
MULTILEVEL COMPUTER MODEL OF

WORLD DEVELOPMENT SYSTEM

User Oriented Descriptions

A SERIES: PART IV. ENERGY-EMISSION-REGISTER

GUnther Fischer

October 1975 WP-75-l30

Working Papers are not intended for distribution
outside of IIASA, and are solely for discussion
and information purposes. The views expressed
are those of the author, and do not necessarily
reflect those of IIASA.

,

!

'I

I





ENERGY-EMISSION-REGISTER

ABSTRACT

The Energy-Emission-Register takes as an input

the results from the M.P. Energy Supply-Model, i.e.

time-series for the annual E:hergy input by energy

type and user sector.

Four steps are involved in the computations of

the emission model. At first all emissions are

computed individually, and then they are added

according to different schemes.

A. Emissions by Energy Type: Four different

energy types are considered, i.e. solid

fuels, liquid fuels, gaseous fuels and

nuclear energy.

B. Emissions by Technology: Emissions

from five user sectors are considered:

electrical power generation, central

heat plants, transportation, industry,

residential/commercial sector.

C. Total Emissions: C02' S02' hydrocarbons,

nitrogen oxides and aerosols.

D. Accumulated Total Emissions.

For more details see [4].

I. MATHEMATICS OF THE MODEL

A. Notation

In order to simplify the documentation of the mathematics

of the Energy-Emission-Register a vector notation is

used:
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Fossil primary energy sources X

X = (S, L, G)

where

S = solid fuels

.L = liquid fuels

G = gaseous fuels

To denote the i-th element i = 1,2,3

"-

User sectors Y

Y = (E, H, T, I, R)

The components denoting the following:

E :;:: electrical power generation

H = central heat plants

T = transportation

I = industry

R = residential/commercial.

Xi will be used.

When referring to the j-th element j = 1, .•. ,5

be used.

A

Emissions Z

A

Z = (COM, C02, S02, CHX, XNO, AEO)

using

Yj will
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COM = carbon monoxide

CO2 = carbon dioxide

502 = sulphur dioxide

CHX = hydrocarbons

XNO = nitrogen oxides

AEO = aerosols

When referring to the k-th element k = 1, ••• ,6 Zk

will be used.

Using the above vector abbreviations input energies

and emission factors are addressed in the following

way:

EX.FY. = specific energy source
1 J

FZkY.X. = specific emission,
J 1

coefficient

i = 1 , ••• ,3

j = 1 , ••• ,5

i = 1 , ••• ,3

j = 1 , ••• ,5

k = 1 , •.. , 6

To give an example:

EX2FY 3 = ELFT = liquid fuel input going to

transportation sector

Considering nuclear energy the following variables

appear:

ENUC = nuclear energy input

FRADW and RADW are used for emission factors and actual
A

emissions respectively. The vector W is defined as:
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W = (U, P, F)

Where its components denote the following:

U = from reactor operation

P = from nuclear fuel production and recycling

F = from shut-down reactors and fuel plants.

B. Model Equations

In the model all emissions are calculated individually

from the input data and the emissions are then added

according to different schemes. Emissions are:

ZkY ' X. = EX.FY. . FZkY.X. i = 1,2,3
J 1 1 J J 1

j = 1 , ... ,5

far fossil fuels and k = 1 , ... ,6

RADWI = ENUC . FRADWI I = 1,2,3,

for nuclear energy

Now four steps are involved in the calculations of

the model:

(1) Emissions by Energy Type:

k = 1, ••• ,6

i = 1,2,3

(2) Emissions by Technology:

j = 1, ... ,5

k = 1, .•• ,6
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(3) Total Emissions:

5 3
= l: L ZkY.X.

j=1 i=1 J 1

k=I, ••• ,6

(4) Accumulated Total Emis£~ons

Accumulation of emissions over time t is done

'separately for the different energy types,

technologies and total emissions. The respective

equations are:

k = 1, ••• ,6

j = 1, •.• ,5

to accumulate for energy sectors

i = 1,2,3

k = 1, ••• ,6

to accumulate for fuel kinds, and

k=I, ••• ,6

to accumulate total emissions.

Radioactive emissions and wastes are similarly treated:

, I = 1,2,3

An additional feature of the model is to calculate

reduced emissions and reduction costs as well as an

aggregation of these variables over time.
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Reduced emission is computed according to

5
= L

j=1
k = 1, ••• ,6

Where RZkY
j

is the reduction factor for diminishing

emission Zk produced by technology Yj

Reduction costs in turn are:

k = 1, ••• ,6

FGZkY
j

denoting the respective reduction cost factor.

Aggregation over time t is then:

SRZ k = L TRZ k
t

SGZ k = L TGZ
kt

II. TERMINAL INPUT AND DATA BASE

A. Requests from the Model

k = 1, ••• ,6

Playing with the model requires the input of some

specific parameters from the keyboard. For this

purpose the model issues some appropriate statements

on the keyboard. The following requests may occur:

"READ WATT/M2 "

When starting the model this will be the first request

to be issued. You have to enter the average intensity

of solar irradiation for the region under consideration

(format (F1 0.1» .
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"READ MIO KM2"

At this request the area of the region has to be entered.

Finally the model will ask for

"NDRU (20) INPUT"

The model immediately repeats your input. The values

NDRU(I), I = 1,17 are used to control the output of the

model, which consists of a table with the used reduction

cost and emission factors and up to 17 plots.

The terms in the above requests denote the following:

WATT Intensity of solar irradiation (in watt/m2 )

AREA Area to accept the above solar irradiation

(in 10 6 KM2)

NDRU(I), 1=1, .. ,20: In order to get only a selection

of the 17 available plots you may specify

NDRU(I) = 1 to get the I-th plot or NDRU(I) ~ 1

to suppress it.

When running the batch version of the model these figures

are read from TAPE 3 from the input data deck.

B. Data Base

As mentioned earlier the model takes as an input the

output from the Energy Supply Model, i.e. time-series

for the annual energy input by energy type and user

sector. In addition the model needs a file containing

the emission and reduction factors (read from unit number

4). From input device 3 the following data will be read:

REG (I), I = 1, 18

seE (I), I = 1, 1 8

Region label with up to 72 characters

Scenario label with up to 72 characters

Both are read with format (20 A4)

JAHR

NR

ESFE

Year of observation

May be used to put the data cards into order

Solid fuel input for electrical power generation
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ESFH

ESFT

ESFI

ESFR

ELFE

ELFH

ELFT

ELFI

ELFR

EGFE

EGFH

EGFT

EGFI

EGFR

ENUC

EUSE

EWAST

ETOT

Solid fuel input going to central heat plants

Solid fuel input going to transportation sector

Solid fuel input going to industry

Solid fuel input going to residential/commercial

sector

Liquid fuel input 00ing to electrical power

generation

Liquid fuel input going to central heat plants

Liquid fuel input going to transportation sector

Liquid fuel input going to industry

Liquid fuel input going to residential/commercial

sector

Gaseous fuel input going to electrical power

generation

Gaseous fuel input going to central heat plants

Gaseous fuel input going to transportation sector

Gaseous fuel input going to industry

Gaseous fuel input going to residential/commercial

sector

Nuclear energy input

Total useful energy

Waste heat

Total energy input

Energy units are 10 9 metric tons of coal equivalent.

The data are read with format (IS, 1X, 11, 2X, 7E10.3,

3,2 (1,9X, 7E10.3)). The file name associated with

TAPE 3 for the CYBER 74 at the TH-Vienna is EMDAT (see

Table 2). From input device 4 the following data will

be read (see Table 1).
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Reduction Factors: Are used in the model to calculate

reduced emissions = (1 - factor) • emissions. There are

30 reduction factors for 6 kinds of emission and 5 user

sectors. The factors can easily be recognized from the

listing of the computer program, e.g. the factor for the

reduction of S02 in electrical power generation is RS02E.

Reduction Costs: In order to calculate the costs of

reduced emissions, reduction cost factors for S02 and

aero~ols for each of the us~r sectors are used, e.g.

FGS02H is the cost factor for reduction of S02 emissions

in central heat plants.

Emission Factors: There are 93 emission factors regarding

3 kinds of fuel (solid, liquid, gaseous), 6 kinds of

emission (CO, C02, S02, hydrocarbons, nitrogen oxides,

and aerosols), and 5 user sectors, e.g. FCHXGI is the

emission factor for emissions of hydrocarbons due to

use of gaseous fuels in industry. (G = gaseous fuel,

I = industrial sector, CHX = hydrocarbons.) The last

3 factors concern nuclear emissions:

FRADU

FRADP

FRADF

Radioactive emission during rea~tor

operation

Radioactive emission and waste from fuel

production and recycling

Radioactive emission from shut-down reactors

and fuel plants.

All factors are read with format (6F7.3).

There are two additional data records necessary for the

batch version of the model that may be run at the TH-Vienna.

Subsequent to the above emission factors intensity of

solar irradiation (in watt/M2) and the area to accept

this irradiation (in 10 6 KM 2 ) is read with format (2F10.2).

The final data card is then used to assign values to the

array NDRU for output control. It is read with format

(2011).
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III. OUTPUT

As described before the actual output is controlled by

the array NDRU(I), 1=1, ... ,20.

Reduction Factors: In order to consider the abatement

of emissions, reduction factors 0 < red. fact. < 1 are

used. Reduced emissions are computed using the

relationship:

Reduced emission = (1 - red. fact) • emission

In our present data base reduction factors ~ 0 are

used only for S02.

Reduction Costs: Reduction cost factors (units are

10 9 US dollars/10 6 tons of emission) are used to

compute reduction costs

Reduction cost = red. cost fact. • emission

Because abatement technology is very variable, and at

present under rapid development, the average cost

effectiveness of such technologies cannot be determined

very precisely. Therefore, the present data base

ought to be used for sensitivity analysis only.

Emission Factors: For each of the five user sectors

(i.e. electric power generation, heat plants, transportation,

industry and residential/commercial) emission factors

for each primary energy source (i.e. solid, liquid and

gaseous fuel) are used for CO, C02, S02, hydrocarbons,

nitrogen oxides and aerosol emissions.

Units are:

10 6 tons of emission/10 9 metric tons of coal equivalent.

Only for C02:

10 9 tons of emission/10 9 metric tons of coal equivalent.
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Nuclear Emissions: In order to compute radioactive

emissions due to nuclear energy input, again emission

factors are used:

FRADU

FRADP

FRADF

Relative radioactive emissions during

reactor operation

Relative radioactlve emissions from fuel

production

Relative radioactive emissions and waste

from shut-down reactors and fuel plants.

The Emission-Model also provides 17 pages of output in

the form of plots. The following plots are available:

PLOT 1. Solid Fuel Input

Reproduction of the input scenario of the Emission Model

concerning solid fuel input (in 10 9 metric tons of

coal equivalent).

ESFE Solid fuel input for electric power generation

ESFH Solid fuel input for heat plants

ESFT Solid fuel input used for transportation

ESFI Solid fuel input used in industry

ESFR Solid fuel input for residential/commercial

PLOT 2. Liquid Fuel Input

Reproduction of the input scenario of the Emission Model

concerning liquid fuel input (in 10 9 metric tons of coal

equivalent).

ELFE Liquid fuel input for electric power generation

ELFH Liquid fuel input for heat plants

ELFT Liquid fuel input used for transportation

ELFI Liquid fuel input used in industry

ELFR Liquid fuel input for residential/commercial.



PLOT 3. Gaseous Fuel Input

-18-

Reproduction of the input scenario of the Emission

Model concerning gaseous fuel input (in 10 9 metric

tons of coal equivalent).

EGFE Gaseous fuel input for electric power generation

EGFH Gaseous fuel input for heat plants

EGF'1' Gaseous fuel input used in industry

EGFR Gaseous fuel input used for residential/commercial.

PLOT 4. Nuclear and Total Energy Input

Reproduction of the input scenario concerning nuclear

and total energy input (in 10 9 metric tons of coal

equivalent).

ENUC

EUSE

EWAST

ETOT

Nuclear energy input

Total useful energy

Waste heat

Total primary energy input.

(SOLAR IRRADIATION/ETOT • 100)-1: Total energy input

created by man compared to solar irradiation of the

respective region.

PLOT 5. Total Emission/Year

Total emissions produced by the five user groups.

CO2 Carbon dioxide

S02 Sulphur dioxide

CHX Hydrocarbons

XNO Nitrogen oxides

AEO Aerosols.

PLOT 6. Accumulated Emissions

Accumulation of the various emissions (see 'PLOT 5) from

1970 on.



PLOT 7. Reduced Emissions
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Reduced emission of S02 and aerosols (both in 10 6 tons)

and reduction cost (in 10 9 US dollars) are plotted.

TRS02

TRAEO

GS02

GAEO

Reduced emissions of S02

Reduced emission~ of AEO

Reduction costs for S02-emission reduction

Reduction costs for AEO-emission reduction.

PLOTS 8-10. Emissions of C02, S02, hydrocarbons, nitrogen

oxides and aerosols according to the kind of primary

energy used, i.e.

Plot 8 Emissions of solid fuel

Plot 9 Emissions of liquid fuel

Plot 10 Emissions of gaseous fuel.

PLOTS 11-15. Emissions of CO2, S02, hydrocarbons, nitrogen

oxides and aerosols according to the user sector, Le.

Plot 11

Plot 12

Plot 13

Plot 14

Plot 15

Emissions of electrical power generation

Emissions of central heat plants

Emissions of transportation

Emissions of industry

Emissions of residential/commercial.

PLOT 16. Emissions of Nuclear Power Generation

This plot provides the calculated radioactive emissions

split up into three waste categories:-

NUCU

NUCP

NUCF

PLOT 17.

Radioactive emissions during reactor operation

Radioactive emissions and waste from

fuel production and recycling

Radio-active emissions and waste from shut-down

reactors and fuel plants.

Accumulation of Nuclear Emissions

Accumulations of the various nuclear emissions (see plot

16) from 1970 on.
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PROGRAM EMISSCINPUT,OUTPUT,EMDAT,TAPE4=INPUT,TAPE3=EMDAT.TAPE8.
1 OUTPUT)

• M.P. WORLD - MODEL •
•••••••••••••••••
ENERGY-EMISSION-PLANNING ~ODEL

GOTTWALD INST.MECHANIK A ,HANNOVER
•••••••••••••••••0 •••••••••••••••0

DIMENSION FELD(20),NDRUC20),REG(18),SCE<18)
DIMENSION OENERSCS,6S),DENERLCS,6S) ,DENERGCS.6S).

1 DENFRTCS,6S)
COMMON IDHul DEMSFCs,6S),nEMLFcS,6S),DEMGFC5,6S).

1 DEME(5,65),DEMHCS,6S),OEMTRCS,6S),DEMICS,6S),DEMRC<S.65)
COMMON I DRI DEMSCS,6S),OEMTCS,6S),DEMR(S,6S).NJ.

IDEMNCS,6S),DEMNSCS,6S)
COMMON
COMMON

1
2
3

COMMON
2
3
~

5
6
7

COMMON
2
3
4
5

COMMON
2
3
4
5

COMMON
2
3
4
5

COMMON
2
3
4
5

COMMON
2
3
4
5

COMMON
2
3
4
5

COMMON

INUCI FR4DU,fR~OP,FRADF,RADU,RADP,RADF

I FGI FGS02E,FGS02H,FGS02T,FGS07I,FGS02R.
GS02E, GS02H, G502T, GS02I, GS02R.
FGAEOE,FG~EOH,FG~fOT,FGAEOI,FGAEOR.

GAEOE, GAEOH, GArOT, GAEOI, GAEOR
IRMOVEI RCO~E,RC02E,RS02E,RCHXE,RXNOE,RAEOE.

RCOHH,RC02H,RS02H,RCHXH,RXNOH,RAEOH.
RCOMT,RC02T,RS02T,RCHXT,RXNOT,RAEOT.
RCOMI,RC02I,RS021,RCHXI,RXNOI,RAEOI.
RCO~R,RC02R,RS02R,RCHXR,RXNOR,RAEOR.

S02RE,S02RH,S02RT,S02RI,S02RR.
AEORE,~EORH,AEORT,AEORI,AEORR

IENERI ESFE,ELFE,EGFE,
ESFH,ELFH,EGFH.
ESFT,ELFT,EGFT,
ESFI,fLFI,EGFI.
ESFR,ELFR,EGFR,ENUC

IFSOLI FCO~1SE,FC02SE,FS02SE.FCHXSE,FXNOSE.f~EOSE.

FCOMSH,FC02SH,FS02SH,FCHXSH,FX NOSH,FAEOSH.
FCOHST,FC02ST,FS02ST,FCHXST,FX NOST,FAEOST.
FCOt~SI,FC02SI,FS02SI,FCHXSI,FXNOSI,FAEOSI.

FCOHSR,FC02SR,FS02SR,FCHXSR,FXNOSR,fAEOSR
IFLIQI FCOMLE,FC02LE,FS02LE,FCHXLE,FXNOLE,FAEOLE.

FCOMLH,FC02LH,FS02LH,FCHXLH,FXNOLH,FAEOLH.
FCOHLT,FC02LT,FS02LT,FCHXLT,FXNOLT.FAEOLT.
FCOHLI,FC02LI,FS02LI,FCHXLI,FXNOLI,fAEOLI.
FCOMLR,FC02LR,FS02LR,FCHXLR,FXNOLR,FAEOLR

IFGASI FCOMGE,FC02GE,FS02GE,FCHXGE,FXNOGE,FAEOGE.
FCOMGH,FC02GH,FS02GH,FCHXGH,FXNOGH,FAEOGH.
FCOHGT.FC02GT,FS02GT,FCHXGT,FXNOGT,FAEOGT.
FCOHGI,FC02GI,FS02GI,FCHXGI,FXNOGI,FAEOGI.
FCOHGR,FC02GR,FS02GR,FCHXGR,FXNOGR,FAEOGR

I SOLI COMSE,C02SE,S02SE,CHXSE,XNOSE,AEOSE.
COMSH,C02SH,S02SH,CHXSH,XNOSH,AEOSH.
COMST,C02ST,S02ST,CHXST,XNOST,AEOST.
COMSI,C02SI,S02SI,CHXSI,XNOSI,AEOSI.
COMSR,C02SR,S02SR,CHXSR,XNOSR,AEOSR

I LIQI COMLE,C02LE,S02LE,CHXLE,XNOLE,AEOLE.
COMLH,C02LH,S02LH,CHXLH,XNOLH,AEOLH.
COMLT,C02LT,S02LT,CHXLT,XNOLT,AEOLT.
COMLI,C02LI,S02LI,CHXLI,XNOLI,AEOLI.
COMLR,C02LR,S02LR,CHXLR,XNOLR,AEOLR

I GASI COMGE,C02GE,S02GE,CHXGE,XNOGE,AEOGE.



2032

2012

2033

COMGH,C02GH,S02GH,CHXGH,XNOGH,AEOGH,
COMGT,C02GT,S02GT,CHXGT,XNOGT,AEOGT.
COMGI,C02GI,S02GI,CHXGI,XNOGI,AEOGI.
COMGR,C02GR,S02GR,CHXGR.XNOGR,AEOGR
SCOME,SC02E,SS02E,SCHXE,SXNOE,SAEOE.
SCOMH,SC02H,SS02H,SCHXH,SXNOH,SAEOH.
SCOMT,SC02T,SS02T,SCHXT,SXNOT,SAEOT.
SCOMI,SC02I,SS02I,SCHXI,SXNOI,SAEOI.
SCOMR,SC02R,SS02R,SCHXR,SXNOR,SAEOR.
SCOMS,SC02S,SS02S,SCHXS,SXNOS,SAEOS,
SCOML,SC02L,SS02L,SCHXL,SXNOL,SAEOL.
SCOMG,SC02G.SS02~,SCHXG,SXNOG,SAEOG,

SCOM ,SC02 ,SS02 ,SCHX ,SXNO ,SAEO,SGS02,SGAEO,
SRS02,SPAEO
COMTOT.C02TOT,S02TOT,CHXTOT,XNOTOT,AEOTOT.
COHSF ,C02SF ,S02SF ,CHXSF ,XNOSF ,AEOSF ,
COMLF ,C02LF ,S02LF ,CHXLF ,XNOLF ,AEOLF •
COHGF ,C02GF ,S02GF ,CHXGF ,XNOGF ,AEOGF •
CO~1E ,C02E ,S02E ,CHXE ,XNOE ,AEOE ,
COHH ,C02H ,S02H ,CHXH ,XNOH ,AEOH •
COMT ,C02T ,S02T ,CHXT ,XNOT ,AEOT •
COHI ,C021 ,S021 ,CHXI ,XNOI ,AEOI ,
COMR ,C02R ,S02R ,CHXR .XNOR ,AEOR

1000
2000
2001

1001

20
30
40

42
43
44
45
46
47
48
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2
3
4
5

COMMON I SUMI
2
3

"5
6
7
8
9
1

COMMON I TOTI
2
3
4
5
6
7
8
9

FORHATC20A4)
FORMATCIH1,111,IX,20A4)
FORMAT (1X,20A4)
READ C4, 1(00) CFELDCJ) ,J=\t20)
WRITEc8,20(0) CFELDCJ) ,J=1,20)
READ (4,1000) CFELDCJ) ,J=lt20)
WRITECB, 2(01) CFELDCJ) ,J=lt20)
READ C4,lnOO) CFELDCJ) ,J=\t20)
WRITE CB, 2001) CFELDeJ) ,J=lt20)
CALL READF
FoqHAT C2FI0.1)
READC4,2032) WATT,AREA
FORMATC20lU
READ (4,2012) cNDRU(J),J=I,20)
FORMAT(lX,I,lX,F6.2,"MIO I(M••2 n.

1 F6.2,"WATT/M·.2 u ,1)

WRITEeB,2033) AREA,WATT
FORMATeIS,lx,Il,2X,7EI0.3,1.

1 9X,7EIO.3,1,
2 9X,7EIO.3)

CALL ZERO
READC3,10nO) (REGCI),I=I,18)

READ(3,1000) (SCECI),I=I,18)
DO 10 1=1,5
DO 10 J=1,65
DENERL(I,J)::O.O
DENERG (I, J) =0.0
DENERTCI,J)=O.O

DEMT(I,J)=O.O
DEMSCI,J)=o.O
DEMRCI,J)=O.O
DEME(I,J)=O.O
OEMH(I,J)=O.O
DEMT(I,J)=O.O
DEMI<I,J)=O.O
DEMRCI,J)=O.O
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DENERGC1,NJ)=EGFE
DENERGC2,NJ)=EGFH
DENERGC3,NJ)=EGFT
DENERGC4,NJ)=EGFI
DENERGC5,NJ)=EGFR

DENERLC1,NJ)=ELFE
DfNERLC2,NJ)=ELFH
DEN£RLC3,NJ)=ELFT
DEN£RLC4,NJ)=ELFI
DENERLC5,NJ)=ELFR

SXNO".SCHX
SGAEO",

5502
SGS02

SC02
S~AF

ClX,llFI0.2)
ClX," SCOM
SAEO SRAP

DEMSFCI,J)=O.O
DEMLFCI,J)=O.O
DEMGFCI,J)=O.O
OEMNCI,J)=o.O
DEMNSCI,J)=O.O

DENERSCI,J)=O.O
NENO=O
FORMAT
FORMAT

2 It
3//,IX)

NJ=:O
FOR~ATCIX."SOLID FUEL INPUTIt,/.IX,

l"I=ESFE 2=ESFH 3=E5FT 4=ESFI 5=ESFR")
FORMATClX.IILIQIUD FUEL INPUT",/,lX,

1"l=ELFE 2=ELFH 3=ELFT 4=ELFI 5=ELFR")
FORMl\TnX."GASEOUS FUEL INPUTII,/,IX,

111 1=EGFE 2-:EGFH 3=EGFT 4=EGFI 5=EGFR")
FORMATClX.IINUCLEAR AND TOTAL ENERGY INPUTIt,/,IX,

1"1=ENUC 2=fUSE 3=EWAST 4=ETOT ",/IX.
2"5=ETOT .. 100 / SOLAR IRRADIATION")

FORMATcIX,IIACCUMULATED EMISSIONS")
FORMATcIX,IIREDUCED EMISSIONS")
FORMATCIX,

1"1=C02 2=S02 3=CHX 4=NOX 5=AEOIt)
FORMATCIX,IIEMISSIONS OF ELECTRIC POWER GENERATIONII)
READC3,1001) JAHR,NR,ESFE,E5FH,ESFT,ESFI,ESFR,

2 ELFE,ELFH,ELFT,ELFI,ELFR,
3 EGFE,EGFH,EGFT,EGFI,EGFR,
5 ENUC, EUSE,EWAST,ETOT

IF CEOF C3) • NE. 0) GO TO 101
GOTO 102
NENO=1
REWIND 4
GOTO 103
NJ=NJ+I
CALL CALEMI
CALL SUMMAT
CAll DRUCK
DENERSCl,NJ)=ESFE
DENERS{2,NJ)=ESFH
DENERS(3,NJ)=ESFT
DENERSC4,NJ)=ESFI
DENERSC5,NJ)=ESFR

c

102

101

c
c

c
c

C

2009
2010
2008

2005

2016
104

2007

2004

2002
2003

2006

49
50
51
52
53
10



C

2041
2040

2042
2043
2044
2045
103

552

55

56

57

58

2024

59

60

61

2013

62
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DENERTC1,NJ)=ENUC
DENE~TC2,NJ)=EUSE

DENERTC3,NJ)=EWAST
DEN[RTC4,NJ)=ETOT
DENERTC5,NJ)=95.8°ETOT/CWATTOAREA)
FORMATC1H1.1BA4,I,lX,18A4)
FORMATCIX,IIENERGY UNITS ARE BILLIONS",

1 " OF METRIC TONS OF COAL EQUIVALENT")
FORMATC1X,"EMISSIONS UNITS ARE 10 0 06 TONS,ONLY C02 1000 9 TONS")
FORMATClX,IIEMISSION UNITS ARE Mel")
FORMATC1X,IIEMISSIONS IN 10 00 ," TONS,COSTS IN 10**9 US DOLLARS")
FORMA TC1~." 1=TRS02 2=TRAEO 3::GS02 4=GAEO")
IFCNEND.EQ.O) GOTO 104

DO 551 IPT=l, 17
IFCNDRUCIPT).NE.l)GO TO 551
wRITECB,2041) CREGCI) ,1=1,18), lSCElJ) ,J=1,18)
GOTOCS52,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70),IPT

w4ITECB.2004)
WRITEC8,2040)
CALL BILDCOENERS)

GO TO 551
wRITE l8,2005)

WRITEC8,2040)
CALL BILDlDENERL)
GOT0551

WRITEl8,2006)
WRITEC8,2040)
CALL BILDCOENERG)

GOTO 551
WRITEC8,2007)

WRITEC8.2040)
CALL BILDCOENERT)

GOTO 551
WRITEC8,2042)

WRITEC8,2008)
WRITECB,2024)
FORMATl1X,"TOTALS OF EMISSONS I YEAR")
CALL BI LD (OEMT)

GOTO 551
wRITElB,(042)

WRITEC8,2008)
WRITEC8,2009)
CALL BILDlOEMS)

GOTO 551
WRITEl8,2045)

WRITEl8,2044)
WRITElB,2010)

CALL BILDCDEMR)
GOTO 551

WRITEl8,2042)
WRITEC8,2008)
WRITEl8,2013)
FORMATCIX,IIEMISSIONS OF SOLID FUEL")
CALL BILDlOEMSF>

GOTO 551
WRITEl8,?042)

WRITElB,2008)
WRITEl8,2014)
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2014 FORMATcIX,"EMISSIONS Of LIQUID FUEL")
CALL BILDCDEMLf)
GOTO 551

63 WRI1ECB,?042)
WRITECS,200S)
WRITEC8,20IS)

2015 FORMATClX,"EMISSIONS Of GASEOUS fUEL")
CALL BILDCDEMGf)

GOTD 551
64 wRITECB,2042)

WRITEC8 .. 2008)
WRITE.C8 .. 2016)
CALL BILDCDEME)

GOTO 551
65 wRITEC8.2042)

WRITEC8,200S)
WRITE(O,2017)

2017 fORHA TC1)(, "E'41 SSI ONS Of CENTRAL HEAT PLANTS")
CALL BILDCDEMH)

GOTO,S1
66 WRITECB,2042)

WRITEC8,2008)
WRITECS,2018)

2018 fOR~1/H(1X,/IEMISSIONSOf TRANSPORTATION")
CALL BILDCDEMTR)

GOTO 551
67 WRITECS,?042)

WRITECS,2008)
WRITECB,2019)

2019 fOPHATC1X,"EMISSIONS Of INDUSTRY")
CALL BILOCDEMI)

GOTO 551
68 WRITECB,2042)

WRITE (8,2008)
WRITEC8,2020)

2020 fORMATCIX,"EMISSIONS Of RESIDENTIAL/COMMERCIAL")
CALL BILOCDEMRC)

GOTD 551
69 WRITECB,2021)

WRITEcB,2043)
WRITEC8,2022)

2021 fORMATCIX,II1=NUCU 2=NUCP 3=NUCf")
2022 fORMATC lX,"EMISSIONS Of NUCLEAR POWER GENERATION")

CALL BILDCDEMN)
GOTO 551

70 WRIT[CR,?021)
WRITECB,2043)
WRITEC8,2023)

2023 fORMAT C1X, "ACCUMULATED Of NUCLEAR EMI SS IONS") .
CALL BILDCOEMNS)

S51 CONT I NUE
71 CONTINUE

END
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SUBROUTINE BILD (EING)
DIMENSION FELD(67),EING(5,65),ZC67),Cl(10)
REAL MIN,MAX
DATA CL/"1",IIZ","3" '''4",''5'',''6",''7'',''8'',"9'''''0"1
DATA STR/"I"/.QI"·I/.Al/"X"I,Bl/" III
DO 5 J=I,67

5 FElDCJ)=Bl
MAX=EINGCl.1)
DO 2 J=1,65
DO 2 I=1~5

X;; t-l AX- E I NG ('1 • J )
IF CX.LT.O) MAX=EINGCI,J)

2 CONTINUE:
MIN=EING(I,l)
DO 3 J~I.65

DO 3 1=1.5
X;P-lI N~E I NG ( I ,J)
IF CX. GT• 0) MI N=E I NG ( I , J)

3 CONTINUE
IFCMAX .NE. MIN) GO TO 15
MAX = ~""X. 1.0
MIN = MIN - 1.0

15 DIFF=MAX-MIN
SPR=OIFF/60.
Z(I)=MAX
DO 4 K:;::2,61
ZCK)=Z(K-1)-SPR

4 CONTINUE
Y=SPR/Z.

DO 13 K=I.61
DO 133 I1=lt67

133 FElOCll)=8l
DO 131 1=1,5

H=2
DO 131 J=I,65
M=M·l

FELO(l)=Z(K)
A =EING(I,J)-Z(K)
IF CA.lT.·V) GO TO 131
IF CA,GT •• y) GO TO 131
FElO(M)::Cl(I)

131 CONTINUE
13 WRITE(8,30) CFElOCIl) ,11=1,67)

30 FORMAT(lX,El1.4,lx,66Al)
~RITEC8,31)

31 FORMAT(sX,
I" 1970 75 80 85 90 95 2000 05 10
X 1125 30 35")

RETURN
END

15 20 II,

I

i
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SUBROUTINE REAllf
COMMON INUCI FRtlnU,Ff~ADFtFRADF,PADU,RAOP,RADF

COMMON I fGI FGS02l_FGS02H,FGSC!T,FG50?I,FGS02R,
2 G502f. GS02H, GS02T, 1,5021, GS02R,
3 fG~EOE.FGAEOH,FGAEOT,fGAEOI,FGAEOR,

4 GAEOE. GAEOH, GAEOT, GAEOI, GAEOR
COMMON If SOLI fCOMSE,FC02SE,FSO?~E,FCHXSE.FXNOSE,FAEOSE,

2 fCOMSH,FC02SH.FS02SH.FCHXSH.FX NOSH,FAEOSH,
3 FconST.FC02ST,FS025T.FCHXST,FXNOST,F~EOST,

4 F' C0'1 SI • r C02 S I • FSO 'S I • r CHX5 I • FXNO 5 I , FA E0 5 r ,
5 Fcor'SR. FCO~5R.FSO?SR. rCH XSR. FX"IOS~, FAEOSR

COMMON IFLIQI FCOtlLE.FC02LE,FS02LE,FCHXLE,FX NOLE.fAEOLE,
2 f CO" L H, FC02 LH , FS[) 2LH~ r CH XLH• f XNO LH, FAEO LH,
3 rCO r'LT,FC02L T,FS02LT.fCHXLT.FXNOLT,fAEOLT,
4 fCOf1LI.FC02LI.Fso2lI.rCHxLI.rXNOLI.FAEOLI,
5 FCOML~.FC02LR.FS02LR,fCHXLR.FXNOLR.FAEOLR

COMMON IFGASI FCOrlGE,fC02GE.FS02GE,FCHXGE.FXNOGE,FAEOGE,
2 FCOt1GH. f C02GH, FSOZGH. FCHXGH. F XNOGH, FAEOGH,
3 fCOHGT.FCOZGT,FS02GT.FCHXGT.FXNOGT,fAEOGT,
4 FCOMGI.FC02GI.FS02GI.rCHXGI.FX NOGI.FAEOGI,
5 FCOMGR.FCOZGR.fS02GR.FCHXGR.rXNOGR.FAEOGR

COMMON IRMOVEI RCO,1(, RCOZE. RS02E. RCHXE. RXNOE. RAEOE,
2 RCO'1H. RC02H, ~S02H. RCHXH. RXNOH. RAEOH,
3 RCO'1T,RCOZT,RSo2T,RrHXT.RXNOT,RAEOT,
" RCO'lI. RC02 r. RSOZ I. RCHX I. RXNO I, RAEO I,
5 RC0 ~~ R , RCa ZR• ~S02 R• RCHXR • RXNoR, RAE 0R,
6 S02RE,S02RH,S02RT.S02RI.S02RR,
7 AEORE.AEORH,AEORT,AEORI,AEORR

FORMAT(6F7.3)
FORMAT(1X.1X,I)(,15X," CO C02 S02 CH NO ..

1," AEO",
1 1,1X, 14HELECTRIC ,6F8.3,
2 1,lX, 14HHEAT PL~NT ,6f8.3'
3 1,lX, 14HTRANSPORT. .6F8.3,
" 1,lX, 14HINDUSTRY ,6F8.3,
5 1,1X, 14HRES.ICOH. ,6f8,3, IX,IX)

FORMAT(/,lx."EMISSIONS Of SOLID FUEL".
I 1,1 X,1l~OO(HHHH~~OO4)Oo.HHHHHHH~"" I
FORMAT(/,IX"~EMISSIONS Of LIQUID FUEL".

1 I ,I x. "OOOOO~O~)OO~OOOO()OO"ooooo"I
FORMAT(/.1X,"EMISSIONS OF GASEOUS fUEL",

1 l,lx,"QtloO"OOO()OO~OOOoooooo~oOOO")

PEAO(4,1000) RCOHE.RC02E.RS02E,RCHXE,RXNOE.RAEOE
PEAO (4,1000) RCO'1H. RC02H, RS02H. RCHXH, RXNOH. RAEOH
PEAO(4,1000) RCO~T.RC02T.RSOZT.RCHXT.RXNOT.RAEOT

PEAO(4,1000) RCO~I.RC02I.RS02I.RCHXI.RXNOI.RAEOI

REAO(4,1000) RCOMR.RC02R.RS02R,RCHXR.RXNOR,RAEOR
WRITE(e,2004)
FORMAT(/,lX,"REDUCTION FACTORS".

1 I ,1 X. "OOOOO()OOOOOOOOOOOlt)

WRITE(8,2000)RCOH£.RCOZE.RS02E.RCHXE.RXNOE.RAEOE,
X RCOMH,RC02H.RS02H.RCHXH,RXNOH.RAEOH.
X RCOMT,RCo2T,Rsn2T,RCHXT.RXNOT,RAEOT,
X PCOMI,RC02I,RS02I,RCHXl.RXNOI,RAEOI,
X RCO~R.RCo2R.Rsn2R.RCHXR.RXNOR.RAEOR

REAO(4,10001 fGS02E,FGS02H,FGSOZT,FGS02I.FGSOZR
REAO(4.1000) fGAEOE.fGAEOH,FGAEOT,FGAEOI,FGAEOR
FORMAT(/,lX,"REDUCTION COSTS".

1 1,IX,,,ooooooooooo.ooOIl)
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2006 FORMATCIX,lX,IX,l7X, fl502 AEO",
I 1,IX,14HELECTRIC ,2FB,3,
2 1,1X, 14HHEAT PLANT ,2F8.3,
3/,IX, 14HTRANsrORT. ,2FB.3,
4 1,IX, 14HINDUSTRY ,ZFB,3,
5 I,IX, 14HRES.ICOM, ,2F8.3,

WRITE(B,200S)
WRITE(8,2006) FGS02E,FGAEOE,

2 FGS02H,FGAEOH,
3 FGS02T,FGAEOT,
4 FGS02I,FGAEOI,
5 FGSOZR,FGAEOR

c

IX,IX)

REAO(4,IOOO) FCor1SE,FC02S~,fS02SE,fCHXSE,FXNOSE,FAEOSE

REA 0 (4 , 1000) FC0t1 5H, f C02 5H, f SO? SH, Fe HXSH, FXNO 5H• FA E05H
REAOI4,lOOO) FCOMST.fC02ST,FS02ST,FCHXST,FXN05T.FAE05T
REAO(4.1000) FCOHSI,fC02ST,fSO?SI,FCHXSI,fXNOSI,FAEOSI
REAO(4,lOOO) FCOMSR,FC02SR.F502SR,FCHXSR,FXNOSR,FAEOSR

c
READ(4,IOOO) FCOt1LE.FC02LE,FS02LE,FCHXLE"F)(NOLE,F~EOLE

REA 0 I4 , 1000) FCOt1 LH, FC02 LH, F50? LH, FCHXLH, F)I' NO LH, FAEO LH
REA014,1000) FCOHLT,fC02LT,FS02LT.FCHXLT,fXNOLT,F~EOLT

READ(4,lOOO) FCOt1LI.FC02LI,FS02LI,FCHXLI,fXNOLI,FA[OLI
READ(4,lOOO) FCOMLR,FC02LR,F502LR,FCHXLR,FXNOLR,FAEOLR

c
READ14,1000) FCO~1GE,FC02GE,F502GE.FCHXGE.FXNOGE,FAEOGE

REAOI4,lOOO) FCOHGH,FC02GH,fS02GH.FCHXGH,FXNOGH,FAEOGH
REAO(4,lOOO) FCOMGT,FC02GT,F502GT,FCHXGT,FXNOGT,FAEOGT
REAO(4,IOOO) FCOMGI,fC02GI,F502GI,FCHXGI,FXNOGI,FAEOGI
REAO(4,lOOO) FCOMGR,FC02GR,FS02GR,FCHXGR,FXNOGR,FAEOGR

c
WRITE(8,2001)
WRITE(8,2000)FCO~1SE,FC02SE,FS02SE,FCHXSE.FXN05E,FAEOSE,

2 FCOMSH,FC02SH,FS02SH,FCHXSH,FXNOSH,FAEOSH,
3 FCOMST,FC02ST,FS02ST,FCHXST,FXNOST,FAEOST,
4 FCOMSI,FC02SI,FS02SI,FCHXSI,FXNOSI,FAEOSI,
5 FCOMSR,FCOZSR,FSOZSR,FCHX5R,FXNOSR,FAEOsR

c
WRITE(8,200Z)
WRITE(8,20no)FCOMLE,FC02LE,FS02LE,FCHXLE,FXNOLE,FAEOLE,

2 FCOMLH,FC02LH,FS02LH,FCHXLH,FXNOLH,FAEOLH,
3 FCOMLT,FCO?LT,FS02LT,FCHXLT,FXNOLT,FAEOLT,
4 FCOMLI,FC02LI,FS02LI,FCHXLI,FXNOLI,FAEOLI,
5 FCOMLR,FC02LR,FS02LR,FCHXLR,FXNOLR,FAEOLR

c
WRITE(8,2003)
WRITE(8,20nO)FCOMGE,fC02GE,FS02GE,FCHXGE,FXNOGE,FAEOGE,

2 FCOMGH,FC02GH,FS02GH,fCHXGH,FXNOGH,FAEOGH,
3 FCOMGT,FC02GT,FS02GT,FCHXGT,FXNOGT,FAEOGT,
4 FCOMGI,FC02GI,FS02GI,FCHXGI,FXNOGI,FAEOGI,
5 FCOMGR,FC02GR,FS02GR,FCHXGR,FXNOGR,FAEOGR

WRITE(8,2008)
2001 fORMAT(/Ix,9X," FRADU FRADP FRADF"'lX,lX,

1 l,lox,3Fl1.3,11.IX)
2008 FORMAT (I," NUCLEAR EMISSIONS",

1 /1 X,"•••••6.00.00CHHH.O")

READI4,1000)FRADU,FRADP,FRADF
WRITE 18,2007) FRADU,FRADP,FRADF

c I



RETURN
END
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SUBROUTINE CALEMI
COMMON IRMOVEI RCOME,RC02E,RS02E,RCHXE,RXNOE,RAEOE.

2 RCOt~H. RC02H, RS02H. RCHXH. RXNOH. RAEOH.
3 RCOMT,RC02T,RS02T.RCHXT.RXNOT.RAEOT,
4 RCOMI.RC02I.RS021.RCHXI.RXNOI.RAEOI.
5 RCm~R. RC02R, RS02R. RCHXR, RXNOR, RAEOR.
6S02RE.S02R~.S02RT,S02RI,SO~~R,

7AEORE,AEORH.AEORT.AEORI,AEORR
COMMON/DRU/DEMSF (5.651 ,DEM!.F (5,65) ,DEMGf (5.65).

1 DEME(S.6S) .DE~H(5,6S) .DEMIR(5,651,DEMI(5.6S),DEMRC(S.6S)
COMMON I DRI DEt1Sf5.651.DEtlT(S,6S1.DEMR(S.6S) .~J.

2 DEHN(S,6S).DEMNS(S.6S)
COMMON INUCI FRADU.FRADP.fRADf.RADU.RAOP.RADf
COMMON IENERI ESFE.ELFE,EGFE.

2 ESFH,ELFH,EGFH.
3 ESFT.ELFT.Er,FT,
4 ESFI.ELfI.fGFI.
5 ESFR.ELFR.EGfR.ENUC

COMMON IfSOLI FCOt4SE.FC02SE.rSO?SE,FCHX5E,FXNOSE,fAEOSE.
2 FCOliSH, FC02SH. f S02SH ~ FCHX SH, FXNOSH. F AEOSH.
3 fCOfiS T. FC02ST, F502S T, FCHXS T. FXNOS T. FAEOST.
4 FCOtiSI.FC02SI.FS02SI.fCHXSI.FXNOSl.fAEOSI.
5 fCOtiSR, FC02SR. FS02SR, FCHXSR. FXNOSR. FAEOSR

COMMON IfLIQI FCOMLE.FC02LE,FS02LE.fCHXLE.FXNOLE.fAEOLE.
2 fCO'iLH. f CO~LH, FS02LH, FCHXLH. F XNOLH. F AEOLH,
3 FCOt1LT,FC02LT.FS02LT,FCHXL T,FXNOLT,FAEOLT,
It FCOMLI,FC02LI,FS02LI,FCHXLI,FXNOLI,fAEOLI,
5 FCO,iLR ,FC02LR, FS02LR, fCHXLR, F XNOLR. F AEOLR

COMMON IFGASI FCO~1GE.FC02GE,fS02GE.FCHXGE.FXNOGE.FAEOGE,

2 FCOMGH.FC02GH.FS02GH.FCHXGH.FXNOGH,FAEOGH,
3 fCOMGT.FC02GT.FS02GT,FCHXGT.FXNOGT,fAEOGT,
4 FCOMGI,FC02GI,FS02GI.fCHXGI.FX NOGI.FAEOGI.
5 fCOMGR.FC02GR,FS02GR,FCHXGR,fXNOGR,fAEOGR

COMMON I SOLI CoriSE, C02SE, S02SE, CHXSE. XNOSE, AEOSE,
2 COHSH.C02SH,S02SH.CHXSH,XNOSH.AEOSH,
3 COMST,C02ST.S02ST.CHXST,XNOST,AEOST,
It COMSI,C02SI.S02SI,CHXSI,XNOSI,AEOSI,
5 COMSR.C02SR.S02SR.CHXSR.XNOSR,AEOSR

COMMON I LIQI COHLE.C02LE,S02LE,CHXLE.XNOLE.AEOLE,
2 COMLH,C02LH.S02LH.CHXLH,XNOLH,AEOLH,
3 COMLT.C02LT,S02LT.CHXLT,XNOLT,AEOLT,
It COtil1 ,C02L I ,S02LI .CHXLI ,XNOLI ,AEOLI,
5 COtiLR, C02LR. S02LR, CHXLR, XNOLR, AEOLR

COMMON I GASI COMGE.C02GE.S02GE,CHXGE,XNOGE,AEOGE,
2 COHGH.C02GH.S02GH,CHXGH,XNOGH,AEOGH,
3 COMGT,C02GT.S02GT,CHXGT,XNOGT,AEOGT,
It COMGI,C02GI.S02GI.CHXGI,XNOGI,AEOGI,
5 COMGR.C02GR,S02GR.CHXGR,XNOGR.AEOGR

COMMON I TOTI COHTOT,C02TOT,S02TOT,CHXTOT,XNOTOT.AFOTOT,
2 COMSF .C02SF ,S02SF ,CHXSF ,XNOSf ,AEOSF ,
3 COMLF ,C02LF ,SO?LF ,CHXLF .XNOLF ,AEOLf ,
4 COMGF .C02GF ,S02GF ,CHXGF ,XNOGf ,AEOGF ,
5 COME ,C02E ,S02E ,CHXE .XNOE ,AEOE ,
6 COM~ .C02H ,S02H ,CHXH ,XNOH ,AEOH ,
7 COMT .C02T ,S02T ,CHXT .XNOT ,AEOT ,
8 COMI ,C021 ,S02I .CHXI ,XNOI ,AEOI ,
9 COMR ,C02R ,S02R • CHXR • XNOR ,AEOR

c
C CALCULATION OF EMISSIONS
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C
C SOLID FUEL
C
C ELECTRIC POWER GENERATION

COMSE = ESFE * FCOMSE::
C02SE = ESFE * FC02Sf.
S02SE = ESFE * FS02SE
CHXSE = ESFE * FCHXSE
AEOSE = ESFE * FAEOSE

C
C HEI\T PLA~T

COMSH = ESFH * FCm~SH

C02SH = ESFH * FC02SH
SO?SH = ESFH * FSOf'SH
CHXSH ::; ESFH * FCHXSH
XNOSH = ESFH * FXNOSH
AEOSH = ESFH * FAEOSH

C
C TRflNSrORTIITION

CO~1S T = ESFT * FcorlS T
CO~ST = ESFT * FC02ST
S02ST = ESFT * FSO?ST
CHXST = ESFT * FCHXST
XNOST = ESFT o FXNOsT
AEOST = ESFT * FAEOST

C
C' INDUSTRY

COHSI = ESFI o FCO~1SI

C02S1 = ESFI * FC02SI
S02SI = ESFI * FSO?SI
CWI(SI = ESFI * FCHXSI
XNOSI = ESFI * FXNOsI
AEOSI = ESFI * FAEOSI

C
C RESIDENTIAL/COM~ERCIAl

COMSR = ESFR 0 FCOHSR
C02SR = ESFR * FC02SR
S02SR = ESFR * FS02SR
CHXSR = ESFR 0 FCHXSR
XNOSR = ESFR 0 FXNOSR
AEOSR = ESFR * FAEOSR

c
C TOT~L EMISSIONS

COMSF =(CO~SE.CO~SH+COMST+COMSI+COMSR)

C02SF =(CO?SE+C02SH+C02ST+C02SI+CO?SR)
S02SF =(SO?SE+S02SH+S02ST+S02SI+S02SR)
CHXSF =(CHXSE+CHXSH+CHXST+CHXSI+CHxSR)
XNOSF =(XNOSE+XNOSH+XNOST+XNOSI+XNOSR)
AEOSf =(AEOSE+AEOSH+AEOST+AEOSI+AEOSR)

c
C LIQUID FUEL
C
C ELECTRIC POWER GENERATION

COMLE = ELFE * fCOMlE
C02lE = ELFE 0 FC02LE
SO?LE = ELFE * FS02LE
CHXLE = ELFE * FCHXLE
XNOLE = ELFE 0 FXNOLE
AEOLE = ELFE 0 FAEOLE
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C
C HEAT PLANT

COt~LH = ELFH .. fCQt1LH
CO~Ui = ELFH .. FCOMLH
C02l.H = ELFH .. FC02LH
S02LH = ELFH .. FS02LH
CHXLH = ELFH .. fCHXLH
XNOLH = ELFH .. fXNOLH
AEOLH = ELFH .. fAEOLH

C
C TR""~SPORT I\. TI ON

CO~1L T = ELFT .. fCO~1L T
C02LT = ELFT .. fC02LT
S02LT = ELFT .. fS02LT
CH)(LT = ELFT .. fCHXLT
XNOLT = ELFT 6 fXNOLT
AEOLT = ELFT .. fAEOLT

C
C INDUSTRY

CO·1L I = ELFI 6 fCOMLI
C02LI = ELFl 6 fC02LI
SOILI = ELFI .. fS02LI
CHXLI = ELFI .. fCHXLI
XNOLI = ELFl .. fXNOLI
AEOlI = ELFI .. fAEOLl

C
C RESIDENTIAL/COMMERCIAL

CO~LR = ELFR .. fCOMLR
C02LR = ELFR 6 fC02LR
S02LR = ELFR 6 fS02LR
CHXLR = ELFR .. fCHXLR
XNOLR = ELFR .. fXNOLR
AEOLR = ELFR .. fAEOLR

C
C TOTAL EMISSIONS

COMLf = (COMLE+COMLH+COMLT+COMLI+COMLR)
C02Lf = (C02LE+C02LH+C02LT+C02LI+C02LR)
SO?Lf =(SO?LE+S02LH+S02LT+S02LI+S02LR )
CHXLf =(CHXLE+CHXLH+CHXLT+CHXLI+CHXLR )
XNOLf =(XNOLE+XNOLH+XNOLT+XNOLI+XNOLR )
AEOLF =(AEOLE+AEOLH+AEOLT+AEOLI+AEOLR )

C
C GASEOUS fUEL
C
C ELECTRIC POWER GENERATION

COMGE = EGFE 6 fCOMGE
C02GE = EGFE .. fC02GE
S02GE = EGFE .. fS02GE
CHXGE = EGFE .. fCHXGE
XNOGE = EGFE 6 fXNOGE
AEOGE = EGFE .. fAEOGE

HEAT PLANT
COMGH = EGFH 6 fCOMGH
C02GH = EGFH .. fC02GH
S02GH = EGFH 6 fS02GH
CHXGH = EGFH 6 fCHXGH
XNOGH = EGFH 0 fXNOGH
AEOGH = EGFH 0 fAEOGH

C
C
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C
C TRANSPORTATION

COMGT = EGFT .. FCOMGT
C02GT = EGFT .. FC02GT
502GT = EGFT .. FS02GT
CHXGT = EGFT .. FCHXGT
XNOGT = [GFT .. FXNOGT
AEOGT = EGFT .. FAEOGT

C
C INDUSTRY

CO~~G I = EGFI .. fCOHGI
C02GI = EGFI .. fC02GI
502GI = EGFI .. fS02GI
CHXGI = EGFI .. fCHXGI
XNOGI = EGFI .. FNOXGI
AEOGI = EGFI .. FAEOGI

C
C RESIDENTIAL/COMMERCIAL

CO'1GR = EGFR .. FCO~GR

C02GH = EGFR .. FC02GR
502GR = EGFR .. FS02GR
CHXGR = EGFR .. FCHXGR
XNOGR = EGFR • FXNOGR
AEOGR I: EGFR .. FAEOGR

C
C TOT/IL EMISSIONS

CO~1GF =CCO~GE+COMGH+COMGT+COMGI+COMGR)

CO~GF =CC02GE+C02GH+C02GT+C02GI+C02GR)
502GF =CS02GE+S02GH+S02GT.S02GI+S02GR)
CH'tGF =CCHXGE+CHXGH+CHXGT.CHXGI+CHXGR)
XNOGF =(XNOGE+XNOGH+XNOGT+XNOGI·XNOGR)
AEOGF cCAEOGE+AEOGH.AEOGT+AEOGI+AEOGR)

C
C TOTAL EMISSIONS
C
C ELECTRIC

cmiE = COMsE • COMLE • COMGE
C02E = C02SE • C02LE + C02GE
S02E = S02sE + S02LE + S02GE
CHxE = CHxsE • CHXLE • CHl(GE
)CNOE = XNOsE • XNOLE • XNOGE
AEOE = AEOSE + AEOLE • AEOGE

C
C HEAT PLANT

COMH = CO~4SH • COMLH • COMGH
C02H I: C02SH • C02LH • C02GH
S02H = S02SH + S02lH • S02GH
CHxH = CHXsH • CHXLH • CHXGH
XNOH = XNOSH • XNOUi • XNOGH
AEOH = AEOSH • AEOlH • AEOGH

C
C TRANSPORTATION

COMT = COMsT • COMLT • COMGT
C02T = CO?ST • C02LT • C02GT
502T = S02ST • S02LT • S02GT
CHXT = CHxsT • CHXLT • CHXGT
XNOT = XNOsT • XNOLT • XNOGT

C
AEOT = AEOST • AEOLT • AEOGT
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C INDUSTRY
COt11 = Co,.,s I • COMlI • CO~GI
C021 = C02SI • C02lI • C02GI
S021 = S02SI • S02LI • SO"GI
CHXI = CHXSI • CHXLI • CHxGI
XNOI = XNOSI • XNOLI + XNOGI
AEOI = AEOSI + AEOlI • AEOGl

C
C RESIOENTI~L/COMMERCIAL

COM~ = 'CO~SR + COMLR • COP..1GR
C02R = C02SR • C02LR • C02GR
S02R = SO~SR • S02LR • S02GR
CHXR = C~)(s~~ + CHXLR • CHXGR
XNOR = XNOSR • XNOLR • XNOGR
AEOR = AEOSR • AEOlR • AEOGR

C
C TOT~L EMISSIONS

CO~1TOT = (COME • COMH • COMT • COMI • COMR)
C02 TOT =(C02E • C02H • C02T • C02I • C02R)
S02TOT =(S02E • S02H • S02T • 5021 • S02R)
CHXTOT =(CHXE • CHXH • CHXT • CHXI • CHXR)
XNOTOT =(X~OE • XNOH • XNOT • XNOI • XNOR)
AEOTOT =(AEOE • AEOH • AEOT • AEOI • AEOR)

C
C

RAOU = ENUC • F"RADU
RADP = ENUC • F"RADP

RADF = ENUC • FRADF
C
C REDUCTION OF" E~ISSION

S02PE=S02EO(1-RS02E)
S02RH=S02HO(1-RS02H)
S02RT=S02To(1-RS02T)
S02RI=S02IO(1-RS02I)
S02RR=S02Ro(1-RS02R)

C
C

AEORE=~EOfo(l-RAEOE)

~EORH=AfOHo(l-RAEOH)

AEORT=~EOTO(l-RAEOT)

AEORI=AEOIo(l-RAEOI)
AEORR=AEORo(l-RAEOR)

C
C

OEMSF(1.NJ)=C02SF
DEMSF(2.NJ)=S02SF
OEMSF(3.NJ)=CHXSF
OEMSF(4.NJ)=XNOSF
OEMSF(5.NJ)=AEOSF

C
C

DEMLF(1.NJ)=C02LF
DEMLF(2.NJ)=S02LF
DEMLF(3.NJ)=CHXLF
DEMLF(4.NJ)=XNOLF"
DEMLF(5.NJ)=AEOLF

C
C

OEMGF(1.NJ)=C02GF



OEMGFC?,NJ)=502GF
OEMGFC3,NJ)=CHXGF
DEMGFC4,NJ)=XNOGF
DEMGFCS,NJ)=AEOGF

C
C

DE,1E C1, NJ) =C02E
DE'~E C2, NJ) =502E
DEME (3 •.NJ) =CHXE
OEMEC4,NJ)=XNOE
DEMECS,NJ)=AEOE

C
C

DH1H CI. NJ) =C02H
DEf1HC2.NJ) =502H
OE~1H(3.NJ) ::CHXH
OH1H C4, NJ) =XNOH
DEMHCS,NJ)=AEOH

C
C

OEMTRCI,NJ)=C02T
OEMTRC2,NJ)=502T
OEMTRC3.NJ)=CHXT
OEMTR(4,NJ)=XNOT
OEMTR(S.NJ)=AEOT

C
C

OEMI Cl,NJ) =C021
OE'lI (Z,NJ) =5021
OEMI (J,NJ) =CHXI
OEM1(4,NJ)=XNOI
OEM!(S,NJ)=AEOI

C
C

OEMRCCI,NJ)=C02R
OEMRCC2,NJ)=502R
OEMRC(3,NJ)=CHXR
OEMRCC4,NJ)=XNOR
OEMRC(S,NJ)=AEOR
RETURN
END
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SUBROUTINE SUMMAT
COMMON I D~I DEMS(S,6S) ,DP1T(S,65) ,DE::MIHS,65) ,NJ,

2DEMN(5,6S),DlMNS(5,65)
COMMON INlJCI FRADU,FRADp,FRI\[)F,RADu,!~A[)P,RADF

COMMON I FGI FGS02E,FGS02H,FGS02T,FGSO?I,FGS02R,
2 GS02E, GS02H, GS02T, G5021, GS02R,
3 FGAEOl,FGAEOH,rGAf0T'fGAE0I,FGAEOR,
4 GAEOE, GAEOH, GAEOT, GAEOI, GAEO~

COMMON I SUMI SCOI~E, SC02E. SS02~,5CHXF, SXNOE, SAEO[,
2 SCOMH, 5COcH, 5502 I, 5CHXH, SXNOH. SflEOH,
3 SC0 ~1 T • 5 C02 T , SS0 2f , SCH XT • SXN() T ,SA E0 T •
4 SCOIn, SC02 I • S50 21 , SCHXI , SX NO I , SA E0 I •
5 scmm, SCO?R. SS02R. SCHXR, SXNOR. 5AEOR.
6 SCOHS.SCO?S.SS02S,SCHXS,SXNOS,SAEOS,
1 SCOML,SC02L,SS02L.SCHXL.SXNOL.SI\EOL.
8 SCO~lG, 5C02G. SS02G, SCHXG, SXNOG. SAEOG,
9 SCOM ,5C02 .S502 ,5CHX ,SXNO ,SAEO,SG502,SGAEO,
1 SRS02,SRAEO

COMMON I TOTI COMTOT,C02TOT,S02TOT.CHXTOT,XNOTOT'~FOTOT,

2 COMSF ,C025F ,S02SF ,CHX5F ,XNOSF ,AEOSF ,
3 COHLF ,C02Lf ,S02LF ,CHXLF ,XNOLf ,AEOLf ,
4 COMGf ,C02Gf ,S02GF ,CHXGF ,XNOGF ,AEOGf ,
5 COME ,C02E ,S02E ,CHXE ,XNOE ,AEOE ,
6 COMH ,C02H ,SO?H ,CHXH • XNOH ,AfOH ,
1 COMT ,C02T ,S02T • CHX T ,XNOT ,AEOT ,
8 COMI ,C021 ,5021 .CHXI ,XNOI ,AEOl ,
9 COMR • C02R ,S02R ,CHXR ,XNOR ,AEOR

COMMON IRMOYEI RCOME,RSO~H,RSOMT,RCOMI,RCOMR,

2 RC02E,RC02H,RC02T,RC02I,RC02R,
3 RS02E,RS02H,RS02T,RS02I,RS02R,
4 RCHXE,RCHXH,RCHXT,RCHXI,RCHXR,
5 RXNOf,RXNOH,RXNOT,RCN01,RCNOR,
6 RAEOE,RAEOH,RAEOT,RI\E01,RAEOR,
1 S02RE,S02RH,S02RT,S02RI.S02RR,
8 AEORE,AEORH,AEORT,AEORI,AEORR

c
C SUMMATION oER EMISSIONEN
C
C NACH TECHNOLOGIfN
C
C ELECTRIC

SCOME = SCOME + COME
SC02E = SCo2E + C02E
SS02E = SS02E + S02E
SCHXE = SCHXE • CHXE
SXNOE = SX~OE + XNOE
SAEOE : SAEOE + AEOE

C
C HEAT PLANT

SCOMH = SCOMH + COMH
SC02H = SC02H + C02H
SS02H : SS02H + S02H
SCHXH = SCI-iXH + CHXH
SXNOH : SX~OH + XNOH
SAEOH : SAfOH + AEOH

C
C TRASPORTATJON

SCOMT = Sco~T • COMT
SCO?T = Scn2T • CO?T
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SS02T :: 5502T • S02T
SCHXT :: SCHXT • CHXT
SXNOT :: 5XNOT • XNOT
SAEOr :: SAEOT • AEOr

C
C INDUSTRY

SCOMI = 5CQMI • COMI
SC021 = SC021 + C02I
SS021 = SS021 + S02I
SCHXI = 5CHXI • CHXI
SXNOI = SX"JOI • XNOI
SAEOI = SAEOI + AEOr

C
C RESIDENTIAL/COMMERCIAL

SCom? :: SCO~R + corm
SCO/?R :: SC02R + C02R
SS02R = SS02R + SO?R
SCHXR = SCH)(R + OiX~~

SXNOR :: SXNOR • XNm?
SAEOR = SAEOR + AEOR

C
C NACH PRIMAER-ENERGIE-TRAEGERN
C
C SOLID FUEL

SCO~1S = SCOMS • CO~~S

SC02S = sca2S + COMS
SS02S = ssa2S + S02S
SCHXS = SCHXS + CHXS
SXNOS = SXIIJOS + XNOS
SAEOS = SAEOS • AEOS

C
C LIQUID FUEL

SCO~~L = SCOML • eOML
SC02l = SC02l + C02L
S502L :: SS02L • S02l
SCHXL = 5CHXL • CHXl
SXNOL = 5XNOL + XNOL
SAEOL :: SAEOL + AEOL

C
C GASEOUS FUEL

SCOMG = ScaMG • COMG
Se02G = SC02G • C02G
SS02G = SS02G • S02G
SCHXG = SC~XG • CHXG
SXNOG = SXNOG • XNOG \5AEOG = SAEOG • AEOG

C
C OF TOTAL

seo= SCOM ·CO~HOT

SC02 = SC02 .C02TOT
S502 = SS02 .S02TOT
5CHX :: SCI1X .CHXTOT
SXNO = SXNO +XNOTOT
SA EO = SAfO .AEorOT

C
DEMSll,NJ)=SC02
DEMSI2.NJ)=SS02
OEMSI3.NJ)=SCHl<
DFMS(4.NJl=SXNn
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DEMS(S,NJ)=SAEO
c
c

DEMT(1.NJI=C02TOT
DEMT(2.NJI=S02TOT
DEHT(3.NJI=CHXTOT
DEMT(4.NJI=XNOTOT
DEMT(5.NJ)=AEOTOT

c
c
c
c

SRI\U = SR,",U + Rl\DU
SRAP = SRl\P + RJ\DP
SRl\F =: SRAr: + RAOF
GSO?E = SO?E §FGS02E
GS02~1 = S02H §FGS02H
GS02T = S02T §FGS02T
GS021 = 5021 °FGS021

GS02I = 5021 §FGS021
GS02R = S02R °FGS02R
GAEOE = ~EOE °FGAEOE
G~EOH = AEOH OFGAEOH
GAEOT = AEaT 0FGAEOT
GAEOI = AEOI 0FGAEOI
G~EO~ = AEOR *FGAEOR
GS02=GS02E+GS02H+GS02T+GS021+GS02R
GAEO=GAEOE+GAEOH+GAEOT+GA~OI+GAEOR

SGS02=SGSOi?+GS02
SGl\EO=SGAEO+GAEO
TRS02=S02RE+SO?RH+S02RT+SOZRI+S02RR
TRAEO=AEORE+AEORH+AEORT+AEORI+AEORR
SRS02=SRSO?+TRS02
SRAEO=SRAEO+TRAEO

c
c

IF (NJ.NE.l) GOTO 100
TRS02=O.0
TRAEO=O.O

100 DEH~(l,NJI=TRS02

DEMR(2,NJI=TRAEO
DEMR(3,NJI=GS02
DEMR(4,NJ)=GAEO
DEMN(l,NJI=RADU
DEMN(2,NJI=RADP
DEMN(3,NJ):RADF

c
c

DEMNS(},NJ)=SRAU
DEMNS(2,NJ)=SRAP
DEMNS(3,NJI=SRAF
RETURN
END
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SUBROUTINE ZERO
COMMON / SUM/ 5COMf,5C02E,SS02E,SCHXE,SXNOf,SAEOE,

2 SCOMH,SC02H,SS02H,SCHXH,SXNOH,SAEOH,
3 SCOMT,SC02T,SS02T,SCHXT,SXNOT,SAEOT,
4 SCOM1,SC02I,SS02I,SCHXI,SXNOI,SAEOI,
5 SCOMR,SC02R,SS02R,SCHXR,SXNOR,SAEOR,
6 SCOMS,SC02S.SS02S,SCHXS,SXNOS,SA£OS,
7 SCOML,SC02L,SS02L,SCHXL,sXNOL,SAEOL,
8 SCOMG,SC02G,SS02G,SCHXG,SXNOG,SAEOG,
9 SCOM ,5C02 ,SS02 ,SCHX ,SXNO ,SAEO,SGS02,5GAEO,
1 5RS02,SRA£O

C
C LOESCHEN ALLER 5UMMENFELDER

scm1l-=0.O
5C02[-:0.0
5502E:-'0.0
SCHXE.-.:O.O
SXNOE=O.O
SA£OE.::::O.O
SCOMH=O.O
SC02H=0.0
SS02H=0.0
SCHXH=O.O
SXNOH=O.O
SAEO~=O.O

SCO~1T=O. 0
SC02T=0.0
SS02T=0.0
SCHXT=O.O
SXNOT=O.O
SAEOT=O.O
SCOMI=O.O
SC021=0.0
S5021=0.0
SCHXI=O.O
SXNOI=O.O
SAE01=0.0
SCO~1R=0.0
SC02R=0.O
SS02R=0.0
SCHXR=O.O
SXNOR=O.O
SAEOR=O.O
SCOM5=0.0
5C02S=0.0
SS02S=0.0
SCHXS=O.O
SXNOS=O.O
SAE05=0.0
SCOML=O.O
SC02L=0.0
SS02L=0.0
SCHXL=O.O
SXNOL=O.O
5AEOL=0.0
SCOMG=O.O
SC02G=O.0
SS02G=0.0
SCHX(,= 0.0



SXNOG=O.O
SAEOG=O.O
SCOM =0.0
SC02 =0.0
5502 =0.0
5CHX =0.0
5XNO =0.9
SAEO =0.0
5GS02=0.0
5GAEO=0.0
SRS02=O.O
SRAEO=O.O
RETURN
END
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