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THE ENERGY SUPPLY MODEL

ABSTRACT

The Energy Supply Model is a simulation model for
detailed planning of a regional energy system from the
primary energy inputs to secondary energy distribution
to the final user. The model structure consists of a
network of elementary allocation, collection and
conversion processes. Thirteen different primary and
seven_secondary energy forms are considered. The model
incorporates some twenty-five conversion processes.

All presently conceivable energy forms and conversion
processes are included. Exports, imports, as well as
concentrated and distributed waste energies are accounted
for. Primary and secondary energy costs, capital
investment in conversion plants and the number of plants
are computed. The flexibility of the model allows

the simulation of a wide variety of possible energy
supply systems.

I. MATHEMATICS OF THE MODEL

The mathematics of the model--although of some complexity--

are rather simple.

At first the annual values of energy inputs, allocation
fractions, etc. are calculated by means of linear interpolation

using the time-series given on the data deck.

Energy flows are then computed by multiplying the input
energy flow by the respective parameter, e.g. the flow of

solar energy allocated to central electric power generation is:
ESOEL = ESOL -« FSOEL

Converting ESOEL into electrical energy generates a flow to

waste enerqgy:
WSOL = ESOEL + (1-CESOL)

‘where CESOL denotes the respective conversion efficiency. From
these flows total waste energy, total useful energy and energy
flows going to end-user sectors are calculated by summing up

analogous flows, e.g. total energy going to industry is:

EIN = EELIN + EHTIN + ESFIN + EGSIN + ELFIN + ESOIN



The right side denoting the respective flows of electrical
energy (EELIM), central heat (EHTIN), solid fuel (ESFIN),
gaseous fuel (EGFIN), liquid fuel (ELFIN), and decentralized

solar energy (ESOIN) to the industrial sector.

Energy costs are computed by multiplying amounts of
energy by the corresponding energy price specified in the

scenario.

Thus the mathematics of the model consist only of
multiplications and additions. Nevertheless, the model is a
complex one because of the many energy types and conversion

processes considered.

IT. TERMINAL INPUT AND DATA BASE

A. Request from the Model

Due to the complexity of scenario data required for
running the ESP-Model an interactive mode seemed
neither desireable nor advantageous for users. Thus
the only request during the run-time of the model
will be:

"ENTER NDRU (13) FOR OUTPUT CONTROL"

The array NDRU is used to control the output that is
actually pnroduced on the lineprinter. One has to

specify NDRU(I) = 1 to get the I-th page of the printout
and NDRU(I) = 0 to supress it.

As for the batch-~-version of the ESP-MODEL which may

be run on the CYBER 74 at Technische Hochschule in Vienna,

NDRU is the last record to bé read just after the
scenario data that are dealt with below. In this case

the data deck consists of 113 cards instead of 112.

B. Data

Since the ESP-Model does not contain any fixed

parameters (allocation fractions, conversion efficiencies,

user efficiencies, energy prices) running the simulation
requires the careful preparation of a 'scenario'
prescribing each of the parameters over the time period
of interest (usually 1970 to 2025).



The input data deck consists of 112 cards specifying
time-series for 100 parameters, 24 parameters which remain
constant during the computation and some label specifications
for the printing program. The time-series are limited to
12 datapoints per parameter corresponding to 5 or 10 year
time increments for a computation period of 55 or 110 years
respectively. Each time-series fits on one data card per
format 12F6.2. Data cards are labelled in columns 73 - 80
to faciljitate exchange of indiv'dual time-series. The input

data are the following:
LABELR: Region label with up to 40 characters
LABELS: Scenario label with up to 40 characters

LABUDR: Label with energy units for tables to be printed

(max. 60 characters)

LABCDR: Label with cost units for tables to be printed

(max. 60 characters)

LABUCD: Label with energy units and cost units for tables
to be printed (max. 60 characters)

LABUPL: Label with energy units for plots to be printed

(max. 30 characters)

LABCPL: Label with cost units for plots to be printed

(max. 30 characters)
NDATA : Number of data years (usually 12)
IEARS : Data years (usually 1970, 1975, ...., 2020, 2025)

Each of the following 99 time-series consist of as many values

as indicated by NDATA.

ETOT : Total primary net energy input

EFUT : Hypothetical futuristic energy input
ESOL : Solar energy input

EGEO : Geothermal energy input

EFUS : Fusion energy input



ENUC.

EHYD.

EIEL

EBIO

ETSL

EOL.

ECL

EILF .

EGS

ENIMP

EXBCV .

EINU

EIGS

EIOL .

EICL

ENUEX

EGSEX

EOLEX

ECLEX

EGSFD

Nuclear energy input
Hydro—-power enerdgy input
Imported electricity

Wood, wastes and bio-matter
Tar sands and oil shale
Crude o0il input

.Energy input from cocal and lignite
Imported liquid fuel

Energy input from gas

Total imported energy
Exports before conversion
Imported nuclear energy
Imported gas

Imported crude oil

Imported coal

Exported nuclear energy
Exported gas

Exported crude oil

Exported coal

Exported gas for field use

—— o =

FBIHP

Solar energy going to central heat plants
Solar energy to central electric power generation
Captured geothermal energy to central heat plants

Wood, wastes and bio-matter to gasification and

liquefaction

Wood, wastes and bio-matter to central heat and

electric power plants



FBIW

FBILF

FTSW

FTSLF

FOLW

FOLLF

FCLCH

FCLGL. :

FCLUS.

FCLW

FCLLF

FSYGX

FGSFC

FGSCH

FGSHT

FGSPR

FSYFX

Bio-energy going to gasification and liquefaction
that is lost in gasification and liquefaction

processes

Bio-energy going to gasification and liquefaction

that is converted to liquid fuels

Energy in oil shale and tar sands that is lost in

gasification and liquefaction processes

‘Energy in o0il shale and tar sands converted to

liquid fuels

Energy in o0il going to refining that is lost in the

refining process

Energy in o0il going to refining that is converted to

liquid fuels

Coal going to non-energy use (chemicals)
Coal going to gasification and liquefaction
Coal going to decentralized use

Coal energy for gasification and liquefaction that

is lost in the gasification and liquefaction processes

Coal energy for gasification and liquefaction that is

converted to liquid fuels

Domestically produced synthetic gas energy going to

export

Total gas energy going to large central fuel cell

installations

Total gas energy going to non-energy uses (fertilizers,

plastics, chemicals)
Total gas energy going to central heat plants

Total gas energy going to central electrical power

generation by combustion

Domestically produced liquid fuel energy going to

export



FLFPR :

FLFFC :

FLFCH

FLFHT

FSFPR :

FCBS.

FH2EX :

FELEX. ::

FELH2 :

FHTH2 :

FNUHT .:

FELIN. :

FHTRC

FHTIN

FSFRC.

FSFIN

FGSRC.

Total liquid fuel energy going to central electric

power generation by combustion

Total liquid fuel energy going to large central fuel

cell installations
Total liquid fuel energy going to non energy uses
Total liquid fuel energy going to central heat plants

Solid fuel energy to ce:r tral heat and power plants
going to central electric power generation by

combustion

Total fuel energy going to combustion in standard

electric power plants (1970 efficiency)

Energy in total hydrogen generated centrally by

heat or electrolysis going to export

Total electric energy generated centrally going to

export

Total electric energy generated centrally going to central

generation of hydrogen by electrolysis

Total useful heat energy generated centrally going

to central generation of hydrogen

Nuclear energy going to central heat plants

Total electrical energy going to residential/

commercial sector
Total electrical energy going to industrial sector

Total central heat going to residential/commercial

sector
Total central heat going to industrial sector

Total solid fuel energy going to residential/

commercial sector
Total solid fuel energy going to industrial sector

Total gaseous fuel energy going to residential/

commercial sector



FGSIN

FLFRC. .:

FLFIN

FSORC .

FSOIN

Total gaseous fuel energy going to industrial sector

Total liquid fuel energy going to residential/

commercial sector
Total liquid fuel energy going to industrial sector

Total decentralized solar energy going to residential/

commercial sector

Total decentralized solar energy going to industrial

-~ sector

Efficiencies_of_central conversion_processes. If you want

——— A ————— —— ———— ——— " —— A W - G g — > — - W ——— ——————.

to have an efficiency of 50% for a certain conversion process

you have to set the corresponding factor equal to 0.5. Since

efficiency may vary in the future time-series are used.

CEFUT

CRFUT

CESOL

CEGEO .

CRGEO .

CEFUS

CRFUS

CENUC .

CRNUC
CEHYD
CETRA

CECBS

CRCBS

CECBA .

CRCBA .

CEFCL

Hypothetical future energy to electricity
Fraction of rejected heat recovered from process
Solar energy to electricity

Geothermal energy to electricity

Fraction of rejected heat recovered from process
Fusion energy to electricity

Fraction of rejected heat recovered from process
Nuclear energy to electricity

Fraction of rejected heat recovered from process
Hydropower to electricity

Transmission of electricity over large distances

Combustion heat to electricity by standard 1970

processes
Fraction of rejected heat recovered from process
Combustion heat to electricity by advanced process
Fraction of rejected heat recovered from process

Fuel energy to electricity in fuel cells



CSORT : Solar energy to central process heat

CGEHT .: Geothermal energy to central heat

CHTCB : Fuel energy to heat of combustion in large plants
CHTRC .: Heat recovered from electricity generating

processes to central heat

CELH2 : Electrical energy to hydrogen energy by electrolysis
CHTH2 .: Heat energy to hydrogen energy by heat process
CHTUT : Transmission of heat over intermediate distances

CNUHT : Nuclear energy to heat.

Efficiencies of user sector:

CERC : Average efficiency of energy use in

residential/commercial

CEIN : Average efficiency of energy use in industrial
sector

CELTR : Average efficiency of electrical energy use in
transportation

CSFTR : Average efficiency of solid fuel energy use in
transportation

CLFTR : Average efficiency of liquid and gaseous fuel

energy use in transportation.

The last four cards, which are also read per format 12F6.2
contain the prices for primary and secondary energies as

well as the capital investment per installed KW effective.

PEFUT: Hypothetical futuristic
PESOL: Solar

Card No. 109
PEGEO: Geothermal

PEFUS: Fusion T



PENUC:
PEHYD:
PEIEL:
PEBIO:
PETSL:
PEOL:

PECL:

PEILF:

PEGS:

Nuclear
Hydro
Exported electricity

Wood, wastes, biomatter Card No. 109

Tar sands and oil sbhale
Crude oil

Coal and lignite
Imported liquid fuel

Gas Card No. 110

PREL: Electricity

PRHT: Heat

PRSF': Solid fuel Card No. 111

PRGS: Gaseous fuel

PRLF: Liquid fuel

PRSO: Solar energy

Remark: Of course energy prices have to be chosen in
accordance with the energy unit.

Capital_investment per installed KW _effective.

PIEGL: Gasification and liquefaction plants, refineries,
shale oil plants

PIEEL: Electric power plants Card No. 112

PIEHT: Central heat plants

PIEH2: Central generation of hydrogen

Output Control

NDRU (1), I = 1,13 : Array used for controlling

lineprinter output. Used only Card No.

for batch-version of the model.. 113
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The program provides quite a voluminous output in the

form of tables and plots. 1In addition a file is written on

unit number 4 that can be used as an input file for the

Energy-Emission Register.

The.actual output on the liae printer can be controlled

by the array NDRU(I) as already described.

Page 1

Page 2

Page 3

Page )

The first page contains region, scenario and
unit labels, and a reproduction of the input
scenario concerning net primary inputs into
region; imports, exports and field use

contributing to net inputs.

Reproduction of the input scenario concerning

energy allocation fractions before conversion.

Reproduction of the input scenario. Fractions
for energy distribution to users, and conversion

efficiencies are printed.

Reproduction of the input scenario. The factors
for user efficiencies, primary and secondary
energy prices, and capital investment per

installed KW effective are printed.

These above mentioned pages cannot be suppressed by means

of NDRU(I). :
setting NDRU(I)

The following 13 pages can be controlled by

= 0 to suppress, or NDRU(I) = 1 to get the

I-th of these 13 pages.

Page 5

Time-series for the net primary input energies
with one year increments are printed (computed

from the corresponding input time-series).
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Page 6 : Time-series for primary energy inputs and
costs by group:

COAL : Coal and lignite

GLFUEL : Gas and liquid energies

ECOEN : "Ecological energies":imported electricity,
biomatter, hydropower, geothermal, solar

FISFUS :. Fission and fusion energy.

Page 7 : Plot of energy input amounts for COAL, GLFUEL,
ECOEN, FISFUS and TOTAL of Page 6.

Page 8 : Plot of energy input costs for the above
mentioned energy groups.

Page 9 : Time-series for imports and exports of primary
and secondary energies.

Page 10 : Gives time-series of the total amounts and
total costs of energy import and export,

Page 11 : Plot of import and export total amounts,
and total costs corresponding to time-series
of page 10. Costs are scaled with a factor
50.

Page 12 : Number of 1000 MWe energy conversion plants,

and corresponding cumulative capital investment
assuming an operation at 75% utilization. Tables
are given for the annual increments and the

accumulative values.



Page 13

Page 14

TOT EN

TOTCOST .
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Plot of number of 1000 MWe energy conversion
plants and corresponding cumulative capital
investment corresponding to columns 1 and 4

of page 1l2.
Table of secondary energies to user sector:

Total amount of secondary energy to user sectors

Total costs to user sector.

Breakdown by energy kind:

EELUT
EHTUT
ESFUS
EGSTU
ELFUS

ESOUS

Electricity
Central heat
Solid fuel
Gaseous fuel
Liquid fuel

Decentralized solar heat.

Breakdown by end user sectors:

ERC
EIN
ETR

ECHEM

Page 15

Energy to residential/commercial sector
Energy to industrial sector
Energy to transportation sector

Total energy to non-energy uses (e.g. chemicals)

Plot of secondary energies to user sector.
The breakdown by energy kind represented in
form of time-series in page 14 is plotted
(electricity, central heat, solid fuel,

gaseous fuel, liquid fuel).



Page 16 :

Page 17 :
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Plot of secondary energies to user sector.

On this page a breakdown by end user sectors
is given (residential/commercial, industrial,
transportation). In addition total amount,
and total cost of secondary energies to user

sector are plotted.

The last page pvovided by the ESP-programme
gives time-series for the overall efficiency
of energy conversion and distribution as well
as for the total amount of concentrated waste
heat.
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PROGRAM ESUP (INPUT,QUTPUT,EMDAT, TAPEL1=INPUT»TAPE9=0UTPUT,
1TAPE4=EMDAT)
GnaoNBattGaReRDERRrORBRRDAROY

M,P. ENERGY = SUPPLY SUBMODEL
DRRORBRDABBRBOBIRRERDO DD EROD

DIMENSION A(99+12)4B(99)

DIMENSION EPRIN1(14¢56)+EPRIN2(10+56) sEPRIN3(14+56)

1 EPRIN4 (4456) yEPRINS(6¢56) yEPRING(12956) ¢+ NDRU(L1T)
2 EING(5,121)

DIMENSION LABELR(35)+LABELS(35)LABUDR({30) +LABUCD(30)+IEARS(12),
1LABCDR (30)+«LABUPL(19) +sLABCPL(15)

COMMON ETOTsEFUTIESOL+EGENIEFUS,ENUCIEHYDIEIELoEBIOsETSLIEOLIECLY
1EILFoEGSIENIMPEXBCVIFE INUGEIGS e IOLWEICLIENUEX I EGSEXsEOLEXsECLEX,
PEGSFDoFSOHTeFSOEL o FGEHToFRIGLoFBIHPsFBIWeFBILFoFTSWeFTSLFoFOLW,
3FOLLFoFCLCHeFCLGLOFCLUSsFCLWoFCLLF+FSYGX9FGSFCoFGSCHIFGSHTFGSPRy
SFSYFXoFLFPRoFLFFCOFLFCHoFLFHT oFSFPRoFCRSyFHREXsFELEXeFELH24sFHTH2
SFNUHToFELRCOFELINOFHTRCyFHTINGFSFRCoFSFIN9FGSRCoFGSINsFLFRCoFLFIN

COMMON FSORCsFSOINGCEFUTCRFUTCESOLYCEGEO9CRGEOYCEFUSyCRFUSyCENUC
19CRNUC+CEHYDsCETRAZCECBSsCRCBS+CECBAYCRCBAICEFCL9CSOHT9CGEHT
2CHTCByCHTRCICELH2 9CHTH2 ¢ CHTUT 9 CNUHT9CERCWCEINsCELTR9CSFTRyCLFTR

COMMON PEFUTsPESOLPEGEQ+PEFUS+PENUCsPEHYDPEIELPEBIOsPETSLWPEOL Y
APECLSPEILF «PEGSIPIEGLIPIEELIPIEHTIPIEH2¢PRELYPRHTyPRSF9PRGSIPRLF
2PRSPIETRWFRCIEINIETAIPETTyPLNEW9CAPINVoCAPCUMyEWCON

COMMON ECLCOsGLFUEL 9GLFUCOWECOENIECOCOFISFUSHFISFCOsTOTCOWENIMPCy
1EXBCVC USERENYUSERCOWEELUT¢EHTUT9ESFUSWEGSTUSELFUSESOUSyECHEM,
CESFPRIESFHTELFTRWELFINJELFRCoEGSPRIEGSHTIEGSTRIEGSINIEGSRCo
3EUSEsEWAST4ESFTRIESFINJESFRCIELFPRIELFHTOEHCEXYESYGXsESYFXeEELEX

COMMON LLL

EQUIVALENCE (B(1)ETOT) .

LLL =0

READ(141000) (LABELR(I)eI=1935)

READ(1,1000) (LABELS(I)sI=1935)

READ(1,1000) (LABUDR(I)oI=1¢30)

READ(141000) (LABCDR(I)sI=1930)

READ()41000) (LARUCD(I)I=1+30)

READ(141000) (LABUPL(I)eI=1+195)

READ(1+1000) (LABCPL(I)eI=1915)

READ(1,1010) NDATA

READ(141020) (TEARS(I)sI=1+NDATA)

DO S I=1499

READ(1,1030) (A(IsJ)eJ=1eNDATA)

CONTINUE

READ(1+1030) PEFUT.PESOL sPEGEQyPEFUSYPENUCPEHYDsPEIELyPEBIOSPETSL
1+PEOLPECL,PEILFPEGS

READ(141030) PIEGLIPIEELIPIEHT,PIEHZ

READ(1+1030) PRELIPRHT¢PRSFePRGSsPRLF +PRSP

READ(141710) (NDRU(I)9s1=1,13)

WRITE(4+1000) (LABELR(I)el=1935)

WRITE(491000) (LABELS(I)s1I=1935)

WRITE(991021)

WRITE(9+1031) (LABELR(I)s1=1935)

WRITE(991031) (LABELS(I)s1=1935)

WRITE(9+10640) (LABUDR(I)eI=1930)

WRITE(991050) (LABCDR(I)sI=1030)

WRITE(9+1060)

WRITE(941070)

DO 9100 I = 1oNDATA

WRITE(991090) IEARS(I)s(A(LoeI)oel=]ly14)
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9100 CONTINUE
WRITE(991100)
WRITE(9¢1110)
DO 9110 I = 1+NDATA
WRITE(9¢1090) IEARS(I) e (A(LoI)oL=159e17)9A(8BsI)s (A(LsI)esL=18+19)
1 A(L13s1)e(A(LyI)elL=20+25)
9110 CONTINUE
WRITE(9s1120) .
WRITE(991130)
DO 9120 I = 1,NDATA
WRITE(99¢1140) IEARS(I)e(A(LeI)or=26041)
9120 CONTINUE :
WRITE(991150)
DO 9130 I = 1,NDATA
WRITE(991140) IEARS(I)e(A(Lol)eL=42+57)
9130 CONTINUE
WRITE(9¢1160)
DO 9140 1 = 1oNDATA
WRITE(991140) IEARS(I)+A(S89e])
9140 CONTINUE
WRITE(9+1170)
WRITE(991180)
DO 9150 1 = 1,NDATA
WRITE(9+41090) IEARS(I)e(A(L9oI)eL=59470)
9150 CONTINUE
WRITE(9+1190)
WRITE(9+1200)
DO 9160 1 = 1oNDATA
WRITE(991140) IEARS(I)s(A(L9I)9sL=71+85)
9160 CONTINUE
WRITE(9+1210)
DO 9170 I = 14NDATA
WRITE(9+1140) IEARS(I)s(A(Lel)osL=86+994)
9170 CONTINUE
WRITE(9+1220)
WRITE(9+1230)
DO 9180 I = 1oNDATA
WRITE(9+1090) IEARS(I)ys(A(LsI)sL=95+99)
9180 CONTINUE
WRITE(901240)
WRITE(9+1250) (LABUCD(J) +Js1930)
WRITE(9+1310)
WRITE(991320) PEFUTPESOLPEGEDQIPEFUSIPENUCYPEHYDSPEIELWPERIO,
1PETSL+PEOLPECLIPEILFIPEGS
WRITE(991270) (LABUCD(J)sJU=195)
WRITE(991280)
WRITE(991320) PIEGLsPIEELPIEHT4PIFH2
WRITE(9+1290) (LABUCD(J) +J=1+930)
WRITE(9+1300)
WRITE(9¢13720) PRELsPRHTsPRSFIPRGSyPRLF PRSP
IYR = TEARS(])
DO 10 I = 1+NDATA
L=1s+s1
IF (IYR +GE. IEARS(NDATA)) L = NDATA
K = IEARS(L) =~ IEARS(I)
IF(K EQe 0) K=1
DO 10 J = 1K
DO 9 JJ=1499
B(JJd) = A(JJeI) ¢ (A(JJeL)=A(JJy1))®(J=1)/FLOAT(K)




CONTINUE
CALL EEP

LL = IYR = IEARSI(]) ¢

EPRINI( 1,LL)
EPRIN1( 2,4LL)
EPRIN1( 3,LL)
EPRINY( 4,41L)
EPRIN1( 5,LL)
EPRINI( 6,LL)
EPRINL( 7,LL)
EPRINL( 84LL)

EPRINL( 9,yLL):

EPRIN1(104LL)
EPRIN1(11,LL)
EPRIN1(12,LL)
EPRIN1 (13,LL)
EPRINL (144 L)
EPRIN2( 1,LL)
EPRIN2( 2,LL)
EPRIN2( 3,LL)
EPRIN2( 4,LL)
EPRIN2( S,LL)
EPRIN2( 641L)
EPRIN2( 7,LL)
EPRIN2( 8,LL)
EPRINZ2( 9,L)
EPRIN2(10,L)
EPRIN3( 1,LL)
EPRIN3( 2,LL)
EPRIN3( 3,LL)
EPRIN3( 44LL)
.EPRIN3( 5,LL)
EPRIN3( 64LL)
EPRIN3( 7,LL)
EPRIN3( 84(L)
EPRIN3( 9,LL)
EPRIN3(104LL)
EPRIN3(11,(L)
EPRIN3(12.LL)
EPRIN3(13,LL)
EPRIN3(1lé4,LL)
EPRING( 1,LL)
EPRING( 2,LL)
EPRING( 3,LL)
EPRING( 4, L)
EPRINS( 1l.LL)
EPRINS( 24LL)
EPRINS( 3,_L)
EPRINS( 44L)
EPRINS( S5,LL)
EPRINS( 6,4LL)
EPRING6( 1,LL)
EPRIN6( 2,LL)
EPRING6( 3,LL)
EPRINS( 4, L)
EPRING6( SyLL)
EPRING6( 64LL)
EPRING&( TsLL)
EPRING6( 8,LL)

ETOY
EFUT
ESOL
EGEO
EFUS
ENUC
EHYD
EIEL
EBIO
ETSL
EOL
ECL
EILF
EGS
ECL
ECLCO
GLFUEL
GLFUCO
ECOEN
ECOCO
FISFUS
FISFCO
ETOT
T0TCO
EINU
EIEL
EIGS
EIOL
EILF
EICL
ENUEX
EGSEX
EOLEX
ECLEX
ESYGX
EH2EX
ESYFX
EELEX
ENIMP
ENIMPC
EXBCV
EXBCVC
PETT
PLNEW
CAPINV
CAPCUM
ETA
EWCON
USEREN
USERCO
EELUT
EHTUT
ESFUS
EGSTU
ELFUS
ESOUS
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DO 195 J=2,110,2

EING(KyJ) = (EING(KsJ=1) + EING(K9J¢1))/240
195 CONTINUE

CALL BILD(FINGs2s112)

WRITE(9+1450)

GO TO 300
200 WRITE(9,1600)

WRITE(9,1610)

WRITE(9,1615)

DO 205 J=1,56

IYR = 1970 ¢ J =~ 1

WRITE(991617) IYRe(EPRING6(LsJ) L 1912)
205 CONTINUE '

G0 TO 300
210 WRITE(991620) (LABUPL(L)sL=1010)

WRITE(9+16130)

DO 213 L=14111,42

K = (L=l)/2+1

EING(l4L) = EPRINGK(3sK)
EING(24L) = EPRIN6(44K)
EING(34L) = EPRINBK(S5sK)
EING(44L) = EPRING(69K)
EING(SsL) = EPRING6(TK)

213 CONTINUE
DO 215 K=1,5
00 215 J=2411042 :
EING(KsJ) = (EING(KeJd~1l) + EING(Kyyel))/2.
215 CONTINUE
CALL BILD(EINGy59112)
WRITE(9,1450)
GO0 TO 300
220 DO 223 L=1,y111,2
K = (L=1)/2+1

EING(1lsL) = EPRIN6(9sK)
EING(24L) = EPRIN6(104K)
EING(3,L) = EPRIN6(114K}
EING(4,L) = EPRIN6(1 +K)
EING(S.L) = EPRIN6(2+K)/100.0

223 CONTINUE
WRITE(9+1640) (LABUPL(L)YsLL=1010) ¢ (LABCPL(L)oL=1»15)
WRITE(951650)
DO 225 K=1,5
DO 225 J=24110+2
EING(KyJ) = (EING(KeJel) &« EING(KeJs1l)) /240
225 CONTINUE
CALL BILD(EINGsS5v112)
WRITE(9,1450)
60 TO 300
230 WRITE(9,1660)
WRITE(941670)
WRITE(9+1680)
DO 235 J=1,56
IYR = 1970 + J = 1
WRITE(9,1690) IYRY(EPRINS(LsJ) sL=5+6)
235 CONTINUE
300 CONTINUE
1040 FORMAT(1X,"ENERGY UNITS AQg v,3042)
1050 FORMAT(1X41COST UNITS ARE wy30A2)
1060 FORMAT (/9/ % NET PRIMARY ENERGY INPUTS INTO REGION #4/)
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1070 FORMAT (IXoIXo"YEARN GG XoMETOT"ySXeWFFUTH ,EXosMESOL"9SXe"EGEO" 95X,
LFREFUSY ySX g MENUCH ¢ SX o "EHYDU sSX o HETEL N 9SXo"EBIO" g SX 9 "ETSL" 95Xy
SYUEOLYGBXoMECL MySXyWEILF14SXyHEGSY)

1090 FORMAT(1X,1XeI&el4(1XsFB,e3))

1100 FORMAT (/4/9¢" IMPORTSHWEXPORTS AND FIELD USE CONTRIBUTING TO NET IN
1PUTSY, /)

1110 FORMAT(1X 31X eM"YEARN PAXeWENIMPU g4 X y WEXBCVI g4 X yMEINUM 9 SX o WETEL"(S5X,
IVEIGS"eSXeEIOL" eSX o "EILFWoSXeWEICL" 95X s "ENUEX 94 X o "EGSEX" 94X o wEQL
CEXN X "ECLEXY 94X "EGSFD")

1120 FORMAT(1H]l./9s" ENERGY ALLOCATION FRACTIONS BEFORE CONVERSION ",/)

1140 FORMAT(1X414916F7462)

1130 FORMAT(IX ¢"YEARM 93X ¢"FSOHTH 92X o WFSOELM 92X 9 "FGEHT" 42X e "FBIGL " 92X
l"FBIHp"vaxo"FBIW"O3X0"FBILF"02X,"FTSN"o3X9"FTSLF".2XQ"FOLU"|3X,
ZUFOLLFMg2X g"FCLCH" 92X o MFCLGLY 02X e WFCLUSM 92X o "FCLW!" 4 3Xo"FCLLF")

1150 FORMAT(/o/¢" YEARM G 3IXgMFSYGXMW 42X o MEGSFCM 92X o "FGSCHM 92Xy "FGSHTY,
12X s HFGSPRUG2X g "FSYF XM ¢ 2X g UFLFPRM X9 WFLFFC"o2X o WFLFCH" 32X o "FLFHTY,
P2XyNFSFPRUG2X g WFCBSH g IX s NFHZEXNg2X o "FELEX" 92X o "FELHZ2" 92X "FHTHZY
3)

1160 FORMAT (/9/9" YEARM"§3X9g"FNUNHT")

1170 FORMAT(1HY /9" ENERGY DISTRIBUTION TO USERS"s/)

1180 FORMAT(lX.1X,"YEAR";4X."FELRC".4X."FELIN”94X'"FHTRC"'4Xo"FHTIN",
14X g "FSFRCY (G XgMFSFINYgGXo"FGSRC"e4Xo"FGSINMWe4Xo"FLFRC" 94X o "FLFIN",
28Xy "FSORCH 44X "FSOINY)

1190 FORMAT(/9/+" CONVERSION EFFICIENCIES",s/)

1200 FORMAT (1 X ¢ YEARMsIX e "CEFUTH 92X g MCRFUTH 42X "CESOL" 92X e"CEGED" 92X
LYCRGEOM ¢ 2X ¢ "CEFUSY 42X ¢ WCRFUS" 32X o WCENUCH 92X 9o "CRNUCH s 2X ¢ WCEHYD M,
22X 4 "CETRAN 2X ¢ WCECBS" 32X 9 WCRCBSM e 2X + "CECBAN 92X 9 "CRCBAM)

1210 FORMAT(/e/¢" YEARM3IXyWCEFCL"02XoWCSOHT" 42X o "CGEHT 92X 9""CHTCB",
12X o"CHTRC" 42X g MCELH2M 42X ot CHTH2" 92X 9 "CHTUT 92X "CNUKNT)

1220 FORMAT(1H1¢/9/9" USER EFFICIENCIESH,/)

1230 FORMAT(1Xo1XoMYEARM? 94X o"CERC"9SXo"CEINMoSXoWCELTRY 94Xy "CSFTR"9 46Xy
INCLFTRY)

1240 FORMAT(/4/4%" ASSUMED FIXED PRICES AND COSTS'"+/)

1250 FORMAT(1Xsm#PRIMARY ENERGY PRICES IN "930A2,/)

1310 FORMAT(1Xy1Xo"PEFUT" ¢3XsMPESOL"e3IXo"PEGEO" 93X "PEFUS "9 3IX9"PENUC',
13X o "PEHYDN ¢3X o WPETEL Mg 3XsuPEBIOM s 3X 9 WPETSLM 93X 9"PEOL o4 XeWPECL Yy
PAX s WPEILF " ,3XsWPEGSH)

1320 FORMAT(1Xy]10(F6e292X))

1270 FORMAT(/+/,% CAPITAL INVESTMENT IN "y5a2," PER INSTALLED KXW EFFECT
1IVE "y /)

1280 FORMAT(1Xs1Xe"PIEGL" s 3Xs"PIEEL"e3X"PIEHT " 93Xy"PIEHZ")

1290 FORMAT(/+/4% ENERGY COST TO USER IN "e30A2,4/)

1300 FORMAT(1Xy2Xs"PRELI,4XoWPRHTI 64X s "PRSF 144Xy "PRGS! ¢4 X9 "PRLF M9 4X s
1PRSPY 4 4X)

1360 FORMAT(1X"NET PRIMARY INPUT ENERGIESY)

1380 FORMAT(1X,wENERGY FLOW AND COST BY GROUPt 410X,
1 WCOAL=ECLy GLFUELSEGS+EILF+EOL+ETSLy ECOEN=EBRIO+EIELEHY
1D+EGEO+ESQL s FISFUS=ENUC+FFUS+EFUT W) :

1410 FORMAT(IX.1x."YEAR"'4X9"COAL"QI4XQ"GLFUEL"OIZX,"ECOEN"Q13X1"F19FUS
I1Me12XeTOTALY)

1420 FORMAT(1X, GX o HAMOUNTH ¢ IX ¢ "COSTM o SX s "AMOUNT" 9 IX 9 WCOST" 45X WAMOUNT!
193Xe"COSTH  SX o WAMOUNT g 3X o "COST"¢SX e "AMOUNT 93X e"COSTN)

1630 FORMAT(1X,"REGIONAL ENERGY INPUTS IN ",20A2)

1440 FORMAT(1X,n1=COAL AND LIGNITE, 2=OIL0SHALEQGASQIMP.LIQ.FUELS’ 3=w0
10Dy WASTESyRIOMATTERIHYDROSGEOTHERMALISOLARSIMP JELECT«ENERGY 9/ o
2" 4=NUCLEAR AND FUSION ENERGY, 5=TNnTAL ENERGY®)

1450 FORMAT(12X."1970“07X’"75"cBXo“BO"QBXQ"BS"QBXO"QO"OBXv"95"c7x'"2000
1M g 7X 905N, 8Xe" 10" eBXsM]1S" 8K 20 gAXe251)
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1460 FORMAT (1XsREGIONAL INPUT ENERGY COST IN %,20A2)

1470 FORMAT(1X,nwIMPORTS AND EXPORTS OF PRIMARY AND SECONDARY ENERGIES")

1480 FORMAT (I1Xel1O0XgwIMPUORTSN4SIXe"EXPORTSY)

1490 FORMAT (1XeMYEARM 94X o MEINUM 9 SXoMETEL " 9SXoMETIGSM 9 SXeMEIOL"9SXeMETLFM
1oSXe"ETCL"¢SXg"ENUEX" ¢4 X g WEGSEX" 94X 9 "EOLEX" 94X g "ECLEX" 94Xy WESYGX?
CrG X9 WEHREXN 94X g MESYF X1 g4 X g WEELEX)

1500 FORMAT (1X91496(2XeFTa3) B8(2X9F7,3))

1510 FORMAT(1X4snwIMPORYT AND EXPORT TOTALSY)

1520 FORMAT (1Xo"YEAR"SSX 9" IMP AMT"¢3X1'IMP COST"e2Xo"EXP AMTMy3X9"EXP C
10STw)

1530 FORMAT (1XoeT4eéXe4(FTa393X))

1540 FORMAT(1XemENERGY IMPORT AND EXPORT TOTALS IN 1ns]10A29"AND 14]1542)

1550 FORMAT (1Xe"1=TOToENIMPORTSs 2=TUT.ENJEXPORTSy 3=TOT«ENeIMPORT COS
1TSe 4= TOTAL ENERGY EXPORT INCOMEW,/s" IMPORT COSTS AND EXPORT INC
20ME ARE SCALED3 SCALGFACT, = 50,0 ")

1560 FORMAT(1X,"NUMBER OF 1000 MWE EQUIVe PLANTS (OPs AT 75 PCT, UTILIS
1ATION) AND CORRe CUMs CAPITAL INVESTMENT IN "4]0A2)

1570 FORMAT (1X oeMYEAR" ¢SX¢"NOPLANTSH 93X ,""NEW PLANTS/YR",SXs"CAP,INV/YR"
193Xs"CUM, CAP, INVEST.M)

1580 FORMAT (1XeT1498Xs2(F6,006X)93Xe2(FB,299X))

1590 FORMAT(1X.n"1=NUMBER OF 1000 MWE EQUIVALENT PLANTS AT 75 PCT. UTILI
1SATIONY",/4n 2=CUMULATIVE CAPITAL INVESTMENT IN CONVERSION PLANTS 1
2N 1,4,8A2)

1600 FORMAT(1XsMSECONDARY ENERGIES TO USER SECTOR™)

1610 FORMAT (1Xe2TXos"BREAKDOWN BY ENERGY KIND:"y35Xy "BREAKDOWN BY ENDUSE
1R SECTORS:m)

1615 FORMAT (1Xo"YEARMs2X 9"TOToFNeMe2Xo"TOT(COSTH 94X "EELUT" 35X,
1MEHTUTH g SX ¢ WESFUS" ¢ SX o MEGSTUM ySX 9o "ELFUSY ¢S X e MESOUSH"9SX9"ERC 97X
CUEINY G TXgMETRNGTX 9 WECHEMN)

1617 FORMAT (1Xe14412(F8,392X))

1620 FORMAT (1X,#SECONDARY ENERGIES TO USER SECTOR IN ",10A2)

1630 FORMAT(1Xs"]1=ELECTRLENERGY2=CENTRAL HEATy 3=SOLID FUELS» 4=GASEOU
1S FUELS, 5=LIQUID FUELS")

1640 FORMAT (1X,"SECONDARY ENERGY DISTRIBUTION IN ",10A2," AND COST TO U
1SER IN n,e15A2)

1650 FORMAT(1Xe"1=ENERGY TO RES./COM. SFCTORSy 2=ENERGY TO IND. SECTORs
1 3=ENERGY TO TRANSP. SECTOR#"e/s" 4£=TOTAL ENERGY TO USER SECTORs 5
2=TOTAL ENERGY COST TO USER SECTOR (SCALe FACT, = 100.0) ")

1660 FORMAT (1X,#CONCENTRATED WASTE HEAT AND OVERALL EFFICIENCY OF ENERG
1Y CONVERSION AND DISTRIBUTION TO USER ")

1670 FORMAT (1X4"NOTE: ETA = (ETR4EIN¢ERC)/(ETOT=-ECHEM=EXACV}I®)

1680 FORMAT (1XeUYEAR"o11Xo"ETAN10Xs"CONCENTRATED WASTE HEATY)

1690 FORMAT (1X9T4010XeF643018X9F6,3)

1700 FORMAT(» ENTER ENDRU(13) FOR OUTPUT CONTROL's/)

1710 FORMAT(1411)

1720 FORMAT(1HI)

STOP
END
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ENERGY SUPPLY MODEL

SURROUTINE EEP
COMMON ETOTsEFUTIESOLsEGEOIEFUSYENUCIEHYDWEIELIEBIOsETSLIEOLIECLY

1EILF sEGSeENIMPyEXBCVIEINUGEIGSsEIOLIEICLIENUEXIEGSEXsEOLEXsECLEXS
CEGSFDsFSOHTsFSOELoFGEHToFRIGLFBIHPoFBIWIFBILFoFTSWeFTSLFoFOLW,
3FOLLF oFCLCHoFCLGLoFCLUS ¢FCLWeFCLLF 4FSYGXsFGSFCsFGSCHeFGSHTFGSPRy
GF SYFXyFLFPRoFLFFCoFLFCHoFLFHTsFSFPRyFCBSoFHZ2EXoFELEXSFELH29sFHTHZ
SFNUHT 4FELRCsFFLINSFHTRCoFHTINsFSFRCIFSFINeFGSRCoFGSINIFLFRCoFLFIN
COMMON FSORCeFSOINGCEFUTsCRFUTCESOLyCEGEOsCRGEOsCEFUSyCRFUSCENUC
19yCRNUCyCEHYN9CETRAYCECRS9sCRCBSyC=CBA9CRCBAYCEFCL9CSOHT¢CGEHT
2CHTCBsCHTRCICELH2 9 CHTH2 9 CHTUT9CNUHT+CERCoCEINsCELTRsCSFTReCLFTR
COMMON PEFUTePESOLPEGEOQPEFUS PENUCIPFHYDSPEIELsPEBIOyPETSL¢PFOLY
I1PECLYPEILFyPEGSsPIEGLePIEFLIPIEHTsPIEHR2¢PRELYPRHT ¢PRSF¢PRGSIPRLF
2PRSPIETRIERCIEINIETAWPETT PLNEWICAPINVCAPCUMZEWCON

COMMON ECLCO+GLFUEL +GLFUCOIECOENIECOCOsFISFUSWFISFCOsTOTCOJENIMPC,
1EXBCVC USERENYUSERCOVIEELUToEHTUT 9ESFUSYEGSTUIELFUSYESOUSSIECHEM,
CESFPRyESERT yELFTROELFINGELFRCoEGSPRIEGSHTsEGSTRIEGSINIEGSRC
3EUSEOEHASToESFTRoESFINOESFRC’ELFPRQELFHTQEHZEX’ESYGXOESYFXQEELEX
COMMON LL(

FSOUS=1,-FSOHT=FSOEL

FGEPR=] (~FGEHT

FBIUS=1,-FRIGL=FBIHP

FBIGS=),-FRIW=FBILF

FTSGS=1,~FTSW=FTSLF

FOLGS=].=FOLW=FOLLF

FCLHP=] .=FCLCH=FCLGL=FCLUS

FCLGS=]+=FCLW=FCLLF

FSYGD=1,=FSYGX

FGSUS=]+~FGSFC=FGSCH=-FGSHT=FGSPR

FSYFD=),=FSYFX

FLFUS=],=F FFC=FLFCH=FLFHT=FLFPR

FSFHT=]1,=FSFPR '

FCBA=],-FC8S

FELUS=1l.=FELEX=FELH2

FELTR=]1,~FELRC=-FELIN

FHTTR=] e=FHTRC=~FHTIN

FSFTR=],=FSFRC=FSFIN

FGSTR=],=FGSRC=FGSIN

FLFTR=],=FLFRC=FLFIN

FSOTR=] ,=FSORC-FSOIN

FNUPR=].,=FNUHT
ETOT=EFUT+ESOL+EGEO+EFUS+ENUC+EHYD+EIEL+EBIO+ETSL+EOL+ECL+EILF»
1EGS

PRIMARY ENERGY ALLOCATION REFORE CONVERSION

SOLAR ENEQGY:
ESOHT=ESOLeFSOHT
ESOEL=ESOL®FSOFL
ESOUS=ESOL=FSOUS

GEOTHERMAL ENERGY?
EGEHT=EGEQaFGEHT
EGEPR=EGEOQ®FGEPR

NUCLEAR ENERGY!
ENUPR=ENUC#FNUPR
ENUHT=ENUC®FNUHT
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wWOoODy WASTESs BIOMATTER:
EBIW=EBIO#FBIGL*FBIW
EBILF=EBIO=FBIGL®*FBILF
EBIGS=EBIO#FBIGL*FBIGS
EBIHP=EBIO#FBIHP
EBIUS=EBIO#FBIUS

TAR SANDS AND OIL SHALE:
ETSW=ETSL*FTSW
ETSGS=ETSLeFTSGS

ETSLF=ETSL#FTSLF
OIL:
EOLW=EOL#*FOLW
EOLLF=EOL®FOLLF
EOLGS=EOQOL#FOLGS

CoaL

ECLCH=ECL#FCLCH
ECLW=ECL#FCLGL#®#FCLW
ECLLF=ECL#FCLGL#®FCLLF
ECLGS=ECL#FCLGL#®#FCLGS
ECLUS=ECL#FCLUS
ECLHP=ECL®FCLHP

WASTES FROM GASIFICATION AND LIQUEFACTION?
EW=EBIW+ETSWeECLW+ECLW

SYNTHETIC AND REFINED LIQUID FUELSS
ESYLF=EBILF+ETSLF+EOLLF+ECLLF
ESYFXSESYLF®#FSYFX
ESYFD=ESYLF#FSYFD

ETLF=EILF+ESYFD

ELFFC=ETLF&#FLFFC

ELFCH=ETLF#FLFCH

ELFHT=ETLF#FLFHT

ELFPR=ETLF#®#FLFPR

ELFUS=ETLF&FLFUS

NATURAL AND SYNTHETIC GAS:
ESYGS=EBIGS+ETSGS+EOLGS+ECLGS
ESYGX=ESYGS#FSYGX
ESYGD=ESYGS#FSYGD
ETGS=ESYGD+EGS
EGSFC=ETGS#FGSFC
EGSCH=ETGS#FGSCH
EGSPR=ETGS#FGSPR
EGSHT=ETGSeFGSHT
EGSUS=ETGS#FGSUS

NONENERGY USE:
ECH=ECLCH+EGSCH+ELFCH

SOLID FUELS:
EFHPSEBIHP+ECLHP

CONVERSION PROCESSES
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CONVERSION TO ELECTRICAL ENERGY

HYPOTHETICAL FUTURISTIC ENERGY:
ELFUT=EFUT#CEFUT
HTFUT=(1,-CEFUT) #CRFUT®EFUT
WFUT=EFUT# (14-CRFUT)#(1,-CRFUT)

SOLAR ENERGY?
ELSOL=ESOEL*CESOL
WSOL=ESOEL#*(1.-CESOL)

GETHERMAL ENERGY?
ELGEO=EGEPR*CEGEO
HTGEO=(1.-CEGEO) #*CRGEO#FGEPR
WGEO=EGEPR# (1 ,-CEGEQD) # (1,=CRGEQ)

FUSION ENERGY

ELFSN=EFUS#CEFUS
HTFUS=EFUS# (1 ,-CEFUS) #CRFUS
WFUSSEFUS#®# (1.=CEFUS)® (] .,=CRFUS)

NUCLEAR ENERGY?
ELNUC=ENUPR#CENUC
HTNUC=ENUPR# (1 4,=CENUC) #CRNUC
WNUC=ENUPR#® (1 ,~CENUC) # (1,=CRNUC)

HYDROPOWER:
ELHYD=EHYD#CEHYD
WHYD=EHYD®(1.~CEHYD)

IMPORTED ELECTRICITYS
ELIMP=EIEL#CETRA
WEIMP=EIEL®#(1l.~-CETRA)

COMBUSTION:

ESFPR=EFHP#FSFPR
ECBPR=ELFPR+EGSPR*ESFPR
ECBS=ECBPR#FC8S
ELCBS=ECBS#CECBS

HTCBS=ECBS® (1.-CECBS) #CRCRS
WCBS=ECBS®#(14~CRCBS)®#(]1,-CECBS)
ECBA = ECBPR®F(CBA
ELCBA=ECBA=CECBA
HTCBA=ECBA®#(1.~CECBA) *CRCRA
WCBA=ECBA®(1.~CECBA)*(],~-CRCBA)

SOLID FUFL ENERGY TO HEAT PLANTS:
ESFHT=EFHP#FSFHT

CENTRAL FUEL CELLSS
EGLFC=EGSFC+ELFFC
ELFCL=EGLFC*CEFCL
WFCL=EGLFC#(1l.=CEFCL)

TOTAL ELECTRICAL ENERGY BEFORE HYDROGEN GENERATION:
ELECE=ELFUT+ELSOL*ELGEQ+ELFSN+ELNUC*ELHYD*ELIMP+ELCBS*ELCBA+ELFCL

TOTAL HEAT ENERGY RECOVERED FROM ELECTRICITY GENERATING PROCESSES!
EHREC=HTFUT+HTGEO+HTFUS+HTNUC+HTCBS+HTCBA
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TOTAL ENERGY LOST IN ELECTRICITY GENERATING PROCESSES:

EWHTE=WFUT+WSOL+WGEO+WFUS+WNUC+WHYD+WE IMP+WCBS+WCBA+WFCL

CONVERSION TO HEAT

SOLAR ENERGY:
EHSO=ESOHT#CSOHT
WHSO=ESOHT® (1,~CSOHT)

GEOTHERMAL ENERGY:
EHGE=EGEHT#CGEHT
WHGE=EGEHT# (1 4=CGEHT)

NUCLEAR ENFRGY:
EHNUSENUHT#CNUHT
WHNU=ENUHT# (1 4=CNUHT)

COMBUSTION:?
EHTCB=EGSHT+ELFHT+ESFHT
EHCB=EHTCB#CHTCB
WHCB=EHTCB# (1,-CHTCB)

HEAT RECOVERED FROM PRODUCTION OF ELECTRICITY:
EHRC=EHREC#CHTRC
WHRC=EHREC® (1 4=CHTRC)

TOTAL CENTRAL HEAT ENERGY BEFORE HYDROGEN GENERATION:
EHEAT=EHSO+EHGE+EHCB+EHRC+EHNU

TOTAL ENERGY LOST IN CENTRAL HEAT PROCESSES:
EWHTH=WHSO+WHGE+ WHCB+WHRC+WHNU

TOTAL NONENERGY?
ECHUS=EGSCH+ELFCH+ECLCH

TOTAL SOLID FUEL:
ESFUS=ECLUS+EBIUS

TOTAL ELECRICAL ENERGY BEFORE -TRANSMISSION TO USERS®
EELUS=ELECE®*FELUS

HYDROGEN BY ELECTROLYSIS
EH2EL=ELECE®FELH2®*CELH2
EWEH2=ELECE®FELH2® (1+=CELH2)

EXPORTED ELECTRICAL ENERGY:
EELEX=ELECE®FELEX

TOTAL CENTRAL HEAT BEFORE TRANSMISSION TO USERS:
EHTUS=EHEAT®#(1,=FHTH2)

HYDROGEN BY HEAT PROCESS:
EH2HT=EHEAT®FHTH29#CHTHZ
EWHH2=EHEAT#FHTH2% (1 ¢=CHTHZ)
EH2T=EH2EL+ EHZHT
EH2EX=EH2ToFHZEX

TOTAL GAS TO USERS:
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EGSTU=EGSUS+EH2T*#(1,=FH2EX)

TOTAL UNRECOVERED WASTE ENERGY?3
EWCON=EW+EWHTE+EWHTH+EWEH2+EWHH2

EXPORT BEFORE CONVERSION:
EXBCV=ENUEX+EGSEX+EOLEX+ECLEX

EXPORT AFTER CONVERSION:
EXACV=ESYGX+EH2EX+ESYFX+EELEX

TOTAL EXPORT:
EXENT=EXBCV+EXACV

ELECTRICAL ENERGY TRANSMISSION TO USER:
EELUT=EELUS*CETRA
EWELT=FELUS®*(1,~CETRA)

HEAT ENERGY TRANSMISSION TO USERS:
EHTUT=EHTUS#CHTUT
EWHTT=EHTUS#(1.~CHTUT)

TOTAL WASTED ENERGY AFTER TRANSMISSION TO USERS:
EWTOT=EWCON+EWELT+EWHTT

ENERGY TRANSMITTED TO REGIONAL USERS:
EINUSSEELUT*EHTUT+ESFUS+EGSTU+ELFUS+ESOUS

USEFUL ENERGYs NONENERGYs AND EXPORTS FROM CONVERION SECTOR:
EOUTC=EINUS+ECHUS+EXACV

TOTAL ENREGY THROUGHPUT OF CONVERSION SECTOR?
ETOTC=gEOUTC*+EWTOT

USER SECTOR
ALLOCATION OF ENERGY

ELECTRICAL ENERGY:
EELRC=FELUT®#FELRC
EELINSFELUT®#FELIN
EELTR=EELUT®FELTR

HEAT ENERGY:

EHTRC=EHTUT#®*FHTRC
EHTIN=EHTUT#FHTIN
EHTTR=EHTUTRFHTTR

SOLID FUELS:

ESFRC=ESFUS#FSFRC
ESFIN=ESFUS®#FSFIN
ESFTR=ESFUS®*FSFTR

GASEOUS FUFLS:

EGSRC=EGSTU#FGSRC
EGSIN=EGSTU#FGSIN
EGSTR=EGSTyU#FGSTR
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LIQUID FUELS:

ELFRC=ELFUS®*FLFRC
ELFINSELFUS#FLFIN
ELFTR=ELFUS®#FLFTR

DECENTRALIZED SOLAR ENERGY:
ESORC=ESOUS*FSORC
ESOINSESOUS®FSOIN
ESOTR=ESOUS#FSOTR

TOTAL ENERGY INTO RESIDENTIAL/COMMERCIAL SECTOR
ERC=EELRC+EHTRC+ESFRC+EGSRC*ELFRC+ESORC

TOTAL ENERGY INTO INODUSTRIAL SECTOR
EINSEELIN+EHTINCESFIN+EGSIN¢ELFIN+ESOIN

TOTAL ENERGY INTO TRANSPORTATION SECTOR
ETR=EELTR¢EHTTR*ESFTR+EGSTR*ELFTR+ESOTR

ECHEM=ECHUS
ETA = (ERC+EIN+ETR) /(ETOT=-ECHEM=EXACV)

EFFICIENCIES

RESIDENTIAL/COMMERCIAL:®
EURC=ERC#*CERC
EWRC = ERC#(1,=-CERC)

INDUSTRIAL:
EUIN=EIN®CEIN
EWIN=EIN® (1.=CEIN)

TRANSPORTATION:

CETR=(EELTR®CELTR4ESFTR#CSFTR* (EGSTR*ELFTR)#CLFTR)/ (EELTR+ESFTR
1+4EGSTR+ELFTR)

EUTR=ETR#*CETR

EWTR=ETR®* (]1,~CETR)

TOTAL USEFUL AND WASTED ENERGIES?
EUSESEURC+EUINSEUTR
EWAST=EWRC+EWINCEWTR*EWTOT

TOTAL ENERGY FOR REGIONAL CONVERSION AND USE:
ETRCU=EFUT+ESOL+EGEO+EFUS+ENUC+EHYD+EBIO+EIEL+ETSL+EGS+EILF
1+EOL<ECL : .

NO., OF PLANTS EQUIVALENT TO ALL CONVERSION PROCESSES
GASIFICATION AND LIQUEFACTION:
PEGL=ERILF+EBIGS*ETSLF+ETSGS+EOLLF+EOLGS*ECLLF*ECLGS
GENERATION OF ELECTRICITY:

PEEL=ELECE=-ELIMP

GENERATION OF CENTRAL HEAT:

PEHT=EHEAT-EHRC

GENERATION OF HYDROGEN:

PEH2=EH2EL +EH2HT

TOTAL INSTALLED EQUIVe CAPACITY IN INPUT UNITS:
PETOLD = PETT

CAPOLD = CAPCUM
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PETT=PEGL+PEEL+PEHT+PEH2

PETT = PETT#12100

CAPCUM = PrGL4PIEGL ¢ PEEL®PIEEL + PEHT®PIEHT ¢ PEH2H*PIEH2
CAPCUM = CAPCUM#1.210

PLNEW = PETT - PETOLD

CAPINV = CAPCUM = CAPOLD

IF(LLL«NE, 0) GO TO 20

CARPINV =0,0 -

PLNEW = 0,0

CONTINUE

LLL = 1

GLFUEL = E5S + EILF + EOL + ETSL

GLFUCO = FGS#PEGS + ETLF#PEILF + SOL®PEOL ¢ ETSL®*PETSL
ECLLCO = ECL™PECL

ECOEN = ERIO + EIEL + EHYD + EGEO + ESOL

ECOCO = ERTO®PFBIO + ETEL#PEIEL + EGEO®#PEGEQ + ESOL®PESOL

FISFUS = ENUC + EFUS # EFUT

FISFCO = ENUC®PENUC ¢ EFUS®PEFUS + EFUTH#PEFUT

ENIMP = EINU ¢ EIEL ¢ EIGS + EIOL « EILF ¢ EICL

ENIMPC = EINU®PENUC ¢ EIEL®PEIEL + EIGS®*PEGS +EIOL#PEOL ¢ EILF*®PEI
1LF + EICL#®#PECL

EXBCVC = ENUEX#PENUC + EGSEX*PEGS « EOLEX®#PEOL + ECLEX®#PECL
TOTCO = ECLCO + GI.FUCO » ECOCO + FISFCO

USEREN = ERC + EIN + ETR

USERCO = EELUT#PREL + EHTUT®PRHT + ESFUS#PRSF ¢ EGSTU®#PRGS +
1 ELFUS#PRLF + ESOUS®PRSP

RETURN

END
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SURRCUTINE BILD(EINGeNRsNMAX)
DIMENSTION FELD(1272)oEING(32121)9Z(51)9CL(5)
DATA STR/M=N/4yBL/I N/ ,SPpA/NIN/
DATA CL/ZNIN NNy N3Ngnguganygn/
XMA X EING(1s1)
XMIN XMAX
JJ = NMAX = 1
DO 10 U = 1+JJ
DO 10 1 = 1sNR
X = XMAX « EING(Is)
IF(X sLTe 0) XHAX = EING(]sd)
X = XMIN = EING{(I.J)
IF(X oGTe 0) XMIN = EING(IoJ)
10 CONTINUE
IF(XMAX +NEs XMINY GO TO 15
XMAX=XMAX + 05
AMIN = XMIN = 0.5
15 DIFF XMAX = XMIN
SPR = DIFF/50.0
Z(1) = XMAX
Z2{51) = XMIN
DO 20 K = 2950
Z(K) = Z(Kel) = SPR
20 CONTINUE

{1 1]

Y = SPR/2.0
NZ = 50
DO BO K = 1451
NZ = NZ ¢+ 1
IF(NZ .EQ, 51) GO TO 50
DO 40 I1 = 2,122
40 FELD(I1) = BL
DO 45 11 = 24122410
45 FEILD(I1) = SPA
GO TO 60
50 DO 55 11 = 2»122
55 FELD(I1) = STR
NZ =}
60 CONTINUE

FELD(1) = 72(K)
DO 70 I = 1sNR
DO 65 J = 2.122
A = EING(I.J) = Z(K)
IF(A +6T, Y) GO TO 65
FELD(J)Y = CcL(I)
65 CONTINUE
70 CONTINUE
80 WRITE(9,1000) (FELD(J)s J=1sNMAX)

cn

1000 FORMAT(1XeElla492X9115A1)
RETURN
END
———t>
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