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Tkne Research and Welopent Analysis EkxIelm svsterpl 

Qepartment of Eneqy, O f f i c e  of W a n e d  W s ,  "edxmlw, 
Extraction, and Erwironmntal Ccxdx.mls, to support planning 
of uncorrve3tional gaseous fuels WD. me D3E decided that a 
framework w a s  needed #at would allow analysts t o  eas i ly  
vary assumptions about future w o r l d  natural gas markets. 
The model is a scenario analysis tool c o w  for E N  FC 
.cxxnpat~le mi . The m d e l  sm- is based cm 
a traditional framwork, and also aaxxmts for 
t h e  nan-renewable nature of gas resources. The mode1 
estimates cmmmptioaa, production, and prices in each region 
every 5 years fo r  conventional anc9 WKXbraventional natural 
gas, and o i l .  Demand for o i l  and gas i s  determined by 
e n q  gmrswth rates and price-hduced c o m a t i m ,  for each 
of the 9 demand regions which pa r t i t i on  the world. Once 
demand estimates are established in each region, a share of 
that demand is allocated t o  natural  gas, depending QII the 
average gas price relative to projected oil prices.  as is 
supplied by 11 coarcrent=icmil and 19 unconventional sources 
and market shares are determined according t o  r e l a t ive  
delivered prices.  Scenarios can be changed, saved, and 
retrieved easily the results accessed thmugh automatic 
printing and graphics routines. 

World N a t u m l  Gas WeB ( 1 m d w d  for th@ U.S. 
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d m k  the devel.qxnent of a rimomputer-based simulation model 

is part of ehe Research and Development Analysis Modeling System 

(RAMS) developed by Oak Ridge National Laboratory and i ts  

s W n m & o r ,  Applied m g e m n t  Sciences. "rhe f i r s t  model in this 

system, RAM!XlIL,' w a s  completed in July a€ 1986, ?pie &el d-k& 

here, RAMSGAS, will provide assistance in planning R & D  f o r  

unconventional. sources of natural gas. Same questions this midel is 

int32I?cted to help answer are: 

- Given d i f f e r e n t  assumptions of prices, demand and 
commtimP n;ptul-dl gas recovery rates, when do U.S. 
unconventional gaseous fuels begin to kxxame ccnnmer- 
cially viable? 

- How much reduction in unit costs is necessary to 
accelerate recovery and. production of specific fue ls  
and what effect w i l l  this have on market price, 
regional supply, andl international trade? 

RAMSGAS is intended to sirmilate the transition f r m  natural gas 

to uncommtional gas in t he  context of the forces that shape the 

world market: for gaseous fuels, Like any model, RAflISGAS is a 

simplification of the real world. M S G M  simulates the supply and 

demand for gaseous fuels in the world fo r  the next 40 years. me 
model is a complex tool, which provides the R&D planner with a 

consistent and flexible framework w i t h i n  which t . ~  examine m y  R&D 

planning questicsns. 

x i  



anvational natural gas incl.udes th natmal gas associated 

with crude oi l  am3 natu-d gas that is not assmiat&, with crude oil. 

For a list of the types of unconventional natural gas see Tab le  4 .  

The conventional world natural gas supply has been largely 

unexploited, but now contains about the same energy content as 

remaining conventional oil resources. Unconventional sources of 

natural gas are e s t b t e d  to have a similar energy content., excluding 

the gas that m y  be prcdud  fm 

To the extent t h a t  these unconventional resources can be 

developed, wold gas supplies @an h signifkantly extend& beyond the 

resource base currently available. North America, in particular, 

contains huge resources of uncanventional gas that will require 

suitable tedmolagical devel-t, mupled with a favomble economic 

and market e r n r h m t ,  for succe+;sful ccmmzci& prodtcactian. At the 

sane t h e ,  vast amounts of lcrw ccs t  com-entional natural  gas exist in 

the Middle East and the USSR w h i c h  could serve to m e e t  long-term gas 

demands if the problems of transportation and distribution can be 

overcane. Another factor Unaerlyhg the potential developrents in the 

gas market is the status of competing fuels .  In particular, world 

supply and price of oil can be expect& to have a significant inpact 

on gas market dynamics. 

Any useful m o d e l  of natural gas markets must incorporate a l l  of 

these interactions a d  provide flexibility in projecting and analyzing 

future loq-tem trends. The abjecstive of this project was to develop 

amodel of supply and demand for  natural gas that can be used by 

AFTEEC! to explore possible scemarios fo r  market penetration of 

uncomentional gas. me madel w a s  to be tested and fully documented. 

x i  i 



Due to differences between oil and gas mr&ts, h a  'co 

have sane: significant design differences from FtAMSOJcL. The demand 

regions are geographically conti-, aMd include. the whole world. 

There are 30 supply regions;: 11 arpmrerrt3ioml and 19 unconventional!. 

Transpartation c a s t s  between regions differ w i t h  distance and m s m s  of 

transprt (pipeline or LN6). "e pssibility of substitution between 

o i l  and gas has been hcopmW, as w e l l  as scnne dependence of gas 

price on worM oil price. 

RAMSGAS is based on a modified supply/demand framework. The 

model has three Eundanrental ccmqonents: a demand module, a wellhead 

production cost module, and a supply/demmd hterface mcx%iLe. The 

demand for gas is a produd; of total demand for o i l  plus gas in each 

of the nine demand regions and the gas share. l kmmd for o i l  plus gas 

is forecast from the base year of 1980 through 2030 for each demand 

region, based on energy growth r a t e s  and c o m a t i o n  due to price 

hcreases. 

For each of the 30 conventional and ernconventional gas supply 

regions, wellhead prcrducrtion 0OE;ts are calculated. To these are acId& 

transportation andi distribution cost estisMtes associated with m v i q  

gas frm the supply region to each. sf the regions. Based an a 

weighted average of these costs,  and the world price of oil ,  fuel. 

shares for gas and o i l  are for ea& demand region, 

demand is the gas fuel  share multiplied by the total caemand for oil. 

x i i i  



unconventional gas source i n  each year, and thus can compare 

contributions from unconventional resources under different 

Jcmpsrtant: featxllx?s of the I-lKdel include: 

- A directory menu that displays all major sections of 
the modi3E, ad a SQdg! for easily m m r i q  to the various 
sections; 

-Automatic printing and graphics routines that allw 
mmaient access to m d e l  d t s  and are useful for 
cornpar- scenarios; and 

- Automatic scenario stm- and retrieving, under user- 
specified xta~lbes, for easy main- of many possible 
scenariose 

All model paran~ters can be chargal by the user. Hmwer, a set 

of parameters can not be changed w i t h o u t  changm the values backcast 

by the model in 1980. If the user wants to change same of these 

pmxreters, then the whole set of parameters must be changed to align 

the 1980 backcast to the historical data. be The pzux3me-r~ that 

changed w i t h o u t  realignment are: 

- World oil price. 
- Estimates of r-ource bases and cumulative production 
to 1980. 

- Wellhead cost prameters for gas sour-. 

- W e l f i m d / ~ o l ~  costs for unconventional resources. 

x i  v 



- 'zjnitial wellhead msts for ccttwen~iorpal gas smxces. 

- W l i e r  choice coefficients (garramas), 

- Transportation cmsts. 

'wte remaining sections of -this report discuss the world natural 

gas situation, details of model. s-, sample runs and parameters, 

and provide insight into using the model for planning purposes. 

Appendix A Contains the user's guide for the. model. The equations of 

the mDdel are given in PJpPendix B. 

xv  





This report is divided into five main chapters md several 

appxdices. %is chapter serves as a 

this repor t .  Chapter 2 is an overview of the world natural gas 

situation, macBel. abjeetives, am2 design issues. chapter 3 describes 

the model structure. Chapter 4 i s  a presentation of the input 

prmters in the default scenario a brief introduction to using 

a tool for long range planning of R&D fo r  unconventional fuel 

ted-lnolqies. 

The first model developed in the 

Model (RAMSOIL) .' This report desc=riibes 

World N a t u r a l  Gas Madel (RAMSGAS), w h i c h  

of the RAMS q s m .  foL%ows thf3 

RAMSOIL, but is a stimfi-alone model. 

the development of 

is the next logical 

1-2 'XHE IaQSGAs XxEt.4 

The R&D Analysis and Pkxkl- System -- World Natural Gas Model 

(-GAS) is a mi-*-- m e 1  designed to help in effective 

planning of R&D projects for mmnvatioml gaseous €uel technology, 

1 



2 

that  are too lonq-range or risky to be s u p p e e d  by the private 

sector, It is a user-friendly m d e l  w h i c h  simulates long-term gas 

ltarht E+.xmaria. 

The W S G B S  model includes detailed data ora world mtuml. gas 

supplies, regional estktes, ami a fmnewark that incapom- 

unconventional fuels into fixture prodnne&ion of world m t m l  gas. ?fie 

modeling time period is 1980 to 2030, computed in five-year 

increments. 

The Oak Ridge Nathmal Tabomtory and its suk.contFaCtor, Applied 

Management Sciences, developed GAS for use on the IEM x using 

LOTUS 1-2-3 spreadsheet software. SGAS,  in combination with 

estimates by expEtri analysts, will allow R&D planners to explore 

potential development patterns in the gas markets quickly, using 

scenario analysis. This approach was requested by Z4ETEE.C to free 

their plzumers f m  CLrmberSQgne ties to mhfrane computers and allow 

rapid caparison of differ* assumptions. 

1-3 NEm 

Within the Department of Enerqt, tkne Deputy Assistant S e c r e w  

for A(3wmxd Fuels, T e d m o l q ,  Extraction and Eslviromnental Controls 

(AFTEEC) is responsible for  the planning and implementation of R&D 

prcxpams airned at developing UnCsINentionaP fuel technologies. These 

R&D pragrarns c ~ n m t r a t e  on loq-txmn, high risk hves-k which can 

yield potentially high payoff in terms of successful introduction of 

uncorrventiorml gaseous fuel technologies. 

In order to plan effective long-term R&D of unconventional gas, 

AFTEEC must consider many complex interactions in world energy 

markets. These interactions must be examined under a variety of 
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market a 

range traxls in the world gas market t o  determine R&D priorities, 

pnxhction ax& goals, and t i m s  for ~~~i~~ g m  fuels 

R&D. lin order for the R&D to ]be considered successful, it should 

result in tedmologies which are capable of px-cduc- gaseous fuels at 

a price w h i c h .  is cmptitive wit31 remi~nirq cmnvcntisnal natural gas 

and other alternative fuels at the  time the t.edmology is ready 4x1 

enter the commercial market. 

llullst analyze p s i b l e  long- 

~n recognition of this situation, AFTEEC has esn&arkeca upon the 

development of a planning framework which will allow R&D program 

decisions to be made in conjunction with analyses of Pcq-texrra emztqy 

demand and markets for different types of fuel, In this way, R&D 

programs can be targeted toward technologies which show the most 

p d s e  of produchj fuels which can. ultimately cxmpete. The R&D can 

also be planned to develop these  technologies over a suitable 

time frame, dlming the mature technology t o  enter  the market at the 

appropriate t i m e .  

me RAMisGAs nodel will aid these efforts by simulating a range af 

lorg-tem market scenarios, allwing We R&D p l m  to: 

- Estimate the effect unconvent~oml fuel prduction my 
have on reducing regional natural gas price, and on 
international trade of gas. 

- Analyze how much reduction of wxx4rrventional fuel costs 
would be necessary t~ prcdue various I.evels of 

-Analyze the timing of market penetration by 
unconventional fuels, assuming either complete cost 
recuvq or some level of cJf3v-t subsidy. 
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Like any model, RAMSGAS is a simplification of real-world 

bdMVi0r .  siacnalates the q 1 y  am3 nd for gaseous fuels 

i n  the world for the next 40  years- % c3awu-d w i l l  be inf l  bY 

l5xxmmic and by cclimpetition f m  p.tmleum. As the petroleum 

resowcce is consumed, tl-ne cost of o i l  will rise anet the world w i l l  

tu rn  to natural gas and unconventional oil. As the na tu ra l  gas 

resource is eonsmed, its cost  will rise and the world will turn to 

UnCarnrgntiomP gas, to cmpetiq fuels (coal and electricity), and to 

conservation. The model allows ule user to play out the transition 

from natural gas to unconventional. gas i n  the  context of the forces 

that shape the market. 
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The purpose of this chapter is to present a description of the 

objectives and design pl-dlosgphy of The! first part  of this 

chapter is an intrcxlu &ion tca the current world natural gas situation 

and the questions involved i n  modeling natural gas markets. 

Objectives of the mudel are then discussed along with the options that 

were considered in the design process. 

. 

2-1 KiF€U3lNAIIsIRAEGAsS~W 

A recent estimate by the United States Geological Survey 

(USGS of the ulti.mately recoverable resources of conventional 

natural gas is displayed in Table 1. The world total, 8984 trillion 

cubic feet (TCF), ha5 about the same energy content as the USGS 

estimate3 of the world total for conventional oil, 1718 billion 

barrels (BBL) (1718 BE% is eqwh1entt.o 9760 EF).  The world natural 

gas resource is largely unexpkoited; about 14% of the ultj-mate 

resource has been consumed. In contrast, about 26% of the ultimate 

o i l  resource has been consumed. By far, the largest resources of 

conventional natural gas are i n  Russia and the Middle East. The 

United S t a t e s  had a larye resoume base but has cox- abut half of 

it. 

In this report, unconventional gas is defined as including 

synthetic gas from coal and natural gas from tight sands, Bvonian 

shales, coal beds, geopressured regions and gas hydrates, Excluding 

synthetic gas from coal, the economically recoverable resource of 

unconventional natural gas is probably about the sane as the resource 

of conventional natural gas. of course, the resource base for  
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444 
198 
335 
516 
265 
538 
1946 
2743 
200 
13 09 
500 

5 
9 
4 
14 
2 
15 
4 
7 
4 
53 
22 

World 8984 14 

Est imates  of d- in 1980 far oil and gas i n  nine regions of 

The demand esthtes are bot31 the world are displayed in Table 2. 

Table 2. World Lkmaxl far Oil and Gas, 1980 
A 

cansunp?;tion (W) Gas 

(%I 
Region Gas Oil Shiure 

North America 
Latin America 
western EmXpe 

Eurape 
china 
Enfrica 
Oceania 
Asia 
Middle East 

21.78 
2.30 
8.61 
16.42 
0.50 
0.75 
1.54 
0.89 
1.32 

54.11 

39.21 
10.28 
28.53 
22.80 
3.78 
3.01 
12.02 

. 6.41 
4.02 

130.06 

36 
18 
23 
42 
12 
20 
11 
12 
25 

30 



expressed in TCF equivalent. 

market fur oi l  plus gas is about 30%. 

varies widely in the wims regions- 

the gas share is around 40%. 

Middle East, am3 Africa, the gas share is about 2O%* 

and the rest sf Asia, the share is m r t o  10%. 

In the world, the gas share of the 

Hmws, the use of  natural. gas 

In t k ~ t h  merim and Russia, 

In W m  Eurqe ,  L a t h  America, the 

In Japan, China, 

Historical data on market penetration sf natural gas for the 

period 1950 to 1980 are displayed h Table 3.  For the world, the gas 

share has steadily increase3 firmi 27% in 1950 to 32% in 1980. From 

1950 to 1970, North America had the highest gas share b~ the world. 

Ey 1980, E 2 s t e r m  Iibrope had the highest gas share in the world. In 

response to the o i l  price Shocks in the 1970's the gas share increased 

dramatically in Western Europe, China, Oceania, and Asia, If we 

assume that it is technically possible for all nations to have gas 

shares that are equal to (or greater than) the highest historical 

values (46%), then there are major opportunities f o r  market 

penetration of natural gas in many regions of the world. 

Table 3 ,  Historical Natural Gas Shares of aemand 
for Oil Plus 

Region 1950 

33 
2 
1 
6 
0 
0 
17 
1 

1960 

42 
6 
2 
13 
0 
3.1 
29 
10 

1970 

46 
12 
3 
20 
1 
30 
40 
7 

1980 

40 
27 
12 
21 
20 
24 
44 
13 

Total 27 30 31 32 

Source:  IEA, R e f e r e w e  6. 
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H m  wjll m M  gas mwlve in t b  50 years? mis is 

to csn%ids to plan t.-KkcornatiomB the qpst ian that 

gas R&D. Many scenarios are possible. North America has a 

substantial. cxxmibwnt to mtuial gas but has fraction of 

the resource. In the future, N o r t h  America will need to turn to 

imported gas, unconventional. gas;, or dllzemab fuels. Russia hao; a 

larye cmm-&tmnt to gas but has used only a small fraction of its 

resQuTce. a major ssource of gas for 

W e s t e m  Ebrope, Jam, Asia, and North Amerka. The Middle East also 

has a larye ?xxxmme of mturah  that auld lxxome available to the 

world. 

In the fUture FUssia could 

A fundamental difference between oil awl naturdl gas is that gas 

is mm difficult to transport ax3 store than oil. To move gas long 

distances, the gas may be shipped in a pipeline or the gas m y  be 

compressed, liquified, transported, and decompressed. In North 

America and Russia an extensive system of pipelines exists to 

txmspwt natural gas frm the wellhead to the point of consumption. 

In most of the rest of the world, the pipeline system is not well 

developed. In the next 50 years, the world pipline system could be 

expand& until gas has a large xmrht  share in al l  parts of the world. 

2.2 0 I L A E l h ) G A S  

In light of the situation just d-w,  it is important to note 

certain significant complexities which surround modeling of gas 

markets as opposed to oil. lexities created the need for 

some alterations in,the basic model sfxwture originally employed f o r  

RAMSOIL. 

‘I%- 
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me kepr Pexity surrounding world gas m d e l i n g  is the  fact 

that the market for natural ga I as oil is. ~acher, 

natural gas is, for the nus% part, iKld conslamed regionally. 

Thus, there exist several dif for m-2 gas 

with are typically IXICO-. region has its o m  production 

costs, its m transportation di*btion cxse, and .klms its awn 

total delivered price for natural. gas. The gas f m  each region must 

compete with imports from other regioaos and with alternative ffiels. 

Interrsgional trade can occur via pipelines or transport of liguified 

natural gas ( D I G ) .  Lm addition, sm2 regions have vast resmt-~ of 

unconventional m t m l  gas sudl as the tight. sand famations found in 

North America, which will require signiffcant technological 

dWe1-t O r d e r  t0 -te. This m p h i C a 1  Zitkrbte Of World 

gas supply and dexMnd adds significant cmplexitqr tr, a realistic &el 

structure. Finally, another ccrmplexi ty  is the interconnection of the 

oil and gas markets. There can be a substantial amount of 

substitution between them, and in some eases, irrespective of actual 

production costs, gas prices are set in respollse to oil prices. 

2.3 PwOulEKJT 

As stated before, the goal of this project was to develop a 

flexible, easy-to-use Eramework far analyzing alternate world natural 

gas.market scenarios, and the resulting implications fo r  

unconventional cpseous fuels R&D pmgrm developrent. me m o d e l  a lso 

helps analyze the possible contribution of unconventional gaseous 

kels to world energy supplies aver the next fifty years., me project 

had E ive general. objectives : 

- Identify and analyze the m-jor factors affect- future 
natural gas demand, price, and supply, and include 
tlmse affecting uncmmentional g- fuels. 





2.4 

mis section briefly reviews same of the mjor issues that had tm 

A ce.r&ral issue w a s  t he  number be resolv& h desi- this mxiel. 

of d W  regions. me l?A??EoIL 

OPEC!, and I1x:. comrmufl. ‘st regions such as China and Russia were not 

included except a s  net exporters to the West. Because oil is easily 

transpo- and widely traded, 33AMSOIL could calculate a single world 

oil p r i c e .  The c u r r e n t  world n a t u r a l  gas  market is n o t  so 

in- and displays striking regional differences. 

I n i t i a l l y ,  w e  considered using the same demand regions for the 

gas m o d e l  a s  for t h e  o i l  model. However, to estimate the 

t r anspor t a t ion  costs for natural  gas, we m u s t  know the physical 

distance between tRe supply region and the demandl region and whether 

transportation will be by pipeline or W G  tanker. mus, the regions 

must be de&ermiraeCla by g w m d  proximity rather than by s t a t e  of 

economic dwelopent. E’wtkmm~, Russia is n r ~ w  and w i l l  be a major 

source of ~lsral gas, an2 ckina could beccrme a major demand region, 

Thus, we decided to inclxde ab1 of the poplation of the w o r l d  in the 

demand regions. W used thei nine demand regions; displayed in Table 

2, and the 30 supply sources displayed in W P e  4. UnfomWLy,  &e 
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A second key issue w a s  s1&stitution. I n  each rq i . on  

energy demand can be dkivided into secbr-s: residential, ccmmerc .ial I 

Within each sector, ion, industrial, ad electric uti l i ty.  

energy demand cap1 be M e r  

-It, we h-thng., liCJhtinCJ, pI'QceSS  st^^, etc. Energjy iS 

consumed i n  cap i t a l  equipment t o  provide services. I n m y  

types of quipent,  o i l  and gas can be substituted a t  l o w  cost. In 

the long-run coal and electricity can compete with a i l  and gas in 

various mar%&. must a complete model sf interfuel subst i tut ion 

would simulate short-n;m and l0rq-m substituticm in various d - u s e  

sectors. A t  a m e e t i n g  i n  October 1985, AFTEEC decided t h a t  an 

elaborate demand m a d e l  was outside the scope sf IMs project. T h s ,  

the F?AMS nathlral gas model has a relatively shtple demand mcdeE. 

A third key issue W a s  integration of th@ o i l  an3 gas models. The 

gas &el could be made irkleperdent. of the o i l  m o d e l ,  o r  it could be 

part of the oil naodel, oil ani! gas are linlced on bath the scrpply and 

deimnd side. Most wells prcduce a mktu.re of o i l ,  gas, and natural  

gas liquids; subst i tut ion between oil arxl gas has a mjo r  impact  on 

the prices of oil  and gas. mxiel is not currently l inked 

to  the wmsoIL nrodel exwe ncomiMnly 

me 

the world o i l  price. 

The final key design issue was the choice of rxaqxlte;r language. 

?ha choices w e  considered: IMIuS 1-2-3 and W pas&. me WIUS 

11-2-3 spreadsheet package is user friemXly and tramsparent but it is 

a m b x s o m  and requires a large amount of storage space. mrkm pascal 
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Oceania 

Afr i ca  

Middle Fast. 

Asia 

Afr i ca  
fiddle East 

Middle East 
Africa 

Asia 
USSR LNG 
Asian U n c o n r v e n t i o n a l s  

c3li.m 
USSR 
Asian LNG 
Asian U n C 0 , l v e n t i o n a l s  

USSR P i p l i n e  
Middle East 
Asian U n c o n v e n t i o n a l s  







the nwdel. A mthematicsdl description is given irn x B of this 

3-1 MXEL 

The best place to begin explaining the RAl%%m m o d e l  is w i t h  

dermx3. n-Le damd for energy iS a derived dexrrand. !That is, energy 

is not desired for i t se l f ,  but is desired because when combinxi with 

capital, it @an prcrvide. services which are in demand (transportation, 

lighting, heat, etc.). This demand is influenced by m y  fa&= 

including: population change, economic activity, technological 

change, energy prices and enexyy taxes. One model formulation whkh 

a m %  formst of these is a simple model which uses growth in 

Gross Domestic Product (GDP), and a factor representing 'the maturity 

of the economy stnd h w  efficiently energy is used there. While not 

providing sector end-use detail, the approach gives a good 

approximation of total  primary energy usage. A slightly more 

simplified version of this approach is used in the FWfSGAS mdel, 

ccanbining GDP growth and energy elasticities into energy gmwth rates. 

These rates represent only the growth in the oil and gas markets 

thus oil plus gas demand is calculated directly instead 0f as part of 

total primary cmergy use. 

U 

Within this demand framework, price ccxnp&ition detemines the 

eventual shares of oil 

shares based on the 

historical fuel shares. 

used in the Purchased 

and gas. A l o g i t  function calculates fuel 

average relative costs of oil and gas, and 

The logit formulation has been successfully 

Heat aml mer system (nnuulps)7 and oak Ridge 
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.3 ~n a i s  approa&, l iquids anti gases are 

assumed to 8crmpef3e against each other far mark& sham., As ail  prices 

rise tkrough time (and even as natural gas reserves become more 

expensive ta extract) the relative priea comparison can plrocluee a 

gradual switching o f  fuels with natural. gas assuming a larger and 

larger share of total oil and gas d d .  

33 the l3M32.S model, d l  p r k e . ~  are input by the user for the 

time perid 1980 4 z 3 r a q h  2030. kl~vexcdi gas prices are det- by 

the costs of natural gas at the wellhead and the transportation and 

distribution casts associated w i t h  its use- ?&e wellhead cost of gas 

is related by a wePlheaa cmst curve tm the magnitude of the ultimately 

recoverable resewes and d a t i v e  pmduction. The culwe represents 

the assumption that the cheaper, easier-to-access gas will be 

discovered and produced before the more expensive gas is produced. 

T!hw, wellhead costs increase according to the percentage of the 

resource used. In the model, a w e s  are developed for both the 

conventional and unconventional natural gas resources. However, the 

base cost (or technology cost) for unconventional resources is 

specified each period, ad thus unconventional gas prices are under 

much more control by tihe user. The delivered price of gas in each 

derrnand region is the final wellhead cost, plus transportation and 

distribution costs, and arry econorniC rats. MoE.eaver, this delivered 

price is never allmed to fa l l  belw a certain fraction of the world 

o i l  price, due to the ease of suhsti+xtion between a i l  and gas. $his 

lmer limit is specified by the floor parameter. 

Each demand region can obtain gas from more than one supply 

region. CeneralPy, at least in the earlier years, most of trhe gas 

demanded is met by native produetion. Tfie mk@t share of each supply 

region in a d d  region is deknnhed by a logit function, and is 



inversely prmprtioml to the dek price o f  gas from that 

region. m e  sales of gas by a region 

on the market shares and the total dmmd for  gas by the dmand 

region. The t.otal sales of gas to all connected demand regions 

determine the total production for each 1y region. 

me final stage of  el calculations consists of summing the 

total production in each supply region over the five-year perid 

(simulated as five times the p ion in the nominal time period) 

and updating the cumulative resource figures. This produces new 

wellhead cxsts and a new cycle begins. 

3.2 

The mdel w a s  witten h I M U S  1-2-3 in order to allow the user 

to understand and influence all of the model. Although the 

user can change the model structure, most users will find that all 

necessary control over supply and demand for natural gas can be 

acccarrplishd through parmter . For example, to control gas 

prices the user can chariye the ultimate r e s m r e s  of conventional and 

unconventional natural gas and the a parameters (alpha, m, and 

n) . (me user can also change the initial wellhead prices and the 

transportation costs between supply and demand regions of the m o d e l ,  

but this is not recommended due to alignmmt considerations.) me 
user can c3mnge the parameters that d e w  the market competition 

between oil and gas, such as the world oi l  price and logit fundion 

parameters (rho and gamma). Darnnd far the total oil plus gas market 

can be controlled by varying the m q  growth rates and mnservatian 

coefficients. A detailed discussion of input parameters is the 

subject of the next  chapter. Information on h m  ts make changes and 

reamendations reqrdmg ' appropriate ranges for parameters are given 

in the user's guide, Appenaix A. 



4. 

of 

entered into the mocgel. The user should check these inputs t h a n g u y  

before running the  m o d e l ,  and we recamend tha t  all printouts of 

results sfiauld be acxxmpanied. by a l is t ing of those assumptions. This 

section will present the input parameters one-by-one the order 

w h i c h  they appear on the iqxt shaet: of the milel. Values shown a re  

f r o m  the default scenario developd a t  

The f i r s t  parametess on the input sheet at-e the values of the oil 

These values can be obtained from the RAMSOU 

The units 

price t ra jectory.  

model, or any other projection the analyst wishes  to use. 

used a r e  1985 D o l l a r s ~  and the projections are as,suwd to be for 

crude. oil. The model uses this o i l  price trajectory i n  determining 

ail vs. gas shares and in conservation of for o i l  plus gas. 

The figures in Table 6 are a typical projection. 

1980 4.6Q 2010 7.84 
1985 4.60 2015 8.97 
1990 4.89 2020 10.57 
14695 5.36 2025 12.28 
2008 5.99 2030 24.14 
2005 6.72 
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The next parameters QW the input sheet are the conventional 

resource wellhead cast parmeters (see Table 7 ) .  These parmeters  

con t ro l  the r a t e  of increase i n  wellhead cas t s  as resources are 

cons&. The w e l l h e a d  cost ion has two terms. The parameter 

alpha, w h i c h  can vary between 0 and 1, the nnix bemen the 

two tern. The pammeter, m, w n b ~ l s  the slope sf the f h k  t e r m .  A 

small m gives a f l a t t e r  slope and a slower in prices than a 

larger one. lpme final parameter, n, controls the steepness of the 

second tern. See Appendix B, EQ. (11, for precise specification of 

these parameters. 

Table 7. Conventional Wellhead Cast Fmzim&ers 

AL3lHA: 0.33 
N: 1.00 
M: 0.00 

FLCXR: 0.70 

The final parame-kr in  Table 7 is dalled Floor. T h i s  parameter 

is used i n  determining t h e  f i n a l  delivered pr ice  af gas. The 

delivered price consists of final wellhead costs, plus transportation 

costs. This delivered pr ice  should not be lower than a cer ta in  

percentage of the crude oil price due t o  the possible subst i tut ion 

between gas am3 oil. The floor parame- provides this m i n h m  price. 

Since the oil pr ice  is for  crude o i l  and t h e  gas  p r i c e  is for 

delivered gas, the floor parameter could rcasxmably be set to more  

than 100%. 

For a l l  of the conventional resources, an in i t ia l  wellhead eost 

i n  1980 m u s t  be specified (see Table 8 ) .  These are alignment 
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2-60 
2-00 
2.00 
1,50 
2.50 
1.00 
1.50 
1.50 
1.50 
1.00 
1.00 

1307 "OS 
5316.00 
190.00 
538.00 
500.00 
2743 e 00 
200. QO 
335.00 
265.00 
444 e 00 
1946.00 

674.00 
74.00 
17.00 
81.00 
109.00 
193.00 
10.00 
14.00 
6.00 
24.00 
69.00 

The unconventional resources differ slightly from the 

conventional ones in that their initial wellhead (or 'technology) costs 

m t  be specified in each period (see Table 9). Thus, the R&D planner 

has much more control. mer the price traj-q, enabling him or her 

to represent various cost reductions due ta differing levels of R&D. 

The initial wellhead costs specified by the user are #en increased 

according to cumulative prsduction of the resource. Again the  

unconventiomls are slightly different from the conventionals, in that 

the u.nconvmtional wellhead Gost f3mcti0n has one tern mmer than two 

(only the second t e r m  in -tion 1 of m i x  B is LIS&) a me cost 

function is controlled by the umomentional resour@es cost parameter, 

n, whose default value is 1.0. 
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2005 

12.00 
12.00 
14.00 
17.00 
14.00 
19.00 
21.00 
23.00 
19.00 
19.00 
50.00 
50.00 

TIGHT ,SAND3 12.00 
COAL GWSIFICATI: 17.00 
l4ETWWE FROM OB& 15.00 
D m m  smm 24.00 
GENElRIc 1 50.00 
(33aiRIc 2 50.00 

m. GAS Fw=M 14.00 

1980 

30.00 
30.00 
30.00 
30.00 
30.00 
30 e 08 
30.00 
30.00 
30.00 
30.00 
50.00 
50.00 
30.00 
30.00 
30.00 
30.00 
50.00 
50.00 

30.00 

2010 

9-00 
9.00 
11.00 
14 I 00 
11 " 00 
17.00 
18.00 
21.00 
17.00 
17. OQ 
50.00 
50.80 

9.00 
14.00 
12 .I 00 
12 " 00 
50 * 00 
50 " 00 

12 e 00 

1985 

30,OO 
30. 00 
30.00 
30.00 
30.00 
30.00 
30.08 
38.00 
30.00 
30.00 
50.00 
56.00 
30.00 
30.00 
30.00 
30.00 
50.00 
50.00 

30.08 

2015 

7.00 
7.00 
9.00 
12.00 
9.00 
15.00 
17.00 
20.00 
15.00 
15.00 
50.00 
50.00 

-7.00 
12.00 
10. 00 
11.00 
50.00 
50. ao 

11.00 

1990 

25.00 
25.00 
26-00 
27.00 
26-00 
28 00 
28 * 00 
29.00 
28 " 00 
28 " 00 
50 Sa0 
50 " 00 
25.08 
24.00 
26.00 
26.00 
50.80 
50*88 

26.00 

2020 

7.00 
7.00 
9.00 
12. 00 
9.00 
15.00 
16.00 
20.00 
15.00 
15-00 

50.00 
50.00 

7.00 
12 QQ 
10 L 00 
11-00 
50.00 
50.00 

11 e 00 

1995 

20.00 
20.00 
22.00 
24.00 
22.88 
26.80 
26.00 
27.00 
26.00 
26.00 
50.00 
50.00 
20.00 
24.00 
23.00 
23.00 
50.00 
50.00 

23.00 

2025 

7.00 
7.00 
9.00 
12.00 
9.QO 
15.00 
16.00 
20.00 
15.00 
15.00 
50.00 
50.00 

7.00 
12.00 
10.00 
11.00 
50.00 
50.00 

11 " 00 

2000 

16.00 
16.00 

20.00 
18.00 
23.00 
24. QO 
25.00 
23.00 
23.00 
50.00 
50.00 
16-00 
20.00 
19.00 
19.00 
50.00 
50.00 

19.00 

2030 

18 ao 

7.00 
7.00 
9.00 
12 * 00 
9.00 
15.00 
16- 00 
20.00 
15 e 00 
15.00 
50.00 
50.00 

7.00 
12.00 
10.00 
11.00 
50.00 
50.00 

11. (30 
. --_._..I- .- 
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At the f a r  right-hand side when Table 9 is displayed on the 

screen, *ere is a place to specify the unconventional ult imate  

recov&.le rescxmzes and cumulative ptxdluc&ion in 1980, (See Table 

10.) For unamentioml r - m ,  

almost: certainly be zero. The estimates of ultimately recoverable 

resour-, however, will be one of the pxmmetxxs that the R&D planner 

will want to vary to deterrmne ' haw nazch difference the quantity of the 

r -eson  rralkes on its price path. 

302.00 
302. oca 

50.00 
1000 L 00 

61.00 
600.00 
302 00 
500.00 
1000. 00 
1000.00 
300.00 
300 00 

5QO.00 
500.00 
500.00 
500.00 
500.00 
500.00 

500.00 

0.00 
0.00 
0.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0-00 
0.00 
0.00 
0.00 

0.00 
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resulb of mP-859 (see refer- 10). 

Table 11. m q  G m  (%/ Year) 

OIL -t- CZAS E2dEX.x 
(2?awIM mm: 81-85 86-30 91-95 96-00 01-05 - 

-1.0% 1.4% 1.7% 2.1% 2.5% 
-1.5% 1.4% 1.7% 2.1% 2.5% 
-1.0% 1.4% 1.7% 2.1% 2.5% 
1.0% 1.5% 2.5% 3.5% 4.0% 
2.8% 4.0% 5.5% 4.5% 4.0% 
3.0% 4.0% 5.5% 4.5% 4.0% 
1.0% 2.5% 3.5% 4.5% 4.8% 
-1.0% 1.5% 2.0% 2.5% 295% 
1.0% 2.5% 3.5% 4.5% 4.8% 

06-10 11-15 16-20 

2.0% 1.5% 1.0% 
2.0% 1.5% 1.0% 
2.0% 1.5% 1.0% 
4.0% 3.5% 3.0% 
3.5% 3.0% 2.0% 
3.5% 3.0% 2.0% 
3.5% 3.0% 2.0% 
2.0% 1.5% 1.0% 
3.5% 3.0% 2.8% 

21-25 

1.0% 
1.0% 
1.0% 
2.0% 
1.5% 
1.5% 
1.5% 
1.0% 
1.5% 

26-30 

1.0% 
1.0% 
1.0% 
1.0% 
1.0% 
1.0% 
1.0% 
1.0% 
1.0% 
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The next parameter on the rmkl  input. sheet is conservation 

coefficient (see Table 12) * ion coefficient determines 

the amount of price-induced conservation in the e s t h t e .  A 

vdlue of -1 implies a constant budget for o i l  and gas purchases. 

Values of -0.9 and -0.8 b p l y  mre diffkulty in eoraseiwm oil and 

The gas share, rho, is the 

determhes huwmch of the total denrandi for oi l  and gas w i l l  be n e t  by 

gas. A very negative value simulates great sensi t ivi ty  to price 

differences between oi l  and gas. A less negative value implies less 

willingness to switch between fuels. 

Table 12. suPply/&mmd Csefficients 

-0.90 
-0.90 
-1.00 
-1. 00 
-0.90 
-0.80 
-0.90 
-1.00 
-0.90 

-1.50 
-1.50 
-1.50 
-1.50 
-1.50 
-1.50 
-1 /. 50 
-1.50 
-1.50 

-8.00 
-8 00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8 - 00 
-8.00 

4.2 ALlcGNHENT 

Alignment parameters are those parameters which affect the  

These parameters have been set in the 

.default scenario such that. the market shares agree w i t h  the 1980 data 

taken fm EIA, ~nnual Review.5 ~hese v t e s  not. bc 

changed unless absolutely mired, and only w i t h  consultation of a 

i n i t i a l  m a r k e t  shares in 1980. 
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Yrmsportation casts" i n  this m o d e l  reflect many other cas t s  

t h a t  would have been tao cm'plex to  treat sqamtely.  Distribution, 

supplier mrkup, and transportation cmsts have keen cxmbhed in to  one 

value representing the  cos t  of g e t t k ~ ~ ~  gas fm the w e l l h e a d  of the 

supply region to  the pint of use. The calculation of these a s t s  was  

done a f t e r  choosing the supplier chsice of -8.00. U s i n g  data 

from EIA Aru?ual l2mxgy Ipeview 1982, appmxhwte market shares of gas 

t o  each demand region frm each supply region w e r e  calculated. 9her-i 

working backwards, the necessary delivered pr ices  t o  produce those 

shares were calculated. AgainI these values should not be changed 

without assessing the effect on historical xnarket shares. The default 

scenario transportation costs (based on of -8.00) ape given in 

Table 13. Some of the values in Table 1 3  a re  unrea l i s t ica l ly  high. 

However, the high values w e r e  required to mtc3-1 the hpstorieal data. 
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T R A N S P O m O N  0051"5: 

To ASIA: 

EAST EUROPE AVG 

2.20 
4.15 
9.20 
8.40 
7.70 
9.70 
8.40 
9.70 
2.20 

5.90 
5.85 
12.00 
8.50 
8.40 

7.20 
16.90 
7.20 

3.50 
mDDm EAST (PI-) 8.00 
ASIAN U N m  13 e 00 

AVERAEE FOR sA/CA 4.50 
ASIAN LNG 14.00 

14.50 AFRICA Lp%G 
l'4XDDI.E EAST LNG 14.50 
US ElIXWET T. S. 10.70 

AFRICA Aw3 5.50 
MIDDIJ3 EasT AVG 14.40 

lU?RIa A X  13.30 
MDDU EasT AVC; 5.00 

CNINA 6.00 
EAST mPE 16.80 
ASIAN LNG 16.30 
ASIAN UMcxXJw 16.30 
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for a42 ilWk!1 ZiEV k V t 2 l S  Qf 

for o i l  and gas i n ?  1980 i n  the various d m n d  r 

located d i r e d l y  right of the 

sheet. The 325 in me default i o  are presented in Table 14, 

and w e r e  aggregated from United Nations data by the Institute for 

Energy Analysis. 6 

Table 14. Historical c)emand for Oil and Gas 

39.21 
28.53 
12 " 02 
10.28 
3.01 
4.02 
6.41 
22 e 80 
3.78 

21.78 
8.61 
1.54 
2.30 
Q.75 
1.32 
0.89 
16.42 
0.50 

These numbers are the same as those given in T a b l e  2. They 

should be changed only i f  region boundaries a re  redefined. The 

current assumptions on region. If 

denand region boundaries are dxmged, they must be consistent w i t h  the 

Lss are given in Table 15. 

other model parameters, such as historical d e n e r C J y r n  

rates. 



A u s t r a l i a  
F i j  i 
French Polynesia 
Japan 
New Caledonia 
New Zealand 
Papa New Guinea 
SamOa 
Solomon Islands 
Vanuatu 
m w  

china 
Korea ,  North 
Morgolia 
V i e t n a m  

EAST EUROPE 
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5.1 RAM';GAs IxE?wm sammI0 

The model has five s m a r y  sheets to facilitate viewing of 

r@sults. These Eil-Eeb are mostly self-explmbq, are presented 

in Tables 16-20 for -the default case parameters sham previously. 

(Same have been edited from 5-year to 18-year increments in this 

document for the purpose of easier presentation.) These surrnnary 

sheets do not contain all the informtion in the mcdel, but provide a 

source of easy comparison. Additional information can be ~btained 

frm looking at the m=ldel sprackheet itself (see Pgpendix A). 

5-2 n l l l 3 w A N D H u ; H - w m  

To illustrate the flexibility of RAIMSGAS, two scenarios were 

developed to demonstrate RAIMSGAS' ability to produce d t s  much 

lower and higher than the projections made by the DOE Office of 

Policy, Planning, and Analysis in NEPP-85. All parameters are the 

same as in the default scenario except the world oil price 

trajectories and energy growth rates. The input parameters for the 

l o w  and high growth scenarios are presented in Tables 21 and 22. 

Detailed results are given in the M - N E P P  canparism study (oRNL/TM- 

10159) .9 

each scenario will be presented. 

In this report, only the N O M  American Summary  T a b l e s  for 

These are given in Tables  23 and 24. 



oc!EmIA 

GAS 

1980 

39.21 
21,78 

28.53 
8-61 

12.02 
1.54 

10.28 
2.30 

3.01 
0.75 

4.02 
1.32 

6.41 
0.89 

2.80 
16.42 

3.78 
0.50 

130.06 
54.11 

1990 

37.96 
20.62 

26.73 
8.37 

11.47 
1.60 

10.88 
2.65 

3.79 
1.03 

5.33 
1.92 

7.17 
1.09 

21.72 
17.00 

4.23 
0.61 

129.28 
54.90 

2800 

37.75 
22.05 

26.37 
9.80 

11.18 
2.07 

11,67 
3.76 

4.99 
1.83 

7.07 
3.44 

8.63 
1.75 

21.26 
22.09 

5.10 
1.00 

133.93 
67.79 

2010 

36.28 
24.01 

25.07 
12.01 

10.32 
2.83 

12.79 
5.92 

5.40 
2.91 

7.71 
5.59 

9.47 
2.75 

19. 89 
23.58 

5.61 
1.62 

132.53 
81.21 

2020 

30.38 
24.44 

20.7Q 
14.07 

8.40 
3.47 

12.81 
7.30 

5.08 
3.63 

7.58 
6.31 

8.90 
3.77 

16.80 
19.17 

5.26 
2.34 

115 .) 91 
84 a 50 

2030 

24.53 
26.34 

17.37 
12 "91 

6.88 
3.13 

11.16 
6.08 

4.44 
3.12 

6.82 
5.57 

7.47 
4.35 

13.77 
16.52 

4.56 
2.11 

97.00 
80.12 

ILIQUIaK;rAs nrraL 184.17 184.18 201.72 213.74 200.40 177.11 



ZZ' 

00. 
00 * 
PO 
90 * 
E8 
si2 '0 
00 * 
00 
SO 
SO 
TO * 
€0'0 
so '0 

' P9'T 
VZ'O 
ZS'O 
OT'E 
ET*& 

88'17: 
ZL'S 
80'Z 
95'07: 
86 OZ 
OX*$ 
98.0 
T9'C 
LE"Z 
TL'Z 
TG'Z 

OEOZ 

GO * 

00 
00 * 
20 
EO 
TO 
ZT: '0 
00 * 
00 - ZO 
20 
00 e 

20'0 
20'0 
LL'O 
TT-0 
TS'O 
9L.Z 
9L'Z 

96'EZ 
SP.5 
E&*Z 
TL-8 
0-K - ET Z9'6 
2L.T 
EZ'E 
86'0 
88'V 
0P"E 

0zoz 

zo * 

00 
00 * 
T0 - TO - 00 
20'0 
00 
00 
TO 
TO = 
00 - 00 - TO'O 
07: '0 
Z0'0 
01 '0 
LE'O 
8E'O 

10'82 
ZZ'P 
29.1: 
G8*5 
S6'L 
S5"L 
T&'T 
TP"G 
SS.0 
05 " TT 
6Z-9 

OTOZ 

00 

00 
00 - 00 
00 ' 
00 
00 
00 
00 
00 
00 
00 
00 
00. 
00 
00 
00 
OQ 
00 

EP'PZ 
6L'Z 
66.0 
80'E 
ZE'P 
ZP'P 
P6'0 
ES'9 
92'0 
88"OT: 
1O"OZ 

0002 

00 

00 * 
00 
00 - 00 
80 * 
00 
00 
00 
00 
00 * 
00 
00 
00 * 
00 
00 
00 - 00 
00 

LZ * 81 
98'T 
T9.0 
29-t: 
PE'Z 
T6'Z 
ZL'O 
09.9 
PT'O 
8T *5 
69 87: 

066F 0861 
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m OF E?RCUEm AVG CDST OF Tn EACH m1m ( 
(D&au.lt S w r i o )  1990 2000 2010 2029 2030 
1--11-1_----_)1-----------------~------------~------ 

NQm l4FiERIcA 5.83 6,80 8.20 9.70 10.71 

WEST ELJmm 6.21 6*78 7.50 8-01 10.09 

OCEANIA 7.66 7.73 7.84 8.84 10.09 

SBUTH z.QTERIa 6.09 6.18 6.36 "7.47 10.29 

AFRTCA 6.53 6,5? 6.64 7.42 10.05 

MTQDLE l3ST 6.01 6.02 6.04 7.43 10.07 

ASIA 8.79 0.88 9.13 9.56 10.35 

€?AsTmm EUROPE 4.57 4.63 5.55 -7.68 9.93 

c33INA 7.54 7.57 7.62 7.72 10.04 

To summarize, in the low sseptario, the project& o i l  price 

grows a t  a slightly slwer p a c e  than in the default scenario, and the 

energy g r m t h  rates are smaller. ECneryy rates became zero by 

the year 2000 for a l l  d e  ra3gions and remain a t  zero from then on. 

The results of this m r i o  sha\r a long t e r m  trend of decreasing o i l  

use in a l l  regions, and slightly decreasing den-& for gas in the OEm 

regions. Non-aEcD Free World rqisns (Africa, Middle East I Asia, and 

Latin America) have a rapidly irncreasirrg. gar; use. Umnvention?al gas 

production begins a t  the same t h e  as i n  the defaul t  scenario, but 

grows mre sluwly. 



1990 2000 2010 2020 2030 

0.22 8.47 0.95 1.39 1.95 
0.16 0.37 0,82 1.45 2.36 
0.16 0.37 0.86 1.60 2.44 
0.04 0.08 0.18 0.29 0.49 

0.59 1.29 2.81 4.72 7,24 

17.99 18.51 19.58 19.58 19.42 

3.3% 7.0% 14.3% 24.1% 37.3% 

rn laE3mfw EnROFE: 1990 2000 2010 2020 2030 

fRaMEAsTEzfiEDpE 1-24 2.13 3.92 6.45 3.02 
Fw%I. AFRICA 0-35 0.62 1.19 1.97 3.02 
F E M M m r x E A s T  0-05 0.10 63.19 0,35 1.62 

7mALmKrET.I  1.65 2.85 5.30 8.77 7.66 

TWIRLGAS- 7.79 8.22 9.62 11.22 11.84 

PEEUmv IMpoR3cs: 21.2% 34.6% 55.1% 78.2% 64.7% 

To0c;EANI;A: 1990 2000 2010 2020 2030 

FRm ASIA 0.68 0.83 1.04 1.19 0.79 
mMpl AFRICA 0.01 0.01 0.01 0.02 0.06 
FROM MIDDLE E4sT 0.09 0.12 0.17 0.25 0.79 
FROMAIASKA 0.04 0.06 0.08 0.12 0.47 

mAL 33EXmED 0.82 1.02 1.31 1.57 2.11 
----1__---1--..--.III-u---u-IuI----- 

l?YI!ALGAs DE;MANDED 1.48 1.86 2.45 3.09 2-90 

PERCENT mm: 55.3% 54.7% 53.4% 51.0% 72.8% 



LT'Z oc-z TL'T OT'T L9'0 sh9 wm 

EO'O TO'O 00' 00 00 * crELT.xm wm 

QO . QO 00 - 00 00 ANo;INI1 VIS m 
TO'O 00' 00 - 00 00 mvI.svm 
ZO'O 00' 00 00 00 3[6cwLMmm 

QEOZ OZOZ 0TOZ OOOZ 0667: :m CiL 

PO'O TO'O 00' 00 00 -mNn mm 
01.9 8P'Z 96'0 60'0 LO'O JSWI maam 

OEOZ ozoz OTOZ 0002 0661 :zf.dm lmiutsm 0;L 

ZO'O TO'Q T.0'0 '10'0 00' mm ILm l4mH 

OCOZ 0ZOZ OTOZ QOOZ 066T :VIS aL 

EO'O '10'0 00' 00 08 ' 'S -JJ ma 92 
ZT'B ZOO0 00' 00 00 m mmn4 
OT'O TO'O 80' 00 00 
8Q'O 66'0 08' 00 00 

Q602 0zoz OTOZ oooz 066'1 :'fi@m KLlm ox 
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1990 2006 2010 2020 2030 

c33NwNMm l?FamxIm (m); 
l J N r i x D m  12.99 9.39 6-16 3.80 2.44 
CANAClA 4.36 7.73 9.03 6.43 2.44 
A I A s w m c  0.13 0.21 0.38 0.62 1.76 

m cyINVEsTIII0NA;L 17.49 17.33 16.37 10.85 6.64 

uNc!3wEwnoNFua m m m m  QTCF) :: 

NA 
NA 
NA 
NA 
NA 
MI 
NA 
NA 
m 
m 
MA 
NA 

. 00 
0 00 . 00 . oa 
08 
00 
00 . 00 

* 00 . 00 . 00 . 00 

I 00 . 00 . 00 . 00 . 00 . 00 
00 

* 00 . 00 . 00 
* 00 . 00 

0.22 
0.22 
0.06 
0.01 
0.06 . 00 . 00 
.OO . 00 . 00 
* 00 . 00 

1.70 
1,69 
0.33 
0.06 
0.41 
0.01 
8,Ol . 00 
0.01 
0.01 . 00 

* 00 

2.47 
2.44 
0.44 
0.14 
0.91 
0.03 
0.02 

* 00 
0.03 
0.03 . 00 . 00 

.OO 0.01 0.57 4.24 6.52 

0.22 0-47 0.95 1.39 3.95 
0-16 0.37 0.82 1.45 2.36 
0.16 0.37 0.86 1.60 2.44 
0.04 0.08 0.18 0.29 0.49 

0.59 1.29 2.81 4.72 7.24 
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'fie high growth scenario has a quickly rising o i l  price 

t r a  j ectory I and sustained. XTi%E?S Qf 2.5'3; tD 4.5% ill all 

regions for the entire period 1985-2030. R e s u l t s  s€ this ixrdicate 

in 

2005 aril dec1hh-g sc9ne €can then ~ n .  U m t i o n a 1 .  gas p r d u c t i s n  

grows very rapidly in the. l a t e r  years and is more than double tihe. 

amount of the default 

quickly increasing gas use in all regions, w i t h  ail use  

io in 2030. 

m o I L  ma T!RAJE@pBIFIY YEAW YEAW 

(W Grcmth Scenario) I980 4.60 2010 '7.40 
1985 4.60 2013 8.50 
19913 4,80 2020 9.90 
1995 5*20 2025 11.20 
2000 5.70 2030 13 00 
2005 6.40 

O I L  + cas (I.cw G r u w t h  Scenario) 
ENEGYGEEDWTHRATE: 81-85 86-90 91-95 96-00 01-05 

-P,O% 
-1.5% 
-1.5% 
1.0% 
2.0% 
3.0% 
1.0% 
-1.0% 
1.0% 

0.5% 
0.5% 
0.5% 
2.0% 
3.0% 
4.0% 
2.0% 
0.5% 
2.0% 

0.8% 
0.8% 
0.8% 
3.0% 
3.5% 
3.0% 
3.0% 
0.8% 
3.0% 

0.5% 
0.5% 
8.5% 
1.5% 
1.5% 
1.5% 
1.5% 
0.5% 
1.5% 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
Q*0% 
0.0% 
0.0% 
0.0% 

(ALL GFEWIX FWEE ZERB FlRoM 2000 3 3  2030.) 
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RzlMson PRICE -RY $ s m  
(High  (3mwt.h S-io) 2980 4.60 2010 8-00 

1985 4.70 2015 9.20 
1990 5.00 2020 10,80 
1995 5.50 2025 12.70 
2000 6.10 2030 14 a 70 
2005 6.85 

OIL -t GAS (High Grcrwth Scenario) 
ENERGY(2IxmrH=: 81-85 86-90 91-95 96-00 01-05 

-1.0% 
-1.0% 
-1 * 0% 
1.0% 
2.0% 
3.0% 
1.0% 
-1.0% 
1.0% 

2.5% 
2.5% 
2.5% 
3.5% 
4.5% 
4.5% 
3.5% 
2.5% 
3.5% 

2.5% 
2.5% 
2.5% 
3.5% 
4.5% 
4.5% 
3.5% 
2.5% 
3.5% 

2.5% 
2.5% 
2.5% 
3.5% 
4.5% 
4.5% 
3.5% 
2.5% 
3.5% 

2.5% 
2.59 
2.5% 
3.5% 
4.5% 
4.5% 
3.5% 
2.5% 
3.5% 

(ALL CXOWI'H RATES THE SAME F'KM 2060 TO 2030.) 
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1980 1990 2000 2010 2020 2030 

UNITED mm 19.09 13.96 8.82 5.16 3.10 2.36 
mm 2.46 4.92 8.19 8.49 5.29 2.75 
dlLAsK?$@&RCTC 0.21 0.14 0.21 6.32 0.44 0-86 

TKYESL C X N J E W T O ~  21.76 19.01 17.22 13.96 8.83 5.97 
------___u____-_.-___________I___ 

m 
m 
NA 
NA 
NA 
NB 
NA 
m 
NA 
NA 
NA 
NA 

. 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 

.a0 

.QO 0.20 1.31 

.OO 0.20 1.31 

.OQ 0.05 0.26 

.OO 0.01 0.05 

.QO 0.05 0.31 . 00 .oo 0.01 . 00 .oo 0.01 . 00 . 00 . 00 

.08 .oo 0.01 . 00 .oo 0.01 . 00 . 00 . 00 . 00 . 08 . 00 

1.64 
1.63 
0.30 
0.08 
0.52 
0.02 
0.01 . 00 
0.02 
0.02 . 00 
.08 

ma UNm-m PROI). .OO 0.01 0.53 3.28 4.23 

0.10 0.25 0.52 0.91 1.19 1.60 
0.09 0.19 0.41 0.77 1.13 1.64 FROM ma 

FEEOM mmm I!AsT 0.19 0.41 0.80 1-22 2.00 
Fw3M ASIA 0.04 0.09 0.17 0.24 0.36 

FTtoM SA/- 

TQTAL loMpowTED 0.19 0.67 1.44 2.64 3.78 5.59 

TOTAL N.A. DEMAND 19.59 18.56 17.01 15.75 15.41 --- 
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1980 1990 2000 2010 2020 2030 

m w m m  (la?): 

19.09 15.51 1Q.49 6.38  3.50 3.01 
2.46 5.47 11.51 11.89 4.45 2.86 
0.21 0.15. 0.31 0*73 1.47 4.77 

19,oo 9.41 10.65 

* 00 . 00 . 00 . 00 . 00 . 00 
" 00 s 00 . 00 . 00 
0 00 * 00 
.08 00 
.80 .80 
* 00 . 00 
00 . 00 
00 * 00 
00 . 00 

0.49 
0.49 
8.13 
8.03 
0.13 
0.02 

* 00 
" 00 
0.01 
0.01 . 00 . 00 

3.72 
3.72 
0.67 
0.17 
1.15 
0.64 
0.02 . 00 
0.04 
0.04 . 00 . 00 

4.51. 
4.48 
0.72 
0.50 
3.41 
0.11 
0.07 
0.01 
0.11 
0.11 . 00 

" 00 

.00 0.02, 1.30 9,54 14.03 

0.28 0,78 2.09 3.13 2.79 
0.21 0.61 1.536 3.85 4.17 
0.21 0.62 X.95 4.35 6.72 
0.05 0.14 0.40 0.75 1.24 

'IWTXL N.A. DEDIAND (TCF) 21.77 24.31 26.35 30.61 37.44 
, .  - 
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me af th is user@s glide is to Prn%Tid@ ara h r n u & i o n  to 

the World G a s  Model (-1 e k€t.er a brief i x ~ m c t i o n  to the 

mrsdel, most. users will prefer to browse through the spreadsheet to 

discmver for -tlwmselv@s h w  to use RAM,%$&. 

This guide begins by presenting an introduction to the reasons 

for development of the model. The next section qualitatively 

discusses the model s h a e .  The mx3el ccmpnents are disclassed and 

explored f r o m  the directory mmu to assist P~SE?LS in visualizing where 

they are at m y  p i n t  MI the spreadsheet. In the next sections, the 

user is given the basic operating instructions, including moving 

around in the m o d e l ,  running the model, changing parameters, and 

creating output. The last section of this guide describes autcmated 

printing, graphics and scenario saving capabilities. 

&e RAFilsGAs model is a LOTUS 1-2-3 spreadsheet model of w o r l d  

natural gas supply and demand. W G A S  was developed to assist  

analysts from the U.S. Depart;ment of Ebergy, Office of i!ikmc& Fuels, 

Technology, EX%ra@tiQn, and Environmental Control (AFI'EEC) in the 

planning of R&D investmerrts for unc~mmtional natural gas resources. 

RAMSGASqs spreadsheet framewark allclws easy variation of assumptions 

for wide ranging scenario assessment. This user's guide provides 

quick access to the informtian required to m RApIzsGAs; m o r e  detailed 

information about the &el is given in the main budy of this report. 

The analyst desiring an underswing of the theory and the mechanics 

of the RAIUZSGAS design is llrqed to read Appem5i.x B of this report. 
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wellhad Price 

Both conventional and unconventional gas are described by a 

supply function that r e l a t e s  the wellhead price t o  the d a t i v e  

production of gas. The model con ta ins  11 supply regions for 

conventional natural gas, and 19 SQUL"G~S of uncommtionah gas in 3 

regions, for a total  of 30 supply nodes. In i t ia l  w e l l h e a d  prices must 

be specified by the user (or left at default values) for a l l  regions 

and k d x m l o g i s  in 1980. In i t ia l  unconventional tx~hn~logy costs are 

specified by the  user i n  each 5-year p e r i d  through the year 2030, 

allowing the initial costs of uncowmtioml gas t o  fall a5 more R&D 

is done. For both conventional and unconventional gas, the final 

wellhead prices will be increixxd frm their i n i t i a l  value according 

t o  the cumulative production of that resoume. 



1 WELLHEAD 1 O R N L - D W O  BSC-13790 
COST C U R V E  
PARAMETERS I 

C U M U L A T I V E  
PR 0 D tJ CTI 0 N 

C O E F F l  C I ENTS 
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&liver& P r i e  

To be ut i l ized ,  gas r ted fm the sapply regions 

t o  the  demand regions. For contiguous regions, t ranspor t  would 

probably be by pipeline; for nonconti~nous rqiam, tx-anspe would 

be by LNG tanker. For eaa? d d  region, the delivered price is the 

sum of the  w e l l h a d  price au3d the r b t i o n  cos;ts, which include 

transmission and distribution casts and Eier profit. If ga% p& 

a re  l a w  r e l a t ive  t o  o i l ,  a prducex has imaepxltive 210 mise the price 

of his  gas until  he begins t o  lose market share. To simulate t h i s  

effect ,  t h e  de l ivered  pr ice  is never allowed t o  be less than a 

specified fraction of the world oil price. 

Demand for Gas 

For each of the nine d m  regions, the t m M  deman3 for the sum 

of o i l  and gas is calculated f m m  the previous p.ricxlUs d d ,  grcwth 

in energy demrd for oil  plus gas, arnd the price-driven conservation. 

This t o t a l  d is allacated between natural gas and o i l ,  depending 

on the regional average natural gas price and the world o i l  price, ami 

based p n  the gas and o i l  shares in the base year (1980). 

- Shares of the Market 

Each demand region can obtain gas f r o m  more than one supply 

The share o f  demand given t o  each supplier is inversely region. 

pmportional t o  the deliver& price of gas from that supplier. 

Supply R&qion production 

The production of each supply region depexls on the orders from 

each demand region. These orders are derived from the market shares 

fo r  each supplier i n  each demand region arid the total gas denan3 in 

that region. 
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is presented in Fig. A-2. This first. sxeen helps the user Iscats, the 

model directory, and automated printing, graphics, and scenario 

capabilities. 'Zqhps first. ,screen cam he re&wnE?d to f r o m  anywhere in 

th@ nnodel by pr-essjllg the m key. 

The nodel directory can be accessed from the  first screen by 

paging dawn (using the EqDn key) or by typing GOIO (the F5 key) and 

Dm. The directory b pr=fzsenW jxl Fig. A-3. The u s e r  easi move to 

any of the sec t iuns  listed in. this c%kec tuq  by typing Gcml mci the. 

name of the range. Far exmple, if the user wished to see the North 
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Fig. A-3. Range D i ~ w z t a r y  Menu 

American supply/demand sector, he or she would press the F5 key, type 

NA, and hit the Retu rn  key. Ta return to the first screen, the user 

cauld press the HoplE key. 

A sd-mmtic outline of the FUWSGAS model is presented in Fig. A- 

This figure identifies the order and general lccation of each 4 .  

section of the worksheet. 
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NORTH AMERICAN 
SUMMARY ~~~~~~~ 

TRADE 
SUMMARY ( 1 8 - Y W )  

SCENARIO 

R S  

I TW A N  S PO RTATI 0 N C 0 STS I 
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mg* d m  f m  we m e 1  name Dacas), the user 

can examine the existing wellhead cost 

the conventioril i=ou.rces. lsBnis section of the madel can also be 

accessed by typ.irq 0 m. mE?s@raen%mt1UBe-r d then 

see is sham below i n  Fig. A-5 (the parameters i n  Fig. A-5 were 

discus& Like most of the tables in tke model, the 

mnvational rescmrces table extends beyond the limits of a single 

screen. The amow keys, PgDn, , ard Tab keys allow the user to 

Chapter Four). 

mQve to om= parts of the table. 

~ ~ O N A L ~ ~  
ALRiA: 0.33 N: 1.00 

KST P-: maOR: 0.7 M: 0.00 
-___I.- 

m Q E A T T H E m  1980 1985 1990 1995 2000 

TolIlALREscuacE 1307.00 
OUMUEATNE PFtOW~oN 674.00 769.45 841.03 898.89 949.70 
m r n  2.60 2.91 3,22 3.56 3.94 

mAL RF2- 516.00 
cXJNUIAm I ? R X X J ~ Q N  74.00 86.30 101.76 120.63 145.19 
wETAHmD r n T  2.~0 2-04 2.09 2.16 2.26 

Fig. A-5. Conventiomli Wellhead Cbsts IFxarrqple 

The n e x t  s e c t i o n  t h e  user may w i s h  t o  examine is the 

unmmmtional resource sector. This is accessed by GOT0 W C .  The 
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20.08 

.80 
20.50 

28.00 

-00 
20.00 

16. 00 

. 00 
16.00 

16.00 

. 00 
115.00 

As mentioned previously, the major difference between 

conventional and unconventional gas sca%rces in the model is that the 

unconventional inital. wellhead (-logy) costs must be specified in 

each time period. The user can thec05tpzxramete~~ initial 

wellhead costs, i n i t i a l  cumulative production, and total resource 

numbers for each of the resources. The methd far making these and 

other changes is dLscxlsU in Section 6 of this user8.s guide. 

other parts of the madel are also accessed by typing- ~ c m 3  and the 

name given j-n the rarKJe d i d q ,  There are Supply/Demand sectors 

for each of the nine d W  regions and five smtma~y tables available. 

please note that tlhere are two pges of the range directory. 



E2ammIK 

Upon the retrieval of the UXUS file, RAlISGAS.WKS, the 38ApasGAS 

welcome screen should be presented. (If  it is not, press the IIW 

key.) A t  this paint, the user should make a backup diskette of 

RAEISGS using the L13TUS file save comand. This will preserve the 

original model, including data and parameters, in case anything 

happens to the working q y  of the miid. (It is recxrmmended that any 

new cow sf the spreadsheet be w i t e - p m ~ .  This can be done fram 

DOS using the command llATI!RIB +R RAMSGAS.WKSIt. This will prevent 

accidental erasure or replacement of the WorMeet. ) 

As received by the u s ,  l2WSGAS is ready to be run hmn&iately 

upon retrieval as a UTlCuS file. (See the WIUS 1-2-3 manual for the  

file retrieval sequence). The simulation solution from the last 

s a v i x ~  of the entire model will occupy the summary and supporting 

tables. The user is advised t~ recall the desired scenario (or create 

a new one) and execute the &el again before using any results. 
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CNAIEKIIHt; 

A l l  of the pzlramet@rs that are hMd to be by the user 

(i.e. rmt calculated by d e l  equations) are 

the Input BaramRters Sheet (IcNpuT) .. 
must specify all of the values on this sheet. The ~ ~ ~ ~ r n b m  w e r e  

defined and dkmssed in C'hamr Four. To change a value, position 

the cursor over the cell using the  arm^ keys, and type the new value. 

when you press the Return key, the new value w i l l  he entered into that 

cell. Before makins any chanses, please check t o  see that you have 

made a backup of the originaJ, rnodel as suggested in Section 5. The 

original RAMsc;As.wKs f i l e  has UlIUS write-protection on d l  cells that 

do not contain wer-cmntrdled parameters, to prwent charges to model 

format or equations. 

Far a scenario to run, the us 

The user can view model results in three ways: the first is to 

directly view the spreadsheet, the second is to print tabular results, 

and the third is to use the IXMUS graphics to display mtput. 

pr int ing and graphics can be done manually or  by using built-in 

RAMSGAS ma-. Any part of tlbe model eould be viewed as output, but 

the information summaries listed i n  Fig. A-7 were considered 

especially useful. These tables can be located by typing the GB~IY) key 

and their name. 
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Fig. A-7. Table of s w n m a r i e s  

?he mint Macro 

The print macro can be used ta automatically print the summary 

The print macro is cal led by tables or input sheet of FUMSGAS. 

pressing AI3c and P. The rn in Fig. 24-8 w i l l  then appear. 

TITIS IS THE BliINT MENU. SELECT TEE TABTJE: YOU WISH 
TQ FRINT BY UsLNG THE CXJRSOR. 

Fig. A-8. F ~ i n t  Memu 



59 

The user can select the deshxd option by using the left 

right. armw keys to mntroli the m r  in the upper left corner of the 

screen. The select ion of QUIT brings the user back ta the msdd8s 

openbg screen. If the user selects PRICJ3 (the delivered gas cos ts  

summary table), the p r i n t  macro wculd then autmatically print that. 

susc~nary table. when the mam finishes printislg, the usex: is returned 

t o  t he  p r i n t  macro. T h e  optim DENAND will prht the d m l d  

table. These tables w i l l  be output i n  normal or compressed p r i n t  

depending on the w i d t h  of the table. The m c d d  is set up for E O N -  

ccsnpatible printers, and contains a setup .sap- for both  canp pressed 

and normal p r i n t i n g  i n  ranges named COMPRESS and NORWU,. I f  

difficulty exxurs using mother d e l  printer, the user M d  consult 

h i s  p r i n t e r  user's w i d e  to check the required setup s t r i n g  far 

ccnnpressed print, and the m S  rnarmal mder Print-options-Setups fo r  

direct ions i n  implementing the necessary &arqe. The canrpressed and 

mm-width cades used in the d e l  are contained in the cells named 

coMFmss andmm.  

me Graphics Macro 

The graphics macro can be used t o  v i e w  sane of the mainmodel 

This macro is invoked by typing ALT and G. outputs graphically. 

Figure A-9 &cms the mm that w i l l  then appear. 

The user can move the cursor to select the desired cjraph. If, 

for example, the user selects DEMAND, the graph shown i n  Fig.  A-10 

would appear on the screen, w i t h  the numbers currently in the model. 

';chis mcro is set up for a color monitor. If the model is run w i t h  a 

black and w h i t e  monitor, consult the LOTUS manual section under 
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Graphics-Options and Gmphics-Nm to rexssay s. Once a 

graph has been selecrted and a- on the tscxeen, the user lllust press 

the Spacebar to return t o  the graphics menu. To exit this menu, 

seJ-ect QUIT. 

input parameters from any scenario the user cx&x?s. %is macro is 

hokedby w i n g  U T  and S; the menu presented in Fig. A-ll w i l l _  

appear on the screen. 

scenarios are saved by pre+;ercsing a section of the 
model containing all the input parameters needed to 
recreate a scenario. 

1. It is possible to uvemri te  (and thus destroy) 
an existing sprtxidshwt file by using duplicate 

2. when retrieving, mke sure  the file name yau 
give is indeed a scmmio file, or the m D d d  
will likely be .scrambled and require reloading. 

3. Recalculate (F9 or "-m" m u  selection) 
after retriwing. 

names. 

O m r o N  DEsmmm 

If SAVE is selected, the user" will be asked for a title far the 

It is generally w i s e  to 

The user &auld be carefirl not to select 

scenario and for a filename for the scenario. 

use the same name for both. 
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Model SDecification 

This appendix will provide a mathematical description of the 

model. The mathematical functions have been chosen to produce a wide 

range of  scenarios by adjustment of parameters. Most o f  the 

parameters can be varied without changing the base year forecast ( s e e  

Chapter 4 ) .  The default values for the parameters were determined by 

judgment and numerical experiments. 

In the model, the wellhead price of gas (PW) depends on the 

cumulative production of  gas (Q), that is 

* 
where Q and PWo are the initial values of Q and PW in 1980, Q is the 

0 

ultimately recoverable resource in 1980, and a, m, and n are 

parameters. When a - 1.0, the parameter m controls the rate of 
increase of the price of fuel. When m is small, the fuel price 

increases slowly as a function of Q. When m is large, the price 

increases more rapidly. Current values for the parameters are Q! = 

0 . 3 3 ,  m = 0 ,  and n = 1. For the unconventional sources, the f i rs t  

term is removed (a == 0 )  because Q is approximately zero, and the PWo 
0 

term is specified in each time period. 

of future price paths for unconventional technologies. 

This increases the flexibility 



Let supply regions be denoted by 1 and demand regions by J .  Then 

PW(1) is the wellhead pr ice  i n  supply r e g i o n  1 "  Let  TG(I,S) be t h e  

t r a n s p o r t a t i o n  and d i s t r i b u t i o n  casts  from the  wellhead of suppl ie r  I 

to the  demand r e g i o n  J .  The d e l i v e r e d  c o s t  of gas,  PD(I,J), from 

r e g i o n  I t o  r e g i o n  J i s  t h e  sum o f  t h e  wel lhead  c o s t s  and t h e  

t ranspor ta t ion  c o s t s ,  but  never less than  a u s e r - s p e c i f  i e d  f r a c t i o n  

(F)  of the world o i l  p r ice  (PO) ,  t h a t  i o  

T h i s  formulat ion prevents del ivered gas pr ices  from f a l l i n g  far below 

o i l  p r i c e s ;  the current  value of F is 70%.  

Given t h e  cost o f  gas from each l o c a l  supply region,  the  demand 

regions a l loca t e  t h e i r  gas purchases using a l o g i t  funct ion,  t h a t  i s  

where SG(1,J) is the share of the t o t a l  gas purchased by demand region 

J t h a t  w i l l  be bought from s u p p l i e r  I: and 7 is  a parameter. The 

defau l t  value €or y is -8.0.  

G iven  t h e  s h a r e s  f rom e a c h  s o u r c e ,  t h e  demand r e g i o n s  can 

ca lcu la te  the average pr ice  of gas, PG(J), t h a t  is 

E(J) = 2 PD(1,JI * SG(1,J) 
I 

(4 )  
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Given t h i s  r e g i o n a l  average gas price, P G ( J )  I t h e  world  o i l  

p r i c e ,  PO, and the shares of gas and o i l  i n  1980 ,  SGo and SOo, t h e  

demand r e g i o n s  a l l o c a t e  purchases  between oil and gas using a l o g l t  

funct ion,  t h a t  is 

=(a = 

=xJ) = 

where FSG(3) and FSO(J)  a r e  the market shares f o r  gas and o i l ,  and p 

is  a parameter f o r  the s e n s i t i v i t y  t o  p r i c e  d i f f e r e n c e s  between o i l .  

and gas. The sum o f  t h e  market shares f o r  gas and o i l  is 1 . 0 .  The 

defaul t  scenario value f o r  the parameter p is -1 .0.  

Given market shares f o r  o i l  and gas, an average p r i c e  f o r  o i l  and 

gas,  PE(J), is calculated f o r  each demand region, t h a t  i s  

mS(J) = IPG(J1 * FSG(Jt1 + P * FSO(J)l (71 

The demand f o r  o i l  p l u s  gas i n  e a c h  r e g i o n  d e p e n d s  o n  t h e  

p r e v i o u s  5 - y e a r  p e r i o d ’ s  demand f o r  o i l  plus gas ,  DB(J), an annual 

energy growth r a t e  f o r  o i l  p l u s  gas, E G ( J ) ,  and a conservation f a c t o r ,  

t h a t  i s  

D(J) = DB(5) * [I + Eo(J1l5 * Im(J)/PEB(Jlla ( 8 )  



where PEB(J) is the value of PE(J) in the previous period, and Q is a 

parameter. The current values for the conservation csefficient 0 

range from -0.8 to -1.0. 

The demand for gas in each region is the market share for gas,  

F S G ( J ) ,  multiplied by the total. demand far oil plus gas in that 

region, that is 

The production in each supply region, P I ) ( % ) ,  is the sum of its 

market shares in all demand regions, that is 

Finally, the cumulative production of gas in each supply region, 

Q(I,T), is updated, that is 

Q(X,T+5) = WN [Q(I,T) + cd * EQ(I) , 0.999 * TR] (11) 

where T is time and the model has 5 year increments. The KIN function 

is used to insure that cumulative production never exceeds the total 

resource available. For the next period the model starts O V ~ K  at E q .  

(1) * 
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