. . .  

. I  

Program: CN6007.PRJ.NEh@A&RKUP.ARVOL ' 

Files' Read: CN6356.PFU.SEDS.PUBLIC93.DATA 
- .  

* : C N 6 0 0 7 . P R J . G S . M . S A S D B  , 

(ARVOM through ARVOL93) 

This program reads industrial asphalt and road oil volumes from SEDS, The program is updated by 
accessingthe most recent SEDS file and adding another output file similar to ARVOL93. The location of. 
the volume should be incremented by 14 (@329+14). 

D 

- .  
, I  
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-. 
b 

Program: 
. .  

, Fi l~Read:  I 

.. 

. .  

CN6007.PRJ.NElIB.MARKUP.~ROVOL 

CN635'6.PW.SEDS.PUBLIC93.DATA 
CN6007.PRJ.NEMS.M.SASDB 

* . ( K E R V O ~ ~ ~ ~ ~ ~ O U ~ ~ K E R V O L ~ ~ ~  
. '1 

This program reads kkrosene,consumption in the residential, commercial, and industrial sectors from 
SEDS. To update - access the most.recent SEDSdYe and add mother output file similar to KERYOL93. 
The location of the volume should be incremented by 14 (@329+14). 

I 

, .  ... 

Program: CN6007J'RJ.NEMS.M.kKUP.GMVOL . 

.FilesRead: . . CN6356.PRJ.SEDS.PUBLIC93.DATA ' . .  
I QT6007.PRJ.NEMS.MARKUP;SASDB 

(GASv0~8 i  through GASVOL93) 
., 

This p r o w  reads gasoline consumption ih the &sportation, commercial, and industrial sectors from 
SEDS. To update -&cess the most recent SEDS file and add another output file sim&r to GASVOL93. 
The location of the volume should be incremented by 14 (@329+14). 

* . 

. , 
, .  

a ,  

, *  , 

, .  Program: CN6007.PRJ.N@MS.MARKUP.LPGVOL . . .  . .  
. .  . 

Files Read: ' . .CN6356.PRJ.SEDS.PUBLIC93.DATA . ' 

. QT6007.PRJ.N&IS.M&RKUPARKvp;sAsDB 
5 ' (LPGVOL84 through GGVOL93) 

, .  
- . ' .  

. . 

L 

, Thisaprogram reads gasoline consumption in the transportation;residential, and,commercial sectori from 
SEbS. To update -.access the most recent SEDS file and @d.another output file similar to LPGVOL93. 
The location of the volume should be incremented by 14 (@329+14). 

. .  
, .  

.~ 
I ,  

*. , 

I .  

Program: ' , . C N 6 0 0 7 . P R J . N E M S ~ . R S V O L  , 
. .  

,. 
, .  

. FilesRead ' - .CN6356.PRJ.SEDS.PUBLIC93.DATA 
CN6007.PW.NEMS.MARKUP.SASDB 

. (RSVOL84 through RSVOL93) 

. .  
. . 

I 
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, .  

.- 
This program reads gasoline consumption in'the commercial, industrial, and transportation sectors from 
SEDS. To update - access the most recent SEDS file apd add Hother output file similar to RSVOL93. . 
The locdon of the volume should be incremented by 14 (@329+14). . 

. I  

. -  
Markup Estimating Programs I 

' 

' All "CALC'', pro& calculate markups as ihe difference between a products re& and wholesale price in . 
each Census division and sector. The estimated markups are output to 
CN6007.PRJ.NEMS.wUP.SASDB in 1987 dollars per trillion.Btu. The output file from each 
program c o n e s  the variables PRODPMM, SECTOR, CENDIV, MEAN, AND STDERR. 

Census Division "99" represents national data and Sector "ZZ" represents all seitors. The followipg table 
des,cribes the source programs for petroleum product marlcups: 

. .  

, 

.. 
s 

. .  
1 .  

Energy Information Administra tion 
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I ,. 
. .  , .  

. ,  . -  * ,  

1 .  

' TableF11. MarkpsOutput . .  

Pro&aIU: CN6007.PRJ.~.MARKUP.PMM.CALC 

.Files Read: \ CN6007.PRJ.NEMS.M.SASDB 
(PRODE) ' . 

(GDP87) 
. moL.sALE)- 

. (GASVOL84 through GASVOL93) 
* ( C O W 8 4  through CONvER93) 

(MGBTU). 
wA=J?m 

I 

Energy Information Administra tion 
. . NEMS Petroleum Market Model Docnmentation 

* .  I '  

. This program uses retail gasoline, distillate, and jet fuel priceb and volumes originating fbm b e  EIA- 
782A. Commercial and industrial gasoline prices are estimated by weighting the EIA;782 end-user 
(transportation)prices with SEDS volumes for these two sectors. Commercial and industrial gasoline 
volumes for 1993 are used to represept 1994, shce SEDS stops with 1993 data.. Distillate and gasoline 

i . .  
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markups are estimated as the average annual difference between end-use and wholesde prices 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: After updating "data" progratns, revise this program to utilize more'recent SEDS volumes 

. I ' by adding another data set that reads GASVOL92. Use CONvER92 and increment all 
I year dependent formulas by first changing "93's" to "94'~"~ "92's" to "93'~"~ and "91's" to. 
"92's". , .  . .  

. '  
. .  Program: . . CN60073'RJNEM+WRKUP.ASRO.CALC . I .  

Files Read: CN6007.PRJ.NEMS.MARKUP.SASDB 
(PRODE) ' ,  

. ,  

. (WHOLSALE) 
I (STATE84 through STATE92) . 

-@'RODE) , 

(ARVOL93) 
(GDP87) 
(CONVER84.krough CONvER93) . 

(RGAL82)' 
, *  

(ARBTu) 
(MARKAR) 

T h i s  program uses State:level asphalt and road oiprices to, the industrig sector fiom SEPER's through 
1992. End-use prices for 1993md 1994 are estimated using the 1993 and 1994 changes in the EL41782 
high sulfur residual fuel prices. h i ~ s  €or each Census division are calculated using 1993 volumes fiom 
the SED'S; Estimates for 1994 iire weighted using 1993 volumes. Markups are estimated as'the average 
annual difference between end-use and wholesale prices for the years 1984 forward. . .  . ,  

_. 

To update: 

program: 

Files Read: 

I ,  

After updating "data" programs, revise this' program to utilize more recent data Add a 
data set STATE93, use t4RVOL94 and COBkEW4; and increment all year dependent 
formulas by first changing "93's" to ;'94's", "92's" to "93's", and "91's'' to "92"''. 

' . ' 
. 

CN6007.PRJ.lWMS.MARRUP.R.CALC 

CN6007.PRJ.NEMS.MARKUP.SASDB . *  

(PRODE) 
(WHOLsALE) . '  

. I  

(STATE84 through STATE92) I. ' 

Energy Jnformation Administra tion 
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... 
. .  

* .  @RODE) 

- . -  
. .  (KEROVOL~~ j 

(GDP87.) 3 

. .  (CO-3) . 

- (KEROGAL)' 

, .  
(KEROBTU) ' 

-0TI-y 
. ,  . .  

, This program Uses State-level kerosene prices to the residential, commercial, and industrial sectors from 
SEpER's throuigh 1992. End-use pri& for 1993 and 1994,are'estimated using thel993md 1994 changes 
in the EIA-782 &stiltate prices. ,Prices for each Census &vision are calculated using 1993 volumes from . 
the SEDS. End-use price estimates for 1994 are weighted using 1993 volumes. Markups are estimated as 
$e average annual difference between 'kerosene end-use and distillate wholesale prices for the' years 1984 

' 

. . .  
. .  . . forward. 

To update: , 

. .  ' 
After updating "data" programs, revise this p r o m  to utilize more recent data. Add a 
data set STATE93, use KEF$VOL94 and CONVER94, and increment all y& dependent 

. .  

. ' formulas by first changhig "93's" to 11941s'1, "921s; to "93'~''~ and "91's'' to "92's". I 

.. 
. .  

Program: . .  CN6007.PRJ.NEMS.MARKUP.~~.CALC . ' 

. ,  
. ' Files Read: CN6007.PRJ.NEMS.MSASDB 

, (PRODE) ' . . '  
. '(WHOLSALE). ' 

. .  . , ' '(STATE84 through STATE92) 

e .  

(RSVOL93) I .  - 

. .  
(GDP87) 

I .  . (CONVER84 through CONVER93) . 

' ' (RSGAL) . ,  . .  

' (RSBTU) 

~. 

wA=RL) 
. I  

This program uses State-level residual fuel prices to the coeercial, and industrial sectors from SEPERS 
through 1992. End-use prices for 1993 and 1994 q e  estimated using the 1993 and 1994 changes in the ' 

EIA-782 low sulfur residual fuel prices. Commercial and industrial prices for each Census di6sion are 
' calculated using 1991 volumes from SEDS. Pxice estimates for 1993 are weighted using 1993 volumes. 
. Residential priks are-estimated using 1993 q d  1994 EIA-782 consumption volumes. Markups are ' 

. estimated as the average annual difference. between low sulfur end-use,prices and aggregate residual fuel 
wholkle prices for the years.1984 forward. : 

' 

- . _. 
. ,  
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. -  
I 

1 

b 

' To Update: After updating "data" programs, revise this program to utilize more recent data. .Add a 
data set STATE93, &e RSVOL94 and CONVER94, and increment allyear dependent 

I formulas by first changing "93'sV to "94*s", "92's" to "93's", and "91's" to "92's". 

Files Read: . 
I 

b 

/ 

CN6007.PRJ.NEMS.MARKUP.RHTR.CALC 

CN6007.PRJ.NEMS.MAR.KUP~SASDB 
(PRODE) 
WO==E). 

. ' (STATE84 through STATE92). . I 

" (PRODE) 
(REGIONS) 

* (EUS.TATE) 
(RSVOL93). 

(GDP87) . . I  

, (CONVER93) , .  

, (RSmTu) 

_ .  (RSTRGAL) ' 

.. -j . ' - *  . 

This program uses State-level residual fuel prices to the transportation sector from SEPERS through 1992. 
End-use prices for 1993 and 1994 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 

To update: 

,, 

Prograin: .,. 

Files Read: 

I '  

. .. 
L 

, .  , 
_. ~ - ._ ~- 

ratio of national high sulfur price from the EIA-782 to the national residual fuel price to utilities. Pkes.for 
each Census division are calculated using 1993 volumes from SEDS. End-use price estimates for 1994 a&' 
weighted using 1993 volumes. Markups ak estimated as the average annual dikerence between high . 
sulfur end-use prices and aggregate residual fuel wholesale prices for the yeaq 1987 forward. . ' 

After updating "data" programs, revise this pro* to utilize more recent data, Add a 
data set STA'fE93, use RSVOL94 and CONVER94, .and increment all  year dependent 
formulas by first changing "93's" to "94's", "92's" to "93's'', and "91's" to "92's". 

. I 

.- 

CN6007.PRJ.NEMS.MARKUP .LPG.CALC 

CN6007.PRJ.NEMS.M.SASDB 
* (PRODE) 
WOLSALE) 
(STATE84 through STAF92) 

I .  

Energy Idormation Administration 
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' .  - .  

@RODE), 
(REGIONS) 

(GDP87) ' 
(CONvER93) 
(LPGGW 
(LPGBTU) 

(LPGVOL~~)  

. .  . 

.. 

priigram uses stite-leyel &PER'S pricei for liquefied petroleum gases tp the commercial, industrial; 
transportafjon, and residential sectors through 1992. Commercial; industrial, and transportation prices for 
1993 are the EIA782 average end-user pri& weighted by the sectoral volumes from SEDS 1993. 
Residential prides for 1993 are the 1992 SEPER's prices multiplied by a 782 PADD level growth Ate. The 
1994 prices for all sector's are the 782 sectoral prices, b e u s e  the 782 began wrying sectoral data in 
1994. Markupsare. estimated as ~e average ~ u a l  difference bekeen end-user lpg prices &d wholesale 

-prices for the yeats 1985 forward. The averageresidential, markupsexclude 1989 data *se of the price 
spike related to a h&g oil crisis that winter.', 

. 

. 

I *  

To update: 
' 

After updating "&pi" programs, revise this p r o w  to utilize more recent data ' Add a 
' data set STATE93, use LPGVOL94 and CONJER94. Since sectoM782 prices are. 

available starting in 1994, remove the sections edmating the weighted average prices 

. year dependent formulas by first changing "93's" & "94's'', "92's'! to "93's", and !'91's" to 

, 

. .  . .  

" . 
' 

based on 782 average end-usefprices, and residential price growth rates. Increment all 

"92s". , $  

t 

. -  
( .  

. .  

Program: CN6007.PRJ.NEMS.MARKUP&LECU?H,.CALC - 1 

, .  . . 'FilesRead: . CN6007.Pkj .NEMS.M.SASDB 
, , .  . 

. .~ @RODE) ' '  , 

(WHOLSAUZ) 

- . .  

. (STATE84tkoughSTATE92) . .  , , ' ' . ,  
' (PRODE) , .  I 

. *  . J  

(REGIONS) 
(vn>n?' 

, @759Y84 through E759Y94) , \  

. .  ' I  

(GDP87)' e 

(CONVER84thro~gh CONVER93) ' * - '  . 
I 

.. , . (EURFRGAL) . 

' . I  

, ' @-Tu) 
7 .  

. .. . 
.-. Energy Information Administra tion- . .  
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(MARKELEC) ' 

. .  

This program uses State-level SEPER's prices for dhillate, high sulfur, andlow sulfur residual k e l  to 
electric utilities through 1992. End-use prices for 1993.and 1994 are estimated using SEPER's 
methodology. n;e pro- breaks residual fuel consumption from the EIA-759 into high and low sulfur 
using a highflow sulfur breakout estim?ed from the FERC.Form 423.- The esthated high and low sulfur 
residual fuel volumes are us,& to estimate weighted average prices to the utility sector. 

Markups are estimated as the average annual difference between prices to utilities agd wholesale prices for 
the years 1984 forward. The avesge markup for high sulfur residual fuel in Census division 8 excludes al l  
years but 1990 because of an anomalous$rend. . . 

To update: After'updating'"data'' programs, revise.this program to'utilize more recent data. Add 
! 

* datasets CONVEW4, and E759Y95. 
1 

program: C N 6 0 0 7 . P R J ~ S . M A R K U P . C R E A ~ . F L A ~  

Files Read: CN6007.PPJ.NEMS.MARKW.SASDB *o . .  

* (MARKLpG) 

-1 
. -0TW 

-1 . . 
., V C ) .  . 

CN6005.PRJ.PMM.MUlPRDS.BASE.DO525951 
CN6OOS.P~.NEMS.M.DOL94.D0525951 

This program pulls together the markups for each product, &usposes the data and outputs it to a file used 
by NEMS. Converts the parkups into 1994 doll& and 0utput.i to a file. 

To up*: Update the GDP deflator, GDPDEF94. - 

- 
., 
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, I ' F.6 Estimation of Taxes 
. . .  

In the PMM, &&'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 Census division. The State taxes 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 transportation. distillate and added to historic$ end-use prices excluding taxes in order to 
develop a series with taxes &cluded. The-State taxes, by sector, product, and year, are contained in 
follovhng file which resides in the default input &tory: 

. 

- 

. 

I Mu2PRDS' I .  

' .  

. 'The Federal &es ad read into fhe PMk from file. 
' 

. I  

.: 
QD-CF I .  

, and are updated each forecast year by d e f l h g  the current value by the rate of inflation for.that forecast 

. '  , .  

I .  

, .  

. . .. The.following section'traces the development ofthe tax& and lists b e  mes used to producebo$ historical 
and fo-t values. The historicaldata are developed'on a monthly basis by State, then aggkgated to 
volume-weighted annual ave&es by Census division. The outputs specified &e members of the following ' . 

,. . SAS database unless otherwise s t a e  . .  

CN6007%BM.NEM%TAX.SASDB . .  

.. 
, .  , .  

. .  
Program: CN6007.BBM.lWMS.TAX.Dyymm 

Inputs: . ' semi-annual tax information from the F e d e i  'fighway Administdtjn'and other . ' ' 

. .  
. .  

- sources 
. .  

. outppts: ~ 1 ,  STyymmS'. 

j STyymmM I 

where yymm refers to years 84 through 94; and months 01 and 07 (except for 
1990 when the months are 01 'and 08) 

. .  - -. 
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State-level taxes are obtained from theFederal Highway Administration on a semi-annual basis (usuhy 
reflecting taxes as of January 1 and July l), supplemented by information from the Petroleum Marketing 
Monthly, Highway Users Federation,. and other sources. These data are entered into the above program.. 

1 We assume that taxes remain at the same level for the 6 months following each semi-annual report, unless 
i n f o d o n  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 ST~$nms contains data for 1 month, while theme 
STyymmM reprodu&s the results for the subsequent 6 months, taking into account tax changes to the 
extent that they are known. 

. 

Program: 

(Old Versions): 

Inputs: 
e .  

. >  

outputs: ' , 

CN6007.BBM.NEMS.TAX.CALC94 
CN6Cl07.BBM.NEMS.TAX.CALC94.CURRENT 

CN6007.BBM.NEMS.TAX.CALC93 . .  

CN6007.BBMNEMS.TAX.CdLC93.CURRENT ,~ 

' s ~ y y m m ~  fcjr ye& 1984 to current I 

IMPSTAP, a file containing State-level &finer and marketer 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 divisions 
GDP87, GDP deflators for conversion to constant dollars 

STGAS-MO 

I 

. ,  I ,  

. 

I~ 

. 

. .  

STDESLMO 

' The CALC program pulls together the monthly tax information and calculates Federal, State, and total 
taxes by month and State in cents' per gallon and dollars per million BF for both nominal and constant 
1987 dollars. Sales volumes and region$ 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 databise starting with the 1994 data 

- .  . .  

program: CN6007.BBM.NEMS.TAX.YRIU3G 
(Old version): ' CN6007.BBM.NEMS.TAX.mG93 

1 

I 

Inputs: , STGAS-MO 
STDES-MO . .  . I  

, .  
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. .  

. .  
outputs: STGAS-YR 

STDES-YR 
CDGAS-YR 
CDDES-YR , 

. 

,- . I .  

, 

1 '  

. ,  

r 

The YRREG program takes the State monthly tax files created in &e CALC'program and develops ' 
. weighted average annual taxes by State, then averages'across Census'divisions and outputs annual average 
taxes by Census division. The Census division annual averages are used to develop historical end-use 
prices includingtaxes by adding the calculated taxes to ex:tax prices from the Petroleum Marketing 
Monthly. The program was d j u s g  to incorporate changes in the EIA-782 database starting &th the -1994 
data. 

. 

~ Program: 

< ,  

.hlputs: ' 

outputs:. 

STGAS-MO 
STDES-MO 
STGAS-YR 
STDES-YR . .  

GASCAST . . .  
D ~ C A S T  

1 

The FORECAST program uses the latest tax'information, combined with the most recent year of sales 
data, and develops Census division weighted-average taxes which are used for the forecast. The latest tax 
information is in the file: 

I (. CN6007.BB&tNEMS.TAX.DCURR 
* ,  

The outputs include both nom&& constant 1987, i d  constant 1994 dollar denomiri+ons for both cents I 
per gallon.and-dollars per &.ion Btu. , 

? . . 5 

I 

. .  I 

. I  
I 

I .  

. ,  
I 

. . ' CN6007.BBM.NEMS.TAxFoRECAST~~85 
CN6007.BBM~MS.TAXFOkECBSTJET' 
CN6007~BM~.TAXJ?ORECASTJ,PG 
CN6007.BBM.NEMS.TAx.FORECMT.M85 

I .  

' .. 
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. .  
.. . .  

.These programs perform the same'function as the FORECAST program'above, but for the .transportation 
fuels indicated. The comparable'data files are the following: 

CN6007iBM.lWMS.TAX.DLPGJET . . ,  
. CN6007.BBM.NEMS.TAX.DM8TAXDMSSESS 

I 

) 
% 

CN6007.BBM.NEMS.TAX.C.FLATFILE.STA~ 
(contains State tax data.only) 
CN6007.BBM.~MS.TAX.CREA~.FLA~E 
(includes both Federal and State taxes). 

l 

GASCAST 
DIESCAST 

CN6007.PRJ.NEiMS,TAX.TE!S- I 

program: 

. .  
I 

Inputs: * 

, outputs: * 

This program takes the Census division tax& to be used in the forecast and creates a file that is'used iis 
input to the PMM., 

. .  

, 

. .  
. .  

I . .  
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F.7 Gasoline Specifications . .  . ~5 

. .  . .  
The P&lM models the production anddistribution of f o k  different.types of . .  gasoline: tradition: 
oxygenW'refohidated, and r'eformulatedhigh-oxygen. The following specifications are included in 
PMM to Ferentiate betkeen traditional and ?fo&ulated gasoline blends: bctane, oxygen content, Reid 
vapor pressure (Rvp), benzene content, aromatics content, sulfur content, olefin content, and percent 
distillate at Wee temperatures. 

Starting in 1998 the specifications for traditional gkoline reflect the @*onmental Protection Agency's 
@PA) "1990 basel&e". These specifications prevent the quality of traditional gasoline from eroding 
' overtime whicli is'the intent of the EPA's "antidumpi& requirements. 

Oxygenated gasoline which has been requiredduring win&rtime in .my US. cities sin& October of 1992 
r e q b  a oxygen content of 2.7 percent by weight, There will be some overlap of areis that'already . 
requireoxygenated gasoline and those that will pquire-reformul& gasoline in the future. In those are& 
reform+ited&gh oxygen gasoline containing 2.7.per&nt oxygen kll be reqkred. Oxygenated gkoline 
is assumed to have specifichions identical to'traditional gasoline with the exception of a higher oxygen 
.requirement. Similarly,,the'oxygen kquirement is assumed to 
reformulatdhigh oxygen and reformulated gasoline blends. . ,  

Beginning 1995, many of the country will.q&e reformulated gasoline. Between 1995 i d  1997 
.the Environmental Protection Agency @PA) will certify reformulate$ gasoline according to either the 
"s&ple" 'or "complex!' models., The PMM assumes that &foAulated.gasoline during this time period will 
meet-the =A's %mple model" deht ion which allows no lead content, limits 'benzene content to 1.0 
percent and aromatics con$ent to 25 percent by volume, requires an oxygen content of 2.O.percent by 
weight,'and caps nikogen ogde emissions at a baseline level. Beginning in 1998 the EPA will only certify 
reformulated.gasoline using the "complex,mode~ which allows refiners to specify reformulated gasoline i. 

based emissions redu&ons from their companies 1990 baseline, or the EPA's 1990'baseline. The PMM ' 

uses-a set of sp'ecifications that meet the "complex model" requirements but does not attempt to determine 
the optimal specifications that meet the "complex model'' (Table 13). Specifications such as Rvp, 
aromatics, sulfur and olefin content change in the ye&' 2000 , reflecting &er emissions reductions' 
r6quiredbyCmO. . . I 

', 

. ,  

. .  . .  . .  

the only difference between' the . .  

. . ,  

' 

* 

. The CAAA90 provided for special treatment of California that would allow different specifications for 
oxygenated and reformulated gasoline in thd State. Jn 1992, California requested a waiver from the 

. wintertime oxygen requirementsof 2.7 percent, reducing the requirement to a range of 1.8 to 2.2 percent. 
n e  PMM,assumes that PAD.District V refiners must meet the California specifications. Therefore, for 
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. I  

' 1993-1994, the specifications.for oxygenated gasoline in PAD District V meet a 2.0-percent stgndard: 
Starting in 1996, .the specifications for reformulated gasoline in'PAD District V are the sameas California 
standards. 

0 .  

Annual Avemge Rvp Methodology . 

The annual average Rvp limits are derived based on existing summertime requirements and estimated 
wintertime levels. The assumed summer,and winter Rvp specifications are annualized in s p d h e e t  
RVP.wk.l by using summer and winter weights provided by the EPA.'7 ,Toreflect pipeline requirements 

weighted annual specifications. Since the cost of reducing Rvp may not be linear, the PMM could be used 
which are tighter than EPA limits, the specifications used in PMM (Table F12.) are 0.3 psi below the 

. .  

in the future to test for the ippropriati= ~ v p  to represent t ie  annual average. 
. . '  . .  . 

- .  
. .  

I7The summer weight of 0.396 andwinter weight of 0.604 were provided by Dave Komtney of EPA (313468-5507). 
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. .Table Fl2. . Estimated Annual Reid Vapor Pressare 

Gasoline Markeflype Neighted'Aimual 

PADD I-IV 
. I  

TraditionaYOxygenated 10.5 

1995-1997 10.0 
Reformuln-&eformuln-ated-. High 

.oxyg 
en . .  

. I  

1998-1999 . .  9.8 
' Reformulated/Reformu~- ~ i g h  

OXYg 
en 

2000-f0lward * ' 9.4 ' 

Reformulated/ReformuIa&- , High . -  

OXYg ., ' . 

. I- . PADD V 

Traditional, I ' 9.5 ' 

' Reformulated (CARB) I 9.0 

Annual Rvp in PMM 

10.2 

9.7 

' . 9.5 
I ,  

. I 9.1 

The lower Rvp specifications in PAD District V reflect more stringent CaWornia limits which are imposed ' 

statewide. 
. .  I *  

, . .  

.. 

Complex'Model Standards . .  for Motor Gasoline -. 
I " 

, I  

~. 

, - The Environmental Roktion Agency @PA) has promulgated new regulations for reformulated motor 
gasoline that are designed to lower vehiclekdssion polluhts 
of 199018. .The riformulated gasolines &e designed to reduce vehicle emissions of toxic and ozone- 

required by the amended Clean Air Act 

. .  
8 .  . .  

**Federal Register, Environmental'Protection Agency, Reiulation of Fuels and Fuel AdditivexStandards for 
Reformulated and Conventional Gasoline: Final Rule, Part II, 40 CFR Part 80, (Washington, DC, 16 February 1994) . 
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- 
forming compounds. Reformulated gasoline must be sold in detain. regions where there are summertime - 

elsewhere but it must not be more polluting than it w& in 1990. These a k s  are discussed elsewhere in 
the documentation. Although The EPA has established some conventionally treated specifications, namely 
midmum oxygen content and maximum benzene content, the new conceptual aspect of the emhion 
standards is'that the reformulated gasoline must be blended in such a way that it meets maximum allowable 
emissions of volatile organic compounds (VOCs), nitrous oxides (NOJ, and toxics. These new motor 
gasoline standarh ire calculated by complex formulae based upon key properties of the gasoline blend. 
The new regulations cover Phase I.(l3anuaiy 1995 through 31 Dkmber 1999) and Phase II (1 January 
2000 and indefinitely afterwards). During Phase I the refiner must certify his reformulatkd gasoline to 
meet the new standards but, +his option,'he may use a shgpler EPA modelkither thap the complex EpA 
model until 1 January 1998. The model assumes that the refiners will use the simple model for as' long as 
possible. Thus, Phase I has, in effect, two subphases; Phase Ia applies to 1 January 1995 through 31 
December 1997 while Phase Ib applies to 1 January 1998 through 31'Dpmber 1999. 'Also, the refiner 

' may meet the requirements,for VOCs and NO, on either a per gallon basis or on an average basis although 

, ozone problems as well as in areas which opt into the program. Traditional gasoline may be sold 
* - 

. 
' ' 

.. , , 

- 

some per gallon constraints still apply. The average basis has been incorporated into the model. 

The NO, and toxics emission standards for reformulated gasoline apply year-round whereas the VOCs 
standards apply only in the sumnher. The NO, standard varies depending upon whether the VOCs 
standards apply, i.e. depending upon whether it is s u m e r  or winter. The VOCs stahdard for the n0rth1~ is 
different from the VOCs stan'hard applying to the south, greater volatility is allowed in the north. The 
Complex Model Averaged Standards are shown below in Table F13. 

, . .  
. 

I 

. .  

. .  

'%or the sake of simplicity, we use the &rms south and north to refer to EPA regions I and 2 respectively. Region 1 is 
covered 6y ASTM Class B while Region 2 is covered by Class C. 
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Table F13. Complex Model Standards 
.~ 

. -  1 .  

. .  
. .  

I 

VOC Rauction, % 

south 

North 

* *  Phase1 . ' Phase II 
1995 - 1999 2000+ 

1 .  

, .  . .  . .  
L 36.6 

I 

2 29.0 

.' L 17.1 ' ..L 27.4 ,* .  . 
. .  . .  

NO, Reduction, % 

Suimer B 1.5 . 2 6.8 
. r 1.5 , , 2 1.5 

. .  

. .  
' Winter' 

TOxics Reduction; % L 16.5 L 21.5 ' ' 

. .  
Oxygen, m% L 2.'1 . . .  L 2.1 - ,  

' . Benzene, % ' 5 0.95 ' 5  0.95 . ,.' 

. .  . ,  , 

. ,  

i . .  

'hese standards were translated into traditionally configur+pecifications for blending motor gasoline.. 
-First,4wo yinter specifications were developed, one for Phase I and one for Phase K 'Of course, the VOCs 
standard was excluded from consideration. .Then'four sumker specifiktions were ckated, a south set and 

' a north set for Phase I and similarly for Phase II. . 
. I  

I 
. I  

= .  

These sets were developed by use of a spreadsheet, developed by EPA, which calculates the YOCs, NO,, 
ani T O ~ ~ C S  of a reformulatedgisoline as a function of the  conventions properties of the gasoline, i.e. as a I 
function of Rvp, sulfur content, oxygen content, Bromatics content, olefins content, b e e n e  content, 
pe&nt evaporation at 200 degrees Fahrenheit (E200), and percent evaporated at 300 degrees Fahrenheit 
(3300). The approach was to start with 'best informed guess' properties and use trial and error to gradually 
expand the allowable propem limits. The blend properties cited as typical fuels in an EPA presentationm 
served as the starting values for bothaPhases I and II. The same starting point was usF for both winter and . 
summer. Table F14, following a chart developed by the EPA21, indicates the directional sensitivities of the 
properties on the standards. Of course, a more rigorous approach is possible in establishing the ' , 

- 

. 

. 

. 

' specification sets. 'For in&te, one might perform incremental changes over the kfokulated gdsoline 
' 

, '  . (  - -  

* ,  

%.L. Gray, "Reformulated Gasoline Final Rulemaking and Renewable Oxygenate Proposal," Proceedings of The 

zlibid. . 
World Conference on Refinerv ProcessinP and Reformulated Gasoline, March 22-24,1994, Information Resources, Inc. 

. \  . 
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properties followed by computer runs to establish minimum cost specifi&ons. However, in the event; 
resources were constrained. ' The above pr&ure was used after somF discussiop. 

I 

' .  

. 
' ~ Table F14. Dirdohal Emission Effects of , 

I ,  . Gasoline fioperty Changes 

. ,  
. ,  

\ 

. . Property voc . NO . Air Toxics 
1,. * I s v p 1  * .  111 - 

& f i r  I - 1  ' 

Aromatics 1 - 1  1 

. 1'1 1' 11 

. I I 1 1  

1 - Olefins 1 - 
E200 t 

E~OO r 1 

1 1 

0,xygen 1 . 

, I  - - 111 Benzene 1 - .  
. .  

. 
1 .  

The PMM is 
PADDs I - i ,  a single refo&ulated gasoline specification for Phase I simulation and a single specification 
for Phase IL. This requbed several actions. .The two summer sets for Phase-I.were linearly blended by 

specifications of *the north. The resulting two sets of specifications for Phase I, one for summer and one for 
winter, were then composited after-weighting them accordingto summer sales and'winter sales 
respectively., The Phase IT specifications were collapsed to a single set in the same &er. The 
compdsites were calculated in a spreadsheet maintained by'the Oil and Gas Analysis Branch. This . 
specification was &@t,tx~ from the presentation made by maries L.  ray at the conference cited above. 
The resulting reformulated gasoline specifications are s h o d  in Table F15: It is, of course, a simple matter 

annual model, i.e. it does not have seasonality. A decision was made to develop, for 
, 

compositing the projected gasolin9 sales-weighted south specifications to the appropriately weightkd 
.. . 

* 

. . 
' 

to convert the PMM blending stock distillation temperature values as 3 needed. 

. .  
I 

.. 

I .  

I 
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' I Table F15. P w  Reformulated Gasoline'Specifikons 
, .  

, . 
. Phase I - PhaseII 

PADDsI-IV' I PADDsI-IV % 

Max Rvp, psia 8.8 

Max s, ppm . 305 

MaxAro,% , e .  . . 26.0 . 

Mak Ole, % 11.0 

Min E200, % . 49.0 

. /  

, 

. MinE300,% . 87.0 

- .  

MinOxy,wt% I 2.1 

MaxBen, % . . 0.95 
I )  

.. . 

8.5 

140 , 

24.5' 

11:o 

;.  .49.0 

87.0 

2: 1 

. Oi95 

, .  

. I  

\ '  

, 

I .  

- .  

F.8.Estimation of Gasoline Market Shares ' 
* .  

I .  , . .  . .  . I  

Ti&e senes market shares for tradition-&TR.D), oxygenated ('I"), reformulated (RFG), and - 
refon&lated/high oxygen 0 .gasoline were estimated using a Gasoline Market Share Spreadsheet 
(GMSS). The es&s 'are b&d on the p o p q o n  of control areas (nonattainment areas requiring or . ,. . 
assumed to require new . .  types of gasoline) relative to the population of each Census &&ion. Conk01 areas 
used =-based on a Eist of nonattahhent areas put out by the Environmen-@ Protection Agency =. 
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 

. .  
. ,  . .  . .  

I . .  

. disagbgate gasoline demand in thatxeion. The control areas included in each year reflect assumptions 
. .about the phase-in of C M  'and State legisl&on. ' ' ' 

'MGSHR is the annual percent of total gakoline demand. 

, .  

. .  
. I  

%virOnmental ktection Agency, &lice of Air Quality Phming and Standards, .Om& and Carbon M~?w&A~&Is 
Desigitated Nomttainmenr, (Octohr 1991;Research Triangle Pa& NC), . . I .  
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OXY 

Census' 
Division 

WDm 

RFH 

2 

2 3 4 5 6 7 8 9 1 

.22 .48 -09 .06 .13 .11 :22 ' .30 . .46 

WDEM 

ratio of populhon in c h o n  monoxide nonattainment areas, requiring oxygenated 
gasoline. 

L 

\ 

. .ratio of population in areas th'at are.both carbon monoxide and ozone nonattainment, 
requiring high oxygen reformulated gasoline. 

ratio of wintertime gasoline demand to annual demand in each region (see table). The 
ratio was estimated using monthly gasoline sales data from the For& EIA-782A for the 
y& 1983 through 1991. 

l ' .  . '  
COPOP ' popukion of.carbon monoxide nonattainment areas. . 

COOZ population of areas of overlap for carbon.monoxide and severe ozone n o n a e n t  areas. 

COOZOFT population of areas in carbon monoxide and less severe ozone nonattainment areas 
assumed to opt-in to the reformulated gasoline program. 

* .  

.- 

oz population in nine severe ozone nonattainment aka~ where RFG is mandated. 

OZOPT .population in less severe ozone nonattainment areas a s s p e d  to opt% to the RFG 
Pro- 

population of a given Census division. 
$ .  

DIV 

SPILL "spillover demand" or de-d for reformulated fuels'outside'the boundaries of non&ent 
:areas. Spillover is assumed to be 5 percent. The spillover assumption was tested between 0 ana * 

* 10 percent and found to have minimal impact. I 

Traditional Gasbline Market Shares: I 

. *  

In every year the annual market share of traditional gasoline is ~calculatea by: 

MGSHRm,a = 1 - MGSHRm, - MGSHR, ,  - MGSHRW, 
. .  
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. ,  
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, 

, -  

- .  . .  

where 

CD represents a Census division. .. 
\ ’ .  

! 

Oxygen&d Gasoline Market Shares: 
- -  

In every year the annual market share of oxygenated‘ gasoline is calculated as a percentage of total annuil 
gasolinedemand 

, 

M G S H R ~ ,  = OF, WDEG 
. .  

In most C&us diyisions the annual market share for oxygenated gasoline fiom.1995 forward is 
calculated as follows: ’ 

. .  

oxy, = ~ ( C O P 0 P a  ~oo~€oomPTa))/DIva~* (1 +SPILL) 

Beginning in 199& a different estimation-for oxygenated’&soline is required in Census Division 9 du.e to 
a statewide &date of 2.2 percent oxygen in gasoline used in Califomk 

. *  . .  
.. * 

. .  

. OXY, = a(coPoP, -cooz&oomi?r, -COPOP, -COO& -Coom~&)/DIv; 1 

B e m g  in 1997, a Wetent estimation for.oxygenated gasoline is required in Census Division-4 due to 
astatewide mandate of 2.7 percent oxygen in gasoline used in Minnesota: 

’ 

. /  
, .  

. oxy,, = (MNPOP/DIva)q 2k (1 +SPILL) ‘ .  ’ 

- .  
where _. 

- .  

. .  
MNPOP - .  isthe’populatibnofhesota _.. . 

. , :  , . I .  

Reformu&+ted Gasoline (2.0 percent oxygen) Ma&et’Shares: , . 
’ 

. .  
. .  

The reformulated gasoline program begins in 1995, therefore the market share for reformulated gasoline 
are estimated as follows: 

f 

MGS-,a ‘<(C(Oz(p + OZOPT,))/DIva * (1 + SPILL)) - MGS-a 

Be-g h 1996, the reformulated market share in Census Division 9 has a unique calculation 
. ,reflsting a statewide requirement for reformulated gasoline in California: 

.. 
Energy InfomationAr‘ . ’ a tion - 
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MGSHRm,, =CAPOP/J?I& + (c(COOZ, + COOZOPTm-COO& $: COOZOPT&)/DNm * (1 +. 
SPIU)) 

Reformulated/High Oxygen Gasolihe (2.7 percent oxygen) Market Shares: 

Requirements for gasoline t h a t i s  both reformulated and oxygenated occur during the winterthe in areas 
that fail to meet both carbon monoxide and ozone standards. Beginning in 1995, the market shares are 
estimated as: 

, 
where 

RFH, =(((~(COOZ, + c o o m P T ~ ) ) / D I v ~ )  * (1 4- SPILL)) 
I .  

*Beginning in 1996, the estimation for the high oxygenheformulad market share in Census Division 9 
must exclude sales in California because of S& legislation: 

. .  

, .  

* .F.9 Estimation of Low-Sulfur Diesel Market Shares ' . . 

The CAAA90 mandates the use oflow sulfur diesel for on-highway use. Market shares for low-sulfur . 

diesel relative to distiliate fuel are estimated based on data from EIA's A k a Z  Fuel Oil anfi  Keroseite Sales 
1992@0E/EI&O535(92)). Since 20 percent of current demand in the transportation sktor is off- 
highway, 80 percent of transportation demand for distillate fuelis assumeki to be low-sulfur. 

* I  

- 
-. \ 

, .  F.3 0 Low-Sulfur Diesel Specifications -. 

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

distillates. Specifications for sulfur, aromatics content, and API gravity are included'in the PMM. Diesel . ' 

. ' maximum aromatics content of 35 percent, reflecting Federal specifica"tions. The spe&cations f i r  diesel . . 

. .  
' fuel in Census Divisions 1 through 9 have a maximum sulfur content of 0.05 percent by'weight, and a 

fuel supplied to Census Division 9 will be updatea to reflect the more severe California A& Resources 
Board requirements. 
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Fill .  Estimation of 'Regional :Conversion Coefficients 
. . .  , .  

PADDistrict . * 

1 .  

I .  

. : Diffekg region& definitions hecessitak the conversions of certain variables fiom.one regional structure to 

prices, refhey fuel consumption, and cogeneration,iation. . 

. ,  
, . . another. Regional conversions are not extensive in the PMM, but arenekded for three refinery input ' ' 

5 .  

, .  . .  . .  

1 
' Conve&ions for Prices of Refiqery Inputs 

\' 

PMM receives prices for'reiinery inputs of natural gis in other regional configurations and must convert 
these &to F A D  &ric t  leve1,prices. Due to the proximity of refineries in PAD Districts 2,'3,-and 4 to the 

I .  

. sources of natural gas supply, prices in thee PAD Districts reflect wellhead n a w  gas prices in the 
. corresponding Oil and.Gas'Production Regions. PmDistricts 1 ayd 5 use industrial prices in the 

corresponding Census divisions in order to capture the dditional costs of moving .the natural gas to the ' 

re@eries. Table Fi6. shows the so& of PAD District level natural gas prices: 
. '  

Input Price / 

Census Division 2 industrial price 

. .  

. 4  
I .  

5 I 

. .  

' Oil and Gas Production Region 5 wellhead price (OGWPI&Gj 

Census Divisibn 9 industrial price 

h 
Table F16. Souice of PMM Natural Gas Prices 
, \ 

Correlation of Prices 
. # .  I 

- 
( P G W  

Oi and Gas Production Region 3 wellhead price (OGWPRNG) . 
. .  

2 

quantity weighted average of Oil and Gas Production Regions 2,4, & 8 
wellhead price (OGWPRNG) 

' -  

. .  
. .  

PMM &ives prices for refinery @puts of electricity by Census division. P&D District level prices & 
derived by assuming prices in interseqt&g Census divisions. 'Table F17. shows &e, correlation between 
PAD District and Census division electricity input,pricgs: 

, 

. I  .. 1 .  

. .  
.. 

. ,  
' I  .. 

I .  
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Table F17. Source of PMM Electricity Prices 
\ , .  

CorrelationofPrices ' . 
I .  

PAD District Input Price 
. 

Census Division 2 industrial prices 
(PELIN) 
Census Division 3 industrial.prices . , .  

(PELIN) ' . 

Census Division 7 industrial prices 
( P E W  

Census Division 8 industrial prices 
(PELIN) 

'Census Division 9 industrid prices 
(PELIN) I '  . 

e 1  

2 
I 

. 
. *  

I ;  

'3 
* ,  

. .  . .  4 

a ,  

' 5  

. .  
Conversions for Refinery Fuel Consumption . 

. .  
Refinery fuel co&umption must be convefted fiom the PAD District to the Census division level. Each 
Census division consuhption number will equal the consumption in the overlapping PAD Districts times a. 
fact&. The factors were developedming State-level' refinery operating capacity and are shown in'Table 

. F18. .The factors are interpreted as follows:' The 0.8434 at the. intersktion of Census Division 2 and PAD 
, District I indicaks that 84.3 percent of the PAD District I refinery fuel consumption.is estimated (using 

amounts ,& refinery capkties change, but &e impact on model results will be small. 

'. 

1 ' ' 

1' 

refinery operating capacity as estimator) to occk in Census Division 2. These values .will change by small - 
. '  

* ' 
' 

. .  . .  
* '  

I Example: Census Division 7 fuel consumption = . .  
, 

* ' (PAD District" consumption * .12) + (PAD District DI consumption * .93) , 

. .  
, .  

I .  . .  
1 

u 

, .  . .  

, .  , .  

. .  

* .  

' .  
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21 
. ,  . .  1 

, Table F18. PAD District to Census Division Conversion Fact& ' 

: . 
.~ . .  

. ,  

: , .  
' - . Conveksions for Cogeneration 

Information including cogeneration levels &FCGGEN(CD)), ccigeneration'cqacity ~CGCAP(CD)), 
.' -finery fuel consumption (RFCGFUEL(CD)), seu-genekon @FCGSEL,F(CD)), and genedon for grid 

&CGGRID(CD)) mu; Blso be converted from PAD District level to C&nsus divisions. Themme factors 

/ .  b 

. .  
. . and methodology developed for-rehnerry fuel consumption (Table Fi8) k e  used to convert $e 

. I  

cogeneration data. * 

1 

Conversion coefficients for refinery fuel consumption and cogeneration information are estimated using 
&6007PRJ.P~&l?ACKY.CO~S. An input file namh & 6 0 0 7 P R J . P S D . C D A T A 9 5  
contains refinery capacity data from the 1994 Petroleum Supply Angual (PSA). To update the program, 
operating capacity data: can be pulled from 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 p r o m  that reads the data.) 

. 

, 

F.12 .Estimation of Sulfur Dioxide Allowance Equations 

. .  
' Between Oct. 1,1993, and Dec. 31,1999, small refineries that produce low sulfur diesel fuel will be 

eGgible to receive allowances for sulfur dioxide emissions thiough the year 199923. 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. hlowance trading under the Acid Rain program will begin in 1995. 

. ,  
_- 

. .  
. .  . ppropOsed Rules,Federal Register, VoL 57, No. 130, July 7,1992, pp..29960-29961. 

' 

~? 
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, .  

Iq order to be eligible for allowances, small refiners must desulfiirize both on- and off- road diesel. A 
"small refinery" is defined as a refinery or portiofi of arkfinery that has a crude.throughput less than 18.25 
million bmels (MMbbl) ahd that is owned by a refiner with a combind throughput less than 50.19 
h4Mbbl. The annual throughput will be measbred as of November 15,1990, according to Form EIA-8lOX. 

Analysis of the 1990 EIA-810 data indicates distillate production from eligibla smal l  refiners represented 
12.8 percent of domestic distillate production in 1990. Identification of eligible small refiners 'and 
production of distillate w& done in prOp~CN6007.SSE.DIESEL.FSAbEAIj, which reads company'level 
data from &e HA-810 data contained in CN6007.SSE.PSD.DIESE.DATA. 

BO95 assumes that all small refiners desulfuiize'and produce low sulfur diesel at the national diesel . ' . ' 

(transpor@tion and off-highway) to n o d  distillate ratio of 59 percent which correlates with 86,337' 
allowance requests. The actual number of small refiners that will choose to invest in desulfnrization and 
the amount of the distillate yield at these refineries eligible forallowances (used as motor fuel) is very ' 

unukain. The EPA awards allowances based on the EIA-810 whichbegan diffe&ntiating betweenlow 
sulfur and regular distillate ih January 1993 but does not report end-uses. The &um requests for 
allowances bas& on 1990 data and assuming all eligible refiners will produce only low sulfur distillate is 

. 

93,930. .. 

Small refiner d i s h  volumes eligible for allowances can be,estimated as-: ' 

Possible Ahowance Volume (PAV) = total pistillate '* .128 * ..59 . .. 
. . . ,  . W b l )  

The EPA will awkd aliowances based on their estjmitP.s of sulfur dio6de euction resulting from 
desulfurization. ei unit of low-sulfur diesel produced by eligible iefiners will be equated to a .224 
percent reduction in sulfur by weight?. '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. Eligible volumes are converted to weight to estimate sulfur dioxide 
reduction/allowances as fkows: 

. 

Possible Allowance Weight (PAW) = PAV 8 .  * (302/2opo tonshbl) 

and 

, 

(MMtons) 

Requested Allowances = PAW * (0.00224 % wt) * 2 

allid. 
%e perapt weight .224 represents the difference in surfur &tent between bigh-~~lfi~(.274 percent weight) and low- 

sulfur (.OS percent weight) distillates. 
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1' 

, .  

. .  

. .  
. Allowances for each refinery will be based on diesel yield as reported on the EN-810. 
A maximum total of 35,000 allow&es per year will be available for small rehe'ries. An individual. 

' . refinery ~y receive up to 1500 allowances per year. %herefore, sulfur allowances are estimated as the, 
. minimum of'ques+xl allowinw estimated-dbove or 35,000. ' ' . ,  

I 

Fubnk Methodology: I 

In Janua~y of 1993 the EM-810 started to differentiate between low sulfur diesel and other distillate.. 
AnnuaI data can be used'to calculate the percent of low sulfur diesel produced at small refineries; This . 

- percent should replace the 59-percent assumption discussed above. . .  
. .  

. .  

_ .  

.. 

8 

. .  
I _ .  

.. 
. I  

* .  . .  
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' , F.13 Unfinished Oil Imports Methodology 

PAD Districts I a d  ITI are the primary recipients of unfiriished oil imports into-the United States. Of the 
four categories that EIA publishes, light gas oils are practically nil qrid will not be modeled in PMM. 

The Oil Mkket'Module used the most reknt known values for imports of unfinished oils, which remain@ 
' fiai throughout the forecast period. while simpistic, this methodology was difficult to improve on. . 

. 
. /  

' 

the methodology described below, unfinished oil imports a& estimated & a function of crude oil input 
to refineries. Only six observations were availablefor this equation (1989 was an outlier and was not 
used), so this methodology should be reviewed later, possibly reestimating the quation using quarterly . 
data. Total U.S. unfinished oil imports are estimated from the equation, then the PAD District I and ITI . . * 

- 

values are shared out. 

I '  
) .  . .  

. .  U.S.' Unfinished Oil Imports = -2856.7 + (0.2447 * Crude Inputs) 
t-stats: -(-157.5) (8.97) 
R-squared: .95 

. .  
I ,  

PAD District III Unfinished Oil Imports = U.S. Unfinished Oil Impork * 0.65 
PAD District III Naphthas = PAD District III Total * 0.24 
'PAD District DI Heavy Gas Oils = PAD District ITI Total * 0.27 , 

PAD District m Residuum = P& District Total * 0.49 ~. 

PAD District I UnfinishedOil Imports = U.S. Unfinished Oil Imports * 0.35 
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 

' 

I 

. .  
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. F.14 Product Pipeline Ca$kcities qnd Tariff& 
I - .. . -  

% -  : .  
Two sources were used- to obtain the product pipeline data; (1) The NPC study and (2) The'North 
American Crude'Oil Distribution (NACOD) model prepared by ICF for the Office of Stmtq$c Petroleum 
Reserves (OSPR) during.1990-91: The NACOD data was received jn LOTUS.WK3 spkadsheet format 
horn Don Buck of OSPR. - .  

. .  . r  

NACOD data for the year 2000 were used for the peGoleum priduct pipeline capacities and tariffs 
: (1991$). The NPC study was used for LPG 'and NGL pipeline capacity d a h  The NACOD model defines 

15 crudeoil d e e d  regions (including Canada and Puerto RicoNjrgin Islands) and-the NPC study uses 
PAD Districtregions. The'links needed for PMM, as shoU;n in Table F19, are based on PAD Districts for 
refining regions and Census divisions for d e k d s .  

Many of the arks shown ih Table F20 and Table '21 represent more than one pipeliqe. In some ciises, we 
have rqtained more than, one arc ftom'a sourceto a destination in'order to have a better representationbf 

' . , , 

- .  I 

. *  

.product movemiqts. . . . . _  . 
* ,  I .  

I '  

1 %  

- .  . -  
. .  

. ,  . .  . .  

. .  

- >  

. .  ' .  . .  . .  

I .f  .i . , .  
- 

I *  - 

. %Jationai Petroleum Council, Petroleum Storage and Distribution, Volume 5, Petroleum Liq& Tranqortation, 
* (April1989). 
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11. 

12 ' 

13 

14 

Table F19. NACOD Regions and NEMS/PMM Cehsu's Regions 

9 ' AR, No. LA, No. MS, AL 6,7 .. EsCARUMS,AL . 

10 PAD District IV, North- ID, 8 MNT 
~ ~~ 

PAD District IV, South- ' . 8  ,MNT 
. w,uT,co. 

Alkka 

Hawaii . -  

,PAD District V, 9 . . . PAC, excludes.NV&? 

, 
, .  

. .  

* .  

. -  

, . 
. 

The product pipelipe capacities, excluding LPGLNGL seMce, a& shown in TableF21. The m&ix 
. formulation used in PMM allows for separate .arcs for product movements. For example, to deliver a barrel 

of gasoline to Dorsey MD ( In Census Region 2) from PAD District IU, (Census Region 7), requires .flow 
on the arc from Region 7 to Region 6 (dapacity of 2280 MbbVcd) at acost of $0.31/bbI, flow'on the arc 

' 'from Region 6 to'Region 5 (capacity of 2526 MbbVcd) at2 cost of $0.74/bbl,-and flow on the arc fiom . 
. Region 5 to Region.2 (capacity of 1392 MbbVcd) at a ?st of $0.16/bbl. The total tariff is $1.21/bbl or 

2.88. centdgallon. 
I .  

. .  
. .  
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. . ,  

, .  
, ,  . 

: 

Table EO. Petroleum Prod& Pipeline &pacities Gd Tarif€* 

wsc,7 * 

. .  . 

. ESC,6 ' 2280 . 0.31 . 

MNTy8 

MNT,8. 

. .WNC,4 . 4 4 '  .0.99 ' ,. 

PAC, 9 73 0.99 ' 

I Rate(Wt.avg$/bbl) . 

. wsc,7 I MNT,8 I 811 0.74 
I I 

. wsc,7 I MNT,8 ' 1  58 I 0.73 
I 1 1 

, 

. .  
. ' .  

. .  

I 
f7Capacities and tariffs from NACOD model. 
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The LPGAVGL pipelines are shown in Table FQ1. ’* 

Table F’21. LPGNGL Pipelirhes Capacities and Tariff9 . 

Ra& (Wt. avg $/bbl) .. 

I 

, .  ’ .  

‘F.15 ’Cogeneration Methodology . 
? * .  . .  

. .  
Electricity consumption in the refinery is a function of the throughput of each unit. Sources of electricity 
consist of refinery power generation, utility purchases, and refiaery cogeneration. Power,generators and. , 
cogenerato& are modeled, in the PivLM Linear Program (W)as. separate units which are allowed to - . 

. compete along with purchased electriciiy. 
. ,  . .  

. The cogeneration unit ih the PMM LP was modeled.uskg historical data & a guideline. Cogeneration - 

’ , Cogeneration capacity, fuel consumption, and percent sales to the utility grid were estimated &om the EIA- 
activity for each refinery was aggregated to the PADD level for incorporation into the PMM LP. 

867, Annual Nonutility Power Producer Report,for 1994. The data covers all of SIC 29, not just SIC 

. 

zBCapakities h m  NF’C study, tariffs h m  NACOD model data . 
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2911. Cogenemtion$vestment and operating costs were derived from the 1980 Office of Technology . 
. ' .hsessment (OTA) report "Industrial, Cogeneration". 

Cogeneration .capacity (including'planned caphie) for each refining region *as derived from the EIA-867 
historical data base. It should be noted that the capacity provided in the data base is summertime capability 
and not nameplate capakity. The LP limits utilization to 90 percent of tbe suinmertime capability. 
Cogenemtion.capacity. is allowed- to exparid when the value received from the additional product exceeds 
the investment and operating costs of the new unit., The value of adding capacity includes revenues &om 
. salesto the utility.grid and the displacement of purchases of electricity. Investment costs &e derivg from 
the OTA report. - .  The capacity expansion methodology is described inidetailk Chapter 4. 

' . 

. . 

. 
.. 

--. ' Cogenerdtion fuel consumption was also calculated using the EIA-867 historical data base. It was found 
that consumption of 1.01 barrels of fuel oil would produce approximately 1000 kvh of electrikity and 6530 
lbs of $earn. S&e the LP &finery consumes fuel in barrels of fuel ,oil equivalent, shares of individuk 
fuels were determined from the histori&l data and computed post process. The shares are allocated as * 

~- . 

I ,  

I .  1 

* . follows:. . . 

, .  - o i l  2.10% 
Natural& ' 74..15% . .  

Other Gaseous Fuels 23.75%. , . .  
8 ,  . 

' . 
h3he past, shares of all petroleum based fuels were aggregated under Petroleum Products. This category 
has now been divided into Oil,and Other Gaskus Fuels. 1 

In general, refineries will sell portions of the cogenerated electricity back to 'the utili& grid. However, 

effective to sell cogeneration electricity, the &P wi l l  sell all of it. Likewise if it is not profitable, it will sell 
none of it. To model the situation more realistically, sales to the grid were modeled using percentages 
derived from the historical data base. The percentage of sales to the grid for each . .  refiningregion (PADD) 

. .  

. because of the "all or nothing" 'nature of 'an Lp, sales to the grid could not be projecteq. If it is cost 

. . 
. .  

was calculated fiom the 1994 data as follows: . , .  

I .  

REGION ' PERCENT SOLD TO GRID 
, I  

, 

PADD1 - 
\ 

PADD 2 
PADD 3 

. .  P a D 4  ' 

PADD51 

63.24 . 

0.87 
5.09 

, 80.78 
46.29 

. .  

I 

- ,  
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The L P h  forced to sell electricity back to the grid in these percentages at a price equal to the average price 
of electricity. 

Fixed operating costs are calculated in the male1 as a function of cogeneration capacity while variable 
operating costs are determined as a function of electricity generated. The following rates were determined . 

. 

. from the OTA report. 

Annual Fked Cost $7.3’ukw ’ , 

. Variable Cost , $O.O0565hh 1 .  

Data from the EIA-867 report was reconfigured using the foliowing SAS program to extract information . 

necesse to the LP. 

CN6007JDI.COGEN.”RY94.DATA manipulates the EIA-867 raw data so that all pertinent 
information for each’ refinery is contained in one &e (SAS observation). The Em-867 reiiiery data is. 
aggregated by PADD‘and &nsus division (CD) for input into the PMM history file. The PMM LP 

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.JDLCOGEN.F867.DATA!34.SAsDB. 1 

, .  

I -  . 

’ requires &:to be sorted by PADD w h e k  the NEMS model requires cogeneration data be aggregated by 
. 

. 
r .  

. F.16: Natural Gas Plant Fuel Consumption 

* The consumption of natural gas by natukl gas’prkessing plhts’is modeled as a function of dry gas, 
,production. N ~ ~ U A  gas consumeh at gas processing plants is calculated as a percentage ofdry gas 
production using data from the Natural G+v Awual1992. The ratios are calculated by PAD District, 
except for PAD District V where Alaska is computed separately from the rest of PAD District V. . 

i 

-.  - . .  

PAD District I 1.36 \ 

, PADDistrictlI 2.50 
PAD Distriit III 2.43 
PAD District IV 2.61 ’ ’ 

PAD District V ’ 2.25 
8.93 A L A S Q  . .  

I .  . .  

/ .  . .  
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. .  E17 Alaskan Crude Oil Exports 
. >  . 

In November 1995, the ban on exports of Alaskan North Slope (ANS) oii was lifted. Exports could begin 1 

. by thesp&g of 1996. n e  lifting of the ban had been expected for several months and was included in 
. .  

\ ,  

. ,  
. ,  AE096.' - . 

,. 

The theory suppohng the econo&c incentives for kxporting Yaskan crude is & follows. ?e current 
. &trictiOn on ANS &de probably results'in an'undervaluing of ANS crude on the West Coast, The value 

of ANS crude on the Wesi-doast would be expect& to rise with greater amounts of ANS crude exports. In 
' . the Pacific refining regions, the vdue of ANS b d e  wodd decline as larger quantities flowed into the . 

region. At some point, thexising value'on&e West Coast and the decWg.value in the Pacific regions 
would come together and the &ono@c incentive to expart ANS'would cease. 

The PMM does not have refinery representation for forei@ regions, but hstead relies upon supply curves 
to represent &port availability of both crude oil and petroleum products. Allowing crude exports from 

, -Alaska could not be done, therefore, simply by aading a transportation vector from Alaska to the'pacific 
refining region. Instead, three vectors were added &th specified quantities and target prices which 
.represent the .value of exporting ANS crude to the Pacific region. if the &get price a s s M  with the 
vectoi was higher than the value of A N S  crude oil in PADD V, then the exports would flow. . Since the 
value of ANS crude in the Pacific region is expected to fall' as export flow increases?' the target prices 

- . I  

* 

I '  

, 
- I  

. 
. 
' 

, 
, .  

I declines acriss the three vectors. 

AE096 Results: The AI3096 incorporates the export of Alaskan North Slope crude oil from the United 
States starting in 1996. .The projections indicate export levels near 200 thousand barrels per day (MBD) in 
1996 and 1997, declining to about 140 MBD in 1998. After 1998, ANS.exports ye  not expected until the 

'last four years of the forecast, when moderating product demand ind a slight upturn in A N S  production 
levels results in export levels-of20-70 MBD. 

. .  
,- 

, 

. 29 Table 3.1, page 45, U.S. Deparkent of Energy, Exporting A h h  Ndrth Sbpe Crude Oil, DoEtPO-0025 ' 
. (Washington, D.C., June 1994) 
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. APPENDIX G. Matrix Generator Documentation 

G.1 Introduction 

' The purpose of this report is to describe - the program which runs the Multi-Refining Model (MRM) (3- 
regions or 5-regions) and the Enhanced Refinery Model (ERM) (single region); and t o p r o d e  detail on, 
how it works. The.program allows.the user to,simulate a singie r e g i o n . 0  or either a 5-region or 3- 
region (MRM) representation of the entire refining industry in the United St?.es. 

f i e  ERM model simulates a single PADD (Petroleum Administration for Defense District) iindhas no 
transportation of crude oil to the refinery region nor product from the refinery region. Instead, crude oil is 
supplied directly to the reflnery gate and product demands are satisfied at the refjnery gate. The ERM . 
.projects petroleum product prices, product demands, crude' oils, alcohols, ethers, natt&l gasIand fuel 

, 

- .  

* consumption; and capacity.expansion in a PADD. , .  
I 

f 

Both the 3-region and 5-region MRMs simulate multiple PADD reaons. They both are a collection of 
ERMs linked by a transportation network. They simulate the entire refining ihdustry in the States. 
The MRh simulates the operation of petroleum refineries in the Umted States, including the supply and 
transportation of crude oil to refineries, the regional processing of these raw materials into petroleum 

I 

- 
products, and the aistribution.of petroleum product tomeet regional demands. In addition to the quantities 
that an E& produces, the MRM identifies'sources of supply for domestic and imported &de oils, . , 

alcohols, ethers and natural gas. The main difference betiveen the 3lregion and 5-region MRM is in the 
aggregqtion of the refineries ih the United States and the transportation network The MRM 5-region 
simulates five PADD's (I, II, IU, IV, and V whose letter codes aie E, C, G, M, and w> wide the MRM 3- 
region simulates thr& PADD's (B, G, and W, where B is'a grouping of E, C, and M &to the B PADD). ' 

The program generates the riiatrix for the linear progmmiiig~model representation of the ERM Or MRM, ' 

solves it, writes the solutiin, reports, and packs the -for use by the analyst using the ANALYZE 

. . . 

. .  I ' .  

' 

!. 

I software. 
. .  

* *  

I .  

6.2 Code 
- 

The pro& is written'@ Fortran and makes use of the OML (Opt@ization and Modeling Libraries) to 
read in the data files, generate the mah.ix representzition of the model, solve the problem, store the solution, 
and pack the mat& for use with ANALYZE. In addition to the above, the program produces reports. 

The program i s  data driyen and the user provides key information such as the model he chooses to run, the 
location ofthe input data files, and some other options. 

, .  . I  . 
. I  

. ,. 

' 

. .  
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G.2.a Variables and Constraints 
. . ,  

The model consists of variables or activities (columns), . constraints (rows), and bounds on activities. To 
Ah variable and constraint,'we associated a unique name. In the naming of.the variables and rows, we 
used indices. The following table displays the index set name and the number of elements in the set and 
gives a brief description of the set and a partial listing of the set members. 

. .. 

- 
d '  

- 
e. 
. . .  

m 

- 
0 

No. ofValu& 

1 .  ? 

2 

9 

2 -. 
. .  

15 

- 
8 

. .  
Description Members 

represents all regions @ 

consfrainttype x formax 
N formin 

census divisions . 1:NewEngland' ' . .  
2MidAtlantic . 

! 

, . 3EastNorthCentral 
4 . W e t  Ncath.Central ' 
5: south Atlantic 

7: WestSOuthCentrai 

9: Pacific 

C Emission from fuel combustion 
N Emission from process'unit . 

, .  , 

6 Est south qenlral 

- .  8 Mountain 

Emission some 

Transpartatiop mode, function.of &al 0: U.S. flag LpG ~ 

and means of .movement . 

. 
. 

4 US. flag residual oil 
5: South Aht ienode  
6: East south central node 

B:Bargeresi&-al-oil . . 

. 

. A Crude pipeline from G to C ' . 

. kWestTgastoPADD2 
. .  J:U.S.flagEghtproducts .-  . ' 

. R: PADD 3 lwptoPADD2 

. , SPADD3capeketoPkDD2 ' 
. Tfightprcductpipeline , . 

. .  . U: LPG, (24, CC5 pipeline 
' - ' WBargeresidualoil 

Xr-LacaI tlaqomh 'on 
Y: PipeGe PADD C to region 6 

OGSM regions 0: OGSM 1AEastCoast , ' 

1; OGSM 1B East W&t part . . , 
2 OGSM 2.Gulf Coast . 

3: OGSM 3 Mitjyntinent 
. 4 OGSM 4 Permian Basin 
. 5: OGSM 5 Rocky Mountain 

6 OGSM 6 West Coast 

- 
, .  

. I  

. .  A : O G S M A & ~ & N ~ ~ ~ ' '  

, .  

. .  . . Energy Morntation AddnWation 
' ' 

' NEMS PetrolemnMarketModiDbcmnen tation 
,. . .. 

. .  

PageG-2 



~~ 

No. of Values Description 

Refining Agio& 
. . .  

. ,  

Members I ' 

5 E PADD I 
CPADDII 
G: PADD ID 
M: PADD IV 
WPADDV, 

V: Vessel 
P Pipeline 

- 
2 . .  Typeoftraqorm 'on . 

5 .  ExpoItingregions 2ExportcdforPADDI ' *  

3:ExportcdforPhDII , 
7: Export cdfor PADD ID 
8ExportcdforP@DIV . 
9: Export ch for PADD V 

N1, N2, N3 

N1, N2, N3, N4, P5, P6,'P7, P8 

P1, p2, P3 

AR:Aromatics 
B Z  Benzene 
DE200 
E3: E300 I 1 -  

MO: Motor octane 

3LOlefine 
XOi Re&rch octane 
WReidvaporpressure . 

. .  

Po: Percent oxygen 

;L:sulf;r. I .  

UkArOmatics 
%Flashpoint . 

I .  iz: @!ezingpoilit 
?R Graiity 

. I  M: Luminometernumber 
:L: sulfur 
mviscosity . 

r 

3 Negative shift in demand 

Natural Gas refinery supply steps 

Positiveshift in demand . 
Quality code for gasoline blending ' 

. ,  

B . .  
3 '. 
LO .. 

. .  

. '  

X 

9 
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No. of Values Discription , .  Members . 

12 Crude groups by quality and origin , +LL Alaskan, API 25-66, ScO.5, Be15 
AMH: Alaskan: API 21-32, Sc1.1, B>15 ' 

D U :  Domestic, API 25-66, ScO.5, Be15 
D m  Domestic, API 21-32, Sc1.1, B>15 
DHL: Domestic, API29-56, Sc1.99, Be15 
DHH: Domestic, API 23-35, SQ.O,3>15 
DHW Domestic, APIc23, SS.7, B>15 
FLL: Foreign, API 25-66, ScO.5, Bc15 
FMH; Foreign, API 21-32, Sc1.1, B>15 
FHL: Foreign API29-56, Sc1.99, Be15 
F": Foreign, A k  23-35, S0.0, B>15 
FHV: Foreim, AP1-23, SS.7, B>15 

' 

' , 

- .  

5 JTA. Jet fuel 
N2H Number 2 oil . 
DSL Low sulfurdiesel 
N6kLowsulfurpsid , 

N6B: High sulfu; resid 

Distillate fuel oil blends 

Emission type, 6 dAR: ~ o t a l  carbon 
CO1: Carbon monoxide 
C 0 2  Cartron dioxide 
NOX Nitrous 06des 

VOC: Volatile organic compounds 

LN& Light naphtha, (175-250) intermediate 
L": Light naphtha, (175-250) naphthenic 
LNP: Light naphtha, (175-250) paraffinic 

soxsulfuroxides I 

. 

- .  

273 Refineryintermediatestreams 

. I  

Gasoline blends . . .  TRG Traditional gasoline 
RFG Reformulated gasoline 

c2A: my1 alkylate 
C3APropylalkylate. ' 

C 4 A  Butyl alkyl& 

-Y. 

10' Noncqdepwchase . ARB: Atmospheric resid of B 
CC3: Propane 

HGM Heavy gas oil mediuia sulfur I 

[c4: isobutane 
MET:M&ol 

N A T N d g a s o l i n e  , 
N C 4 N d b u t a n e  , 

NPP: ParaaCinicnaphtha 

ETH: -01 

W: M.T.B.E. 

6 

I .  .. 

c 

. .  
I 

. _  

. .. , 
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I .  

No. of Values 

25 

18 

.2 

0 

6 '  

8 

3 

Description . 
~~ 

Policy type 

, '  . 

products 

Wuct exports 

Mress exports. 

!istressimports 

* .. 
Minished oil 

rocess unit 

tility 

Members 
~ 

LOS: Lost 
OVC Other variable cost 
MSD: Maxim& distillation feed, cat cracker 
MSR I ~ h i m u m  low sulfur resid, cat cracker 
SvR: Maximum severity, cat cracker 
HOO: Maximum 100 severity, HP reformer 
H05: Maximum 105 severity, HP reformer 

ASEAsphalt 
COK: coke 
DSL Low sulfur diesel 
E85: 85% Ethanol and 15% TRG 
JTA Jet fuel .- 
LPG. Liquefied peiroleum gas 
M85: 85% Methanol and 15% TRG 
N2H Numk 2 oil 
N67: Low sulfur resid to uhties 
N68 High sulfurresid to utilities 
N6B: High sulfur resid 
N6k Low sulfinresid 
om other 
PCF: Petrochemical feed stock 
RFG Reformulated gasoline . 
RFH: Reformulated high oxygen gasoline 
IRG Traditional gasoline 
INk Traditional high oxygen gasoline 

ISL, JTA, LPG, MET, Ml'B,'N2H, N6B, N6I, 
ITH, PCF,,RFG, TRG 

* 

- - 

:OK, DSL, JTA, LPG, N2H, N6B, N6I, OTH, 
'CF, TRG 

W, COK, DSL, JTA, LPG, N2H, N67, N68, . 
?6B, N6I, Om, PCF,.RFG. RFH,TRG, TI$H 

ST, COK, DSL, E85; JTA, LPG, M85; N2H, . 
?67, N68, N6B,N6I, OTH, PCF, RFG,RFH, 
RG, TRH 

I .  

LRB: Atmospheric residual bottom type B 
IGM Heavy gas oil medium sulfur' . 
PP: Medium naDhtha ~arafEin 

CU: Atmospheric crude distillkion . 
ee Appendix F for complete list of p k e s s e s  

;wH: Kilewatt hour 
IGF: Natural gas liquids 

. .  

TM:SkUll 
\ 

In the naming of the columns and .rows, we ate limited to a maximum of eight characters per name. The 
following k o  tables.&ve the name of the variable (activity) and the row (constraint)'represented. 

Energy Information Administra tion 
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b .  

. ,  

. I  , 

I ,  

The general name structure for columns is (v)(r)(abc)(def), where v is key code, r is region code, abc and .' 
def are 3 chaktgr names. . ' 

. I  . .  

* .  

. .  

._  

. .  
Energy IufomtionAd~ - - ' a tion . .  
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. .  
Name I Activity Represented 

Q(rI(df0) 

R(r)ACU(crt) 

R(r)(uv)(mod) 

T(r)(ist)(ist) * 

TOUNFIOT , * Totalunfinished,oilsinUS 

TAAMHxzl 

T(r)CBNTk 

U(r)(uuu) ~wty  (uuu) purchased in (r) . 

VTVC(m)CP ' crude vesiel -on capacity for mode (m) 

vTvp(m)CP 

WC(r)*(m)(d) 

VTPP(r)*(m)(d) ' 

VTPUr)*(m)(d) 

p J o O ( m ) ( d )  

WO@rd)(m)(r) 

X(d)@rd)SPG 

X(r)@id)(ist) 

, Spec vector, total volume for (dfo) in (r) , 

. 
Volume of crude (ch) prwssed by the ACU unit in (r) ' 

Refineay pro& (uns) operation for mode (mod) in (r) . 

transfer ofstream'(ist) to stream (ist) in (r) 

Volume of AMH crude transported from Alaska to Valdez 

Carbon tax in (r) ' 

Roduct vessel transportah 'on capacity for mode (m) 

Crude pipeline transportah 'on capacity from (r) to (d) lising mode (m) 

Product pipeline transpo&on capacity from (r) to (d) using mode (m) 

LPG pipeline haqmtah 'on capacity from (r) to (d) using mode (m) 

hdwt @rd)  POW 'on from (r) to (d) using mode (m) 

Pmhct W) haqmtah 'on h m  (d) to (r) using mode (m) 

Recipeblends of product @rd) for oxygenated fuels and electric utility residual oils in (d) 

Recipe blends of proaUc~ (prd) from stfeam (ist) in region (rj . . 

X(d)(ist)@rd) * -  Splash blending of @rd) from stream (istjin (d) . . .  . .  
. .  

' ,  

Y(o)(crt)(m)(r) 

Y(r)(Crt)(m)(r) crude (ut) t r a q o r m  'on from (r) to (r) using mode (m) .. . 

Crude (qt) transportation from (0) to (r) using mode (m). 

. * :. (aa), (bb) = @, GP, RF, where MP .= Merchant plant, GP = Gas p h i  RF =Refinery 
. .  

* For (ist): first and last character of'(istj 

. .  

, 

I '  

. 

. .  
Eriergy Information Administra tion 
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.. 

The general namestructure for rows is: (v)(r)(&c)(def), where v is key code, r is region code, abc and def 

. .  . 'are 3 character names. . 

Name cdnstraintRepnxen& , . 

pfoduct d k d  &unting row-in (d) for @rd) 

Gasoline blending accounting row in (d) fdr (xx) 

Gasolhe blending accounting row in (d) for (xx) 

Gasoline blinding &ting row in (a) 

product e& accounting row in (xj 

Ethanol tax accoyitingrow in (d) ' 

NGL accounting row in US 

InvestmentaccountingrOwin(r) . . I 

Product (prd) refined accounting row in (r) . 

Crude oil (crt) accounting row in (r) 

' 

. -  

A(d)TRGTRH - 

A(x)PRDEXP ' 

AONLGPRD 

A(r)INVST 

AOCRDFCR I 'Foreign crude oil accounting row 5 US I '  
I .  

AOCRDW. Lower48crudeoiiaccwntingrowinUS 

AQCRDSPR 
, .  I 

SPR crude oil accounting row in US 

. .  

F(r)uNF(unf) I Unfinished oil balance for'(u(unt) in (r) . . I  
I '  .. . 

I . .  G(r)CW Gas plant balance for stream (ist) in (r) . 

. .  . . . EnergyInformationAdministration 
. NEMS Petroleum Market Model Documentation . PageG-8 
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Name’ * 

G(r)@oU 

H(r)(ist) 

H(r)FUMCAP 

H(r)@ol) ’ 

L(r)(uns)cAP 

M(r)@rd) 

OCO)Cat> . 
OBJ 

P(r)@oD 

P(r)CBNTAX I 

Q(r)(prd)(qd)(c) 

S ( r )bJ )E  

W d f o F  ’ 

S(r)(RFGoXy 

T(t)C(mW 

T(t)Rm)W 

Tpc(r)(m)Cd) 

TPL(r)(m)(d) 

TPP(r)(m)(d) 

W)(UU!9 .I 

Z(r)CAP(uns) . 

z(r)NGFSUM * 

ZZAMHSUM ’ 

Z@WOP 

Z@CRDTOT 

ConstraiitRqresented 

Gas plant policy (pol) accounting row in (r> . 

I Merchant oxygenate plant balance row for (iit) in (r) 

Merchant oxygenate fuel balance row in (r) 

Merchant oxygenate plant policy (pol) accounting row in (r) 

Process’(uns)capacityin(r) * 

Final product @dl demand at refinery (r) 

Domestic crude oil (at) accounting in (0) 

Objective fundon 

, 

policy 61) constraint in (r) . _  

Carbon taxaccountingrow in (r) ,# 

Product @rd) specification for quality (qd) constraint type (c) in (r) 

Sum row for bleqding gasolines (mgb) in (r) 

Sum row for blending fuel oils (dfo) in (r) 

Constraint i n  renewable OXY limits in (r). 

Cmde oil tmqmtab -on (t) capacity limits for mode (m) 

Prodilcttransportah ‘on (t) Cape limits formode (m) 

crudetransportah ‘on capacity balancerow 

LPGtEUEpIM ‘on ’capacity balan&row , . 
Product mmpo&tion caphty balance row 

utilities (uuu) in region r 

Balance row for,total capacity of (uns) in (r) 

Sum rpw for natural 

Sum row for Alaskan crude export 

Current world oil price in value of FUiS 

sum row for total nude in us 

~ 

, .  

. -  

to reheaies in (r) 

Z@.IRACX 

Z@.IRACN 

z(mm~Yy) ’ 

O=Ol, 02, ... , 12 ,* . 
(A) = LPG, N2H, N6B7 N6I, NGS, OTH, STG 
(XXX)=TRGmdiiFG, . . 

’ mere are severafother accounting rows. 

~ ~ ~ ~ 

Sum row toforce average refinery crude cpst within specifid range 

Sum row to force average refinery nude cost within p&id range 

Month, day, year of matrix generation 

Energy Info-tion Administra tion 
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. .  
( -  . 

'. The following Table gives the dimensions of each.model: - 

. _  

Model. COlumnS , .  Rows I '  
Total Total I 

.' , 

I 

. .  

' \  

'! 
, .  

- .  

. .  

4 .  

, .  , .  

. .  
I &eqy Information Administra tion 
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CNde 
Tmne. 

* .  

Purchasc.8 CNdO Other * 

Other hpul8 * Unlf Expanalon Transfern Demand. Trans. CNde 011, Mstlllstlon Procf2ss f CapecHy Stream Blendlng Produdt Product 

, .  
\ 

Bounds UpRdFlX UpllOlFlx LdFlx I I I I I 
LeglUld 0 - crude cost y - yldd u = ullllty consumpllon K- unll ca aclty o - oporallng cost p - prlca 

Q E product speciflcallons 
z-poll rallo 
c - pJ~ne/marine capac~ty 

q = slream quallty ct E = P environmental crude transportalkn quality cost lirnll I" -product transportallon cos1 
.I lnveslrnenl cost 

NC 

Ea' 

Ea 

EQ 

GE 
LE 

GE 
LE 

LE 

GE LE 

Ea 

LE 

. I  . 

Max 

o . 

0 .  

0 

0 

E 

K .  

0 

' 0  

.C 

' Energy Information Addnfstratlon . ' 
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i 

G.2.b Subroutines . .  
I 

The program consists of several subroutines and a main program. The subroutines can 
I that setup the OML environment, read in the data tables, form parts of the matrix representation of the 

model, solve &e model, retrieve needed infokation for report writing, and write the reports. All the 
- subroutines th& generate part of the matrix representation of the model use input from data fila in an 

OML format. -These files have a .dat extension. Some subroutines use ASCII files as @put and some 
others 'don't use any. The following table,shows the subroutine names, the input da@ file names, the 
purpose of the subroutines, and the model that uses them. 

grouped as those 

. 

. 
I .  

b 

I ,' 

Subroutine . I.Datafile ' 

ermcrude.f I ermcrude.& 

lplookupf 

, .  l 

Retrieves solution . .  
~~ 

SetsuptheOMLenvironment,readsinsomemaindata, All . 
controls the program, calls subroutines to form matrix, 
solves problem, stores solution, writes rep0rts;basis and 
packs matrix. 

MRM3andS Simhates the merchant plant : 

&vides gas supply steps to refinery . MRM3and5 

Simulates the non refinery plant activities MRM3and5 

* .  

Printsarepoa MRMS 

Simulates the product expoas , MRM3andS 

Energy Information Administra tion - I 
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Models 

MRM3ahd5 

All 

Au' . 

All 

MRM3and5 

A u '  . 
All 

MRM3 

1 

MRh4 5. 

. .  

i . .  

. .  
, ,  

pr;limprt.dat 

recipes.dat 

refproc.dat 

setrows.dat 

~ 

Simulates the product imports 

specifies product recipeblends 
. .  Simulates thenfinery 

Sets some rows. 

transitdat 

Reads data tables 

'on for the Simulates the product and crude oil transportah 
3-region reuresentation of MRM . .  

transitdat 

unfinished& 

Utility.dat 

utility.& . 

~ ~ ~~ 

Simulates the product and crude oil transportah 'on for the 
5-region representation.of MRM 

Provide for unfinished oil imports 

simulates utilitypurchased 

simulatesutilitypurchased 

Subroutine. 

prdimprff 

ra5des.f 

refm0c.f 

s&ws.f 

strcam.f 

tabrdf . 
transit3.f ' 

transit5.f . 

MRM3and5 

MRM3and5 
~ 

utilitycf ERM 

Most of the subroutines that constitute the program generate part of thk 
model. In the following we will give a representation of the submatrix-generated by each subroutine in . * ~ 

table form. Columns of the tables correspond'@ activities (variables) and rows of the table to constraints. '. 

representation of the 

, 

, The symbols x, -x or e x  represent matrix coefficient.' ' . ' . 

I accunitf: This subroutine simulates the ACU unit. It creates the following submatrix: ' 

. . .  

. ,  

* for (crt) = JkL, FMH, FHL;FHH, and FHV 

Bounds: ,None * 

Energy Information Administra tion . . NEMS PetmlenmMarket Model Documentation . PageG-13 
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a e x p f :  'This subroutine simulates the Alaskan exports. It creates the following submatrix: 

. (i) = Nl,'N2, N3, P4, P5, P6 . 
* : -x ifi = N1, N2, N3; x ifi = P4, P5, P6 ' 

Bounds: PANGLQ1, "(i) ' 

avoidsf: This subroutine simulates the avoids. It is turned off. It creates the following submatrix: 

. J  . ,  

I 

. I  

i - 
. .  

AQAVDPOS x I I 
- ,  

0) = 1, ...) 3 

'Bounds: D(d)@rd)N(i) and D(d)@rd)P(i) 

cogenerf: This subroutine simulates the cogeneration unit. It creates the following submatrix . .  . .  

R(r)CGNCGN U(r)(uuu)* , 'FFl I 

. . E(r)CG?JlNV 

B o w  

L(r)CGNCAP x .  

OBJ -X 

P(r)OVC 
< 

+y . -x -X 

. .  -x 

Energy Informtion Administra tion 
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- .  *: for (uuu) = KWH 

crdimprtA This subroutine simulates the crude imports into the United States. Itcreates the following 
matrix: 

. .  

. .  

I *  Bounds: P(r)(crt)Q(s) . ' 

: ' demand$ v 1  This subroutine simulates product demands. It creates the following submatrix: 
i 

A@PRDDEM ' 

-X 

Bounds: D@METSl and D(r)@rd)Sl 

. .  

distblnd.f: This subroutine simul&s the distillate blending. It creak the following matrix: - 
. I  

, .  

.' , 

Energy Jnformation.Administra tion 
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* .  

I 

* , Bounds:None , .  * 

distressf: . This subroutine simulates product distresses. It creates the followihg submat& '. . ,  , .  
. .  

.I(d)@ri)B ' ,  

. .  ~ , .  X 

. .  
'D(a)@ri) 

OBJ '-X . .  

A@- X . 
Bounds:None . I ,  

/ . .  
. .  

domcrudef: This subroutine simulates domestic mdes. It creates the following submatrix: 

P(oIDCRQ1 . PADCRQl O @ C R D W  O@CRDSPR 

X -X 

X I . I. 

X 
I 

-x . I 
I 1 . '  

' . 1CGFkL.- 

, '  . .  x .  

X . $  

X 

* I AQCRDAKA 

X 

. .  X 
I I I .  , j ; .  . 

X 

X 

X 

X 

I . ,  . , 

(oj; except A 

EnergyInformationAdmixMration . . 
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Bounds: P(o)DCRQl, PADCRQl,O@CR.bEXP, O@CRDSPR 

emish.f: This subroutine simulates emissions. It creates the following sub& 

. 
Bounds: None . 

ermcrudef: This subroutine simulates domestic'crudes for ERM. It creates the following submatrix: 

OBJ . -x I 
' ' * (crt) = FHH;FHL, m, FLL, FMH 

. .  

Bounds: P(r)(crt) 

erm0ther.f: This subroutine simulates the non-crude inputs for ERM. It creates the following 
submatrix: - 

r 
N(r)(i@ . 

B(r)(ist) X 

OBJ. -X 

A(r)(ist) x -  

Bounds: N(r)(ist) 

. *  
i .' 

I .  

ermpr0d.f: This subroutine simulates productdekdsfor ERM. It creates the following submatrix: 

I D(r)(prd)Sl . 
, 

OBJ , , I , 
- .  

. Bounds; D(r)@rd)Sl , 

ethano1.f: This subroutine'represents ethanol supply and prices. It creates the following submatrk 

1 :  

C(d)ETHR(i) z(d)ETHTAX 

D ( d ) r n  * x  

OBJ 9 -X X . .  

Energy Information Administra tion 
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' 

' 
A(d)J3"TAX X -X 

A@El'I-IPRD X . 

L(r)FUMCAP ~ 

M ( r ) O .  . 

OBJ 

$ 

X -X 

-X 

-X 

A@FUEL 

A(r)GAIN 

A@GAIN 

. ., x. . 
, I  

. .  
- x  , 

X 

~. . _  
. ,  

. i = l,,:.., 4 

Boun'ds: C(d)E"R(ij. . ' . . 

' . . fix&k.f: This subroutine'fixes some vakables or activity. No submatrix is generated 

,~ 
' .  Bounds: R(r)FCC(ist) 

.fuelmixf: . This; subroutine simulates fuel mixing. It creates the following subma&: 

. -  

'I : - x .  I ' I: . 

P(r)CBNTAX -x . X 

P(r)LOS - . . x  
, .  ' \  

Bounds: 'None 
- * .  

< -  

gasoblndf: This subroutine siniulaks gasoline blending. It creates the following su6msitriX. 

. X '  I. 
I I .  I 

I .  

Q(r)&GREN X I I - x  ' ' 

I I 
X I - x  ' I -  I 

. I -x I I 

. .  Page G - 18 
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' .  

(XXX) = G01, ..., G12 
Bounds None 

_t__l X I 

1plookup.f: Retrieves solution'values aid stores them in arrays. 
0 

' . mainE This subroutine reads in the m p a r a m  file that has the information relative to the model to run; 
. initializes the OML subroutine library environment; opens the database; specifies a problem in 

the database for processing; initializes the matrix processing; reads in the path file, the m&.dat 
file that contains some global variables such as the refinery, the exporting, and demand regions 
code; cal ls  the subroutines that generate the matrix, ends the matrix processing; writes out the 
M P S  file; inserts the advanced basis; solves the matrix; puts the solution in output; writes the 
o p W  basis; prints reports; packs'the matrix, and closes the database; 

\ 

mchprocfi This subroutine represents the merchant plant. It creates the following submatrix 

A(r)INVST I I x ,  ' 1. 

I .  

- 
mchprocf (Continued) 

' ,  hergy idrormation Ahhistra tion 
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*: first and last c h k t e r  of (ist) 
(a) and (bb) = M P ,  GP, RF 

. . ' 

: where M p  = Merchant plant, GP = Gas plant, and.W. = Refinery 

. , 

OEiJ 

N(r)NGRFSUM 

Z(r)NGEsUM 

' .  

N(r)NGRF(ij)* 

t x * *  . , 

X 

x .  I .  

I .  

. .  
Bounds: K(r)(uns)(CAP, E(r)(uns)INV, L(r)(uns)BLD 

ngprodf: 'This ibbroutine represents the gas supply steps to refinery. It creates the following submatrix 

. .  
I 

- 

, I .  

Energy Inforntation Administra tion 
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I . ,  G.(r)DGR G(r)GPLOl ' . . T(r)GPLOVC G(r)(xxx)*LPG G(r)(-)**rn 

A@NGLPRD X x 

. ,  
\ 

0 .  

nrfplantif (Continued) 

(xxx) : PGS, CC3, IC4, NC4, NAT 
* : (W) except NAT ; **: (xxx) except PGS, CC3 , .  . .  
Bounds: G(r)SC3CC1, N(r)DGP, E(r)MO"V, K(r)MOHCAP . . .  
outpuLf: This subroutine prints reports. 
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. .  

prdexpd Simulates product exports. It creates the folloivhig submatrix: 

. 
J 

. , .  I 

I - .  X X 

I 
AOCOKEXP Ix I .  I 

X X 

*: All (prx) except COK and AST' . 

BOWKIS: D(z)@~)sx, except for 

prdimpd : 

= COK 
. .  . .  .. ws subroutine'simulates product imports. It creates the following submatrix: 

. .  . .  

?:for(pri)=METandMTl3 ' - . / 

**: for all (pri)- except MET and MTB I .  

. .  

B~~ds.I(r)@ri)Rll.- ., 

. *  .. 

recipe& This subroutine simulatesproduct recipe blending. It creates the following submatrix: 

I x*** . /  
1 ,  

, AQPETCOK ' . ' I ;;*** I 

. Energy Information Administration 
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. .  

. .  

ACZPRDRFN . X I '  

1 -  
' 

(xxx) = AST, AVG, CKH, C k ,  GOP, SUL ; (yyy) = AST; OTH, COK, PCF, SAL, ' 

**: -x for (xxx) = AVG; **: for (xxx) ,= AST ahd (yyy) = AST; ***: for (yyy) = COK 

refpr0c.E This subroutine simulates the refinej,processes. It creates the following submatrix: 

I < 

' 

' 

. . .  
. .  

*: when (pol) = OVC; **: when (uns) = Em, ***: when. (uns) = H2P; ****: when (unij = ET€I.and (ist) 
- =MTB / 

I 

X(d)EI"(xxx) . X(d)ME"M85 X(d)(www)SPG B(r)RFG(sss) B(r)RFG(m) 

DCd)(xxx) X 

D(d)ETH -x . 
D(d)(yyy) * ' -X 

, 

Energy Information Adminkha tion 
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. .  
C '  

. .  

(ttt) = N6B, N6I; (wv) = REN, OXY; (k) = N67, F68; (xxx) = E85, RFG, RFH, TRH 
Oyy) = SSR when (xxx) = RFG, RFH and Oyy) = SST when (xxx) ,= TRH; (m) = MET, TRG 

' 

, *: (xxx) not equal to E85; **: when (&) = RFG and RFH . >  ~ 

' 

. I  

stream& This subroutine simulates stream transfers. It c r e e t h e  following sub- 

T(r)Ost)(ist) . / 

' ., . 
B(r)(ist) - +X 

M(r)@rd) . i-x 

A(r)@rd) x; ' 

A@PRDW ' X 

( 

c -_ 
\ 

. .  

. .  
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\ 

**'for (prd) = LPG and Pm, *** for (prd) different then MET, ETH, LPG, and PCF 
(s).: supply regions; (xxxxxx) = TVCSCP, TVPJCP, ..... 

u ( r ) ( ~ ~ ~ )  

I .  
. ,  

I Bounds:V(xxxxxx) . 
. .  I 

transit3f: This subroutine simul&s the &spor@on network for & 34egion. AImost identical 
to transit5.f ' 

U(r)(uuu) R(r)STGBSF R(r)KWGPGN K(r)(uuu)CAP . T(r)NGFNGS ' 

X -x** X** -x*** \ 

unfiih.f: * This subrouthie simulates the unfinished oil process. It the following submatrix: 

. .  F(r)uNF(is t) -X X 

OBJ -x ' 

X 

A@.UNFIMP ' X  

x 

F@TOTCRD -X 

. '  
utility& This subroutine repesents thentility. It creates the following Submatrix: 

. .  

. '  
utility& This subroutine repesents thentility. It creates the following Submatrix: 

. .  .Energy Information AdbMstra tion . 
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. .  
8 .  5 

. .  . .  

. I  

/ 

I I . .  j Z(r)NGFSUM . I -x*** , -  I 
. .  

*i for (uuu) = KWH.; **:'for (uuu) = KWH and S W ,  ***: for (uuu) = NGF . ,  

Common 

PMMREAL . 

IhfMrNT. 
. 

PrnCHAR 

LgTAB' . ~ - . 

DFINc2 

CR .. . . 

. utility& This subroutine is the same as utility.f, except that it is for ERM. . 
- ,  . .  

. AU the Fortran files are l& in /refine/db6/ddefault/source/ 

Desniptim I ) .  . I  Location 

Commm' for real v9ables shaml by subroutinei that 
generatesubmatrices . 

Common for integkr variables sharid by subroutines that 
generatesubmatfices 

Cor$mon for character variables shared by subrout& that 
generabisubmatrices 

Common usixl for solution krieval and report writing . 

Common for OML, database functions . . /defdt/iiclud&dfinc2 

Common for the WHIZ optimizer '. /aefault/iiclud&~c2 

/refinddbfj/ddefault/Wipmmtest . 

/&d&/ddefault/&ta/ipmmtest 

/refinddb6/ddefault/data/ipmmtest 

/refinddbfj/ddefauIt/dawlpout I 

. .  
. .  

G.2.c'Commbn Blocks 

. .. . 
Energy Information Adminisba tion ' 
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. I  

. ,  6.3 Data 

7 I .  

’ 

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 thd form part of the matrix and.the .dat data files (ex accunit..f 
gets its input from accunitdat) . In each of t h ~  .dat file, the data is arranged in an OML format that consists 
of tables. Each table consists of a table name; row or stub and column or head names; and values at the 
intersection of rows and columns. In addition there are ASCII files. These ASCII files are for control of the 
program. f i e  following is the description of each input file. 

. G.3.a Data sets 

Table N k e  COlumnS Rows‘ ’ ’ Description 

ACUCUTS ’ *(at)’ ” , ’ Crude distillation yield 

ACUPOL ovc, LOS (d . ACUpolicytable 

ACUUTI (uuu) (a) ’ A ~ u t i l i t y w ~ t i o n  

mIM ,MAX 6) ’ Maximum investment I 

, .  

I .  

.dat files 

accunitdat ’ 

~ ~ ~~ 

EXPAKA P, Q ’ N1, N2, N3, P4, P5, P6 

NGLAKA PER ’ .PGS, CC3, NC4, IQ,.and 

PRQAKA VOL, TRP, EXPPRC A 

NAT 

r 

. 

akaexp.dat 

Table COlumnS 

SADELPX . FACTORS 

PRDAVOID D U M M Y .  

SADnXr N1, N2, N3, P1, P2, P3 

I T a b l e k e  * I Columns . . I Rows 

~ 

Rows 

N1, N2, N3, P1, P2, P3 

@ra) 

W) 

___ ~ _ _ _  ~ ____ 

Desuiption 

pricediffererltiate 

Productlist’ 

Demand shift quality fiaction 
I .  

. 

- -  avoids.dat 

Table 

CGNCAP 

Columns Rows Description 

CAP, PUL, BLD 6) . Cogeneration capacity, %u&on and buili 

DeSCriptiOn 

price b d  quantity of Alaskan mde exports. 
~ 

Yield of NGL . .  

Volume, and ‘on andexpectedcost 
for A l a s k a n m z  

. . .  
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Rows , 

OBJ, CKL; CKH, COK 

W) 
(Year) ' 

c 

Om) 

D e p t i o n  

Coke price and conversion factor 

List' of products 

.Product &d) demaqd 

=demand ' 

. .  
ColumnS 

. (do) ' 

(spec) 

.. 
. 

. (spec> 

~ ~ ~ ~~~~~~~~~ ~~~ 

Rows . - , Description-. . 

(spec) Distillate fuel oil blend specs . 

(istj ' Component blend stream values 

Hydrogentre+ . . Component b l ed  stream values 
componentstreams \ .  

STM, KWH 
. .  

~~~~~ ~ 

Hydrogentreated . utility Cdefficientfor treated stream . 
component streams 

.~ 

. CGNPOL * ovc 
Rows .Description. 

CGN Cogeneration policy 

FUL ;Cogeneration yields * 

(r) Cogeneration utility usage 

(r) - % cogeneration sold to erid 

. ,  I CGNREP 1. CGN 

CG"I'I \. (UUU) 

SELGEN SOLD 

Description 

Foreign crude types 

price and quantity available for crude imports. 

DUMMY 

C1, Q1, c2 QZ C3, Q3 

*: for (G) = FLL,'FMH, 6EL, FHH, FHV &e. .for&ign crudes) . ' ' . 
l 

demanddat 

- Table ' ' COlumnS 

CKSMIX CKL, CKH 

Table 

Q(r)DFO 

FN(hf0) ' 

. -  
BX(dfo) 

Hydrogen treated 
component streams 

Yield fpr hydrogen treated stream 
. 

BX(df0)B 
, .  

H2S, PGT: represents - 
output quantity from 
hydmgentreated . ' 

component 
"2, FUL: represent 
required input for hydrogen. 
treated component streams 

Hydrogen treated 
component streams . 

Hydmgen treated I component streams. 

.. 

. .  

BX(dfo)P policy coefficient for treated stream . LOS, ovc 

w Capacity coefficient for treated streapl I BX(dfo)L 

BX(dfo)U - .  * 

f - 
' .Energy Information Apministra tion 
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Table columns Rows 

Hydrogen tr& 
component streams 

Hydrogen treated 
component streams 

Description . . I  

Transfer of ,un& sfream to treated 

Specification 

BX(dfo)T Transfer 

BHDSL 

BHDSLT. Transfer Hydrogen treated- 
component streams 

Transfer of untreated DSL stream to severe 
hydro treated stream 

BHDSLB Hydrogen treated Yield for hydrogen tre@d stream H2S, PGT represent output 
quantity from hydrogen 
treatedcompent 

r3uired input fa hydrogen 
treated component streams 

Hydrogentreated 
component streams 

'"2, FUL: represent 

BHDSLU STM, KWH Utilitycoefficientforuntreatedstream 

BHDSLP LOS,'OVC Hydrogen pated Polij. coefficient fqr untreated stream . . .  
BHbSLL CAP 

- *  

~ ~~ 

Capacity coefficient for treated stream Hydrogen treated 
component streams 

'distress.dat 
/ 

Table * columns ' ROWS Description 

ZPX Value 
' 

@ra) Distresscodeforpricing . 

- 
' 

dorncrudedat ' 

. I  

Table 3 columns ' , Rows Description . . 

DCRSHR (0) (Ca)*. Domestic crude share by OGSM region 

CREXP CRDEXP, CRDSPR VOL .. 
(. Crude exports and SPR 

, .  , *: (crt) except Fu, FMH, FHL, mM, FHV . * 

emissiQn.dat 
- 

- .  

Table' columns . Rows Description 

EMUNS (4 - R-s u& .Emission by process unit 

EMFUM (e) Fuel stream burned Emission by fuel burned. 

' 

ethanol.dat 

En= hfo&tion Administra tion 
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Table .columns 

SUPEI"(i)* C1, Rl, C2, R2, C3, &3 
~ ~~ ~~~ 

m A X  TAX 

* i = 1, ..., 9 

.. ' 

Description 

Ethanol supply curves 
. .  Ethanol taxes' 

. .  

Table columns Rows Description 
. .  

' FlXCOL R -Y First letter of column to fix 

(r)RCOL . FCC (mod) Column to fix to zero 

fuelmix.dat - .  . I 

Table. COlumnS Rows Deskiption 

GROUP - m y  Fuel stream List of &el seam 

MMINT LOS Fuel s& Fuel mixing 

MEXPRI) 

=our) PHF, N6B, N6I H2s, Fuel mixing policy 

. LOS N2H, N6I, NfB , Fuel mixing 

gasoblnd.dat . . .  
- 1  

limpoldat 
. .  

Description ' , Table Colu'mns Rows 
. 

UNITPOL D u y M Y .  (-1 List of processes that have a li&t on POL 

(ist) (r) . . .  Limit on (ist) 
. !  . .  

JJWuns) 



Table 

SPNGF ., 

, ,  . 
ColUIpns  Rows . . Description .~ 

ALLREG ’ I N1, ..,N4,P5, ..., P8 Price steps for gas supply 

Table 

EXPPROD ’ 

TRSOVC 

FORCRD 

YRDOLLAR‘ 

WOP 

DEMNDREG 

USERYkAR . 

mchprmdat 
-~ 

Rows I Description 

Merchant plant investment, fixed cost and 
capitalrecovering 

Merchant plant processes capacity, % . 
utilization and build. 

Merchant pldt processes policy 

(r)CAPMCH I 1 CAP,PUL,BLD 
I 
I 

(Uns)POL . 

(uns)CAP Meakhant plant process capacity ’ 

M&ant plant process $elds ’ I 

Merchant plant process utility usage 

(uns)REp 

Transfer allowed - 
.Refinery transfer to merchant plant . ’MP 

I ,  

Gas pIant.transfer to ma-&t plant 

(ist) I MGchant olant ha&er to pas dant and rehem 

ngprod.dat . .’ . , .  . . ,  

I N1, .., N4, E, ..., P8 I Qmtity steps for gas supply I 
SCVAL I (r) VOL , .  .Volume Limits on each step I ’  

, I  
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' 

.Table . +lumnS Rows Description . 

PRODTYP, . dThMY, .@ri)' ~ Listofproauctimpoa ' 

. .  
IMPLIM.' . MAX ' . Q  . .M&um imports into USA 

PR@ri)(r) C1, R1, ..., C3, R3 ozar) , .  Productimportsupplycurve 
. -  NEMSRSD . RlB,RlPR , R1, ..., R9 . Reside import supply CIWi: 

. .  

I 

, ,  I .  

I .  
* .  . .  

Rows' Description 

MOH , . &on rkfinerj plant process investment, capital 
2 R X O V ~ I V . ~ I I ~ ~ ~ ~ ~ C O S L  * 

I 

'Table- ,. 1 columns 

INv,cApIREc,Fxoc I INVMOH 

CCl. MET. ovc ' . I Production of methanol * I  
CAP. 

(ist) 

Methanol capacity 

Yield from m' plant' , 

Sbift from ethane and propane to methane 

Gas plant capacity lhits 

' 
CCl, LOS, oi!c . GASSHFT s a s &  . 

GASCAP CCl, FAC, CAP, LIM, 
Pcu 

1 Table ' I columns ' ' 1 Rows I -Description 1 
or4 . 
1995 

PRICE 

prdimpkdat . 

. .  ' J  

COlumnS ROiS Description . 

Recipe blended prcxlucts Components& Recipefraction . ~ 

1 

Table 

RCPl 

1 KER,JTA.N2H R B i  

. IRCP3 sulfur transfer to Sal? 

Priceforstream 

Stream consimption for asphalt.production 
. .  

RCPSALE 1: (ist), OTH, AST, COK 

ASTAST' S T M  

, .  
. refprocdat 

.. . . I  . -  
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INV, Fxoc, CAPREC 

I 

setrows.dat 

Table columns Rows Description 

@POL TYPE @OD ' ._ Row type 
' 

' 

Table 

HOXETH 

BLNSPid) 

BLOX(d)XML: 

XETH 

sa * 

Table Columns Rows Description 

MVCCAP MAX TV(t)(m)CP Marine vessel capacity 

BVPCAP . MAX T w m ) C P  Marine barge capacity 

PKCAP M A X .  W(r)(m)(d) . Pipeline capacity 

TPCRLIST Dummy (r)* crude supply regions for transportaa 'on 

I 

columns . 

'TRH;RFI-I,RFG . 
KER, N67, N68 

E85, M85, TRH, RFH, 
RFG I 

PO 

Po 

stream*dat . 

Table COlumnS 

m DUMMY 

XSALE DUMMY . - 

Rows ' 

I .  

Gasoline blend stream 

Gasoline stream 

m .  . .  

oxygenate- 
. ,  

Dekiption . - 
Ethanol 1~56 for splash blending 

Bl&dcompositionrecipe ,. . 

. 

Recipe blend composition 
. I  

Oxvgen content of ethanol I 
Oxygen content of oxygeimtes 1 

. .  

Rows Description 

N6IN6B . Linkedlistofresidetransfer 

(W@rd) Linked list Of stream transfer to products 

NEMS Petr&wm Model Documentation 
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, 

Table 

TPCR(r)* 

PLCRLIST 

PLCR(r)* 

BVPR(r) 

TPPR(r) . 

TPME(r) ' ' 

+PEiLIST 

TPET(r)* 

PLPRLJST ' 

PLPR(r)* 

PLLG(r) ' 

, Columns I Rows ' I  
' ,I** 

1 

DUMMY 

(XY) where X is mode and 
Y is refinery region '6) - 
(r)* 

Crude oil *on &st from supply pion 

List of crude oil supply regions for pipeline 

- ~~ ~~ ~~ . .  
List linked denslls divisions for product pipeline 

' . hmregionGtoEastCoast . * 

3 .  DUMMY 

' W) (m)(r) . - Product pipeline transportation cost ' 

LPG . , ' (mXr) LPGtransportah 'on cost 

Table COlumnS Rows . Deskription 

W O E  E, G, PD NPP,HGM, ARB Volume split and price for unfinished oils 

UNFEQT SLOPE, CONST. . xrz ~erm~f~lunfini~hedoii~t+ion 

- 

.I 

I 

G.3.b Other input files 
. ,  

1. mrmparamfile . 

In the mnnparam, the user'chooses the model that he wants to run; &e 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 inform&ion that is to be supplied in the mmparam file.. 

I Model to berun 
~~ 

8 Act problem . ACTPROB 

SOLNAME 8 '  Solution name. 

I 1.7 
Nanh of file where data I files paths are stored. ' 

~~ 

INBASEN* '40 Location and name of 
advanced basis 

Name of optimal basis . ,  
* .  OUTBASIS 8 I .  



Variable name 

BASISN 

MPsouTN** 

PAKCN** 

*: If no name or a file does not exist,&e program will operate without iy.advanced basis. 
**: if “NUL.L“ or “null” is provided, the program will skip the part of the progrim that generates the file. 

Restrictions Variable lerigth Variable purpose , 

8 Basis nrime 

8 ME’Sfilename 

8 Packed matrix file name .PCK extension I 

Theabove variables have to be provided in the.order they are listed in the above Table and should start‘at 
column’18. In-the Appendix A we proiide an*example.of an mfmparam file. The mrmparam file has to be 
in the subdirectory where the model is executed. 

2. path file: 

.In this file the user provides the program with the location and name of -the && files. The order in which 
the names appear is impo&t See Appendix B for an example of a path file. The path file has to be in the 
directory from which the model is execute& This file format is that of an OML table. 

3. Advanced basis file: 

I 

. .  

, -  

In this file the user provided an advanced basis to the model. If the user does not provide one or provides 
one whose name does not cohcide with the-basis name provided in the mrmparam,. the program will not 
use it. 

6.4 Submission of a Run 
-. 

’ In order to run the model, one has to first compile and link the different FORT~~AI? source files to form an 
executable. Once the executable is created, the user submits a run by providing an mrmparam and a path 
file. The execution of the p r o m  will solve the problem and c k k  

-AnACTFILEfile - .  
-AnMPsfiie _ .  

. .  .. .’ - A SYSPRTNT file (solution) 
-Anoutbasisfile . . e  .. 

-,A packed matrix file 
- Reports (only for MRMS) 

. -  

- 
. .  , -  - .  The following are the files created by a run: 

. 
. I  

? .. 

I .  

. .  
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r 

. ,  , 

. 
ERM 'MRIiE MRM3 

Packed mat& Name provided by user in the Name provided by user in the 
mrmparamfile mni~param file . 'themrmparamfile 

Name provided by user in 

None 
~. 

Report . None reports5, fort.75 
I 

The source files that encompass'the program are on /refine/db6/mnn/default/source/. They have been 
compiled and lir'rked to foqn an executable, mrm, on /refine/db6/mrm/default/. The object files created by 
the compilation of the source codes are in /refine/db6/mrm/default/lib/. We used a makefile, 
(/refine/db6/ddefault/makefile) to form the executable. 

.In refkiddb6/mrm/default/, there is an w p a r a m  file and 3 path files one for each of the models (pathe for 
ERM; paths5 for 5-region MRM, arid paths3 for 3-region MRM). The path file points to the default data 
that is stored in /rehe/db6/mrm/default/datd. 

* 

The /mfine/db6/mrm/default/data/ directory consists of 3 subdirectories: an d, an mrm3, and an erm 
subdirectory. Each of these subdirectory contains the default data for the appropriate model. . 

, .  

I .  
- .. I 

Runs 

1.-In order to run the defauli (no, changes) 
a; Copy the executable, the mrmpakam and the appropiiate.path filesto your own directory. * 

b. ~ Run the executable. 
.~ 

I .  

2.- If you want to make changes to a data file 
.' a 'Copy the. executable; 'the mrmparam, the appropriate path fdes, and the data fide you want to 

. modify to your own direct07 
b. Make changes to the data file. 
c. Modify thepath file 'to specify the path of the modified file. 

-: d. Runtheexecutable. . .  

I 

. .  
3. E you want to make.changes to a source file 

. a Copy the makefile, the -par&, the path files, and the source file you want to mcxQ to 

c. -Modify the makekle to specify the path of the new modifieh source file and the path where the 

6. Runthenhkefile. 

. your.o~directory. . ' I .  

* - b. Make chahges to the source file.' ' 

.. L - , .  
new object file is to be stored.. 

e. Run the executable. . .  I . . .  . . .  
' t  

- . ' Appendix G-A: Example of an mrmparam file. . .  

MODELN 
ACPROB . 
SOLNAM 
PATHNF 
TlTLE 
INBASISN . 
OUTBASISN 
BASISN I 

' M R M S '  
'OhE.lhMS 
'MRMSSOL ' 
paths5 ' 
'MRMS, MULTIPLE REGIONS m R Y  
'/refineJdb6lddefault/datahm5linbasisS 
'outbasis5' 
'MRMS' 

. .  

, !8 
!8 
!7, , 

- ' !48. . 
' !48 

.. 

I 



MPSOUTN ”mmgjrnps 
PACKN ‘MRMS.PCK * 

The above mmparam file will run the 5-region MRM model; the act problem will be “OMLMRM5“, 
ae solution name will be “h4RM5S0L’y, the data files path will be read from the file “paths5”; the title of 
the model will b;: “MRM5, MULTIPLE REGIONS REFDERY”; the advanced basis will be read from 
“inbasis5” at “ / r e f i n e / a b 6 / m r m / d e f a u l ~ d ~ ~ ~  the optim‘al basis will be stord in the file 
“outbasis5”; both the advanced aqd optimal basis will be namid ‘‘MRMS”; th6 mps file will be stored in 
“mrm5mps”; and the packed matrix in “QtRM5.PCK” . 

’ . . 

. *  . .  

\ 

- .  

I .  . .  

I .  
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, .  . .  

, 

In this path file all files, except for the ngprod:dat, refprocdat abd mchproc.dat that are located on . 
., , .  

9 .  
: . /~he/db6/test/, are Iocated in / rehe /db6 lde fau l t /hd /  

. .  . '  
, I )  

* .  



. >  

, Appendix G-C:Makefile , . , .  

, .. , .  

FLAGS= -C -g -C qchatlen=1638? qmaxmem=-l qn&t \ 

IN& -UreWdb6/mim/default/ -I/default/mcludes 

DIR= /default/objectd ’ 

LIR= /refinddb6/ddefauItAib/ ’ 

OBJS= $(LIR)main.o \ 

qfl-divide qsave 

I LJBS= -]whiz -I& -1Util - u U ~ p p l M p s / / O ~ b  

SIR= /refinddLnSImrm/default/sod . .  
e ,  . .  $(LIR)akaexp.o \ ., . 

$(LIR)prdWrp.o\ , . 
$(LIR)unfinishsd.o \. 
$(LIR)lplookup.o \ 
$(LIR)outputo \; : 
$(LIR)ermcrude.o \ ’ 

$(LIR)amothko \ 
$(LIR)irmprodo \ 

* $(LIR)tabreid.o\. 
$(LIR)limpol.o \ 
$(LIR)mchproc.o \ 
$(LIR)Crdimpr&o\ ’ , 
$(LIR)accUniCo \ 
$(LIR)refproc.o \ 
$(LIR)nrfplanto.\ 

I $(LrR)strea+l.o \ 

. .  - I 

, .  

. .  

4 

. >  
* $(LJR)distblndo \ I 

$(LIR)gasobln+o \ 
$(LIR)domcrude.o \ . 
$(LIR)demaudo \ 
$(LIR)u*ty.o \ 
$(LIR)utilitye.o \, 
$(LIR)cog~e€.o \ , 

, , $(LIR)fuelmix.o\ 
$(LIR)recipes.o \ I 

$(LIR)ethanol.o \ 
$(LIR)ngprodo\’ 
$(LIR)setrows.o \ 
$(LIR)furcols.o \ 
$(LIR)transiW.o \ ’ 

$(LIR)transits.o \ 
$(LIR)prdimprt.o \ 
$(LIR)splash.o \ ’ 

$(LIR)distress.o \ 
$(LIR)avoids.o \ ’ 

$@IR)odand.Vl.4.0 \ 
$(LIR)emish.o 

. .  

IIUUI:$(OBJS) : 

xlf-0 m ~ n  -g -C $(OBJS) $GIBS) -blOadmap:lOadmap 
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. Appendix G-D: Common Blocks 

File:ipmmtest' . . 
C $ H e a d e h : / d e f a u l t l i n c l u d ~ p ~ ~ ~ v  1.6.1.11 1995/07/17 19:59:11 db6 Exp $ 

'COMMON / T P V  MIN, VALUE, "pY, 
4- WOP, - - . .  

' . &*8 Iaq(lOO0) 
REAL*s MIN(1Ooo) 
REAL*s VALuE(lOo0) 
REAL*s llwmlTY 
REAL*s WOP(26) . . . I .  

. ., 
, - .+  ~URYR,YRDOLL,AR,ENV,LOC,OVCOST 

. . * REAL*s REAtuRyR 

. REAL*S jLOc(5) 

' REAL*S YRDOLLAR 
REAL*s' . E q 5 )  

REAL*S OVCOSTQ 
COMMON /IPMMINT/COUNT, D&, 
+ 
i USERYEAR, DMDREG, NUMYRS,'DBPROBG, COMTABI, COMTAB2 I 

INTEGER*4 DIm4y'Y . 
INTEGER*4 I 
INTEGER*4 IRET - . . . 
INTEGER*4 ROWS 
INTEGER*4 J . 
INTEGER*4 JCOLS 

l"I!EGER*4 KROWS 
, INTEGER*4 JWMREG 1 

INTEGER*4 EXPREGSS . . I  

INTEGERi4 ' DMDREG 
INTEGER*4 NUMYRS 

I, IRET,IROWS, J, KOLS, K, KROWS, NUh5REG,EXF'REGSS, 

. .  INiEGER*4 COUNT 

, .  . .  . .  

INTEGER*4. IC . .  - . I  

. .  . 

' '  l"FEGER*4 USERYEAR 
. _  

. .  INTEGER*^ DBPROBG(Z) i 

. INTEGER*4 COMTAB 1 (13) 
t .  INTEGER*4 COMTAB2(13) 

' COMMON /TPMhfC&WHEAD, STLJB, PROCESS, BND, CNAME, 
+ DECKNAME, LRNAME, OBJ, RHS, RNAME, RCHARS, REGION, . - 
CHARACIER*S HEAD(lOO0) 
CHARACER*S STUB(lOo0) 

. 'CHARACI'ER*S PROCESS(1Ooo) 
, CHARACI'ER*SBND, 
. C " E R * 8 . q A M E  

' i EXPREG, D E M N D F ,  DEMNDPAD, PATH, FRCRD, EXPRD 

. .  
CHARA~R*SDECKNA?@ , 

CHARACER*S L R N W '  
CHARACER*8 OBJ 
CHARACER*S ,RHS. , 
CHARACIER*S RI$4ME 
CHARACI'ER*S RCHARS . 
CHARACIER*l REGION(5) I ' 

'CHARACER*2 EXPREG(5) 
CHARACI'ER*l DEMNDREG(9) 
CHARACTER*l D W P A D ( 9 )  
CHARACTER*& PATH(40) 
C H A R A m * s  FRcRD(5) I .  

' cHAFcACrER*s EXPRD(l1) 

. .  

, 
. .  
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File:ipmmtest


File: lpout 

Common block used for report writing 

* C LPOUT COMMON BLOCK FOR USE IN OmMA+J'RlX SOLUTION 

REAL 
REAL 
REAL 
REAL 

. REAL. 
REAL 

.* REAL 
REAL 
REAL 

* . R E A L  
mALl 
REAL- 
REAL 
REAL 

* R E A L  
REAL 
REAL 

.REAL 
REAL 
REAL- 
REAL 

. R E A L  
REAL 
REAL 
REAL 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL. 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

* .  

, R E A L  

COMMON/L,FTAB/PRDPRC,BASECAP,BASEUTL.,INVCAP~,TOTCAP, 

+RFQEXCRD,RFPQNGL,RFQNGLRF,NGLRF,NGLMK,RFQPRCG,RFPQPRDT, 
+RFPQUFC,RFQEXPRDT,RFQPRDDM,QCDUPD,RFQDINPOT,RFETHD,RFMTBI, 
+ ~ , R F M E I p , ~ C H M , ~ 8 5 , ~ ~ 5 , T O T S U P ,  
+RFQI~PR,RFIMTP,R,~~GS,OTHO, 
+RFcRDoTH 

File: DFlNC2 

. + T O ~ ~ v T L , R F C R D D C R , ~ C ~ ~ C ~ g , R F Q I ~ , ~ ~  

1 

C o b o n  block used for OML database functions 

C $Heada: /default/includeslRCS/dfinc2,v 1.1 1995/03/14 1 6 2 2 7  ,$hi Exp $ . 
C 
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c DATABASEFH FOR~RAN FUNCI?ON DECLARATIONS ' 
~~ 

. c  * 

GINCLUDE DWCPRAGPH 
c. . 

INTEGERDF" , 

INTEGER DFOPEN 
IN?EGERDFEND 
INTEGERDFCLOSE . 
INTEGERDFDEL 
INTEGERDFLIST 

C 

. INTEGER DFPDEL 
WEGERDFPIkT-  

. \  

INTEGERDFPCPY 
l"EGERDFPLIST 
.JNTE&RDFPTDEL 

- INTEGERDFFTCPY 
INTEGERDFPMDEL 
INTEGER DFPMCPY 
INTEGER DFPSDEL 
'INTEGERDFPSCPY 

* .. INTEGER DFPRTBI 
C 

INTEGERDFT~N~T 
INTEGERDFI'NEW . 

INTEGERDFIDEL . , 

. lN"kGERDFI'DIh4 

'INTEGER DFTmY 

INTEGERDJ?I"NDX 
INTEGERDFTSNDX. . . 

. . INTEGERDFTN'DX 
. INTE%ERDFTGET 

INTEGER DFTPUT 

INTEGERDFI'€€ADD 
WEGERDFTSADD 

. ' . INTEGERDFI'SDEL 
. INTEGERDFl'HDEL' 

INTEGERDFIDISP 
C 

. INTEGERDFMEND. 
INTEGERDFMSTAT - 
INTEGERDFMCRTP 
INTEGERDFMCRSC 
INTEGER DFMCCSC, 

INTEGERDFMMVAL 
WTEGERDFMCRHS 

' INTEGERDFMINI? 

. JNT'EGERDFMCVAL . - .  

'INTEGERDFMCRNG . 
INTEGERpFMmND 
INTEG~DFMRRTY'  . 

.INTEGERDFMRRSC ' 

I"lT%ER DFh3RCSC ' 

INTEGER DFMRRHS 
' . . INTEGERDFMRRNG 

INTEGER DFh4RBND 
INTEGER DFMIROW 
INTEGER DFMICOL 
INTEGER DFMIRHS 
INTEGERDFMIRNG .: 
INTEGER DFMIBND ' . 

INTEGER DFMNCOL 

INTEGERDWRVAL 

. .  INTEGERDFMNROW . . 

. -  . 

, .  

. .  

. .  
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INTEGER DFMNRHS 
INTEGER DFMNRNG 
INTEGER DFMNBND 
INTEGER DFh4LROW 
INTEGER DFMLCOL 
INTEGERDFMLRHS 
INTEGER'DFMLRNG . . 
INTEGER D K B N D  
INTEGER DFMLVAL 
INTEGER DFMTAB 

INTEGER DFSINIT 
INTEGER DFSROW . 
INTEGER DFSCOL 

INTEGERDFNCMP , 

C 

c .  
C 

File: wFINC2 

Common block used for the 'WHIZ optimizer 

. .  

C $H& /default/includ/wfinc2,v 1.1 1995/03/14 162245 dln Exp $ 
Tr 

. ,  

CTHISFILEDEFINES A COMMON AREANAMED WCR AND SUPPLES THEWES FOR 
C ALL OF THE VARIABLES IN THE CR USED BY OML OFTIMJZATION. 
C rr' ALSO SUPPLES DECLARATiONS FOR THE INTEGER WF... FUNCi'IONS. 
C 
C%INCL~JDEWWCPMG.FH . 
C USE-WCR FOR WATCOM 
c COMh4ON/~WCR/ 
C 

COMMON /WCW 
* XNAME, XCORE, XCORELEN, 

' * XACTCASE, XACTFILE, XACPROB, XBQUND, XCHOBJ, XCHRHS, XCMASK, 
* b A T A ,  XINSERT, XLOADB, XMNMAX, XOBJ., XPUNCH, W G E ,  XRHS, 
* XRMASK, XRNGFILE, X R N G P T ,  XSAVEB. X S O W ,  XSOLPRNT, 
* XSOLSTAT, XEPS, XFUNCT, XINTGOAL, XMAXVAR, X P M ,  XPENCOST, 
* XPHI, XRSTOP, XSIF, XSSCALE, XTHEIrA, XTOLCHK, ' 

* XTOLCHZR, XTOLCKRW, X'J'OLCLRT, XTOLDJ, XTOLERR, 
* XTOLFSTM, XTOLINV, XTOLLhUX, XTOLPERT, XTOLPIV, ;rjTOLREL, 
* XTOLRMAX, XTOLRWRT, XTOLUREL, XTOLV, XTOLZE, XZERO, 
* XCHECKSW, XCLOCKSW, XCOMPERR, XCOMESW, XCRASHSW, 
* XCYCLESW, XDEGEND, XDEGMAX, XDEMAND, XDErAIL, 
* XDOAl", XDODELTM, Xl?OF&IS, XDOFREQI, XDONFS, XDOUNB, 
* XDUAL, XEQUE, w, XFREQINV, -LOG, XFREQSAV, 
* XFREQSUM, XINVERT, XITERNO; XJ, XLUDENSE, . . .  

.*xLuFILbxLW,Xh!l,xMATERR, . . 
* XMAXITER, XMAXPASS, XhUXTME, XMINERR, XNEGDJ, 
* XNTF, XNOWT, XRUNMODE, XRYANOSB, XSCALESW, XSCRNSW, 

. . 
. 

- -  
. I  

USE WCR OTHERWEE (E.G., 370). 

' 

. 

* * x S L P N z ~ A V , ~ ~ , ~ , x u I ; T B D N D X , . x U S E F R E E  . . 
C .  

CHARACl'ER*8 XNAhfE 
INTEGER 'XCORE 

- ' INTEGER XCORELEN 
C 

. .  CHARACl'ER*8 *XACI'CAsE 
CHARACTER*8XACTFILE 

'CHARACl'ER*8 XACPROB 
CHARACl'ER*S XBOUND, 
CHARACl'ER*8 XCHOBJ 

0 .  
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, 

I 

CHARACI'ER*8XCHRHS , 

cHARACI'EP*8 XCMASK' . 
CHARACI'ER*8 XDATA 
C€&4RACI'ER*8 XINSERT 

. CHARACTER*8 XLOADB 
CHARACrER*S;rlMINMAx 
.cHARACTER*S XOBJ . 
CHARAcTER*8 XPUNCH 
CHARACI'ER*S -XRANGE 
CHARACrER*SrnS' ' .  
CHARACl"ER*8XRMASK 
CHARACI'ER*8XRNGFILE : 

cHARACI'ER*8 X R N G P W  
cHARACrER*8XSAVEB' . . .  
cHARACrER*8XSOLFkE 
c ! i U R A ~ * 8 X s O L P R N T  

. ,  

. .  

CHARACTER*8 XSOWTAT 
REAL*8 XEPS ' 

REAL*8 XFUNCT 
REAL*8. XINTGOAL .' # ' ,  

REAL*8. % XMAXVAR 
'REA&*8 '*M. 
. REAL*S XPENCOST 

REAL*8 n H I  
REAL*8 =TOP 
m * 8  'XsF 
REAL*S XSSCALE 
REAL*8 XTHFTA . ' 

REAL*8 XT0q-K 
REAL*8 XTOLCHZR 
REAL*s xToLac&w 
REAL*8 XTOLCLRT 
REAL*8 ,&OLDJ . . 
REAL*8 XTOLERR. 
RE&*8 XToLFsTh4 
REAL*8 XTom . 
REAL*8 XTOLLMAX * 

REAL*S XTOLPERT 
REAL*8 XTOLPIV 

.REAL*8 XTOLREL 
REAL*8 XTOLRMAX ' 

-REAL*8 XTOLRWRT . 
REAL*8 XTOLUREL 
REAL*8 XTOLV 

m * 8  X Z R O  
INTEGER XCHECKSW 

INTEGER. XCOMPERR 
INTEGER XCOMPSW 
INTEGER XCRASHSW * 

INTEGER XCYCLESW' 
INTEGER mEGEND 

.INTEGER XDEGMAX 
INTEGER XD- 
INTEGER XDETAIL 
INTEGER XDOA'ITN ' 

INTEGER XDODELTM 
INTEGER XDOFEAS 
INTEGER XDOFREQl ' 

INTEGER XDONFS 
INTEGER XDOUNB . . . -  

INTEGER XEQUIL , 

- .  

. .  

.- - .  

REAL*8 XTom r. 

- .  .INTEGER XCLOCKSW , . .  

. . INTEGER ' XDUAL 

. .  

. f  

. .  

/ 

.. , 

,. 

/ '  

. .  
. .  .. 

, .  

. .  

I / . <  
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INTEGER XFEAS * 

INTEGER XFREQDJV 
INTEGER XFREQLOG 
INTEGER XFREQSAV 
INTEGER XFREQSUM 
INTEGER XINVERT ~ 

INTEGER XlTERNO. 
,INTEGER XJ 

INTEGER XLPENSE 
INTEGER XLUFILL 

' INTEGER XLUINV 
INTEGER XM 
INTEGER XMAJERR 
INTEGER XhbWUTER 
INTEGER XMAXPASS 
IN"JXE5 XMAXTIME 
INTEGER XMINERR 
INTEGER XNEGDJ 
INTEGER XNIF 
INTEGER XNOWT 
INTEGER XRUNMODE 
INTEGER XRYANOSB 
INTEGER XSCALESW 
INTEGER X S W S W  
INTEGER XSLPNZ 
INTEGER XTIMESAV 
INTEGER Xl'RACE 
INTEGER X" 
INTEGER XUNBDNDX 
INTEGER XUSEFREE 

INTEGER*WFiNlT . 
INTEGER WFDEF 
INTEGER WFSET 
INTEGER WFhjPSIN 
INTEGER WFMPSOU 
INTEGER WFLOAD 
INTEGER WFOFT 
INTEGER WFEND 

INTEGER WCVAL 
INTEGER WFCRHS 
INTEGER WFCRNG 
INTEGER WFCBND 

INTEGER WFRVAL ' 

INTEGER WFRRHS 
INTEGER WFRRNG 
INTEGER WFRBND 

INTEGER WFkNAME 
INTEGER WFCNAME 
INTEGER WFRMASK 
INTEGER WFCMASK 
INTEGER WFSROW 
INTEGER WFSCOL 
INTEGER WFRROW 
INTEGER WFRCOL 

INTEGER WFRL,VAJi, 
INTEGER WFRLIST 
INTEGER WFCLIST 
INTEGER WFSPRT 
INTEGER WFSFILE * 

C 

C 

C 

C 

C L, 

. .  
. .  

. .  

. , .  

. I  

-. 

. .  
t 

,. 
- .  

. 

. .  
. .  
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WFRCORD' . 
WFRPRT 
WFRFILG 

WSAVEB 
WFLOADB 
WFPUNCH 
WFINSRT 

INTEGER 
IITKEGER 
INTEGER 

INTEGER 
INTEGER 
INTEGER 
mER 

C 

C 
INTEGER 

. INTEGER 
INTEGER 
m E R  

WFMGDMP 
WFMGLOD 
WFCRGJX 
WFCRPUT 

C 

- .  , 

. -  
I . .  

. .  

. .  
. -  

I 

0 
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. .  
. Appendix GiE: Refinery Prqcesses 

RefineryPmxss , Abbreviation 

Atmospheric ‘mde distillation ACU 

Alkylation . . ,  ALK . 

A l k y n a x . ,  ALM* 

Aromaricrecovery ARP 

Polymerization CPL 

Cyclar CYC 

Butane isomerization C41 

Butane splitter m**: . 

Akylation feed butene isomerizcr C4T* I 

Butane isomerization ax*** 
CZE to W E  dimerization a* 
Distillate desulfurizer . DDS 

Middistillate deep hydrotreater DHT 

Dimers01 D M  

Di-isopropyl ether DIP*. 

ether01 :. ETH - 
Cryogenic C2 fractionation ETs* ’ 

ylerrol unit m*** . ~ 

FCC feed hydrofiner ,FDs 

Middistillate fumnal treating FEX 

%el plant a** 
?uel plant m*** 
2% oil hydromaker HCR 

DEW , 
Ga~oildewaxer -’ 

Fluid cat cracker FCC 

lesidum hydrocracker , HCV 
Japhta hydrocracker H a  
Iigh density j& fuel hydrotreating ; HDN I 
Iydogedfuel gas reformer hydrogen EO** ’ 

. .  

. ,  
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Rehery  Process . 'Abbreviation 

m-stream reformer &P 
I 

H2-pamaloxicliZer * . .  H2x ' .  
Hydrog&erationnormal.penten&exenes . H56* 

Hi& dknsity iet fuel mefactionation 

: JPs** : 
ICRD I 

R a t  for JTA . 
D e l a y e d a L  1 .  

Fluidflexiaker 

Power.generation . 

h b  and wax 

W G * *  

LUB 

NDS ' . I  
C2G. dehydrogenation OLE* . I  

\ . '  

. . I  om*** A Pentanehexane isomerizarion 

Residuumdesulfurizet 

. HP semi-regenerative dormer . .- 

LPcyclicreformer - 

RDS 

RFH 

RFL' . 
.. LP con,tinuous reformer RFC 

SDA 

SPL ' 

STG** - Steam generation, Ibs/hr ' 

' .  
Steamgeneration, lb& 

. .  

, .  

s=*** 

1 

Total recycleisomerization . I m* ' I  
Vamm distillation. lvcn -71 

* : Processes involved in reformulated gasoline manufactuhg 
**: Utilities and pseudo-units . ~ 

***: Processes represented in OXY-Refineries ' . 
. .  - 

.- . 
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I .  I 
APPENDIX H4. Historical Data Processing . .  

. 
Data Dump Pro-: - 
1) CN~~~~.PRJ.NEMS.MARKUP.PRICE.HISTFLE reads markup files and creates 

&PRJ.PRICE.HIST.SASDB:PBTU9094. 

CN6007.PRJ.NEMS.READ.SEDS: reads SEDS sectoral consumption data and the total 
consumption number from the most recent PSA and puts the data into 
CN6007.PRJ.HISTORY.SASDB:SEDS;. 

2) 

3) Manually update d6007.PRJ.FUELUSED from fuel consumption data in Table 47. of the PSA. . .  
. I  

4) (Manually update CN6007.PRJ.ELCG.~Am.DATAmGPFUEL) (Bruce). 

5)  Manually update CN6007.PRJ.ELCG.FLATFLE.DATA(MSPHCE) using estimates from 
PFpRIcEs.wK4. 

6) CN~~~~,.PRJ.ELCG.F!~TFTL~.DATAM~L,CRDWHPR,CRPRODAY (bbvday) up- by 
. .  . Ted. 

. .  

7) CN6007PRJ.COGEN.F867.SASDB:D0629941 updated by cogen program. ' 

.. 
L 

. .  
Data Processing Files: 

CN6007.PRJ.PMM:PROCS.PSADATA - loads &prj.ogirs.data(a compacted version of 
psadata94,which is a'dump from OGIRS) and saves into &prj.history.sas.psadata-psw This 
part should be commented out after running for the first time each year. The following sections 
read, transpose, and put required data into SeDB. See attachment for list of missing OGIRS data 

Input files: , CN6007.PRI.HISTORY.SAS.PSADATAPSDATA 
Output file: CN6007.PRJ.PMM.HISTORY.DATA.SASDB:PSDATA 

. *  
. I  

CN6007.PRJ.PROCS.NGPFUEL - reads natural gas p l a t  fuel data, transposes and puts in 
SASDB ' . I .  , I 

Input files: CN~OO~.PR&LCG.FLA~.DATA~GPFUEL) manually updated 
by Bruce 

. .  . .  
Output file: CN6007.PRJ.FUELUSE.HT.SASDB:NGPFUEL includes PADD Year . . 

Volume . .  

3) CN6007.PRJ.PILk.PROCESS.RFFUEL - reads refinery fuel consumption data, puts in SASDB 

Input files: h6007.PRJ.FWELUSED manuaUy updated 

Ene& Information Adminidm tion 
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.. . , ,  .~ 
. . .. 

and CN6007.PRJ.MISCELL.SASDB:BTUI 
. .. 

Outljut file:. CN6007.PRJ.FUFLUSE.H@T.SASDB:~CD in BTU's 
. , .  

. 4) CN6007.PlU.PMM.PROCS.CRUbEl- readswellhead prices by OGSM region 

. . CN6007.PRJ.PMM.PROCESS.CRUDE2 - reads conventional and conventionalE0R production 
by OGSM region 

. \  

Input fils: ' CN6007.PFU~ELCG~FiLATFlLE.DATA(~PRODAY) 
. (CRDWHPR) 

' . Output file: . &6007.PRJ.PRODTN.HIST.SASDB:CRDOGSM 

CN6007.PRJ.PMIkPROCS.COGEN - reads cogen, capacity, and fuel use by Census Division. 
. Transposes for regional headings &d puts in SASDB 

. .  * ' CN6007.PRJ.PRICES.HIST.SASDB:CFtDPRIC 

. 5) 

. Input files: CN6007.PRJ.COGEN.F867.SASDB.D0629941 . ,  

Output Ne: (JN6007.PRJ.Ph&M.HISTORY.DATA.SASDB:COGEN 
6) CN6007.PRJ.PMM.PROCS.PRCDATA - reads,pri& 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: , &6007.PRJ.PRIC.H.SASDB:PBTU9094 
. .  . CN6007.PRJ.ELCG.FLATFLE.DATA(MSPFUCE) . 

. ,  . .  

0utput.file: ' CN6007.PRJ.PRIC.HT.SASDB:PRDPkIC 
. . .  

7). . CN6007.PRJ.PMM.PROCS.DEMAND - reads sectoral demand from SEDS, estimates most 
.recent year's sectoral demand by using current PSA.total,demand times..the sector ratios. Type in * , . .  . .  

. .  . PSA total product supplied number from Table 3. , 

Input files: CN6007.PRJ.HISTORY.SASDB:SEDS 
, .  

. Output File: .. CN6Op7.PRJ.PRODTN.~T.SASDB:DEh&$ND 
. .  

: 8) ' CN6007.PRJ.P~.PROCESS.MISCELL - includes data for miscellaneous inpuk, to be manually 
updated &ch year. 

Output- file: CN6007.PRJ.PMM~MISC.SASDB:MIS&LL, 

I .  

. .  . 
' Creating'PMM FlatfiIe: 

9) . . CN6007.PRJ.PMM.MAKJLHIST.FLATFLE - reds SASDBs and pu& them in flame 
* .  
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.. 

. Input files: ~6007.PRJ.PMM.HJSTORY.DATA.SASDB:PSDATA 
' CN6007.PiU.FUELUSE.HIST.SASDB:NGPFUEL. 

CN6007.PRJ.FUELUSE.HIST.SASDB:RFFUELCD 
CN6007.PRJ.PRODTN.HIST.SASDB:CRDOGSM 
CN6007.PRJ.PRODm.HISThASDB:DEMAND 

CN6007.PRJ.PMM.HISTORY.DATA.SASDB:COGEN 

CN6007.PRJ.PMM.MISCEJL.SASDB:MISCELL 

CN6007.PRJ.PRICES.HT.SASDB :CRDPRIC r .  

. CN6007.PRJ.PRICES.HIST.SASDB:PRDPRIC 

Output me: CN6007.PRJ.RFHIST6 
Irecl=lOo 

I ** 

I .  

\ 

- ,  . .  
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L 

pnaptha=1:23*~0~ . ' 

other = 1.607 *.WOP . 

use 92 prices ana volumes for weighted average pf price. 

. . .  

pfpnces.wk4 

Item Missing form OGIRS dump 6/30/95: . .  

mple by PADD are 0 in 19990 and Assing in 1994 
mcrexp3 observ&on missing in 1990 
mcrexp4 observation is missing 1993 and 1994 
mupwrms missing in 1991 ' 

~ U P W X U S  inwmt in 1992 

mrpsgus missing in 1992 
molex by PADD are missing in 1990 
mole@ missing in 1993 

mupsgus misSig in 1992 * .  
. .  

. .  

. .  . .  
. .  
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' .  
Appendix H-2. Processing Data for STEO Years 

. 
The Short-Tern Energy Outlook (STEO) published by the Energy Information Administration provides 
quarterly projections two years ihto the future. Since the STEO is EIA's official forecast during this 
period, the Petroleum Market Model was set up to produce numbers that very closely match the STEO 
when a switch in the PMM is turned on. The hformation in this section describes the:programs that are 
used to generate this data for thePMM. The data is then added to the input file that contains the history 
data described in Appendix H-1. 

The files below are on mainframe account 6007, BBM, unless otherwise stated. Input data are read #from 
and output.data are written to 

unless otherwise indicated. Files 1 and 2 only need to be updated once a year when new 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 is important. For example, program 
5 inputs data from programs 2 and 4. 

. 

&BBM6007.NEMSSTEO.COMP.SASDB 

, 

1. NEMS.CREATE.PRF$TU.HISWG 
* .  . .  

.  his file calculates differentials that are used to estimated regional prices from U.S. average STEO prices. , .  
,Differentials are also calculated from crude oil pcces for those fuels that STEO does not price. 

a 2. NEMSSTEO.HISWAcT~ . 

' I 
I level. 

' This file calculates factors from petroleum supply data which are used to apportion U.S. data to the PADD 
I 

output . SUPPFACT 

3. NEMSSTE0.PRICE.DATA 

STEO prices are typed in to this program and the differentials from file 1 are input, then regional PMM 
product prices q e  estimated. 

& 

Input files: CDSPRD88 
RCSPRD88 . 
RFSPRD88 

RRAC87 . .  
'Output files: PRICES 

. .  
4. NEMSSTEO.READSTEODB.OT"P 

This program reads in data from the STEO database and outputs.data needed for laterprocessing. 

. .  
En= Information Administra tion 
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- . .  . .  . .  
. .  

. . Input files: ' . ALLBBB (from &Pe6489:STIFSIILmonyy.SASDATA); 
. .  

Output files: CAl?UTlL (STEO capacity and utilization rates) - 4  

OTHIMP'(imports o< unfinished oils, ethers, and gasoline blending components) 
. 0l"PU'T (other input data) 

\ 

5. NEMSSTEO:SUPPLYPUBDATA -- 

In this file, supply data are typed in from the STEO publication. 
. .  I 

Inputfiles: . I  .SUPPFACT . 
; . O T H J M P '  

. .  CRuDm . 
. CAp;uTIL . .. 

Outputfiles: USSUP - A . 

. .  . *  
. .  . ' *  ,CRDPROD' . 

PADSUP 

. 6. ~STEO.READ.S~ODB.PR0DSUP - 
This program uses data fiom the STEO.database and file 5, and develops product supplied data for the 

. . PMM. 

@put files: ALLBBB (from &PRJ6489.STJFSIILmonyy.SASDATA) 
ussup 

Output files: PRODSUP .. 
PRODSECT 

.. , .  . . .  
. ,  

7. NEMSSTEO.READ.STEODB.REFPROD 

'This program uses data fiom the S'@O database and file 2, and develops refinery prqduction numbers. . 
. I  

Input files: AZIZ;BBB (from &PRJ6489.STIFSIILmonyy.SASDATA) 
SUPPFACT 

. .  
. .  Output , REFPROD 

. .  

. .  8. NEMssTEo.RFFuEL 

This program estimates refinery fuel consumption based on histo&al values and SfEO crude input 
estimates. I ,- 

Input:' CRuDEm - -  

RFFUELCD (from &RJ6007.FWLUSE.HIST.SASDB) 
. I  . .  .. Output: . FUELUSE 

, .  

9. NEMSSTE0;WELLPR . . 

. ' Energy Information Adnrinistration . -  
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. -  

This file estimates regional crude.wellheqd prices based on wellhead price equations in the PMM provided .- . 
by the Oil and Gas Supply Team and STEOs world oilprice projections. .- 

Input: RRAC87 . 
output: - W E W G  ’ 

10. NEMSSTEO.ALLDATA 

. 

This program reds in all the relevant data created by the previous programs, drops the last historical year,’. ‘ 
and writes out the data needed to @put into the PMh4 history file. 

Input: 
PADSUP 
REFPRD 
USSUP 
OTHINPUT 
PRODSUP 
PRODSECT 
FUELUSE 

, PRTCES 
’ W E W G  
. CRDPROD 

Out$: 
SPADSUP - 
SREWRD 
SUSSTJP 
SOTHINP 
SPRODSUP 
SPRDSECT * 

SFUELUSE 
SPRICES ’ 

SWELJXEG 
SCRDPROD 

. .  
The output data from file 10 are read in the program 

8cPRJ6007.PMM.MAKE.HT.FLATmLE 
which produces a file containing PMM output data for the history and STEO years. 

I 

‘The last hi’storical year wasincluded to provide a check that the estimates for the forecast years were reasonable. 
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