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NOTE ARAARARARRARRAAARRRANARRAAARRARRARARANKARARRARRRANARKAANARNARARAA
NOTE
NOTE Domestic Economy Subsector
NOTE
NOTE AAARARRRARARRARAAARRAARARRASRRARRAAARRRNRARAARRAAARRNARRRARARRAARRARAA
NOTE
NOTE
NOTE
DEGNP .K=DEPGNP .K*DEGNPM.K
DEGNP -Domestic economy- Gross national product (§)
DEPGNP -Domestic economy- Potential gross national product (§$)
DEGNPM -Domestic economy- Gross natiomal. product multiplier (Dimensionless)

DEGCNPM.K=SMOOTH( (NEAP.K/NEAPS0) “DEPE,DEPAT)
DEPE=-.12
DEPAT=1
- DEGNPM -Domestfc economy- Gross national product multiplier (Dimensionless)
S¥00TH -~Firet order information delay

NEAP -Net energy- Average price ($/Btu)

NEAP50 -Net energy- Average price ian 1950 ($/Btu)

DEPE -Domestic economy- Price elasticity (Dimensionless)
DEPAT -Domestic economy- Price adjustment time {Year)

NOTE

DEPGNP.K=DEPGNP.J+(DT) (DEGNPIR.JK)
DEPGNP=DEGNPI

DEGNPI=674E9 -
DEPGNP -Domestic economy- Potential gross natlional product (§)
DT -Time increment between calculations

DEGNPIR -Domestic economy- Gross national product increase rate ($/Yr)
DEGNP1 ~Domestic economy- Gross natiama. product initial ($)

DEGNPIR.KL=DEPGNP.K* (DELGGR .K+DERYGR.K)
DEGHPIR -Domestic economy- Gross nationa. product increase rate ($/Yr)
DEPGNP -Domestic economy- Potential gross national product ($)
DELGGR -Domestic economy- Long term GNP growth rate (Fraction/Yr)
DERYGR -Domestic economy- Recessions years growth rate (Fraction/¥r)
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DELGGR.K~TABHL(DELGGRT,TIME.K,1950,2030,5)*1E-2
DELGGRT=6.8/.9/3.8/5.5/1.7/2.3/3.45/3.3/3.1/2.5/2.2/1.9/1.6/1.3/.9/0/¢0

DELGGR
TABHL
DELGGRT
TIME

-Domestic economy- Loag term GNP growth rate (Fraction/Yr)
~Tabular relationship

-Domestic economy- Long term GNP growth rate table (Table)
-Actual time during slmulation

DERYGR K~TABHL(DERYGRT,TIME.K,1968.1987,1)*1E-2
DERYGRT=0/2.9/2.7/2.3/1/1/-8/1.5/2.2/2.2/1.9/-3.15/-3.32/3.38/.76/1.14/1.52/2.2/0/0

’

DERYGR
TABHL
DERYGRT
TIME

-Domestic economy- Recessions years growth rate (Fraction/Yr)
-Tabular relationship

-Domestic economy- Recession growth rate table (Table)
-Actual time during s-mulation

DEINF.K=CLIP(DEPINF,DEHINF,TIME.K,1968)
DEHINF=.01
DEPINF=.055

NOTE

DEINF
CLIP
DEPINF
DEHRINF
TIME

-Domestic economy~ Inflation rate (Fraction/Yr)

-Function switched during the run

-Domestic economy- Post 1968 rate of inflation (Fraction/Yr)
-Domestic economy- Historical rate of inflation (Fraction/Yr)
-Actual time during sfmulation
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NOTE

NOTE Net Energy Demand Subsector

NOTE
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NOTE
NOTE

NECD .K=NED .K-

NECD
NED
NEDD

NEDD.K=DSEUD.
WEDD
DSEUD

NEDD.K

~Net energy-
~-Net energy-
-Net energy-

K
~-Net energy-

-Decentralized solar- End-u3e demand

Centralized demand (Btu/Yr)
Demand (Btu/YT)

Decentralized demand (Btu/Yr)

(Btu/Yr)
(Btu/Yr)

Decentralized demand

NED.K=NEID.K*DLINF3(1-STEP(NEPCS,NECSY)/100,NECSDT)

NEPCS=4.4

NECSY=19179

NECSDT=5
NED
NEID
DLINF3]
STEP
NEPCS
NECSY
NECSDT

-Net energy-
-Net energy-
-Third order
-Step-shaped
~Net energy-
-Net energy-~
-Net energy-

Demanc +Btu/Yr)
Indicated demand
information delay
exogenous fnput
Policy conservaticn savings
Conserva:ion savings initiation year
Conservarion savings development time

(B:u/Yr)

(Fraction/Yr)
{(Year)
(Year)

NEID.K=NEDSOANEDMI .K*NEDMP .K*NEPMA.K

NED50=29.5E15

NEID

NEDSO
NEDMI
NEDMP
NEDMA

-Net energy-
-Net energy-
~Net energy-
-Net energy-
-Net energy-

Indicated demamd (Btu/Yr)

Demand ia 19500 (Btu/Yr)

Demand multiplier from income (Dimenslonless)
Demand multiplier from price (Dimenajonless)

Demand multiplier from availability (Dimensionless)

NEPD.K=NECD.KADLINF3(1-STEP(NEOCS,¥EOCSY)/100,NECSDT)

NEOCS=2.4

NEOCSY=2200
NEPD
NFCD
DLINF3
STEP
NEOCS
NEOCSY
NECSDT

NOTE

~-Net energy-
-Net energy-
-Third order
~Step~-shaped
-Net energy-
-Net energy-
-Net energy-

Poten:zial demand
Centralized demand
information delay
exagenous 1nput .
011 conservatfon savings (Fraction/Yr)
0il conservatfon savings year (Year)
Conservation saviags development time

(Btu/Yr)
(Btu/Yr)

(Year)
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NEDMI.K=(DEGNP.K/DEGNPI) “NEIE

NEIE=.95
NEDMI -Net energy- Demand multiplier from income
DEGNP ~Domestic economy- Gross national product ($)

DEGNPI ~Domestic economy- Gross national product imnitial

NELE -Net energy- Income elasticity (Dimensionless)

NOTE

NEDHP.k-SMOOTH((NEDP.K/NEAPSO)“(NEPE),NEDAT)
NEDAT=10 ’

NEPE=-.5
NEDMP ~Net energy- Demand multiplier from price
SMOOTH -First order information delay
NEDP -Net energy- Delivered price ($/Btu)
NEAP50 -Net energy- Average price in 1950 ($/Btu)
NEPE -Net energy- Price elasticity (Dimensionless)
NEDAT -Net energy- Demand adjustment time (Year)
NOTE
NEDMA.K=SMOOTH(NECDR.K,NEAAT)
NEAAT=S .
NEDMA ~-Net energy- Demand multiplier from availability
SMOOTH -First order information delay '
NECDR ~Net energy- Consumption demand ratio

NEAAT -Net energy- Availability averaging time (Year)

NOTE

NEDP.K=NEAP.K+STEP(NEPXT,NEXTY)
.NEPXT=1.00E-6

NEXTY=2200 _
NEDP -Net energy- Delivered price ($/Btu)
NEAP -Net energy~ Average price ($/Btu)
STEP -Step-shaped exogenous input
NEPXT ~-Net energy- Policy excise tax ($/Btu)
NEXTY ~-Net energy- Excise tax initiation year (Year)

NEAP .K=(TODP.K*TOCR.K+TGDP .KATGCR.K+TEP .K*TECR.K+DCP.K*"DCCR.¥4+DSP.K*DSCR.K) /NECR.K

NEAP=NEAPS50

NEAP50=2.07E~6 :
NEAP ~Net energy- Average price ($/Btu)
TODP -Total oil- Delivered price ($/Btu)
TOCR -Total oil- Consumption rate (Btu/Yr)
TGDP -Total gas- Delivered price ($/Btu)
TGCR -Total gas- Consumption rate (Btu/Yr)
TEP -Total electric~ Price ($/Btu)
TECR -Total electric- Consumption rate (Btu/Yr)
1103 4 -Domestic coal- Price ($/Btu)
DCCR -Domestic coal- Consumption rate (Btu/Yr)
DSP - -Decentralized solar- Price ($/Btu)
DSCR ~-Decentralized solar- Consumption rate (Etu/Yr)
NECR -Net energy- Consumptfon rate (Btu/Yr)
NEAP50 -Net energy- Average price in 1950 ($/Btv)

(Dimensionless)

(Dimensionless)

(Dimensionleas)

(Dimensionless)
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NECR.K=TOCR.K+TGCR.K+DCCR.K+TECR.K4+DSCR.K 20750

NECR -Net energy- Consumption rate (Btu/Yr)
TOCR -Total oil- Consumption rate (Btu/Yr)
TGCR -Total gas- Consumption rate (Btu/Yr)
DCCR -Domestic coal- Consumption rate (Btu/Yr)
TECR . -Total electric- Consumptior rate (Btu/Yr)
DSCR -Decentralized solar- Consumption rate (Btu/Yr)
TOCR.K=(TOEUD.K+DGCURO.K)ATOPDR.K 20760
TOCR -Total oil- Consumption rate (Btuv/Yr)
TOEUD -Total oil- End-use demand (Btu/Yr)
DGCURO -Domestlic gas- Curtailments to oil (Btu/Yr)
TOPDR ~Total o011~ Production demand ratio (Dimensionless)
TGCR.K=TGEUD.K-DGCUR.K 20770
TGCR -Total gas- Consumptiom rate (Btu/Yr)
TGEUD -Total gas~ End-use demand (Btu/Yr)
DGCUR ~Domestic gas- Curtailments (Btu/Yr)
DCCR.K=(DCEUD.K+DGCURC.K)*DCPDR .X 20780
DCCR -Domestic coal- Consumption rate (Btu/Yr)
DCEUD -Domestic coal- End-use demand (Btu/Yr)
DGCURC -Domestic gas- Curtailments to coal (Btu/Yr)
DCPDR -Domestic coal- Production demand ratio (Dimensionless)
TECR.K=TEEUD.K*TEPDR.K 20790
TECR ~Total electric- Coasumption rate (Btu/Yr) ’
TEEUD -Total electric~- Eni-use demand (Btu/Yr)
TEPDR ~Total electric- Praduction demand ratio (Dimensionless)
DSCR.K=DSFEUD.K 20800
DSCR ~-Decentralized solar~ Consumption rate (Btue/Yr)
DSEUD -Decentralized solar- End-use demand (Btu/Yr)
NECDR.K=NECR.K/(NEPD.K+NEDD.K) 20810
NECDR=1 ‘ 20820
NECDR -Net energy- Consumd>tion demand ratio (Dimensionless)
NECR -Net energy- Consumstion rate (Btu/Yr)
NEPD -Net energy- Potentlal demand (Btu/Yr)
NEDD -Net energy- Decentralized demand (Btu/Yr)

NOTE
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NOTE

NOTE Interfuel Substitution -~ Coal Demand Subsector

NOTE
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NOTE
NOTE
NOTE

DCEUD.¥=aNFCD ., KADCPDMI.KADCDMP.K*NCDMA .KADLINF3(1+STEP (DCPCS,DCCSY)/100,DCCSDT)

DCPCS=70

DCCSY=1979

DCCSNT=10
DPCEUD
NECD
DCDMI
DCPhMP
DCDMA
DLINF3
STEP
pcrcs
DCCSY
NCCSDT

NOTE

-Domestic coal- End-use demand (Btu/Yr)

-Nct energy- Centralized demand (Btu/Yr)

-Domestic coal- Demand multiplier from income (Dimensionless)
-Domestic coal- Demand multiplier from price (Dimensionless)
~Domestic coal- Demand multiplier from availabilicy (Dimensionless)
-Third order information delay

-Step~-shaped exogenous input

-Domestic coal- Policy conservation savings (Fraction/Yr)

-Domestic coal- Conservation savings infitiation year (Year)
-Domestic coal- Conservation savinge development time (Year)

DCDMI .K=TARHL(DCDMIT,DEGNP.K/DEGNPI,1,4.6,.4)
PEPMIT=.355/.15/.12/.065/.065/.065/.065/.065/.065/.065

DCDME
TABHL
DCDMIT
DEGNP
DEGNPI

NOTE

-Domestic coal- Demand multiplier from fncome (Dimeneionless)
-Tabular relatfonship

-Domestic coal- Nemand multiplier from income table (Table)
-Domestic economy- Gross national product (§)

-Nomcatic economy- Gross national product initial .(§)

DCDMP . K= SHOOTH(TABHL(DCDMPT (DCP.K/TODP.X)/DNCPR70,.5,1.5,.1), NEDAT)
DCPHPT=1.4/1.29/1.2/1.12/1.05/1/.95/.91/.R8/.85/.82

DCPR70N=.30
DCOhMP
SMOOTU
TABHL
DCPOPMPT
nce
TODP
DCPR70
NEDAT

NOTE

-Domestic coal- Demand multiplier fron price (Dimensionless)
-First order information delay ’

-Tabular relotionship .
-Domestic coal- NDemand multiplier from price table (Table)
-NDomestic coal- Price ($/Rtu)

-Total oil- Delivered price ($/Btu)

-Domestic coal- Price ratio in 1970 ($/Btu)

-Het energy~- Demand adjustment time (Year)

DCDYA.K=SHOOTH(DCPDR.K/TOPDR.K,NFAAT)

NDCDMA
SHOOTH
NCPNR
TOPDR
NEAAT

NOTE

-Domestic coal- Demand multiplier from availabjlity (Pimensionless)
-First order information delay

-Nomestic coal- Production demand ratio (Dimensionless)

-Total oil~- Praduction demand ratio (Dimensionless)

-Net cnergy- Availability averaping time (Year)

20930
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NOTE
NOTE
NOTE
NOTE
NOTE
NQTE
NOTE
NOTE
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Interfuel Substitution -- FElectricity Demand Subsector
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TREUD.K=NECD .KATEDMI . KATEDMP.KATEDMA.K*SMOOTH( 1-STEP(TEPCS,TECSY) /100 ,NECSDT)

TEPCS=0 .
‘TECSY=2200

NOTFE

TEEUD -Total electric- End-us=2 dcmundA (Btu/Yr)
NECD ~Net enerpy- Centralized demand (Bru/Yr)
TEDMI -Total electric~- Demand multiplier From fncome (Dimensionless

TEDMP ~Total electric~- Demand multiplier From price (Dimensionlesas)
TEDMA ~Total electric- Demand multiplier from availability (Dimensionless)
SMOOTH ~First order information delay

STFP ~-Step~shaped exogenous input
TEPCS -Total electric- Policy conservation savings (Praction/Yr)
TECSY -Total electric- Conservation savings inittation year (Year)

NECSDT -Net energy- Conservation savinge development time (Year)

TEDMI.K=TABHL(TFEDMIT,DECNP.K/DEGNPI,1,7.0,.4)
TEDMIT=.043/.073/.085/.093/.1/.107/.114/.121/.126/.129/.133/.137/.141/.145/.169/.153

NOTE

TEDMI ~Total electric~ Nemand multislier from income (Dimensionless)
TABHL -Tabular relationship

TEPMIT -~Total electric- Demand multiolier from income table (Table)
DEGNP -Domestic economy~ Gross national product (§)

DEGNPI -Domestic economy- Gross national product initial (§)

TEDMP.K=SMOOTH(TABHIL, (TEDMPT, (TEP.K/TODP.K) /TEPR70,.5,1.5,.1) ,NEDAT)
TEDMPT=2/1.67/1.43/1.25/0.0171/.90/.E3).777.71/).67
TEPR70=2.84

NOTE

TEDMP -Total electric- Demand multiplier from price (Nimensionless)
SHOOTH  -First order informatior delaw

TABHL -Tabular relationship

TEPMPT ~-Total clectric~ Demand multiplier from price table (Table)
TEP -Total electric~ Price ($/Btm)

TODP -Total oil- Delivered price ($/Btu}

TEPR70 -Total electric- Price ratio in 1970 (S/Btu)
NFDAT -Net energy- Demand adjustment time (Year)

TEDMA .K=~SMOOTH{TFEPDR.K/TOPDR.K,NEAAT)

NOTE

TEDMA -Total electric- Demand multiplier from availability (Dimensiomlesr)
SHMOOTH ~First order information deleay

TEPDR -Totnl electric- Production demand ratio (Dimensionless)

TOPDR -Total oil- Production demand ratio (Dimensionless)

NEAAT -Net enerpy—- Availability averaginpg time (Year)
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Interfuel Substitution -~ Gas Demand Subsector

ARRKAARRRRRARARARRRARARRNARRARARARAKRAARAARRAARRAARANARAARRARNARRRAAAAAARRA

TGEUD.K=NECD.K*TGDMP.KATGDMI .K*TGDMA.K*SMOOTH(1-STEP(TGFCS,TGCSY)/100,NECSDT)
TGPCS=0
TGCS5Y=2200

NOTE

TGEUD -Total gns- End-use demand (Btu/Yr)

NECD -Net energy- Centraltzet demand (Btu/Yr)

TGDMP ~Total gas- Demand multlplier from price {Dimensionless)

TGNHMI -Total gas~ Demand multiplier from fncome (Dimensionless)

TCDMA -Total gas- Demand multiplier from avalilabllity (Dimensionless)
SMOOTH ~-First order information delay

STEP -Step-shaped exogenous input

TGPCS -Total pas- Policy conservation savings (Fraction/Yr)

TGCSY ~-Total gas~ Conservatios savinpgs initiation year (Year)

NECSDT -Net enerpy- Conservation savings devclopment time (Year)

TGDMI .F=TABHL(TGDMIT,DEGNP.K/DEGNPT,1,7.0,.4)
TGDMIT=.162/.25/.285/.3/.31/.325/.343.36/.38/.397/.606/.411/.414/.8417/.419/.42

NOTE

TGDOML -Total gas- Demand multiplier from income (Dimensionless)
TABHL -Tabular relationship .

TGPMIT -Total ges~- Demand multiplier from ftncome table (Table)
DEGNP -NDomestic economy-~ Gross national product (§)

DTGNPI -~Domestic economy- Gross national product initial ($)

TGDMP.K=SMOOTH(TARHL (TGDMPT, (TGDP.K/TODP.K)/TGPR?70,.8,3.0,.2),NEDAT)’
TGDMPT=1.25/1/.83/.71/.63/.56/.50/.45/.42/.38/.36/.33
TGPP70=.38

NOTE

TGDMP -Total gas- Demand nultiplier from price (Dimemnslionless)
SHOOTH ~First order informotiom delay ’
TABHL ~Tabular relationship

TGDMPT -Total gas~ Demand multiplier from price table (Table)
TGDP -Total pas~ Delivered price ($/Btu)

TODP -Total oil- Delivered price ($/Btu)

TGPR70 ~Total pas- Price ratio dn 1970 (S$/Btu)

NEDAT -Het energy- Demand adjustment time (Year)

21380 A
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TGDMA .K=SHMOOTH(TGPDR.K/TOPDR.K,NEAAT)

TCDMA -Total gas~- Demand nultiplier from availability (Dimensionless)
SMOOTH ~-First order information deley

TGPDR  -Total gas- Productlon demand ratic (Dimensionless)

TOPDR -Total oil- Productlon demand ratic (Dimensionless)

NEAAT -Net energy- Avalilability averaging time (Year)

NOTE

TGDP .K=TGP.K+STEP(TGPXT,TGXTY)
TGPXT=.50E-6

TCXTY=2200

TGDP -Total gas- Delivered price ($/Btu)

TGP -Total gas- Price ($/3tu)

STEP ~Step~shaped exogenous input

TGPXT -Total gas- Policy excise tax {§$/Btu)

TGXNTY -Total gas- Excise tax initiation year (Year)
NOTE

21500 A
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NOTE

NOTE Interfuel Substitution -~ 041l Demand Subsector

NOTE

NXOTE RAKRRRARRRARRNRAARRRRRRRARRAAKRRARRARNRARRRARRARAANNARARARAARRAAARARAR

NOTE
NOTE

TOEUD.K=NEPD.K~DCEUD.K-TEEUD.K-TGEUD.K
TOEUD -Total oil- End-use demand (Btu/Yr)

NEPD -Net energy- Potentfal demand (Btu/Yr)
DCEUD -Domestic coal- End-use demand (Btu/Yr)

TEEUD -Total electric- End-use demand (Btu/Yr)

TGEUD -Total gas- End-use demand (Btu/Yr)
NOTE

TODP.K=TOP .K+STEP(TOPXT TOXTY)
TOPXT=.50E-6

TOXTY=2200 .
TODP -Total oil- Delivered ;price ($/Btu)
TOP -Total oil- Price ($/Bru)
STEP -Step-shaped exogenous =nput )
TOPXT -Total oil- Policy excise tax ($/Btu)
TOXTY -Total oil- Excise tax initiation year

NOTE

(Year)

21720 A
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NOTE
NOTE
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NOTT.

NOTE Solar-Geothermal Fnergy Procduction Subsector

NOTE

NOTE ARRRAKRRRRAARRAARRAARRKRAAAXIRRIRARARRARRARRRARARRARARAANAAAARRARAARAA AL

ROTE
NOTE

DSEUD.XK=NEN.KANSDMI .K*DSDMP.K

DSEUD
NED

DSDMI
DSDMP

NOTE

-Pecentralized sola:- Nnd-uss demand (Btu/Yr)
-Net energy- Demand (Rtu/Yr)

-Decentralized solar- Demand multiplier from income (Dimensicnless)
~Decentralized solar- Demand multiplier from price (Dimensiornless)

DSDMI .K=TABHL(DSDMIT,TIMF.K,1950,2020,10)
DSDMIT=0/0/0/0/.009/.014/.019/.023

NSDMI
TABHL
PSDMIT
TIMF

NOTE

~Decentralized solar- Demand multiplier Erom income (Dimensicnless)

-Tabular relationship

-Necentralized solar- Demand multinlier Erom income table

-Actual time during sinulation

{Teble)

DSDMP .K=SMOOTR(TABHL(PSDMPT, (PSP.K/(CEAP.K/CEEUL))/DSPR75,.2,1.8,.2) ,REDAT}
DSPMPT=7/3.5/1.9/1.3/1/.83/.71/.53/.55

CEEUE=.62
DSDMP
SMOOTH
TABHL
DSDMPT
Dse
CFAP
CEEUE
DSPR75
HNEDAT

-Decentralized solarx- Demand multiplier from ptice (Dimensiomless)

-First order informetion delay

~Tabular relationship )

-Decentralized solar- Dcmand multiplier from price table
-Decentralized solar- Price ($,/Btun)

-Centralized energy- Average price ($/Btu)

~-Centralized energy— End-use efficiency (Dimensionless)
-Decentralized solar- Price ratio in 1975 (§/Btu)

-Net energy- Nemand adjustment time (Year)

DSP.K=TARHL(DSPTT,TIME.K,1950,2030,10)*1E-6
DSPTT=20/20/20/16/14/03/12/11/10

DSPR75=2.75
nse
TARBHL
DSPTT
TTME
DSPR?S

-Decentralized solar- Price ($f/Btu)

-Tahular relationship

-Decentralized solar- Price table (Table)

-Actual time during simulation

-Decentralized solar- Price ratlo in 1975 ($/Btu)

(Table)

22010

21960 A

21980
21990

-5 >

22020
22030

3>

22031 A
22032 T
22033 C
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CEAP.K=(TODP.K*TOCR.K+TGDP.K*TGCR.K+TEP.K*TECR.K+DCP.K*DCCR.K) /CECR.K
CEAP=

NEAPSO
CEAP
TODP
TOCR
TGDP
TGCR
TEP
TECR
DCe
DCCR
CECR
NEAPS50

-Centralized energy- Average price ($/Btu)
-Total oil- Delivered price ($/Btu)

-Total oil- Consumption rate (Btu/Yr)
-Total gas- Delivered price ($/Btu)

-Total gas- Consumption rate (Btu/Yr)
-Total electric- Price ($/Btu)

-Total electric- Consumption rate (Btu/Yr)
-Domestic coal- Price ($/Btu)

-Domeatic coal- Counsumption rate (Btu/Yr)
-Centralized energy- Consumption rate (Btu/Yr)
-Net energy—- Average price in 1950 ($/Btu)

CECR.K=TOCR.K+TGCR.K+DCCR.K+TECR.K

NOTE
NOTE

CECR
TOCR
TGCR
DCCR
TECR

-Centralized energy- Consumption rate (Btu/Yr)
-Total oil- Consumption rate (Btu/Yr)

~Total gas~ Consumption rate (Btu/Yr)
-Domestic coal- Consumption rate (Btu/Yr)
-Total electric- Consumption rate " (Btu/Yr)

22040 A
22060 N

22070 A
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NOTE AANRARARAARRAARRRARRRAAANAARAARRAAARRNARRARAARNARARARARRARNRRAARAS
NOTE AARARKRARANRARRRARARKAARAANARRRARRANARANRARARARAAARARARARARRRARARRARS
NOTE .

NOTE Gas Production Sector of FOSSIL2

NOTE

NOTE

NOTE Department of Energy

NOTE Energy Transition Project

NOTE

NOTE Version Release Date:

NOTE March 1980

NOTE

NOTE AARRRRAARRARRAARANRRRRRARRARANARRARARNARRANARNARARRAARARRAARARAARARS
NOTE ARARAARARAARARARAARRARARANANNARAAR AR ARAARAARARRRARRRAARARAARRAARARNRS
NOTE
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:giEA AARRRARRRRARAARRARARARRRANRARARRAANRRRNRRRNARANRR PR XARAANRRARRAALNRAR
NOTE ) .
NOTE Gas Supply-Demand Balance: Capacity Utilization Subsector

:g:: RAAARRARRRAARRARRARAAARKARRAARRRNARRRAARAARARAALAAARARKAARARRRARAR
NOTE .

NOTE

DGCUF .K=DGRCUF .K*DGDSU . K+DGUCUF .K*(1-DGDSU.K)
DGCUF ~Domestic pas- Capacity utilization factor (Fraction)
DGRCUF ~-Domestic gas- Regulated capacity utilization factor (Fraction)
DGDSU -Domestic gas- Deregulztion schedule for CUF (Fraction)
DGUCUF -Domestic gas- Unregulated capacity utilization factor (Fraction)

DGRCUF .K=MIN(DGRCUFM,DGUCUF.K)
DGRCUFM=.8" '
DGRCUF -Domestic gas- Regulated capacity utilization factor (Fraction)
HIN ~Function selecting the smaller of two values .
DGRCUFM -Domestic pgas- Regulated capacity utilization factor maximum (Fraction)
DGUCUF -Domestic gas- Unregulated capacity utilization factor (Fraction)

DGUCUF-K-TABLE(DGCUFT,(DGGD.K-PGCR;[-LNCR-K)/DGPC.K,O.l.l,.l)
DGCUFT=0/.1/.2/.3/.4/.5/.6/.7/.8/.9,.9/.9
DGUCUF -Nomestic gas- Unregulasted capacity utilization factor (Fraction)

TABLE -Tabular relationship I

DGCUFT ~Domestic gas- Capacitry utilization factor table (Table)

DGGCD -Domestic gas- Gross demand (Btu/Yr)

PGCR -Pan-am gas- Consumption rate (Btu/Yr)

LNCR -Liquified natural gas- Consumption rate (Btu/Yr)

DGPC -Domestic gas-~ Production capacity (Btu/Yr)
DGDSU.K=SMOOTH(CLIP(O,! ,TIME.K,DGDYL) ,DGEAT)

DGDSU -Domestic gas-~ Deregulation schedule for CUF (Fraction)

SMOOTH ~First order information delay :

CL1P ~Function switched durlng the run

TIME -Actual time during simulatfon

DGDYI -Domestic gas- Deregulation year initial (Year)

DGEAT - -Domestic gas- Economi: averaging time (¥Year)

30230

30240
30250

30260
30270

30280

o>
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DGCD.K=TGGD.K~AGCR.K-SNCR.K

DGGD -Domestic gas- Gross demand (Btu/Yr)

TGGD -Total gas- Cross demand (Btu/Yr)

AGCR -Alaskan gas- Consumption rate (Ptu/Yr)

SNCR -Synthetic natural gas~ Consumpticn rate (Btu/Yr)
TGGD.K=TGND.K/TGDE
TGDE=1

TGGD -Total gas- Gross demand (Btu/Yr)

TGND -Total gas- Net demand (Btu/Yr)

TGDE -Total gas- Distributional efficiency (Fraction)
TGND.K=TGEUD .K+0UDG.X

TGND ~-Total gas- Net demand (Btu/Yr)

TGEUD -Total gas- End-~use demand (Btu/Yr)

ouDneC -0il/gas utilities— Demand for gas (Btu/Yr)

DGPC.K=CGPC.K+UGPC.K+MGPC.K+HGPC.K

DGPC
CGPC
UGPC
MGPC
HGPC

-Domestic gas-~ Production capacity (Btu/Yr)
-Conventional gas- Production capacity (Btu/Yr)
-Unconventional gas- Production capacity (Btu/Yr)
~-Low/medium Btu gas- Production capacity (Btu/Yr)-
-High-Btu gas- Production capaclty (Btu/Yr)

TGPR.K=DGPR.K+AGCR.X+PGCR.K+LNCR.K+SNCR.K

TGPR
DGPR
AGCR
PGCR
LNCR
SNCR

-Total gas- Production rate (Btu/Yr)

~Domestic gas- Production rate (Btu/Yr)

~Alaskan gas- Consumption rate (Btu/Yr)

-Pan~am gas- Consumption rate (Btu/Yr)

-Liquified natural gas- Consumption rate (Btu/Yr)
-Synthetic natural gas- Consumption rate (Btu/Yr)

DGPR.K=CGPR.K+UGPR.K+HGPR.K+MGPR.K

DGPR
CGPR
UGPR
HGPR
MGPR

TGPDR.K=TGPR.
TGPDR
TGPR
TGGD

TGPCR.K=TGPR.

TGPDR=1
TGPCR
TGPR
TGGD
DGCUR
TGPDR

NOTE

-Domestic gas- Prodiction rate (Btu/Yr)
-Conventional gas- Production rate (Btu/Yr)

. -Unconventional gaa- Production rate (Btu/Yr)

-High-Btu gas- Prodiction rate (Btu/Yr)
rLow/medium Btu gas- Production rate (Btu/Yr)

X/TGCD.X

~Total gas- Productlon demand ratio (Dimensionless)
~-Total gas- Productlon rate (Btu/Yr)

-Total gas- Gross d2mand (Btu/Yr)

K/ (TGGD .K~-DGCUR .K)

-Total gas- Productlon~consumption ratio (Dimeneionless)
~Total gas- Productlon rate (Btu/Yr)

-Total gas- Gross demand (Btu/Yr)

~-Domestic ‘gas- Curtailments (Btu/¥r)

-Total gas- Productlon demand ratio (Dimensionless)

30290

30300
jollo

30320

30330

30340

30350

30360

30370
30380

z >
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vGCUR.K=MAX (0 ,DGGD .K-PGCR.K~-LNCR.K-DGCUF .K*DGPC .K)

DGCUR -Domestic gas~ Curtafilmerts (Btu/Yr)
- MAX -Function selecting the larger of two values
DGGD ~Domestic gas- Gross demand (Btu/Yr)
. PGCR -Pan-am gas- Consumption rate (Btu/Yr)
LNCR -Liquified natural gas- Consumption rate (Btu/Yr)
DGCUF -Domestic gas- Capacity utilization factor (Fraction)
DGPC -Domestic gas- Productior capacity (Btu/Yr)
DGCURO.K=DGCUR.K*DGFDO _ ¢
DGFDO=.8 .
NDGCURD <~Domestic gas- Curtailments to oil (Btu/Yr)
DCCUR -Domestic gas- Curtailmerts (Btu/Yr)
DGFDO -Domestic gas~ Fraction demanded as oil (Fraction)

DGCURC.K=DGCUR.K*(1-DGFDO)
DGCURC -Domestic gas- Curtailments to coal (Btu/Yr)
DGCUR -Domestic gas- Curtailments (Btu/Yr)
DGENO ~Domestic gas- Fraction demanded as oil (Fraction)

DCFEDP.K=TABHL(DGFEDPT,PCWP.K/LNWP.X,C,2,.2) -
DGFEDPT=1/.98/.95/.9/.8/.5/.2/.1/.05/.02/0

DGFEDP -Domestic -gas- Fraction cof import demand to Pan-american sources

TABHL -Tabular relationship -

DGFEDPT -Domestic gas- FEDP table (Table)

PGWP ~Pan-am gas- Wellhead prfce ($/Btu)

LNWP ~Liquified natural gas-~ Wellhead price (§$/Etu)
DGIMD.K=DGGD.K-PGCR.K-LNCR.K-.854DGPC .X

DGIMD . -Domesttic gas- Import demand (Btu/Yr)

DGGD -Domestic gas- Gross demand (Btu/Yr)

PGCR -Pan-am gas- Consumption rate (Btu/Yr) :

LNCR ~-Liquified natural gas- Consumption rate (Btu/Yr)

DGPC -Domestic gas- Production capacity (Btu/Yr)

(Fraction)

30400

30410

30420

30430

30440
30450

30460
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NOTE

NOTFE Gas Supply-Demand Balance Pricing Subsector

NOTE '

NOTE ARRARRRARKRRARRRAARARNAR AR AN CARAARRANERARRANARRAARARRARAARARNRARA AR
NOTE

NOTE

TGP.K~(DGWP KADNGPR.K+AGWP .K*AGCR.K+>GWP.K*PGCR.K+LNWP .K*LNCR.K+SNWP.K#SNCR.K)/TGPR.K+TGDCHG
TGP=.98F-6
TGPCNC=.80E-6

TGP -Total gas- Price ($/Btu)

DCwP -homestic gas- Wellhead price (§$/Btu)

DGPR -Domestic gas~ Production rate (Btu/Yr)

AGWP -Alaskan gas- Wellhead price ($/Btu)

AGCR -Alaskan gas- Consumption rate (Btu/Yr)

PGWP -Pan-am gas- Wellhead price (§$'Btu)

PCCR -Pan-an pas- Consumption rate [Btu/Yr)

LNWP ~Liquified natural gas- Wellhead price ($/Btu)
LNCR ~Liquified natural gas- Consump:ion rate (Btu/Yr)
SNWP -Synthetic natural gas- Wellhead price ($/Btu)
SNCR -Synthetic natural gas~ Consump:ion rate (Btu/Yr)
TGPR -Total gas- Production rate (B-u/Yr)

TGDCHG ~-Total gas- Delivery charge ($/Btu)

DGWP K=(DGUWP.K#*DGNS.K+DGRWP.K* (1-DGDS.K)¥)*(CGPR.K/DGPR.K)+DGUWP.K*(1-(CGPR.K/DGPR.K))
DGWP=.19E-6

DGHWP ~-Domeatic pas- Wellhead price ($/Btu)

DGUWP -Domestic pas- Unregulnted wellhead price ($/Btu)
DGDS -Domestic gas- Deregulatfon schedule (Dimensionless)
DGRWP -Domestic gas- Regulated wellhead price ($/Btu) )
CGPR -Conventional gas- Producticn rate (Btu/Yr)

DGPR ~Domestic gas- Production rate (Btu/Yr)

DGDS .K=SMOOTH(CLIP(1 O.TIME K.DGDYI),DGDRT)
DGDYI=1979

DGORT=6
DGDS -Domestic pas- Deregulatfion schedule (Dimensionless)
SMOOTH ~Pirst order information delay
CLIP -Function switched during the run
TIME -Actual time during simulation
DGDYX -Domestic gas- Deregulation year initial (Year)
DGDRT -Domestic gas- Deregulation adjustment time (Yenr)

DGUWP .K=MAX(DGCPS K.DGPMN K#*DCPMM K+DGACST.X)

DCUWP -Domestic ges- Unregulated vellheed price ($/Btu)
MAX -Function selecting the larger of two values

DGCPS -Domestic gas- Celiling price schecule ($/Btu)
DGPMN -Domestic gas- Profit margin normal -($/Btu)

DGPMM -Domestic gas- Price multiplier (Dimensionless)

DGACST -~Domestic gas- Average cost ($5/Btu)

30550
30570
30580

30590

30600

30610
30620
30630

30640

A
N
C

OO >
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VGRWP .K=DGPMN . K+DGACST.K
DGRUWP ~-Domestic gas- Regulated wellhead price ($8/Btu)
DGPMN ~Domestic gas- Profit margin normal ($/Btu)
DGACST -Domestic gas- Average cost ($/Btu)

DGACST.K=DGCST.K/DGPR.K
DGACST -Domestic gas- Average cost (§/Btu)
DGCST -Domestic gas- Cost ($/Yr)
DGPR -Domestic gas~- Production rate (Btu/Yr)

DGPMN . K=DGROEN.KA*DGEQ.K/ (DGPC . KADGCUFN*(1-DGTR))

DGPMN -Domestic gas- Profit margin normal ($/Btu)

DGROEN -Domestic gas- Normal return on equity (Fraction/Yr)

DGEQ -Domestic gas- Equity ($)

DGPC -Domestic gas- Production capacity (Btu/Yr)

DGCUFN -Domestic gas- Capacity utilization factor normal (Fraction)
DGTR -Domeatic gas- Tax rate (Fraction)

DGROEN.K=CLIP(DGPROEN,DGHROEN, TIME.K,DGRPY)+DEINF.K"
DGHROEN=.10
DGPROEN=. 25

DGRPY=2200
DGROEN -Domestic gas- Normal return on equity (Fraction/Yr)
CLIP -Function switched during the run )

DGPROEN -Domestic gas- Policy return on equity normal (Fraction/Yr)
DGNROEN -Domestic gas- Historical return on equity normal (Fraction/Yr)

TIME -Actual time during simulation
DGRPY -Domestic gas- ROE regulation policy initiation year (Year)
DEINF -Domestic economy- Inflation rate (Fraction/Yr)

DGPMM.K=TABHL(DGPMMT ,DGGD.K/ (DGPC.KADGCUFN),.6,1.6,.2)
DGPMMT=0/.3/1/1.7/2.8/5

DGCUFN=.80
DGPMM -Domestic gas- Price multiplier (Dimensionless)
TABUL ~-Tabular relationship } .
DGPMMT -Domestic gas- Price multiplier table (Table)
DGGD ~Domestic gas- Gross demand (Btu/Yr)
DGPC -Domestic gas- Production capacity (Btu/Yr)

DGCUFN -Domestic gas- Capacity utilization factor normal (Fraction).

DGCPS.K-CLIP(TABHL(DGCPST.TINE.K,1978.1985,l)*lE-G,O,TIME.K,DGDYI)
DGCPST=0/1.92/1.99/2.06/2.14/2.23/2.32/2.42

DGCPS -NDomestic gas- Ceiling price schedule ($/Bru)

CcLiP -Function switched during the run :

TABHL -Tabular relationship

DGCPST -Domestic ras- Ceiling price schedule table (Table)
TIME ~Actual time during simulation

DGDY1 -Domestic gas- Deregulation year inittal (Year)

S

NOTE

30650

30660

30670

30680
30690
30700
30710

30720
30730
30740

30750
30760
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NOTE RARARARRARARARARARAARAAR AR AARRRARARA AN R AR ARRRNAARRARARNARARRARARR
NOTE
NOTE Gas Pinancing: Source of Funds Subsector
NOTE
NOTE KRN AAAANRARRRRANARRRANAARR SRS RARRRRAARRNNARAARARAARRRAARNRARANAARR
NOTE
NOTE
DGNI.Ka(1-DGTR) *(DGREV.K~DGCST.K)+DGITC*DGNPC .K+UGNTC.K*UGPR.K 30860 A
DGTR=.35 30870 C
DGITC=.07 30880 C
DGNI -Domestic gas~- Net inceme ($/Yr)
DGTR -Domestic gas- Tax rate (Fractionl
DGREV ~-Domestic gas- Revenue ($/Yr)
DGCST -Domestic gas- Cost ($/¥r)
DGITC -Domestic gas- Investment tax credit (Fraction)
DGNPC -Domestic gas- New plants completed ($/Y¥r)
UGNTC -Unconventional gas— Ness tax credit ($/Btu)
UGPR . -Unconventional gas- Production rate (Btu/Yr)
DGREV.K=(DGWP .K+DGGS .K) *DGPR .K 30890 A
DGREV -Domestic gas- Revenue ($/Yr) :
DGUP -Domestic gas- Wellhead price ($/Btu)
. DGGS -Domestic gas- Government subsidy ($/Btu)
~o DGPR -Domestic gas- Production rate (Btu/Yr)
o
! DGCS .K=(UGGS .K*UGPR.X) /DGPR .K+(MGGS .K*MGPR .K+HGGS .K*HGPR.K) /DGPR.K 30900 A
DGGS -Domestic gas- Government subsidy ($/Btu)
UGGS -Unconventional gas- Government subsidy ($/Btu)
UGPR -Unconventional gas--Production rate (Btu/¥r)
DGPR -Domestic gas- Production rate (Btu/Yr)
MGGS -Low/medium Btu gas- Government subsidy ($/Btu)
MGPR -Low/medium Btu gas- Production rate (Btu/Yr)
HGGS -U{gh-Btu gas- Government subsidy ($/Btu)
NG PR -High-Btu gas- Production rate (Btu/Yr)
DGCST.K=CGCST.K+UGCST.K+HGCST.K+MGCST.K+DGDEP.K+DGINT.K . 30910 A
DGCST -Domestic gas- Cost ($/Yr)
CGCST ~-Conventional gas- Cost ($/Yr)
UGCST -Unconventional gas- Cost ($/Yr)
HGCST -High~-Btu gas~- Cost ($/Yr)
MGCST -Low/medium Btu gas- Cost ($/Y¥Yr)
DGDEP -Domestic gas- Depreciation ($/Yr)

DGINT ~Domestic gas— Interest ($/Yr)

NOTE
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DGGA .K=~DGGA.J+(DT) (DGINV.J-DGGAR.JK~DGVLI.JK)
DGGA=3.2E9

DGGA ~-NDomestic gas- Gross assets (§$)

DT -Time increment betwee2n calculations

DGINV ~Domestic gas- Investnent ($/Yrx)

DGGAR -Domestic gas- Gross asset retirements ($/Yr)

DGVL1 ~Domestic gas- Value _oss due to inflation ($/Yr)
DGGAR.KL=DGGA.K*DGARF.K

DGGAR -Domestic gas~ Gross asset retirements ($/Yr)

DCGA -Domestic gas- Gross assets (§)

DGARF -Domestic gas- Asset retirement factor (Fraction/Yr)

DGARF . K= (CGPA K*CCARFH+UGPA.K*UGARF+MGPA . K*MGARF+IGPA.EAHGARF)/DGPA.K

DGARF ~-Domestic gas~ Asset setirement factor <{(Fraction/Yr)
CGPA ~Conventional gas- Physical assets (§)
CGARF ~-Conventional gas- Ascset retirement factor (Fraction/Yr)
UGPA -Unconventional gas- Ehysical assets ($)
UGARF -Unconventional gas- Asset retirement factor (Fraction/Yr)
MGPA -Low/medium Btu gas- Fhysical assets (§)
MGARF ~Low/medium Btu gas- Asset retirement factor (Fraction/Yr)
HGPA ~-High-Btu gas- Physical assets (§$)
HGARF -High-Btu gas- Asset retirement factor (Fraction/Yr)
DGPA -Domestic gas- Physical assets (§)
DGVLI.KL=DGGA .K*DEINF .K*(1l~-STEP(1,DGPLAY))
DGPLAY=2200
DGVLI ~-Domeetic gas- Value loss due to tnflation ($/Yr)
DGGA -Domestic gas- Gross assets (§)
DEINF -Domestic economy- Inflation rate (Fraction/Yr)
STEP -Step~-shaped exogenous input
DGPLAY -Domestic gas~ Price-level accounting initiation year (Year)
NOTE
DGNA .K=DGGA.K*DGADF
DGADF=.50
DGNA ~Domestic gas- Net asas2ts ($)
DGGA -Domestic gas- Cross aasets ($)
DGADF -Domestic gas~ Accumulated depretiation fraction (Fraction)

DGEQ.K=DGNA.K*DGEF

DCEF=.95
DGEQ -Domestic gas- Equity ($)
DGNA -Domestic gas- Net assets ($)
DGEF ~ -Domestic gas- Equity fraction (Fraction)

DGDEBT .K=DGNA.K4DGDF
DGDF=~(30/70) *DGEF
DGDEBT -Domestic gas- Debt ($)
DGNA -Domestic gas- Net assets (§)
DGDF -Domestic gas- Debt frection (Fraction)
DGEF -Domestic gas- Equity fraction (Fraction])

30940
30950

30960

30970

30980
30990

jiolo

31020

31030
31040

31050
31060
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DGINT.K«DGIR.K*DGDEBT.K

DGINT
DGIR
DGDEBT

-Domestic
-Domestic
~Domestic

DGIR.K=DGIRN+DEINF.K

DGIRN=.025
DGIR
DGIRN
DEINF

-Domestic
-Domestic
-Domestic

DGDRMT .K=DGDEBT.K/DGDL

DGDL=10
DGDRMT
DGDEBT
DGDL

DGDEP.K=DGGA.

DGBLC=17
DGDEP
DGGA
DGBLC

NOTE-

~Domestic
~Domestic
-Domestic

K/DGBLC
-Domestic

~Domestic
-Domestic

gas- Interes: (§/Yr)
gas- Intetest rate (Fraction/Yr)
gas- Debt (3)

gas- Interest rate (Fraction/Yr)
gas- Interest rate normal (Fraction/Yr)
economy- Inflation raze (Fraction/Yr)

gas- Debt repaymert ($/Yr)
gas- Debt (%)
gas- Debt life (Year)

gas- Depreclation (§/Yr)
gas— Gross assets (§)
gas- Book life of capitel (Year)

DGIF.K=DGNI.K-DGDIV.K+DGDEP.K-DGDRM T .X

DGIF
DGNI
DGD1V
DGDEP
DGDRMT

~-Domestiec
-Domestic
-Domestic
-Domestic
-Domestic

gas- Internal funds ($,Yr)
gas- Net income [$/Yr)
gas- Dividerds (3/Yr}

gas- Depreciation ($/Yr)
gas- Debt repaymeat ($,/Yr)

DGDIV.K=TABHL(DGDPOT,DGROI.K/DGEOIN.K,.8,2,.4)*DGNI.K
DGDPOT=.6/.5/.35/.25

DGDILV
TABHL
DGDPOT
DGROI
DGROIN
DGNI

~Domestic

gas- Dtvidemds (5/Yr)

-Tabular relationship

-Domestic
-Domestic
~Domestic
-Domestic

gas- Dividead payout table (Table)

gas- Return on investment (Fraction/Yr) )
gas- Return on investment normal (Fraction/Yr)
gas- Net,income ($/¥r)

31070

31080
31090

31100
3itlo

31120
31130

31150

31160
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DGROI .K=(DGNI.K+DGINT.K)/(DGEQ .K+DGDEBT .K)

DGROI -Domestic gas- Return on {ianvestment
DCNI -Domestic gas- Net income ($/Yr)
DGINT -Domestic gas~ Interest ($/Yr)
DGEQ -Domestic gas- Equity ($)

DGDEBT -Domestic gas- Debt (§)

DGROIN.K=DGROIR+SMOOTH(DEINF .K,DGEAT)
DGROIR=.08

(Fraction/Yr)

DGROIN <-Domestic gas- Return on investment normal . (Fraction/Yr)
DGROIR ~Domestic gas- Return on investment real (Fractlon/Yr)

SMOOTH ~First order information delay
DEINF -Domestic economy- Inflation rate

(FPraction/Yr)

DGEAT ~Domestic gas- Economic averaging time (Year)

DGROIX.K=SMOOTH(DGROIL.K/DGROIN.K,DGEAT)
DGEAT=5 '

DGROIX -Domestic gas~ Return on investment index (Dimensionless)

SMOOTH <~First order information delay
DGROI ~-Domestic gas- Return on investment

(Fraction/Yr)

DGROIN -Domestic gas- Return on invesgtment normal (Fraction/Yr)
DGEAT -Domestic gas- Economic averaging time (Year)

NOTE

DGFA.K=DGIF.K+DGEFA.K

DGFA ~Nomestic gas~ Funds ‘available (§/Yr)

DGIF -Domestic gas- Internal funds ($/Yr) ,

DGEFA ~Domestic gas- External funds available ($/Yr)
DGEFA.K=DGGR.K*MAX(DGGA.K,DGPAMI) . i

BGEFA  -Domestic gas- External funds avatlable ($/Yr)

DGGR -Domestic gas- Growth rate (Fraction/Yr)

MAX -Function selecting the larger of two values

DGGA -Domestic gas- Gross assets (§)

DGPAMI -Domestic gas- Physical assets of a mature industry (§)

DGGR.K=TABHL(DGGRT,DCROIX.X,.3,3.3,.3)

DGGRT=0/.025/.052/.07/.09/.105/.12/.13/.14/.15/.15

DGGR ~Domestic gas- Growth rate (Fraction/Yr)

TABHL -Tabular relationship

DGGRT -Domestic gas- Growth rate table (Table)

DGROIX -Domestic gas~ Return on investment index (Dimensionless)

NOTE

31180

31190
31200

31210
Jla20

31240

31250
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31270




_172.;

DGFN-K-MAX(O.(DCFPA.K-DGPA.K—DGPUC-K+DCAFCT.K*DGARPﬂK*(DCPA-K+DGFPA.K)/Z)/DGFCBN) 31290 A
DGFCEN=.85 31310 C

DGFN -Domestic gas- Funde needed ($/Yr:

MAX -Function selecting the larger of two values

DGFPA  -Domestic gas- Future physical assets ($)

DGPA -Domestic gas- Physical assets (§:

DGPUC -Domestic gas- Plants under construction (§)

DGAFCT -Domestic gas- Average facility comstruction time (Year)

DGARF -Domestic gas- Asset retirement factor ({Fraction/Yr)

DGFCEN -Domestic gas- Fraction to capital expenditures normal (Fraction)

DGFPA.K=DGNPA.K*EXP(DGNPA.K/DGSPA.K-1) 31320 A
DGFPA -Domestic gas- Future physical assets (§)
DGNPA -Domestic gas- Normal physical assets ($)
EXP -Exponential function
DGSPA -Domestic gas- Smoothed physical assets (§)
DGNPA .K=DGGD.K/DGCUFN#*DGCC.K 31330 A
DGNPA -Domestic gas- Normal physical aasets ($)
DGGD -Domestic gas- Gross demand (Btu/Yr)
DGCUFN -Domestic gas- Capacity utilizatiom factor normal (Fraction)
DGCC -Domestic gas- Capital cost ($/(Btu/Yr)) ’
DGSPA.K=DGSPA.J+(DT) (DGNPA.J-DGSPA.J)/DGAFCT.J 31340 L
DGSPA=DGSPAI ) 31350 N
DGSPAI=1.8E9 31360 C
DGSPA -Domeatic gas- Smoothed physical assets ($)
DT -Time increment between calculatioas
DGNPA -Domestic gas- Normal physical assets (§)

DGAFCT -Domestic gas- Average facility comstruction time (Year)
DGSPA1 -Domestic gas- Smoothed physical assets inftial (§)

DGCC.K=DGPA.K/DGPC.K . 31370 A
DGCC  -Domestic gas- Capital cost ($/(Btu/Yr))
DGPA -Domestic gas- Physlcal assets (§)
DGPC -Domestic gas- Production capacity (Btu/Yr)
DGPA.K=CGPA.K+UGPA.K+MGPA.K+HGPA.K 31380 A
DGPA -Domestic gas- Physical assets (§:
CGPA ~Conventional gas- Physical assets (§)
UGPA -Unconventional gas- Physical assets ($)
MGPA -Low/medium Btu gas- Physical assets (§)
HGPA -High-Btu gas- Physical assets (§}
DGPUC.K=CGPUC.K+UGPUC.K+MGPUC.K+HGPUC.K 31390 A
DGPUC -Domestic gas- Plants under construction (§)
CGPUC  ~-Conventional gas- Plants under comstructiaon ($)
UGPUC ~Unconventional gas- Plants under construction ($)
MGPUC -Low/medium-btu gas- Plants under construction (§)
HGPUC -High-btu gas- Plants under construction (§)




YA

DGAFCT .K=((CGFCR.JK+UGFCR.JK)*NGFCT+MGFCR.JK*MGFCT -K+HGFCR.JK*HGFCT.X)/DGNPC.K
DGAFCT -Domestic gas—- Average facility construction time (Year)

CGFCR -Conventional gas- Facility completion rate ($/Yr)
UGFCR -Unconventional gas-~ Facility completion rate ($/Yr)
NGFCT -Natural gas- Facility construction time (Year)
MGFCR -Low/medium Btu gas- Facility completion rate ($/Yr)
MGFCT -Low/medium Btu gas- Facility construction time (Year)
HGFECR -fitgh-Btu gas~- Facility completion rate (3/Yr)
HGFCT -High-Btu gas- Facility construction time (Year)
DGNPC -Domestic gas- New plants completed ($/Yr}

DGNPC .K=CGFCR.JK+UGFCR.JK+MGFCR.JK+HGFCR.JK
DGNPC -Domestic gas- New plants completed ($/Yr)
CGFCR -Conventional gas~ Facility completion rate (§/Yr)
UGFCR -Unconventional gas- Facility completion rate ($/Yr)
MGFCR -Low/medium Btu gas~ Facility completion rate ($/Yr)
HGFCR ~-High-Btu gas- Facility completion rate ($/Yr)

NOTE

DGINV.K=MAX(O,MIN(DGFA.K,DGFN.K)*DGFCE.K*#DGCEL.K)
DGINV ~Domestic gas- Investmeat ($/Yr)
MAX -Function selecting the larger of two values
MIN -Function selecting the smaller of two values
DGFA -Domestic gas- Funds available ($/Yr)
DGFN -Domestic gas- Funds needed ($/Yr)
DGFCE -Domestic gas- Fraction to capital expenditures (Fraction)
DGCEL -Domestic gas~ Capital expenditure limit (Fraction)

DGFCE.X=TABRL(DGFCET,DGROIX.K,0,1.5,.3)

'DGFCET=0/.25/.4/.75/.85/.93

DGFCE -Domestic gas~- Fraction to capital expenditures (Fraction)
TABHL -Tabular relattionship

DGFCET -Domestic gas- Fraction to capital expenditures table (Table)
_DGROIX -Domestic gas—~ Return on investment index (Dimensionless)

DGCEL.K=TABHL(DGCELT,DGGRI.X,0, .35,.05)
DGCELT=1/1/1/1/1/.8/.4/0

DGCEL -Domestic gas~ Capltal expenditure 1limit (Fraction)

TABHL ~Tabular relationship '

DGCELT -Domestic gas- Capital expenditure ‘limit table (Table)

- DGGRI ~-Domestic gas- Growth rate indicated (Fraction/Yr)

DGGRI .K=(DGAGR.K/SMOOTH(DGAGR.K,DGTGR)-1) /DGTGR

DGGRI -Domeatic gas- Growth rate indicated (Fraction/Yr)

DGAGR -Domestic gas- Assets for growth rate ($)

SMOOTH -~First order information delay

DGTGR -Domestic gas- Time for growth rate (Year)
DGAGR.K=DGPA .K+DGPUC.K

DGAGR ~-Domestic gas- Assets for growth rate (§)

DGPA -Domestic gas- Physical assets (§)

DGPUC ~Domestic gas- Plants under construction (%)

NROTE

31400 A

31420 A

31440 A

31450 A
31460 T

31470 A
31480 T

31490 A

31500 A

o
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NOTE
NOTE
NOTE
NOTE
NOTE

. NOTE

NOTE
NOTE

CGInNy
CGINV

CGAW.
CGMCS
CGCCR

CGScC

CGSCM
DGSCM

CGGRI
DGTGR

CGAGR

NOTE:
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Gaa Financing: Use of Funds Subsector

*tﬁtithﬁ*i**ﬁittii**ﬁi**’*ﬁ*ﬁt*iii**ﬁ&tit*******titktﬁ****t*t*itii

.KL-DGINV.K*(QGAH.K/DGAW.K)

=.4E9

CGINV ~-Conventional gas- Investment ($/Tr)

DGINV -Domestic gas- Investment (5/Yr)

CGAW ~Conventional gas- Zllocation weight (Dimensionless)

DGAW -Domestic gas~ Allocation welght [Dimensionless)
K=(CGMCST.K*1E6) "DGWF '

CGAW ~Conventional pas- Allocation weight (Dimensionless)
CGMCST -Conventional gas- Marginal cost [($/Btu)
DGWF -Domestic gas- Weighting factor (Dimensionless)

T.K=CGCCR*CGSCC.K+CGOMC.K

=.151

CGMCST ~-Conventional gas- Barginal cost ($/Btu)

CGCCR -Conventional gas~- Capltal charge rate (Fraction/Yr)
CGScCC ~-Conventional pgas- Speczific capital cost ($/(Btu/Yr))

ceoMC -Conventional gas- Operating and maintenance <O0&M> cost ($/Btu)

+K=CGCC.K*CGSCM.K/DGCUFN )

CGScCC -Conventional gas- 3pezific capital cost {$/(Btu/Yr))

CGCC -Conventional gas- Capltal cost ($/(Btu/Yr))

CGSCM -Conventional gas~ 3econdary coastraint multiplier (Dimensionless)

DGCUFN -Domestic gas~ Capa:ity utilization factor normal (Fractiom)

.K=TABHL(DGSCMT ,C6GRI.K, .04, .2D,.04)
T=1/1/1.5/2.1/3.0

CGSCM -Conventional gas- 3econdary cometraint multiplier (Dimensionless)

TABHL ~Tabular relationshlp
DGSCMT -Domestic gas~ Secoadary constraint multiplier table (Table)
CGGRI -Conventional gas- Srowth rate indicated (Fraction/Yr)

.K-(CGAGk.K/SHOOTH(CGAGR:K,)GTGR)—I)/DGTGK

=2 : ’ )

CGGR1 ~-Conventional gas- Srowth rate indlcated (Fraction/Yr)
CGAGR -Conventional gas- Assets for growth rate (§)

SMOOTH -~First order information delay

DGTGR -Domestic pgas~ Time for growth rate (Year)

.K=MAX(DGPAMI ,CCPA.K+CGPUC.K)

CGAGR -Conventional gas- Assets fcr growth rate ($) !
MAX ~-Function selecting the larger of two values .

DGPAMI -Domestic gas~ Physical assets of a mature industry ($)

CGPA -Conventional gas- Physical ass=ta (§)

CGPUC -Conventional gas~ Plants urder construction ($)

B

31600
31610

31620

31630

31640

31650

31660
31670

31680
31690

31700
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NOTE

UGINV.KL=DGINV.K*(UGAW.K/DGAW.K)

UGINV=0
UGINV
DGINV
UGAW
DGAVW

UGAW .K=(UGSP.

UGCY=1980
UGAW
UGsP
DGWF
STEP
UGCcy

~-Unconventional gas- Inveatment ($/Yr)

-Domestic gas- Investment ($/Yr)

-Unconventional gas- Allocation welight (Dimensionless)
-Domestic gas~ Allocation weight (Dimensionless)

K*1E6) “DGWFASTEP (1,UGCY)

~Unconventional gas~ Allocation weight (Dimensionless)
-Unconventional gas- Support price ($/Btu)

-Domestic gas—- Weightiwug factor (Dimensionless)
~-Step-shaped exogenous input

~-Unconventional gas- Ccmmercialization year (Year)

UGSP.K=UGMCST.K-UGGS .K~-UGNTC.X

UGSP
UGMCST
UGGS
UGNTC

~Unconventional gas- Support price ($/Btu)
-Unconventional gas- Merginal cost ($/Btu)
-Unconventional gas- Gcvernment subsidy ($/Btu)
-Unconventional gas— Ness tax credit (§$/Btu)

UGMCST.K=(UGCCCR+UGECR.K)*UGSCC.K+UGCHC.X

UGCCR=.151
OGMCST
UGCCR
UGECR
UGsccC
UGoMC

-Unconventional gas- Merginal cost ($/Btu)

~-Unconventional gas~ Ceplital charge rate (Fraction/Yr)
-Unconventional gas~ Ewcess charge due to risk (Fraction/Yr)
~-Unconventional gas- Specific capital cost ($/(Btu/Yr))
-Unconventional gas- Operating and maintenance <0&M> cost ($/Btu)

UGECR.K=UGCCRR*MAX(O0, (DGPAMI-UGPA.K)/DGPANI)

UGCCRR=.068
UGECR
UGCCRR
MAX
DGPAMI
UGPA

UGSCC.K=UGCC.
UGscce
uccce
UGscH
DGCUFP

-Unconventional gas- Encess charge due to risk (Fraction/Yr)
~Unconventional gas- Capital charge due to risk (Fraction/Yr)
~Function selecting the larger of two values

-Domestic gas- Physical assets of a mature industry (§)
-Unconventional gas- Physical assets (§)

K*UGSCM.K/DGCUFP .
-Unconventional gas- Specific capital cost ($/(Btu/Yr))
~Unconventional gas- Capital cost ($/(Btu/Yr))

-Unconventional gas- Secondary constraint multiplier (Dimensionless)

-Domestic gas- Capacity utilization factor for planning (Fraction)

31750
31760

31770
31780

31790

31800
3islo

31820
31830

31840
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UGSCM.K=TABHL(DGSCMT ,UGGRI.K, .04, .20, .04)

UGSCHM
TABHL
DGSCMT
UGGRI1

UGGRI .K=(UGAG
UGGRIL
UGAGR
SMOOTH
DGTGR

-Unconventional gae- Secondary constraint multiplier (Dimentionless)
-Tabular relationship

-Domestic gas- Secondary constraint multiplier table (Table}
-Unconventional gas- Growth rate indicated (Fraction/Yr)

R.K/SMOOTH(UGAGR .K,DGTGR)~-1)/DGTGR

-Unconventional gas- Growth rate indicated (Fractfon/Yr)
-Unconventional gas- Assets for growth rate (§)

~-First order information delay

-Domestic gas- Time for growth rate (Year)

UGAGR.K=MAX(DGPAMI ,UGPA.K+UGPUC.K)

UGAGR
MAX
DGPAMI
UGPA
UGPUC

-Unconventional gas- Assets for growth rate {§)
-Function selecting the larger of two values

-Domestic gas- Physical assets of a mature industry (§)
-Unconventional gas- Physical assets ($)
-Unconventional gas~ Plants under construction (§)

UGGS .K=CLIP(0,STEP (MAX(0,UGSCST.K-DGUP.K),UEPSY) ,UGPR.K/TGPR.K,UGDMS)

UGDMS=1
UGGS
CLIP
STEP -
MAX
UGSCST
DGWP
UGPSY
UGPR
TGPR
UGDHMS

UGSCST.K=(UGC

UGPSY=2200
UGSCST
UGCCR
UGECR
uGcc
DGCUFP
UGOMC
uGrSY

UGNTC.K«UGNTC

UGCNTCM=.40E-6

UGNTCY=2200
UGNTC
UGNTCM
TABIHL
SHNTCT
oop
STEP
UGNTCY

NOTE

~Unconventional gas- Government subsidy (5/Btu)
~Function switched during the ~un

~Step~-shaped exogenous input

~Function selecting the larger of two values
~Unconventional gas- Support cost ($/Btu)

~Domestic gas- Wellhead price ($/Btu)

~Unconventional gas- Price-support initiation year (Year)
~Unconventional gas- Production rate (Btu/Yr) .
~Total gas- Production rate (Btw/Yr)

~Unconventional gas- Desired market share (Fraction)

CR+UGECR.K)*(UGCC.K/DGCUFP }+UGOMC.K

~Unconventional gas- Support cost ($/Btu)

~Unconventional gas~ Capital charge rate (Fraction/Yr)
<Unconventional gas~ Excesa charge due to risk (Fraction/Yr?
~Unconventional gas- Capital cost ($/(Btu/Yr))

~Domestic gas- Capacity utilization factor for planning (Fraction)
-Unconventional gas~ Operating and maintenance <0&M> cost (3/Btu)
~Unconventional gas- Price-support initiation year (Year)

MATABHL(SUNTCT,O00P .K,3.11E-6,3.9]1E-6, .80E-6)*STEP(1l,UGNTCY)

-Unconventional gas~ Ness tax credit ($/Beu)

~-Unconventional gas- Ness tax credit multiplier (Dimensicnlzas]
~Tabular relatianship ’

-Shale oi1l- Ness tax credit ta>le (Table)

-0PEC oil- Price ($/Btu)

-Step-shaped exaogenous f{nput .

-Unconventional gas~ Ness tax credit inttiation year (Yeer)

31850

31860

31870

31880
31890

31900
31910

31920
31930
31940
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HGINV.KL=DGINV.K#* (IIGAW.K/DGAW.K)

HG.INV=0
HGINV
DGINV
HGAVW
DGAW

HGAW .K={HGSP.
HGAW
HGSP
DGWF

~ltigh-Btu

gas~

Investment

($/Yr)
(§/Yr)

-Domestic gas- Investment
~High-Btu gas~ Allocation weight
-Domestic gas- Allocation weight

K*1E6) "DGWF

~High-Btu gas- Allocation wveight
~Nigh~-btu gas- Support price
-Domestic gas- Weighting factor

HGSP .K=HGMCST.K-HGGS .K

HGsp
HGMCST
HGGS

~High~btu gas—- Support price
~High-Btu gas- Marginal cost

{Dimensionless)
(Pimensionless)

(Dlmensiénless)

($/Btu)
(Dimensionless)

($/Btu)
($/Beu)
-High-Btu gas- Governma2nt subsidy

($/Bty)

HGMCST.K=(SGCCR+HGECR.K+HGEIDC.K) *HGSCC .K+HGOMC+HGFCST.K

SGCCR=.121
HGMCST
SGCCR
‘HGECR
HGEIDC
HGSCC
HGOMC
HGFCST

-High-Btu gas- Margina. cost

($/Btu)
~Synthetic gas-~ Capita’ charge rate

-High-Btu gas- Excess charge due to risk
-High-Btu gas- Excess charge due to interest under const.
-Nigh-Btu gas- Specific capital cost

(Fraction/Yr)

($/fBru/¥r))

~ligh-Btu gas~ Operatimg and maintenance <O&M> cost

-High-Btu gas~ Feedstock cost

($/Btu)

HGECR.K-SGCCRR*(I-STEP(I;HGLCY))*HAF(O.(DGPAMI-HGPA-K)[DGPAMI)

SGCCRR=.059

HGLGY=2200
HGECR
SGCCRR
STEP
HGLGY
MAX
DGPAMI
HGPA

-Hiigh-Btu gas- Excess charge due to risk
-Synthetic gas- Capital charge due to risk

-Step-shaped exogenous input

-High-Btu gas- Loan guarantee initiation year

(Year)

~Function selecting the larger of two values

-Domestic gas- Physical assets of a mature industry

-High-Btu gas— Physical assets ($)

HGEIDC .K=SGCCRC*(1-STEP(1,HGCDCY))

SGCCRC=.004
HGEIDC
SGCCRC
STEP

‘HGCDCY

-High~Btu gas- Excess cnarge due to interest under const.
-Synthetic gas- Capital charge due to interest under const.

-Step-shaped exogenous Hinput

-High~-Btu gas- Construction delay change year

(Year)

(Fraction/Yr)

(Fraction/Yr)
(Fraction/Yr)

(Fraction/Yr)
($/Btu)
(%)
(Praction/Yr)

(Fraction/Yr)

31960
31970

31980

31990

32000

32010

32020
32030
32040

32050
32060
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HGSCC.K=UGCC.K*HGSCM.K/DGCUFP

gas- Specific capital cost ($/(Btu/Yr))

gas- Capital cost ($/(Btu/Yr))

gas- Secondary constraint multiplier (Dimensionless)
gas- Capacity utilization factor for planning (Fraction)

HGSCC -High=-Btu
HGCC ~-High-Btu
HGSCM -High-Btu

DGCUFP -Domestic

HGSCM .K=TABHL(DGSCMT,HGGRI.K, .04, .20, .04)

HGSCM ~High-Btu

gas- Secondary constraint multiplier (Dimensionlzsa)

TABHL ~-Tabular relationship

DGSCMT -Domestic
HGGRI  -High-Btu

gas- Secondary constrain: multiplier table (Tablz)
gas- Growth rate indicated (Fraction/Yr)

HGGRI .K=(HGAGR.K/SMOOTH(HGAGR.X,DGTGR)=1)/DGTGk

HGCRI  -High-Btu
HGAGR --High-Btu

gas- Crowth rate indicatad (Fraction/Yr)
gas- Assets for growth rate (§)

SMOOTH -First order information delay

DGTGR ~Donmestic

gas- Time for growth rate (Year)

HGAGR .K=MAX(DGPAMI ,IGPA.K+HGPUC .K)

HGAGR -High-Btu gas- Assets for growth rate (§)

MAX -Function selecting the larger of two values

DGPAMI ~-Domestic gas- Physical assets of a mature industry (§)

HGPA ~Nigh-Btu gas— Physical assets ($)

HGPUC -High-btu gas-— Plants under construction ($)
HGCS.K-CLIP(0,STEP(MAX(O,HGSCST.K—DGUP.K).HCPSY],HGPR-KITGPR.K,HGDMS)
HGDMS=1
HGPSY=2200

HGGS -High~Btu gas- Government subsidy ($/Btu)

CLIP -Function switched during the run

STEP -Step~-shaped exogenous input

MAX ~-Function selecting the larger of two valuesn

HGSCST -High-Btu gas- Support cost (§/Btu)

DGWP -Domestic gas- Wellhead prtice ($/Btu)

HGPSY ~High-Btu gas- Price-support inlitfation year (Year)

HGPR -High-Btu gas- Production rate (Atu/Yr)

TGPR ~-Total gas- Production rate (Bru/Yr)

HGDMS -High-Btu gas~- Desired market share (Fraction)

HGSCST .K=(SGCCR+HGECR.K+HGEIDC.K)*(HGCC.E/DGCUEP)+HGOHNC+HGFCST.X

NOTE

HGSCST -High-Btu

gas- Support cost ($/Btu)

~ SGCCR -Synthetic gas- Capital charge rate (Fraction/Yr)
HGECR -High-Btu

HGEIDC -High-Btu
HGCC ~-High-~Btu
DGCUFP -Domestic
HGOMC -High-Btu
HGFCST -High-Btu

gas- Excess charge due to risk (Fraction/Yr)

gas- Excess charge due to interest under const. (Fraction/Yr)
gas- Capital cost ($/(Etu/Yr))

gas- Capacity uti-ization factor for planning (Fraction)

gas- Operating and maintenance <0&M> cost ($/Btw)

gas- Feedstock cost ($,Btu)

32070 A

32080 A

32090 A

32100 A

32110
32120
32130

QO >

32140 A
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MGINV .KL=DGINV.K* (MGAW.K/DGAW.K)

MGINV=0
MGINV -Low/medium Btu gas- Investment ($/Yr)
DGINV -Domestic gas- Investment ($/Yr)
MGAW -Low/medium Btu gas- Allocation weight (Dimensionless)
DGAW -Domestic gas- Allocation weight (Dimensionless)
MGAW .K=(MGSP.K*1E6) "DCGHFAMGMMS . K -
MGAW ~Low/medium Btu gas- Allocation welght (Dimensfonless)
MGSP ~Low/medium-btu gas- Support price ($/Btu)
DGWF -Domestic gas- Weighting factor (Dimensionless)
MGMMS ~Low/medium Btu gas- Multiplier from market share (Dimensionless)

MGMMS . K=TABHL (MGMMST,MGPC.K/TGND.K,0,.15,.025)
MGMMST=1/1/1/1/1/.8/0

MGSP.

MGMMS -Low/medium Btu gas- Multiplier from market share (Dimensionless)
TABHL -Tabular relationship

MGMMST -Low/medium Btu gas- Multiplier from market share table (Table)
MGPC ~Low/medium Btu gas- Production capacity (Btu/¥r)

TGND -Total gas- Net demand (Btu/Yr)

K=MGNCST.K~-MGGS . K

MGSP ~-Low/medium-btu gas~ Support price ($/Btu)

MGMCST -Low/medium Btu gas- Marginal cost ($/Btu)

MGGS -Low/medium Btu gas- Government subsidy ($/Btu)

MGMCST.K=(SGCCR+MGECR.K+MGEIDC .K) *MGSCC .K+MGOMC+MGFCST.K

MGMCST -Low/medium Btu gas- Marginal cost ($/Btu)

SGCCR -Synthetic gas- Capital charge rate (Fraction/Yr)

MGECR ~Low/medium Btu gas- Excess charge due to risk (Fraction/Yr)

MGEIDC -Low/medium Btu gas- Excess charge due to interest under const. (Fraction/Yr)
MGSCC -Low/medium Btu gas- Specific capital cost ($/{(Btu/Yr))

MGOMC -Low/medium Btu gas- Operating and maintenance <0&M> cost (§/Btu)

MGFCST ~-Low/medium Btu gas- Feedstock cost (§/Btu)

MGECR.K=SGCCRR*(1-STEP(1,MGLGY) )*MAX (0, (DGPAMI-MGPA.K) /DGPANMT)

MGLGY=2200
MGECR -Low/mediunm Btu gas- Excess charge due to risk (Fraction/Yr)
SGCCRR -Synthetic gas- Capital charge due to risk (Fraction/Yr)
STEP -Step-shaped exogenous input ’ .
MGLGY -Low/medium Btu gas- Loan guarantee initiation vear (Year)
MAX -Function selecting the larger of two values
DGPAMI -Domestic gas- Physical assets of a mature 1ndustry ($)
MGPA -Low/medium Btu gas- Physical assets ($)

MGEIDC.K=SGCCRC*(1-STEP(1,MGCDCY))

MGEIDC -Low/medium Btu gas- Excess charge due to interest under const. (Fraction/Yr)
SGCCRC -Synthetic gas- Capital charge due to interest under const. (Fractlon/Yr)
STEP -S5tep-shaped exogenous input )

MGCDCY -Low/medium Btu gas- Construction delay change year (Year)

N

32160
321170

32180

32190

32200

32210

32220

32230
32240

32250
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MGSCC.K=MGCC.K*MGSCM.K/DGCUFP

MGSCC -Low/medium Btu gas- Specific capital cost ($/(Btu/Yr))
MGCC - -Low/medium Btu gas- Capital cost ($/(Btu/Yr))
MGSCM -Low/medium Btu gas- Secondary ccnstraint multiplier (Dimensionless)

DGCUFP -Domestic gas- Capacity utilization factor for planning

MGSCM .K=TABHL(DGSCMT ,MGGRI.K, .04, .20, .04)

(Fraction)

MGSCM -Low/medium Btu gas- Secondary constraint multiplier (Dicensionless)
TABHL ~Tabular relationship
DGSCMT ~Domestic gas- Secondary constraint multiplier table (Table)
MGGRI -Low/medium Btu gas- Growth rate indicated (Fraction/Yr)
MGGRI .K=(MGAGR.K/SMOOTH(MGAGR.K,DGTGR)~-1)/DGTGR
MGGRI -Low/medium Btu gas- Growth rate indicated (Fraction/Yr)
MGAGR -Low/medium Btu gas- Assets for growth rate (§)
SMOOTH -First order information delay
DGTGR ~-Domestic gas- Time for growth rate (Year)
MGAGR .K=MAX(DGPAMI ,MGPA .K+MGPUC.K)
MGAGR -Low/medium Btu gas- Assets for growth rate (§$)
MAX -Function selecting the larger of two values
DGPAMI -Domestic gas- Physical assets of a mature industry (§)
MGPA -Low/medium Btu gas- Physical assets ($)
MGPUC ~Low/medium-btu gas~ Plants under construction ($)

MGGS .K=CLIP(0,STEP(MAX(O,MGSCST.K~DGWP.K) ,M3PSY) ,MGPR.K/TGPR.K,MGDMS)
MGDMS=1 :

MGPSY=2200
MGGS ~Low/medium Btu gas- Government subsidy ($/Btu)
CLIP -Function switched during the run
STEP -Step-shaped excgenous input
HAX -Function selecting the larger of two values
MGSCST -Low/medium Btu gas- Support cost ($/Btu)
DGWP -Domestic gas- Wellhead price (§/Btu) .
MGPSY -Low/medium Btu gas- Price-support initiation year (Year)
MGPR -Low/medium Btu gas- Production rate (Btu/Yr)
TGPR -Total gas- Production rate (Btu/Yr)
MGDMS ~-Low/medium Btu gas- Desired market share (Fraction)

MGSCST.K=(SGCCR+MGECR .K+MGEIDC.K)*(MGCC.K/D3CUFP)+MGOMC+MGFCST.K
MGSCST <-Low/medium Btu gas- Support cost ($/Btu)

SGCCR -Synthetic gas- Capital charge rate (Fraction/Yr)

MGECR -Low/medium Btu gas- Fxcess charge due to risk (Fraction/Yr)
MGEIDC -Low/medium Btu gas- Excess charge due to interest under const.
MGCC -Low/medium Btu gas- Capital cost ($/(BtufYr))

DGCUFP -Domestic gas- Capacity utilizatfon factor for planning

MGOMC -Low/medium Btu gas- Operating and maintenance <0&M> cost

MGFCST -Low/medium Btu gas- Feedstock cast ($/Btu)

NOTE

(Fraction/Yr)

(Fraction)
(5/8tu)

32260 A

32270 A

32280 A

32290 A

32300
32310
32320

Qo>

32330 A



DGAW.K=CGAW.K+UGCAW.K+HGAW.K+MGAW.K |

NPCCUFP=.9

DCPAMI=12.5E9

DCVF=~11
DGAV
CGAW
UGAW
HOAW
MGAVW
DCGCUFP
DGPAMI
DGWF

-€g-

-Domestic gas- Allocaticn weipht (Dimensicnless)

-Conventional gas- Allocation weight (Dimensionless)
~Unconventional pas- Allocation wetight (Dfmensionless)

-Nigh-Rtu pas- Allocaticn weight (Dimensicnless)

-Low/medium Btu gas— Allocation weight (Dimensionless)

-Domestic gas~- Capacity utilization factor for planning (Fraction)
-Domestic gas- Physical assets of a mature industry (§)

-Domestic gas- Weiphting factor (Dimensiorless)

32350 A
32360 €
32370 C
32380 C
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NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE

CGPA

CGPA=
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Conventional Gas Production Subsector

ARNRARRRRRANANRRAANRRARARRRRANRRAAARARRKARAANRARRARRARANARANARRAARRARASRA

K=CGPA J+(DT) (CGFCR.JK~CGPAR.JK)

3.2EF9

CGPA ~Conventional gas- Physical assets ($)

DT -Time increment between calculations

CCFCR -Conventional gas~ Facility completion rate (§/Yr)

CGPAR ~Conventional gas- Physical asset retirements (§/Yr)

CGPAR.KL=CGPA.K*CGARF

CGARF=.045 ’
CGPAR -Conventional pas- Physical asset retirements ($/Yr)
CGPA -Conventional gas- Physical assets (§)
CGARF -Conventional gas- Asset retirement factor (Fraction/Yr)

CGFCR EKL=DELAY3IP(CGINV.JK,NGFCT,CGPUL .K)
NGFCT=3

NOTE

CGFCR -Conventional gas- Faclility completion rate ($/Yr)

" DELAY3P ~-Third order pipeline material delay

CGINV ~-Canventional gas-~ Investment (§/Yr)
NGFCT ~Matural gas- Facility construction time (Year)
cGpuc ~Conventional gas- Plants under construction (§$)

CGR.K=CGR .J+(DT) (-CGRER.J)

CGR=CGR1
CCRI=794E15
CGR -Conventional gas- Resources (Btu)
DT ~Time increment between calculations
CGRER ~-Conventional gas~ Resource extraction rate (Btu/Yr)

CGRI -Conventional gas- Resources initial (BRtu)

CGRER K=CGCP.K*CGPA.K

cGee

CCRER -Conventional gas- Resource extraction rate (Btu/¥r)
CGCP -Conventional gas- Cepital produetivity ({Btu/Yr)/$)
CGPA ~Conventional gas- Prysfcal assets (9)

-KaTABLE(CGDMT CGR-K/CGRI 0 1 .1)*CGCPN

CGDMT=D/ .025/.05/.1/ 15/.25) 35/.€5/ &/ .9/1
CGCPN=4.2E6

CGCP -Conventional pas- Capital productivity ((Btu/Yr)/$)
TABLE -Tabular relationship

CCDMT -Conventional gas- Depletion multiplier table (Tahle)
CGR -Conventional gas~ Resounrces (Btu)

CCGRI ‘-Conventional gas- Regsources inircial {Btu)

CGCPN -Conventional gas- Capital productivity normal ((Btu/Yr)/$)

32460
32470

32480
32490

32500
32510

32530
32540
32550

32560

32570
32580
32590

oz
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CGCC.K=1/CGCP.K

cGCC -Conventional gas- Capital cost ($/(Btu/Yr))

cGep -Conventional gas- Capital productivity ((Btu/Yr)/$)
CGEOMC.K=(CGECF+CGLBF.K)*CGCC.K
CGECF=.27 .

CGEOMC "-Conventional gas- Exploration O&M cost ($/Btu)

CGECF -Conventional gas- Exploration cost factor <(Fraction/Yr)

CGLBF -Conventional gas- Lease ponus factor (Fractlion/Yr)

cGCcCe -Conventional gas- Capital cost ($/(Btu/Yr))

CCLBF.K=TABIL(CGLBFT,TIME.K,1950,1990,00)
CGLBFT=0/0/.1/.25/-25

CGLBF ~Conventional gas- Lease ponus factor (Fraction/Yr)
TABHL -Tabular relationship

CGLBFT -Conventional gas- Lease bonus factor table (Table)
T IME ~Actual time during simulation

NOTE

CGURES.K=CGURES.J+(DT) (CGURA.JK-CGRX.JK)

CGURES=175EL5
CGURES -Conventional gas- Unproven reserves (Btu)
DT ~Time increment between cmlculations
CGURA -Conventional gas- Unproven reserve additions (Btu/Yr)
CGRX -Conventional gas- Revisions and extensions (Btu/Yr) N

CGURA.KL=CGRER.K*CGRXF/CGPDF
CGRXF=CGPDF-1

CGPDF=3.5
CGURA -Conventional gas~ Unproven reserve additions (Btu/Yr)
CGRER ~Conventional gas- Resource extraction rate (Btu/Yr)
CGRXF -Conventional gas- Revision and extension factor (Dimensionless)
CGPDF -Conventional gas- Potential discovery factor (Dimensionless)

CGRX.KL=CGURES.K/CGRXD

CGRXD=16 ’
CGRX -Conventional gaa- Revisions and extensions (Btu/Yr)
CGURES -Conventional gas- Unproven reserves (Btu)
CGRXD -Conventional gas- Revision and extension delay tine (Year)

CGROMC .K=CGRXCF*SMOOTH(CGCC.K,2)
CGRXCF=.12
.CGROMC -Conventional gas- Revision and extension O&M cost ($/Btu)

CGRXCF -Conventional gas- Revision and extension cost factor (Fraction/Yr)

SMOOTH -First order information delay
cGCC -Conventional gas- Capital cost ($/(Btu/Yr))

NOTE

32600

32610
32620

32630
32640

32660
32670

32680
32690
32700

32710
32720

32730
32740
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CGRES.K=CGRES.J+(DT) (CGDR.JK+CGRX.JK~CGRDR.JX)
CGRES=189E15

CGRES -Conventional gas- Proven reserves (Btu)

DT -Time increment between calculetions

CGDR -Conventional gas- Discovery rzte (Btu/Yr)

CGRX -Conventional gas~- Revisions ard =2xtensions (Btu/Yr)
CGRDR ~Conventional gas- Reserves depletion rate (Btu/Yr)

CGDR.KL=CGRER.K/CGPDF

CGDR -Conventional gas- Discovery rate (Btu/Yr)

CGRER -Conventional gas- Resource extraxtfon rate (Btu/Yr)

CGPDF -Conventional gas- Potential dfscovery factor (Dimensionless)
CGRDR.KL=CGPR.K

CGRDR - -Conventional gas- Reserves degpletion rate (Btu/Yr)

CGPR -Conventienal gas~ Production ratz (Btu/Yr)
CGPR.K=2CGPC.K*DGCUF .K

CGPR -Conventional gas- Production ratz (Btu/Yr)

cGrC -Conventional gas- Production capacity (Btu/¥r)

DGCUF -Domestic gas- Capacity utilization factor (Fraction)

CGPC.K=CGRES.K/CGMRPR.K

CGPC ~Conventional gas- Production capacity (Btu/Yr)
CGRES -Conventional gas- Proven resecrves (Btu)
CGMRPR -Conventional gas- Minimum reserve production ratio (Year)

CGMRPR.K=TABLE(CGRPRT,TIME.K,1950,2030,10)
CGRPRT=23/16.5/10.0/9.5/9.5/9.579.5/9.5/9.5
CGPOMC=.03E-6

CGMRPR -Conventionul gas- Minimum reserve productfon ratio (Year)
TABLE ~Tabular relationship

CGRPRT ~Conventional gas- Reserve production rate table (Table)
TIME -Actual time during simulation ’

CGPOMC -Conventional gas- Production O0&M cost (§/Btu)

NOTE

32760

3271710

32780

32790

32800

32810

32820
32830
32840
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CGCST

CGRP.
CGRPT

CGOMC

NOTE

+K=CGDR.JK*CGEOMC.K+CGRX.JK*CGRCMC.K+CGPR .K*(CGPOMC+CGRP .K)

CGCST -Conventional gas- Cost ($/Yr)

CGDR ~Conventional gas- Disccvery rate (Btu/Yr}

CGEOMC -Conventional gas- Explcration O&M cost ($/Btu)

CGRX -Conventional gas- Revisions and extensions (Btu/Yr)
CGRONMC -Conventional gas- Revision and.- extension O&M cost ($/Btu)
CGPR -Conventional gas- Prodiction rate (Btu/Yr)

CGPOMC -Conventional gas- Prodiction 0&M cost ($/Btu)

CGRP -Conventional gas~ Royalty payments ($/Btu)

K=TABHL(CGRPT,TIME.K,1950,1990,10)*SMOOTH(DGWP.X,2}
=0/0/.15/.15/.15

CGRP -Conventional gas- Royalty payments ($/Btu)
TABHL -Tabular relationship

CGRPT -Conventional gas- Royalty payment table (Table)
TIME ~Actual time during simiclation

SMOOTH -First order informatior delay

newpe -Domestic gas- Wellhead price ($/Btu)

+K=CGEOMC .K+CGPOMC+CGRP.K

CGOMC -Conventional pgas- Operasting and maintenance <0&M> cost
CGEOMC -Conventional gas- Expleration O&M cost (S/Btu)

CGPOMC -Conventional gas- Production O&M cost ($/Btu)

CGRP -Conventional gas- Royaity payments ($/Btu)

($/Btu)

32860 A

32880 A
32890 T

32900 A
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NOTE i

NOTE Unconventional Gas Recovery Subsector

NOTE :

NOTE ARAARRRARARRRRRRRRARANNRRRARANARRRAARRRAARAAAARRRRAARARAARRARRARAR R

NOTE

NOTE

UGPA.K=UGPA.J+(DT) (ULGFCR.JK~UGPAR. JK) 33000

UGPA=0 . 33010
UGPA -Unconventional gas- Physical assets (§)
DT -Time increment between calculations

UGFCR -Unconventional gas- Facility completion rate ($/Yr)
UGPAR -Unconventional gas- Fhysical asset retirements ($/Yr)

UGPAR.KL=UGPA.K*UGARF ’ 33020
UGARF=.045 R 33030
UGPAR -Unconventional gas- Physical asset retirements ($/Yr)
UGPA -Unconventional gas- Physical assets (§)
UGARF -Unconventional gas- Asset retirement factor (Fraction/Yr)
UGFCR.XL=DELAY3P(UGINV.JK,NGFCT,UGPUC.K) 33040
UGFCR -Unconventional gas- Facility completion rate ($/Yr)

DELAY3P ~-Third order pipeline material delay

UGINYV -Unconventional gas- Investment (§/Yr)

NGFCT ~Natural gas- Facility construction time (Year)
UGPUC -Unconventional gas- Plants under construction (§)

NOTE

z -
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UGR.K=UGR.J+(DT) (-UGRDR.JK)

UGR=UGRI

UGRI=135E15 .
UGR -Unconventional

gas- Resoarces (Btu)

DT -Time increment between calculations

UGRDR -Unconventional gas- Resecrves depletion rate (Btu/Yr)

UGRI -Unconventional gas- Resources initial (Btu)
UGRDR.KL=UGPR.K

UGRDR -Unconventional gas- Reserves depletion rate (Btu/Yr)

UGPR -Unconventional gas- Production rate (Btu/Yr)
UGPR.K=UGPC.K*DGCUF.K

UGPR -Unconventional gas- Production rate (Btu/Yr)

uGrcC -Unconventional gas- Production capacity (Btu/Yr)

DGCUF -Domestic gas- Capacity utilization factor (Fraction)
UGPC .K=UGCP .K*UGPA.K )

uGprC -Unconventional gas- Production capacity (Btu/Yr)

uGer -Unconventional gas- Capital productivity ((Btu/Yr)/$)

UGPA -Unconventional gas- Physfical assets (§)

UGCP.K=TABLE(UGDMT,UGR.K/UGRT,0,1,.2)*UGCPN

UGDMT=0/.1/.2/.36/.6/1
UGCPN=.22E6

($/Btu)

($/Btu)

uGere -Unconventional gas- Capital productivity ((Btu/Yyr)/$)

TABLE -Tabular relationship

UGDMT -Unconventional gas- Depletion multiplier table (Table)

UGR -Unconventional gas- Resources (Btu)

UGR1 ~-Unconventional gas- Resources initial (Btu)

UGCPN ~Unconventional gas- Capital productivity normal ({(Btu/Yr)/$)
UGCC.K=1/UGCP.K

uGCcC -Unconventional gas~ Capital cost ($/(Btu/Yr))

uGce -Unconventional gas- Caplital productivity ((Btu/Yr)/$§)
UGCST.K=UGPR.K*UGOMC.K

UGCST -Unconventional gas- Cost ($/Yr)

UGPR -Unconventional gas- Production rate (Btu/Yr)

UGOMC -Unconventional gas- Operating and maintenance <0&M> cost
UGOMC.KeUGCCF*UGCC.K
UGCCF=.26 .

UGOMC -Unconventional gas- Operating and maintenance <0&H> cost

UGCCF -Unconventional gas- Capital cost factor (Fraction/Yr)

uGece -Unconventional gas- Capital cost ($/(Btu/¥r))

NOTE

33060
33070
33080

33090

33100

33lio

33120
33130
33140

33150

33160

33170
33180
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NOTE

NOTE ARRARRANAARARRRRRARARARARARANEARRRANAARNRRRNARARRARARRRRRRRARAAARAK
NOTE
NOTE Synthetic High~Btu Gas Production Subsector
:gzg ARRRARARARRRARRAARARRRRARRRRAAERARARARRANANAARARAANARRARARANARARRARAR
NOTE
NOTE
HGPA.K=HGPA.J+(DT) (HGFCR.JK~HGPAR. JK)
HGPA=O
HGPA -High-Btu gas- Physical assets (§$) >
DT -Time increment between calculations
HGFCR -High-Btu gas- Facility completion rate ($/Yr)
HGPAR -fiigh-Btu gas~ Physical asset retirements (§/Yr)
HGPAR.KL=HGPA .K*HGARF
HGARF=.0256
HGPAR -High-Btu gas- Physical asset retirements ($/Yr)
HGPA -High-Btu gas- Physical assets ($§)
HGARF -High-Btu gas- Asset retirement factor (Fraction/Yr)
HGFCR.KL-DELAY3P(“GINV.JK.HGFCT.K.HG?UC.K)
HGFCR -High-Btu gas- Facllity completiom rate ($/Yr)
DELAYJP -Third order pipeline material delay
HGINY -High-Btu gas- Investmert ($/Yr)
HGFCT -High-Btu gas- Facility construction time (Year)
HGPUC -High~btu gas- Plants under construction (§)
HGFCT .K=~SMOOTH(CLIP(SGPFCT,SGHFCT, TIME.K,HGCDCY) ,SSHFCT)
SGHFCT=7
SGPFCT=5
HGCDCY=2200
HGFCT ~High-Btu gas- Facility constructiorn time (Year)
SMOOTH -First order information delay
CLIP -Function switched during the runm

NOTE

SGPFCT -~Synthetic gas- Policy facility construction time (Year)
SGUHFCT ~Synthetic gas- Historical facility construction time (Year
TIME -Actual time during simulation

HGCDCY -High-Btu gas- Construction delay change year (Yesnr)

33280
3329¢

33300
33310

33320

33330
33340
33350
33360

AL 0>
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HGDC.K=«HGPC-K*DGCUF.K/HGCE

HGCE=.74

HGDC -High-Btu gas- Demand for coal (Btu/Yr)

HGPC ~High-Btu gas- Productian capacity (Btu/Yi)

DGCUF -Domestic gas- Capacity utilization factor (Fraction)

HGCE ~High-Btu gas- Conversion efficiency (Dimensionless)
HGPR.K=HCPC.K*DGCUF.K*DCPDR.K

HGPR -High-Btu gas- Production rate (Btu/Yr)

HGPC -High-Btu gas- Production capacity (Btu/Yr)

DGCUF -Domestic gas- Capacity mtilization factor (Fraction)

DCPDR ~Domestic coal- Production demand ratio (Dimensionless)
HGPC .K«HGCP*HGPA.K
HGCP=.101E6 _

HGPC -High-Btu gas- Productiom capacity (Btu/Yr)

HGCP -High-Btu gas- Capital productivity ((Btu/Yr)/$)

HCGPA -High-Btu gas~- Physical assets (§$) ‘
HGCC.K=~1/HGCP

AGCC -High-Btu gas- Capital cost ($/(Btu/Yr))

HGCP -High-Btu gas- Capital ,productivicy ((Btu/Yr)/$)

HGCST.K=HGPR.K* (HGOMC+HGFCST.K)
HGOMC=~]1.10E~6

HGCST ~High-Btu gas- Cost ($/¥r) .
HGER -High-Btu gas~ Production rate (Btu/Yr)
HGOMC -li{gh-Btu gas- Operating and maintenance <0BM> cost ($/Btu)

HGFCST -High-Btu gas- Feedstock cost ($/Btu)

HGFCST.K=DCMMP .K*.6/HGCE
HGFCST -High-Btu gas~ Feedstock cost ($/Btu)
DCMMP ~Domestic coal- Minemouta price ($/Btu)
HGCE -High-Btu gas~ Conversioxr efficliency (Dimensionless)

NOTE

33380
33390

33400

33410
33420

33430

33440
33450

33460
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NOTE

NOTE AARANARRANRNRARARARRRRRRRARARRARRRARRARARARKARARRNARARARARARRARAK
NOTE
NOTE Synthetic Medium-Btu Gas Production Subsazactor
NOTE
NOTE - NARRRRARRRARRAARAANARARRARRAXRARARARAF R ARARARRNNRRARRRARRRARAARAN
NOTE
NOTE
MGPA .K=MGPA.J+(DT) (MGFCR.JK-MGPAR.JK)
MGPA=0
MGPA -Low/medium Btu gas- Physical assets (§)
DT -Time increment between calculations
MGFCR -Low/medium Btu gas- Fa:=1lity. completion rate ($/Yr)
MGPAR -Low/medium Btu gas- Physical asset retirements ($/Yr)
MGPAR.KL=MGPA.K*MGARF
MGARF=.026
MGPAR -Low/medium Btu gas~ Physical asset retirements ($/%r)
MGPA ~Low/medium Btu gas— Physfcal assets (§)
MGARF -Low/medium Btu gas- Asset retirement factor (Fraction/Yr)
MGFCR.KL=DELAY3P(MGINV.JK,MGFCT.K,MGPUC.K)
MGFCR ~Low/medium Btu gas- Facility completion rate ($/Yr)
DELAY3P ~-Third order pipeline material delay
MG INV ~-Low/medium Btu gas- Investment ($/Yr)
MGFCT ~Low/medium Btu gas- Facility construction time (Year)
MGPUC -Lovw/medium-btu gas- Plants under construction ($)

MGFCT .K=SMOOTH{CLIP(SGPFCT,SGIUFCT,TIME.K,MGCDCY) ,SGUFCT)

MGCDCY=2200
MGFCT -Low/medium Btu gas- Facility construction time (Year)
SMOOTH ~-First order information delay
CLIP ~-Function switched durimg the rua

SGPFCT ~Synthetic gas- Policy facility construction time (Year)
SGHFCT -Synthetic gas- Hifstorical facility construction time (Year)
TIME -Actual time during simulation

MGCNCY -Low/medium Btu gcs~ Comstructioa delay change year (Year)

NOTE

33560
33570

33580
33590

33600

33610
33620
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HMGDC K-ﬁGPC.K*DGCUF.KIMGCE

MGCE=.80
MGDC ~-Low/medium Btu gas- Demand for coal . (Btu/Yr)
MGPC . ~Low/medium Btu gas- Production capacity (Btu/Yr)
DGCUF ~Domestic gas- Capacity utilization factor (Fraction)
MGCE -Low/medium Btu gas- Ccnversion efficiency (Dimensionless)

MGPR .K=MGPC .K*DGCUF .KADCPDR .K

MGPR -Low/medium Btu gas- Production rate (Btu/Yr)

MGPC -Low/medium Btu gas- Production capacity (Btu/Yr)

DGCUF -Dowestic gas- Capacity utilization factor (Fraction)
DCPDR ~-Domestic coal- Production demand ratio (Dimensionless)

MGPC .K=MGCPA*MGPA .K
MGCP=.155E6

NGPC -Low/medium Btu gas- Production capacity (Btu/Yr)
MGCP -Low/medium Btu gas- Capital productivity ((Btu/Yr)/$)
MGPA ~Low/medium Btu gas~- Physical assets (§)
MGCC.K=1/MGCP
MGCC -Low/medium Btu gas- Capital cost ($/(Btu/Yr))
MGCP -Low/medium Btu gas- Capital productivity ((Btu/Yr)/$)

MGCST.K=MGPR.K* (MGOMC+MGFCST.K)
MGOMC=.43E~6

MGCST ~Low/medium Btu gas- Cast ($/Yr)
MGPR ~Low/medium Btu gas~- Production rate (Btu/Yr)
MGOMC -Low/medium Btu gas- Operating and maintenance <0&M> cost ($/Btu)

MGFCST -Low/medium Btu gas- Feedstock cost ($/Btu)

MGFCST.K=(DCP.K-CEFCF) /MGCE '
MGFCST ~Low/medium Btu gas- Feedstock cost ($/Btu)

DCP -Domestic coal- Price ($/Btu)
CEFCF ~Centralized energy- Fuel cost factor ($/Btu)
MGCE ~Low/medium Btu gas- Conversion efficlency (Dimensionless)

NOTE

33640
33650

33660

33670
33680

33690

33700
33710

33720
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NOTE

NOTE ARARARRARARNRAARRARRARARANRARNARRARRARAAARARRARNARRARANRARARARARARARA
NOTE
NOTF Liquified Natural Gas Production Subsector -
NOTE
NOTE AARRARRARRRRARARRRARNRAARANARNRARARRAARRANRARRARRRARRARAAARRRAARARNA AN
NOTE
NOTE
LNCR K=LNCRHM .K+LNNLC .K
LNCR -Liquified natural gas- Consumptlon rate (Btu/Yr)
LNCRM -Liquified natural gas- Consumptlon rate maximum (Btu/Yr)
LNNLC ~Liquified natural gas- New long term contracts (Btu/Yr)

LNCRM.K=TABLE(LNCRT TIME K,1950,2030,5)*1ElS

LNCRT=0/0/0/0/0/0/.3/.8/ 8/.8/.8/.8/
gas~

LNCRM
TABLE
LNCRT
TIME

-Liquified natural

-Tabular relationahip

-Liquified natural

RaB=—

-8/.84.8/-.8/.8
Consumptlon rate maximum (Btu/Yr)

Consumption rate table (Table)

-Actual time during simulaticn

LNNLC.K=LNNLC .J+(DT) (LNLCIR.JK-LNLCER JK)

LNNLC=0
LNNLC
DT
LNLCIR
LNLCER

-Liquified natural

gas—

~-Time increment between

-Liquified natural
~Liquified natural

LNLCIR KL=CLIP(LNILCIR.K.O.TIME

LNLCIR
CLIP
LNILCIR
TIME

-Liquified natural
-Function switched
-Liquified natural

gAa8~—
gas—

gas~

New long term contracts (Btu/Yr)
calculations

Long term contract iunitiation rate ((Btu/Yr)/Yr)
Long term contract expiration rate ((Btu/Yr)/Yr)

-K.1979)

Long term contract initiation rate ({Btu/Yr)/Yr)
during the run
Indicated long term contract initiatiomn rate (Btu/Yr)
~Actual time during simulation

LNILCIR RKeMAX(0 LNNLC.K/LNCL+LNDALC.K/LNLCAT)

LNLCAT=10

LNCL=20
LNILCIR
MAX
LNNLC
LNCL
LNDALC
LNLCAT

-Liquified natural

gas-

-Function selecting the

-Liquified natural
-Liquified natural
-Liquified natural
-Liquificed natural

LNDALC .K=(1-DGFEDP.K)*DGIMD .K

LNDALC
DGFEDP
DGIMD

-Liquified natural

gaa-
gas-
gas-
gas-

pas-

Indicated long term contract initiation rate (Btu/Yr)

larger of two values

Hew long term contracts (Btu/Yr)

Contract life (Year)

Desi-ed additions to long term contracts
Long term contract adjustment time (Year)

Desi-ed additions to long term contracts

-Domestic gas~ Fractior of import demand to Pan~american sources
~-Domestic gas- Import cemand (Btu,Yr)

(Btu/Yr)

(Btu/Yr)
(Fraction)

33820

33830
33840

33850
33860

33870

33880
33890
33900

33910

" >

z -

OO>
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LNLCER-KL=LNNLC.K/LNCL

LNLCER

LNNLC
LNCL

~Liquified natural gas-
~Liquified natural gas-
~-Liquified natural gas-

Lorg term contract expiration rate
New long term contracts

Cor.tract life (Year)

iNHP.K-MAX(TABLE(LNHPT.TIME.K.1950,2030,lO)*lE—6.00P.K)

LNWPT=2.14/3.

NOTE

LNWP
MAX
TABLE
LNWPT

" TIME

oor

00/3.00/3.00/3.00/3.00/3.00¢/3.00/3.00
-Liquified natural gas- Weilhead price

($/Btu)

-Function selecting the larger of two values
-Tabular relationship
-Liquified natural gas- Wellhead pricé table (Table)

-Actual time during simulation

-0OPEC oil- Price

($/Btu)

((Btu/Yr)/Yr)
(Btu/Yr)

33920 R

33930 A
33940 T
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NOTE RAARKRARARRRRRARARKARARNARRNRARRARRANRRARRARNAARRRARARRRRRRANRARRAAN
NOTE

NOTE Synthetic Natural Gas (SNG) Production Subsector

NOTE

NOTE ARRRARRRRARARARAARRRRANRRRARARRAARAARRANARNNARRRARRAARRANRRAANARR K
NOTE

NOTE

SNCR.K=SNPR.K )
SNCR -Synthetic natural gas- Consumption rate (Btu/Yr)
SNPR ~-Synthetic natural gas- Production rate (Btu/Yr)

SNPR.K=TABLE(SNPRT,TIME.K,1950,2030,5)*1E1S
SUPRTZRER/O/OLI0 RE1 22 AR a1 Fad 242 a2 a2/ i o

TABLE -Tabular relationship
SNPRT -Synthetic natural gas- Production rate table (Table)
TIME -Actual time during simulation
SNDO.K=SNPR.X/SNCE
SNCE=.90
SNDO -Synthetic natural gas- Demand for oil (Btu/Yr)
SNPR -Synthetic natural gas- Productiom rate (Btu/Yr)
SNCE -Synthetic natural gas- Conversiom efficiency (Dimensionless)

SNWP.K=( (TOP.K-OEFCF) /SNCE)+SNOMC

SNOMC=.50E-6
SNWP ~Synthetic natural gas- Wellhead price ($/Btu)
ToP -Total oil- Price ($/Btu)
OEFCF -011 electric- Fuel cost factor ¢($/Btu)
SNCE ~Synthetic natural gas~ Conversios efficiency (Dimensionless)
SNOMC -Synthetic natural gas- Jperating and maintenance <O0&M> cost

NOTE

35030

34040
34050

34060
34070

34080
34090
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NOTE

NOTE ARKRARARARNAARRRRRANRRRNNRRRRRAANRRARRRAARRRARAARRARRAARARARARRAR
HNOTF,
NOTF. Alaskan Gas Supply Subsector
HOTE :
NOTF AAAAARKARAARARARAARRRARARAANRARARARARARARRAARRARRARAANRRRAARRARAR
NOTE )
NOTE
AGCR.K=AGSSP.K+AGNSP.K .
AGCR’ -Alaskan gas- Consumption rate (Btu/Yr)
AGSSP -Alaskan gas—- South slope production (Btu/Yr)
AGNSP ~Alaskan pas- North slope production (Btu/Yr)
AGNSP.K=STEP(.9E15,AGNSPY) -
AGNSPY=1986 . .
AGNSP -Alaskan gas- North slope production (Btu/Yr)
STEP -Step-shaped exogenous input

AGNSPY -Alaskan gas- North slope production initlation

AGSSP.K=CLIP(AGSSP1.K,AGSSP2.K,TIME.K,1980)*1E15
AGSSP -Alaskan gas- South slope production (Btu/Yr)
cL1P -Function switched during the run
AGSSPl -Alaskan gas- South slope production 1980-2030
ACSSP2 -Alaskan gas- South slope production 1972-1980
TIME ~Actual time during simulation

AGSSPl . K=TABHL(AGSSPIT.TIME.K,1980,2030,5)
ACSSPIT=.2/.235/.38/.49/.49/.49/.49/.49/.49/.49/.49
ACSSPl -Alaskan gas- South slope production 1980-2030

TABHL -Tabular relationship
AGSSPIT -Alaskan gas- "SSPl table (Table)
TIME ~Actual time during simulation

ACSSP2 .K=TABUL(AGSSP2T.TIME.K,1972,1980,1)
AGSSP2T=0/.)/.1/.1/.2/.2/.2/.2].2
AGSSP2 -Alaskan gas- South slope production 1972-1980

TABHL -Tabular relationship
AGSSP2T -Alaskan gas~ SSP2 table (Table)
TIME -Actual time during simulation

. AGWP .K=0Q0P.K
AGYP -Alaskan gas~- Wellhead price ($/Btu)
oop -0PEC oil- Price ($/Btu)

NOTE |

year (Year)

(Btu/Yr)
(Btu/Yr)

(Btu/Yr)

(Btu/Yr)

" 34190

34200
34210

34220

34230
34240

34250
34260

34270
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NOTE ARRRRRARARRANRRANARARRARRRRARRAARARARKANRRANRARARRANRRARRRARARAR
NOTE

NOTE Pan~-American Gas Supply Subsector
NOTE :
NOTE AARRKRRRRARRRNRRARKARRARARRRRRARARRAZRRARARRNARNARRARANARRARRANN
MOTE
NOTE
PGCR.K=PGCRM.K+PGNLC.K
PGCR -Pan-am gas- Consumption rate (Btu/Yr)
PGCRM ~-Pan-Am gas- Consumption rate minftmum (Btu/Yr)
PGNLC ~-Pan-am gas- New long term contrazts (Btu)

PGCRM .K=TABLE(PGCRT,TIME.K.1950,2030,5)*1EIlS
PGCRT=0/0/.15/.4/.8/.8/.9/.2/.07/0,0/0/0Q/0/C/0}0
PGCRM -Pan-Am gas- Consumption rate minimum (Btu/Yr)

TABLE ~Tabular relationship
PGCRT -Pan-am gas- Consumption rate table (Table)
TIME -Actual time during simulation

PGNLC .K=PGNLC.J+(DT) (PGLCIR.JK~-PGLCER.JK)

PGNLC=0
PGNLC ~-Pan-am gas~ New long term contraets (Btu)
DT -Time increment between calculations

PGLCIR -Pan-am gas- Long term contract imitiation rate (Btu/Yr)
PGLCER -Pan-am gas- Long term contract expiration rate (Btu/Yr)

PGLCIR.KL=CLIP(PGILCIR.K,O,TINE .K,1979)
PGLCIR -Pan-am gas- Long term contract initiation rate (Btu/Yr)

CLIP ~-Function switched during the run
PGILCIR ~Pan-am gas- Initiated long term contract initiation rate (Btu/Yr)
TIME -Actual time during simulation

PGILCIR.K=MAX(O,PGNLC.K/PGCL+PGDALC.K/PGLCAT)

PGLCAT=10-
PGCL=20 .
PGILCIR ~Pan-am gas- Initiated long term contract initiation rate (Bru/Yr)
MAX -Function selecting the larger of two values
PGNLC -Pan-am pas~- New long term contracts (Btu)
PGCL -Pan-am gas- Contract life (Year)

PGDALC -Pan-am ras- Desired additions to long term contracts (Btu/Yr)
PGLCAT -Pan-am gas- Long term contract adjustment time (Year)

PGDALC .K=DGFEDP.K*DGIMD.K
PGDALC -Pan-am gas- Desired additions to long term contracts (Btu/Yrs)
DGFEDP -Domestic pas- Fraction of import demand to Pan-american sources (Fraction)
DGIMD -Domestic gas- Import demand (Btw/Yr)

PCLCER.KL=PGNLC.K/PGCL
PGLCER ~-Pan-am gas- Long term contract expiration rate (Btu/Yr)

PGNLC -Pan-am gas- New long term contracts (Btu)
PGCL ~-Pan~am gas- Contract life (Year)
PGWP .K=.96%00P.K
PGUP -Pan-am gas- Wellhead price _ ($/Btu)
oop -OPEC oil- Price ($/Btu)

NOTE

34360

34370
34380

341390
34400

34410

34420
34430
34440

34450

34460

34470

z -

R,

a0 >
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NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE

ARRAANKXRRARRRRNRRNRAARRRANRRARARRARRRNARRNRRKAAANRRARARARRAARAARKARRARRRNARARA

Supplementary Equations for Gas Demand for Coal

RRARARRRRRRARARARRRRRAKRARARRAARARARANRRRARARRARARAXNRAARARAAARAARAAR AN

TGDC.K=HGDC .K+MGDC.K

NOTE

TGDC
RGDC
MGDC

-Total gas- Demand for coal (Btu/Yr)

-High~Btu gas- Demand for coal (Btu/Yr)

-Low/medium Btu gas- Demand for coal

(Btu/Yr)

34570 A
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NOTE
NOTE
NOTE

_NOTE

NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE

ARANAABAARARANRRARARRANRRRRANANRRARREARAARARRARRAARARRRANAARRARARAN
RARARRRARRRRARANARAARRRRRRAARRRARARARRRARARRARRRANRRAAARARAXARARAR

0il Production Sector of FOSSIL2

Department of Energy
Energy Transition Project

Version Release Date:
March 12, 1979
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NOTE

NOTE RRARRRANARRANKANRRARRARRARRAARRRARRRARRANRARARRRRARKRARARARRAARANAAANARAR

NOTE

NOTE 011 Supply-Demand Balance: Capacity Utilization Subsector

NOTE

NOTE . ARARRAARRRRARRRARRKARRARRANARRRARARRARRRRRARARRAARANARRARARANARRNAARRARAR

NOTE
HOTE

DOCUF .K=TABHL(DOCUFT ,MIN(DOGD.K,DOPC.K*DOCUFC.K)/DOPC.K,0,1.1,.1)

DOCUFT=0/.1/.
DOCUF
TABHL
DOCUFT
MIN
DoGoD
DopC
DOCUFC

2/.3/.4/.5/.6/.7/.8/.9/.9/.9

-Domestic oil- Capacity utilization factor (Fraction)
-Tabular relationship ’

-NDomestic oil- Capacity utilization factor table (Table)
~Function selecting the smaller of two values

-Domestic oll- Gross demand (Btu/Yr)

-Domestic oil- Production capacity (Btu/Yr)

-Domestic oll- Controlled capacity utilization factor (Fraction)

-

DOGD.K=TOGD.K~AOPR.K

DOGD
TOGD
AOPR

-Domestic oil- Gross demand (Btu/Yr)
-Total oil- Gross demand (Btu/Yr)
~Alaskan ofl- Production rate (Btu/Yr)

TOGD.XK=TOND.K/TODE

TODE=.93
TOGD
TOND
TODE

TOND .XK=TOEUD.
TOND
TOEUD
ouno
DGCURO
SNDO

-Total oil- Gross demand (Btu/Yr)
~-Total oil- Net demand (Btu/Yr)
~-Total oil- Distributional efficiency (Fraction)

K+0UDO . K+DGCURO.K+SNDO . XK

~-Total oil- Net demand (Btu/Yr)

~Total oil- End-use demand (Btu/Yr)

-0tl/gas utilities- NDemand for oil (Btu/Yr)
-Domestic gas- Curtaflments to oil (Btu/Yr)
~Synthetic natural gas- Demand for oil (Btu/Yr)

DOPC .K=COPC .K+EOPC.K+SHPC.K+CLPC.K

DOPC
corc
EQOPC
SHpC
CLPC

-NDomestic o1l- Production capacity (Btu/Yr)
-Conventional oil- Production capacity (Btu/Yr)
~Enhanced oil- Production capacity (Btu/¥r)
-Shale oil- Production capacity (Btu/Yr)

-Coal liquids- Production capacity (Btu/¥r)

40230

40240

40250,

40260
40270

40280

40290
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DOCUFC.K=TABHL(DOCFCT SMOOTH((DOWP.K/CLIP(DOUWP.K,DODWP.X,TIME.K,DOCUFY)),2),.8,1,.05)

DOCFCT=.8/.8/.8/.85/.9

DOCUFC=.8

DPOCUFY=2200
DOCUFC
TABIL
DOCFCT
SMOOTH
pDoup
CLIP
DOUWP
DODUP
TIME
DOCUFY

~Domestic oil- Controlled capacity utilization factor (Fraction)

-Tabular relationship

-Domestic oil- Controlled capacity utilization factor table
~-First order information delay

~Domestic oll- Wellhead price ($/Btu)

-Function switched during the run

~Domestic oil- Unregulated wellhead price ($/Btu)
-Domestic oil- Desired wellhead price ($/Btu)

-Actual time during simulation’

-Domestic oil- Capacity utilization control initiation year

TOPR.K=DOPR.K+DICR.K+POPR.K+AOPR .K

TOPR
DOPR
DICR
POPR
AOPR

-Total o1l- Production rate (Btu/Yr)
~Domestic oil--Production rate (Btu/Yr)
-Domestic imports- Consumption rate (Btu/Yr)
-Pan-Am oil- Production rate (Etu/Yr)
-Alaskan oil- Production rate ({Btu/Yr)

DOPR.K=COPR .K+EOPR.K+CLPR.K+SHPR.K

DOPR
COPR
EOPR
CLPR
SHPR

TOPDR.K=TOPR.
TOPDR=1
TOPDR
TOPR
TOGD

NOTE

-Domestic oil- Production rate (Btu/Yr)
-Conventional oil- Production rate (Btu/Yr)
-Enhanced oil- Production rate (Btu/Yr)
-Coal liquide- Production rate (Btu/Yr)
-Shale oil- Production rate (Btu/Yr)

K/TOGD.K
-Total oil- Production demand ratio (Dimensionless)

-Total oil- Production rate (B:u/Yr)
-Total oil- Gross demand (Btu/Tr)

(Table)

(Year)

40300
40310
40320
40330

40340

40350

40360
40370

0 Z4>
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DICR.K=(DIIMD.K-POPR.K)*00PDR.K

DICR
DIIMD
POPR
00PDR

-Domestic imports- Consumption rate (Btu/Yr)
-Domestic imports- Impcrt demand (Btu/Yr)

-Pan-Am oil- Productior rate (Btu/Yr)

~-0PEC o1il1- Production cemand ratio (Dimensionless)

POPR.K=MIN(DIIMD.K,POPRM.K)

POPR
MIN
DIIMD
POPRM

-Pan-Am oil- Production rate (Btu/Yr)

~Function selecting the smaller of two values
-Domestic imports- Import demand (Btu/Yr)
-Pan-Am oil- Production rate maximum - (Btu/Yr)

DIIMD.K=~MIN(DOGD.K-DOPR.K,DIQUOT.K)

DIIMD
MIN
DOGD
DOPR
DIQUOT

~-Domestic imports- Import demand (Btu/Yr)
-Function selecting the amaller of two values
-Domestic oil- Gross demand (Btu/Yr)
-Domestic oil- Production rate (Btu/Yr)
~-Domegtic imports- Quota (Btu/Yr)

DIQUOT.K=CLIP(TABHL(DIQUOTT,TIME.X,1578,1990,2)*1E15,TOGD.K,TIME.K,DIQY)
DIQUOTT=99/18.1/18.1/18.1/18.1/18.1/18.1
DINY=2200

NOTE

DIQUOT
cLip
TABHL
DIQUOTT
TIME
TOGD
DIQY

~Domestic imports- Quota (Btu/Yr)

-~Function switched duriag the run

-Tabular relationship

~Domestic imports- Quota table (Table)

-Actual time during simulation

-Total oil- Gross demand (Btu/Yr)

~Domestic imports~ Quota initiation year [(Year)

40390 A

40400 A

40410 A

40420 A
40430 T .
40440 .
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NOTE

NOTE AARRRRRRAARKAAARRRRRARRRARSAARARKARKARNLARARARKAARARRANARARARRRAAR
NOTE

NOTE 011 Supply-Demand Balance: Pricing Subsector

NOTE :

NOTE ARRRNARARRAARRAAARRRRRRARRRNIANRRARARARARARNRRAAARARARRARARRARRRARR
NOTE

NOTE

TOP.K=TOAWP.K+TODCHG

TOP=2.92E-6

TODCHG=2.02E-~-6
TOP -Total oil- Price ($fBtu)
TOAWP -Total ofl- Average wellhead price ($/Btu)
TODCHG -Total oil- Delivery charge ($/Btu)

TOAWP . K= ( (DOAWP.K)A(DOPR.K+AOPR.K)}+DIP.K*(DICR.K+POPR.K))/TOPR.K

TOAWP -Total oil- Average wellhead price ($/Btu)
DOAWP -Domestic oil- Averagz wellhead price ($/Btu)
DOPR -Domestic oil- Production rate (Rtu/Yr)

AOPR -Alaskan oil- Production rate (Btu/Yr)

D1IP -Domestic imports~ Price ($/Btu)

DICR -Domestic imports- Consumption rate (Btu/Yr)
POPR -Pan-Am oil~- Production rate (Btu/Yr)

TOPR ~Total oil- Production rate (BtufYr)

DOAWP .K=(DOWP.K*DOPR.K+AOWP .KXAOPR.K)/ (DOPR.K+AOPR.K)

DOAWP -Domestic oil- Average wellhead price ($/Btu)
DOWP -NDomestic oil- Wellhead price ($/Btu)

DOPR -Domestic oil- Production rate (3tu/Yr)

AQWP -Alaskan oil- Wellhead price ($/3tu)

AOPR -Alaskan oi1l- Production rate (Btu/Yr)

DOWP .K~CLIP(MIN(DOIWP.K,DIP.X),DODWP.K,TOPLR.K, .995)
DOWP=.90E-6

DOWP ~-Domestic oll- Wellhead price ($/Btu)

cLIP -Function switched during the run

MIN -Function selecting the smaller of two values

DOIWP -Domestic oil- Indicated welltead price ($/Btu)

DIP -Domestic imports- Price ($/Etu)

DODWP -Domestic oll- Desired wellhezd price ($/Btu)

TOPDR -Total oil- Production demand ratio (Dimensionless)

DODWP .K=MAX ( (DOPMN.K+DOACST.K) *DOPMM.K,DOACST.K)

DODWP -Domestic oil- Desired wellhead price ($/Btu)
MAX -Function selecting the larper of two values
DOPMN -NDomestic oil- Profit margin mormal ($/Btu)

DOACST -Domestic oil- Average cost, ($/Btu)
DOPMH -Domestic oi1l- Price multiplter (Dimensionless)

40540
40550
40560

40570

40580

40590
40600

40610

Oz>
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DOIHP.K-(DOUWP.K*DODS.K+DORNP.K*(I—DODS.K))*(COPR.K/DO?R.K)+DOUNP.K*(l-(COPR.K/DOPR.K)) 40620

DOIWP -Domestic oil- Indicated wellhead price ($/Btu)

pouve -Domestic oil- Unregulated wellhead price ($/Btu)

DoODnS -Domestic oil- Deregulation schedule (Dimensionless)

DORWP ~Domestic o1l- Regulated wellhead price ($/Btu)

COPR -Conventional o1l- Production rate (Btu/Yr)

DOPR -Domestic oil- Production rate (Btu/Yr)
DODS .K=CLIP(DODS2.K,DODS1.K,DODSS,1.5)*STEP(1,1978) 40630
nonsSsS=2 40640

pobns -Domestic oil- Deregulation schedule (Dimensionless)

CLIP ~-Function switched during the run

nons2 -Domestic oil- Deregulation schedule option 2 (Dimensionless)

DODS1 -Domestic oil- Deregulation schedule option 1 (Dimensionless)

DODSS ~Domestic oil- Deregulation schedule switch (Dimensionless)

STEP -Step-shaped exogenous {input
DODS1 .X=TABHL(DODSIT,TIME.K.1975,2000,5) 40650
DODS1T=0/.15/.26/.32/.37/.42 40660

nDOoDS1 -Domestic oil- Deregulation schedule option 1 (Dimensionless)

TABHL ~Tabular relationship - -

DODS1IT -Domestic oil- Deregulation schedule | table (Table)

TIME ~Actual time during simulation
DODS2.K=TABHL(DODS2T, (TIMF.K-DODYI)/DODRT,0,1,1) 40670
DODS2T=0/1 40680
DODRT=2 40690
DODY1=1979 40700

nons2 -NDomestic oil- Deregulation schedule optien 2 (Dimensionless)

TABHL -Tabular relationship

DODS2T -Domestic oil- Deregulation schedule 2 table (Table)

TIME ~Actual time during simulation

DODYI ~Domestic oil- Deregulation year initial (Year)

DODRT ~Domestic oil- Deregulation adjustment time (Year)
DOUWP .K=CLIP(MIN(DODWP.K,DIP.K),DODWP.K,TOPDR.K,.995) . 40710

nouwp -Domestic oi1l- Unregulated wellhead price ($/Btu)

CLIP ~Function switched during the run

MIN -Function selecting the smaller of two values

Dobuwp -Domestic oil- Desired wellhead price ($/Btu)

nip ~Domestic {mports- Price ($/Btu)

TOPDR -Total oil- Production demand ratio (Dimensionless)
DORWP.K=CLIP(DOERWP.K,DORRWP.K,TIME.K,1978) . 40720

DORWP -Domestic oil- Regulated wellhead price ($/Btu)

CLIP -Function ewitched during the run

DOERWP -Domestic oil- EPCA repgulated wellhead price ($/Btu)
DORRWP -Domestic oll- Return~regulated wellhead price (§/Btu)
TIME ~Actual time during simulaction

QO >
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DOERWP.K=CLIP(DOEPCA2.K,DOEPCALl.K,TINE.K,1935)
DOERWP -Domestic oil- EPCA regulated wellhead price ($/Btu)
CcLIP -Function switched during the run
DOFPCA2 -Domestic oil- EPCA regulated price 1985-2010 ($/Btu)
DOEPCAl -Domestic oil- EPCA wellhead price 1977-1985 (§/Btu)
TIME -Actual time during simulation

DOEPCAl .K=TABHL(DOEPIT,TIME.K,1977,1985,2)*1E-6
DOEP1T=1.28/1.35/1.43/1.49/1.55
DOEPCAl -Domestic oil- EPCA wellhead price 1977-1985 ($/Btu)

TABNHL ~Tabular relationship .
DOEPIT -Domestic oil- EPCAl table (Table)
TIME -Actual time during simulation

DOEPCA2 .K=TABHL(DOEP2T,TIME.K,1985,2010,5)*1E~6
DOEP2T=1.55/1.66/1.73/1.76/1.8/1.8 )
DOEPCA2 -Domestic oil- EPCA regulated price 1985-2010 ($/Btu)

TARHL -Tabular relationship
DOEP2T -Domestic oil- EPCA2 table (Tabl.e)
TIME -Actual time during simulation

NDORRWP.K=DOPMN.K+DOACST.K
DORRWP -Domestic oil- Return-regulated vellhead price ($/Btu)
DOPHN -Domestic oll- Profit margin normal ($/Btu)
DOACST -Domestic oil- Average cost ($/Btu)

DOACST .K=DOCST.K/DOPR .K
DOACST -Domestic oil- Average cost ($/3tu)
DOCST -Domestic oil- Cost ($/Yr) .
DOPR -Domestic oil- Production rate (Btu/Yr)

DOPMN.K=DOROEN.K*DOEQ.K/(DOPC.K*DOCUFN*#(1-['OTR)) ) :
DOPMN -Domestic oil- Profit margin normal ($/Btu)

DOROEN -Domestic oil- Normal return on equity (Fraction/Yr)
DOEQ -Domestic oil- Equity (§)
DOPC -Domestic oi1l- Production capacity (Btu/Yr)

DOCUFN -Domestic ofl- Capacity utilization factor normal (Fraction)
DOTR -Domestic oil- Tax rate (Fractlion)

40730

40740
40750

40760
40770

40780

40790

40800
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JOROEN .K=CLIP (DOPROEN,DONROEN, TIME.K,DORPY)+DEINF.K

DOHROEN=.10

DOPROEN=.25

DORPY=2200
DOROEN
CLIP

DOPROEN
DOHROEN

TIME
DORPY
DEINF

-Domestic oil- Normal return on equity (Fraction/Yr)

~Function awitched during the run

-Domestic ofl- Policy return on equity normal (Fraction/Yr)

-Domestic oil- llistorical return on equity normal
~Actual time during simulation

(Fraction/Yr)

-Domestic oil~- ROE regulation policy initiation year (Year)

-Domestic economy- Inflation rate (Fraction/Yr)

DOPMM.K=TABHL (DOPMMT ,DOGD.K/ (DOPC.K*DOCUFN), .8,1.25,.05)
DOPMMT=.9/.925/.95/-.975/1/1.15/1.3/1.7/2.1/2.4

DOCUFN=.8
NOPMH
TABHL
DOPMMT
DOGD
DOPC
DOCUFN

NOTE

~Domestic oil~ Price multiplier (Dimensionless)
-Tabular relationship

-Domestic oil- Price multiplier table (Table)
-Domestic oil- Gross demand (Btu/Yr)

-Domestic oil- Production capacity (Btu/Yr)
-Domestic oil- Capacity utilization factor mormal

DIP.K=00P.K+STEP (HAX(DIGP-00P.K,0),DITARY)

DITARY=2200

DIGP=4.5E-6
DIP
oor
STEP
MAX
DIGP
DITARY

NOTE

-Domestic imports- Price ($/Btu)

-QPEC oil~ Price ($/Btu)

~-Step-shaped exogenous {aput

~Function selecting the larger of two values
-Domestic imports~ Goal >rice ($/Btu)

-Domestic imports~ Tariff initiation year (Year)

(Fraction)

40810
40820
40830
40840

QOO0 >

40850
40860
40870

oS>

40890 A
40900 C
40910 C
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HOTE

NOTE AAARIRR KRR AN KRR R AR KRR ARRK R AR RRRARRARRA R AR AR R AR AR AR A AR ARRARRRRARARAAR
NOTE

NOTE 011 Financing: Source of Funds Subsector

NOTE

NOTE KRARRRRARKARARKARRRRANRANRRRARRRRARA KRR AR RAARKARARRRARANRANAAAAR A AR
NOTE

NOTE

NDONI.K=(1-DOTR) *(DOREV.XK-DOCST.K)+DOITC*DONPC .K+SHNTC .K*#SHPR.K
DOTR=.35

e

DOITC=.07
DONI -NDomestic oil- Neét income ($/Yr)
DOTR -NDomestic oil- Tax rate (Fractlon)
DOREV ~Domestic oil- Revenue (5$/Y¥r)
DOCST  ~Domestic oil- Cost ($/Yr)
DOITC -Domestic oil- Investment tax credit (Fraction)
DONPC -Domestic oil- Mew plants completed ($/Yr)
SHNTC -Shale oil- Ness tax credit ($/Btu)
SHPR -Shale oil- Production rate (Btu/fYr)
DOREV.K=DGPR.K* (DOWP.K+DOGS . K- (BOWET .K* (DOWPPR.K/DOPR.K)))
DOREV ~-Domestic oil- Revenue ($/Yr)
DOPR -Domestic oil- Production rate (Btu/Yr)
DOWP -Domestic ofll- Welihead price ($/Btu)
DOGS -Pomestic oll- Government subsidy ($/Btu)
DOWET -Domestic oi1l- Welihead excess proffts tax ($/Btu)

DOWPPR -Domestic oil- Windfall proiit production (Btu/Yr)

DOGS .K~(EOGS .K*EOPR.K) /DOPR.K+{ [SHGS -X*SHPR.K+CLGS .K*MIN(CLPR.K.3.2E15))/DLOPR.K)

DOGS -Domestic oll- Govzrnment subsidy ($/Btu)

EOGS ~Enhanced oil- Govarnment subsidy (5/Btu)

EOPR -Fnhanced oill~- Producrion rate (3tu/Yr)

DOPR -Domestic oil- Produccion rate (3tu/Yr)

SHGS -Shale oil- Governmen: subsidy ($/Btu)

SHPR -Shale o0il- Produckion rate (Etu/Yr)

CLGS -Coal liquids- Government subsidy ($/Btu)

MIN -Function selectinp the smaller of two values

CLPR -Coal liquids- Production rate (Btu/Yr)
DOWET.K=MAX(O, (DOUWP.K-DIBP79.K)*.50)*STEP(DODS .K ,DOWETY)
DOWETY=2200
' DOVET -Domestic oll- Wellhead excess profits tax ($/Btu)

MAX -Function selecting the larger of two values

pouve -Domestic oil- Unregulated wellhead price ($/Btu)

DIBP79 -Domestic imports~ Base price 1979 ($/Btu)

STE?Y ~Step-shaped exogenous 1input

DODS -Domestic oil- Deregulation schedule (Dimensionless)

DOWETY -Domestic oil- Wellhead excess profits tax initiation year (Year)

DIBP79.K=2.25E~6*EXP(.02*(TIME.K~-1979))
DIBP79 -Domestic imports- Base price 1979 ($/Btu}
EXP -Exponential function
TIME ~Actual time durimpg simulation

41010 A
41020 C
41030 C

41040 A

41050 A

41060 A
41070 C

41080 A
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DOWPPR.K=COPR.K+EOPR.K*(1-STEP(1,EQWEY))

EOWEY=2200
DOWPPR
COPR
EOPR
STEP -
EOWEY

-Domestic oil~ Windfall profit production (Btu/Yr)
-Conventional oil- Production rate (Btu/Yr)

-Fnhanced oil- Production rate (Btu/Yr)

~Step-shaped exogenous input

~-Enhanced oil- Wellhead excess tax for enhanced recovery year

DOCST .K=COCST.K+EOCST.K+CLCST .K+SHCST.K+DODEP .K+DOINT.K

DOCST
COCST
EOCST
CLCST
SHCST
NONEP
"DOINT

HOTE

-Domestic oll- Cost (§$/Yr)
-Conventional oil- Cost ($/Yr)
-Enhanced oil- Cost (§/Yr)

-Coal liquids- Cost ($/Yr)

-Shale oil- Cost ($/Yr)

-Domestic oil- Depretiation ($/Yr)
-Domestic oil- Interest ($/¥r)

DOGA .X=DOGA.J+(DT) (DOINV.J-DOGAR.JK~DOVLI.JK)

DOGA=25.6E9
. DOGA
DT
DOINV
DOGAR
DPOVLI

-NDomestic oll- Gross assets (§)

-Time increment between calculations

-Domestic otl- Investment ($/Yr)

-Domestic oil- Gross asset retirements ($/Yr)
-Domestic oil- Value loss due to inflatioen ($/Yr)

DOGAR.KL=DOGA.K*DOARF .K

DOGAR
DOGA
DOARF

-Domestic 6{1- Gross asset retirements ($/Y¥r)
~-Domestic oil~ Gross assets (§)
-Domestic oil~- Agset retirement factor (FPraction/Yr)

DOARF .K={COPA .K*COARF+FEOPA .KAEOARF+SHPA .K*SHARF+CLPA.KACLARF)/DOPA -X

DOARF
COPA
COARF
EOPA
EQARF
SHeA
SHARF
CLPA
CLARF
DOPA

-Domestic ofl- Asset retirement factor (Fraction/Yr)
-Conventional o1l- Physical assets (§)

-Conventional oil- Asset retirement factor (Fraction/Yr)
~Enhanced oil~ Physical assets (§)

-Enhanced oil- Agset retirement factor (Fraction/Yr)
-Shale oil- Physical assets ($)

~Shale oll- Asset retirement factor (Fraction/Yr)

-Coal li1quids- Physical assets ($§) '

-Coal liquids~ Asset retirement factor (Fraction/Yr)
~Domestic oil- Physical assets (§)

DOVLI.KL-DOGA.K*DEIN?.K*(l-STEP(l,DOPLAY))

DOPLAY=2200 -

DOVLI
DOGA
DEINF
STEP
DOPLAY

NOTE

-Domestic oil- Value loss due to inflation ($/Yr)

-Domestic oil- Gross assets (§)

-Domestic economy~- Inflation rate (Fraction/Yr)

-Step-shaped exopenous input

-Domestic oil~ Price-level accounting initciation year (Year)

(Year)

41090 A
41100 ¢C

41110 A

41140 L
41150 N

41160 R

41170 A

41180 R
41190 C
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DONA.K=DOGA.K*DOADF

DOADF=.50
NONA ~NDomestic oil-
DOGA -Domestic oil-
DOADF -Domestic oil-

DOEQ.K=DONA.K*DOEF

DOEF=.95
DOEQ  -Nomestic oil-
DONA -Domestic oll-
DOEF ~-Nomestic ofl-

DODERT .K=DONA .K4DODF
DODF=(30/70)*DOEF
DODERT ~NDomestic oil-

DONA -Domestic oil-
DODF -Domestic oil-
DOEF -Domestic oll~

DOINT.K=DOIR.K*DODEBT.K
DOINT -Domestic oil-
DOIR ~-Domestic oil~
DODEBT -Domestic oil-

DOIR.K=DOIRN4DEINF.K

POIRN=.025 .
DOIR ~-Domestic oil- Interest rate (Fraction/Yr)
DOIRN -Nonestic oil- Interest rate normal
DEINF -NDomestic economy- Inflation rate (Fraction/Yr)

DODRMT . K=DODEBT.K/DODL
DODL=10 :
DODRMT ~Domestic oil-
DODEBT -Domestic oil-
DODL -Domestic oll-

DODEP.K=DOGA.K/DOBLC

DOBLC=17
DODEP -Domestic oil~
DOGA -Domestic oll~
DOBLC -Domestic oil-~

NOTE

Net assets ($)
Grose assets (§)

Accumulated deprez-iation fraction

Equity ($)
Net assets ($)

Equity fraction (Fraction)

Pebt ($)
Net assets (5)

Debt fraction (Fraction)
Fquity fraction (Fraction)

Interest ($/Yr)

Interest rate (Fractfon/Yr)

Debt (§)

Debt repayment (5/%¥r)
Pebt (3)
Debt 1ife (Year!

Depretiation ($§/7¥r)
Gross assets (S
Book life of capital

(Fraction/Yr)

(Year)

(Fraction)

41210
41220

41230
41240

41250

41260

41270

41280
41290

41300
41310

41320
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DOIF .K=DONI.K-DODIV.K+DODEP.K-DODINT.K

DOLIF -Domestic otl- Interial funds ($/Yr)
DONI -Domestic oil- Net facome ($/Yr)
DODLIV -Domestic oil- NDividends  ($/Yr)
DODEP -Domestic oil- Depreziation ($/Yr)

DODRMT -Domestic oil- Debt repayment ($/Yr)

DODIV.K=TABINL(DODPOT,DOROI.K/DOROIN.K. .8 .2, .4)*DONI.K
DODPOT=.6/.5/.35/.25

DODIV -Domestic oil- Dividends ($/Yr)

TABHL -Tabular relationshif

DODPOT -Pomestic oil- Dividcad paycut table (Table)

NOROI -Domestic oil- Returr on investment (Fraction/Yr)

DOROIN -Domestic oil- Returr on investment normal (Fraction/Yr)
DON1 -Domestic oil- Net income ($/Yr)

DOROTI.X=(DONI.K+DOINT.K)/(DOEQ  K+DODEBT.K)

DOROI -Domestic oil- Returnm on investment (Fraction/Yr)
ponl -Domestic oil- Net imcome ($/Yr)

DOINT -Domestic oil- Interest ($/Yr)

DOEQ -Domestic oil- Equity ($)

DODEBT -Domestic oi1l- Debt «($)

DOROIN.K=DOROIR+SMOOTH(DEINF.K,DOEAT)
DOROIR=.08
DOEAT=5

NDOROIN -Domestic oil~ Return on investment normal (Fraction/Yr)
DOROIR =~-PDomestic oil- Return on investment real (Fraction/Yr)

SMOOTH -First order informatlon delay .
DEINF -Domestic economy~- InZlation rate (Fraction/Yr)
DCQEAT ~Domestic oil- Econom-c averaging time [Year)

DOROIX.K=SMOOTH(DOROI.K/DOROIN.K,NOEAT)

NOTE

DOROIX ~Domestic oll~ Return on investment index (Dimensionless)
SHOOTH ~First order information delay

POROY -Domestic oil- Return on investment (Fraction/Yr)

DOROIN -~-Domestic oil-~ Return on investment normal (Fraction/Yr)
DOEAT -Domestic oil- Economic averaging time (Year)

41350

41360
41370

41380

41390
41400
41410

41420
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NOTE

DOFA.K=DOIF .K+DOEFA.K .
DOFA . -Pomestic oil- Funds available ($/Yr)
DOIF -Domestic oil- Intecrnal funde (§$/Y¥r)
DOEFA -Domestic oil- External funds available ($/Yr)

DOEFA.K=DOGA.K*DOGR.K

DOEFA ~Domestic oil- External funds available ($/Yr)
DOGA ~Domestic ofl- Gross assets (§)
DOGR ~Domestic oil- Growth rate (Fraction/Yr)

DOGR.X=TABNL(DOGRT,NOROIX.K..6.3.6,.3)
NOGRT=0/.02/.04/.06/.08/.1/.12/.13/.14/).145/.15

DOGR -Domestic oil- Gaowth rate (Fraction/Yr)
TABRL -Tabular relatiomshfip
DOGRT -Domestic 0il~ Growth rate table (Table)

DOROIX -Domestic oil~ Returnr on lnvestment index (Dimensionless)
NOTE

DOFN .K=MAX (0, (DOFPA.K~DOPA.K~DOPUC.K+DDAFCT .K*DOARF.K*(DOPA .K+DOFPA.¥)/2)}/DOFCEN)
DOFCEN=.8

DOFN ° -Domestic oil- Fands needed ($/Yr)

MAX ~Function selectling the larger of two values

DOFPA ~-Domestic oil~ Fiture physical assets (§)

DOPA -Domestic oil~ Physlcal assets '($)

poruc -Domestic ofl- Plants under construction (§)

DOAFCT ~-Domestic oil- Average facillty construction time (Year)
DOARF -Domestic oil- Asset retirement factor (Fraction/Yr)

DOFCER -Domestic ofl- Fraction to capital expenditures normal (Fraction)

e
DOFPA.K=DONPA.K*EXP({DONPA.X/DOSPA.K~1)

DOFPA  -~Domestic oil- Future physical assets (§)
DONPA ~Domestic oil- Normal physicel asesets ($)
EXP -Exponential function

DOSPA -Domestic oil- Smoothed physical assets (§)

DONPA .K=NDOGD.K/DOCUFF*DOCC.XK
DOCUFF=.78

DONPA -Domestic oil- Formal physical assets ($)
DOGD -Domestic oil- Gross demand (Btu/Yr)
DOCUFF -Domestic oil- Capecity utilization factor for forcasting (Fractien)
DOCC ~Domeatic oil- Capital coast (3/(Btu/Yr))
DOSPA .K~DOSPA.J+(DT) (DONPA.J-DOSPA.J)/DOAFCT.J
DOSPA=DOSPAIL
DOSPAI=22.7E9
DOSPA -Domestic oil- 3moothed physicnl assets (§)
DT ~Time increment between calculations
DONPA -Domestic oll- Yormal physical assets ($)

DOAFCT -Domestic oll- Average facility construction time (Year)
DOSPAL -Domestic oil- Smoothed physical assets initial ($) i

41450

41460

41470
41480

41500
41520

41530

41540
41550

41560
41570
41580
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POCC.K=DOPA.K/DOPC.K : -
nocc -Domestic oil- Capital cost ($/(Btu/Yr))

DOPA ~Domestic oil- Physical assets (§)
noec -Domestic oil- Production capacity (Btu/Yr)
DOPA .K=COPA.K+EOPA .K+SHPA.K4CLPA.K
NDOPA -Domestic oi1l~ Physical assets ($)
COPA -Conventional oil- Physical assets ($§)
EOPA -Fnhanced oil- Physical assets ($)
SHPA _ -Shale ofl- Physical assets ($)
CLPA -Coal liquids- Physical assets (§)
DOPUC.K=COPUC.K+EOPUC.X+CLPUC.K+SHPUC.K .
DOPUC -Domestic oil- Plants under construction (§) A
copuc ~-Conventional oi1l- Plants under construction (§}
EQPUC ~Enhanced oll- Plants under construction ($)
CLPUC ~Coal 1liquids~ Plants under construction (§)
SHPUC ~Shale oil- Plants undet construction (§)

DOAFCT .K=(COFCR.JK*COFCT+EOFCR.JK*EQFCT+SHFCR.JKASHFCT .X+CLFCR.JKACLFCT.K) /DONPC.K
DOAFCT -~Domestic oil- Average facility construction time (Year)

COFCR -Conventional oil~ Facility completion rate ($§/Yr)

COFCT ~Conventional oil- Pacility construction time (Year)

EOFCR -Enhanced ofl- Factility completion rate ($/Yr) .

EOFCT ~-Enhanced oil- Facility construction time (Year)

SHFCR ~Shale oifl- Facility completion rate ($/Yr)

SHFCT -Shale oil- Facility construction time (Year)

CLFCR ~Coal liquidd~ Facility completion rate (3/Yr)

CLFCT ~-Coal liquids- Facility construction time (Year)

DONPC ~Domestic oil- New plants completed ($/Yr) .
DONPC-K-COFCR.JK+EOFCR-JK+S“FCR.JK+CLFCR-JK .

DONPC -Domestic oil- New plants completed ($/Yr}

COFCR ~Conventional oi1l- Facility completion rate (§/Yr)

EOFCH ~Enhanced oil- Facility completion rate ($/Yr)

SHFCR -Shale oil- Facility complettion rate (§/Yr)

CLFCR -Coal liquids~ Facility completion rate (§/Yr)

BOTE

DOINV.K=MAX(O.MIN(DOFA.K .DOFN.K)*DOFCE.K)

DOINV=]E9
DOINV - -~Domestic oil- Investment ($/Yr)
MAX -Functlion selecting the larger of two values
MIN =Function selecting the smaller of two values
DOFA ~Domestic oil- Funds available ($/Yr)
DOFN -Domestic ofl- Funds needed ($/Yr)
DOFCE ~Domestic ofl- Fraction to capital expenditures (Fraction)

DOFCE.K=TABUL(DOFCET,DOROIX.K,.3.1.5,.3)

DOFCET=0/.5/.75/.85/.93
NOFCE ~Domestic oil- Fraction to capltal expenditures (Fraction)
TABHL -Tabular relationship
DOFCET <-Domestic oil- Fraction to capital expenditures table (Table)
DOROIX <~Domestic oil- Return on investment index (Dimensionless)

41590

41600

41610

41620

41640

41660
41670
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0il Financing: Use of Funds Subsector
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COINV.KL=DOINV.K*(COAW.K/DOAW.K)

COINV=3E9
coInv -Conventional oil- Investment [$/Yr)
DOINV -Domestic oil- Investment ($/Yz)
COAW -Conventional oil- Allocatian weight (Dimensioniess)
DOAW ~NDomestic oil- Allacation weighz (Dimensionless)
COAW .K=(COHMCST.K*1E6) "DOWF’
DOWF=-10 .
coav -Conventional ofil- Allocation weight (Dimensionless
COMCST ~Conventional oil- Marginal cos: ($/Btu) :
DOWF -Domestic oil- Weighting factor (Dimensfionless)

COHCST.K-NOCC&*COSCC.K+CO0MC.K+DOHET.K
NOCCR=.151

COMCST -Conventional oil- Marginal cosz ($/Btu)
NOCCR -Natural oil- Capital charge rate (Fraction/Yr)
coscc -Conventional oil- Specific capital cost ($/(Btu/¥r))

COOMC ~Conventional oil- Operating and maintenance <O0&M> cost (§/Btu)

DOWET -Domestic oil- Wellhead excess profits tax ($/Btu)

41800
41810

41820
41830

41840
41850
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COSCC.K=COCC.K*COSCM.K/DOCUFN

CcoScC ~-Conventional oil~ Specific capital cost ($/(Btu/Yr))

cocce ~Conventional odl- Capi:al coet ($/(Btu/Yr))

cosch -Conventional oil- Secondary constraint multiplier (NDimensionless)
NDOCUFN -Domestic oil- Capacity utilization factor normal (Fraction)

COSCM.K=TABHL(DOSCMT ,COGR.K, .04,.20, .04)

COSCM ~Conventional oil~ Sccomdery constraint multiplier (Dimensionless)
TABHL -Tabular relationship

POSCMT -Domestic oil- Secondary constraint multiplier table (Table)

COGR ~Conventional oil- Growrh rate {(Fraction/Yr)

COGR.K=(COAGR.K/SHOOTR(COAGR.K ,DOTGR.-1)/DOTGR

DOTGR=2
COGR -Conventional oil- Growth rate (Fraction/Yr)
COAGT -Conventional oll- Assets for growth rate ($)
SHOOTH ~First order informatior delay
DOTGR -Domestic oil- Time for growth rate (Year)
COAGR.K=MAX(DOPAMI ,COPA.K+COPIC.K)
COACR - -Conventinnal ofl- Assets for growth rate ($)
MAX ~Function selecting the larper of two values
DOPAMI ~-Domestic oil- Physical assets of a mature industry ($)
COPA -Conventional oil- Physfcal assets (§)
coPUC ~Conventional oil- Plants under constructicn ($)

NOTE

41860

41870

41890
41900

41910




-99_

EOINV.XL=DOINV.K* (EOAW.K/DOAW .K) 41940 R .

EOINV=0 . 41950 N

EOINV  ~Fnhanced oi1l- Investment ($/Yr)

DOINV ~Pomestic oil- Investment ($/Yr)

EOAW ~Fnhanced oil- Allocazion welght (Dimensionless)

DOAW ~-Domestic oil- Allocazion weight (Dimensionless)
EOAW.K=(EOSP.K*1E6) "DOWF*STEP(1 .EO0OCY) 41960 A
EOCY=1980 41970 C

EOAW ~Enhanced oil- Allecatzion weight (Dimensionless)

EOSP ~Enhanced oil- Supporz price ($/3tu)

DOWF -Domestic oil- Weighting factor (Dimensionless)

STEP -Step-shaped cxogenous input

EOCY ~Enhanced oi1l- Commercialization year (Year)
EQOSP.K=EOMCST.K~EOGS .K 41980 A

EOSP -FEnhanced oil- Supporz price ($/3tu)

EOMCST -Enhanced oil- Marginal cost ($/3tu)

EOGS ~-Enhanced oil- Government subsidy ($§/Btu)
EOMCST.K=(EOCCR+EOECR.K)*EOSCC .K+EOOMC.K4+DOWET.K*(1-STEP(],EQWEY)) 41990 A
EOCCR=.151 . 42000 C

EOMCST -FEnhanced oil- Marginal cost ($/3tu)

EOCCR -Enhanced oil- Capita’ charge rat2 (Fraction/Yr)

EOECR -Enhanced oil- Excess éharge due to risk (Fraction/Yr)

EOSCC ~Enhanced oil- Specific capital cost (§/(Btu/Yr))

EOOMC -Enhanced oil- Operating and maintenance <O&M> cost ($/Btu)

DOVET -Domestic oll- Wellhead excess profits tax ($/Bta)

STEP . ~-Step-shaped exogenous input

EOWEY ~Enhanced 01l1- Wellhead excess tax for enhanced recovery year (Year)
EOECR.K=EOCCRR*(1~STEP(1,FEOLGY))*MaX (0, (DOPAMI-EOPA.K)/DOPANMI) 42010 A .
EOCCRR=.022 : 42020 C
EOLGY=2200 42030 C

EOECR ~Enhanced oil- Excess charge due to risk (Fraction/Yr) ’

EOCCRR -Enhanced oil- Capital charge due to risk (Fraction/Yr)

STEP -Step~-shaped exogenous 1input

EOLGY ~Fnhanced oil- Loan guarantee ini:iation year (Year)

MAX "~Function selecting the larger of two values

DOPAMI -Domestic oil- Physical assets of a mature industry (§)
EOPA ~Enhanced oil~- Physical assets (3)
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EOSCC.K=EOCC.K*EOSCM.K/DOCUFN

EOSCC., ~-Enhanced oil- Specific capital cost ($/(Btu/Yr))
EOCC -Enhanced oil- Capital cost ($/(Btu/Yr))
EOSCM -Enhanced oil- Secondary constraint multiplier . (Dimensionless)

DOCUFN <~Domestic oil- Capacity utilization factor normal

EOSCM .K=TABHL(DOSCMT,EOGR.K, .04,.20,.04)

EOSCH -Enhanced 0il- Secondary constraint multiplier

TABHL -Tabular relationship

DOSCMT -Domestic oil- Secondary constraint multiplier table

EOGR -Enhanced oil- Growth rate (Fractiomn/Yr)
EOGR.K={EOAGR.K/SMOOTH{(EOAGR.K,DOTGR)~-1)/DOTGR

EOGR -Fnhanced o011~ CGrowth Tate (Fraction/Yr)

FOAGR ~Enhanced oil- Assets for growth rate (§)

SMOOTH -First order information delay

DOTGR -Domestic oil- Time for growth rate (Year)

EOAGR .K=MAX(DOPAMI,EOPA .K+EOPUC .K)

(Dimensionless)

EOAGR -Enhanced o11l- Assets for growth rate (§)

MAX -Function selecting the larger of two values

DOPAMI -Domestic oil- Physical assets of a mature industry
EOPA -Enhanced oil- Physical assets ($)

EOPUC -Enhanced oil- Plants under construction ($)

EOGS .K=STEP(MAX(0,EOMCST.K~DOWP.K),EOPSY)

EOPSY=2200
: ENGS -Enhanced oil- Government subsidy ($/Btu)
STEP ~Step-shaped exogenous input
MAX ~Function selecting the larger of two values
EOMCST -~Enhanced oil- Marginal cost ($/Btu)
_ DowP -Domestic oil- Wellhead price ($/Btu)
EOPSY ~Enhanced oil- Price-support initiastion year

NOTE

(Year)

(Fraction)

(Table)

($)

42040

42050

42060

42070
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CLINV.KL=DOINV.K* (CLAW.K/DOAH.K)

CLINV=0
CLINV ~Coal liquids~ Investment ($/Yr}
DOINV -NDomeatic oil- Investment ($/Yr:
CLAV -Coal liquids- Allocation weipght (Dimensionlesn)
NOAV -Domeatic o1l~ Allocation weight (Dlmenaionlesq)

CLAH.K=(CLSP.K*1FE6) "DOWFASTEP(1,CLCY)

CLCY=1901
CLAW -Coal liquids~ Allocation weight (Dimensionless)
CLSP -Coal liquids~ Support price (§/Btu)
DOWF ~-Domeatic o1l- Wetghting factor (Dimensionless)
STEP -Step-shaped exogenous {input
CcLCY -Coal 1liquids- Commercialization year (Year)

CLSP.K=CLMCST.K-CLIP(0,CLGS.K,CLAMS.XK,CLDMS)
CLPMS=3.9E1S

CLSP ~-Coal liquids- Support price ($/Btu)

CLMCST -Coal liquids- Marpinal cost ($/Btu)

CLIP -Function switched during the runm

CLGS -Conl 1liquids- Govermament subsidy ($/Btu)
CLAMS ~Coal liquids- Actual market share (Fraction)
CLDMS ~Coal liquids- Desired market share (Fraction)

CLHCST-K-(SOCCR+CLECR.K+CLEIDC-K)‘CLSCC-K+CLOHC+CLFCST.K
CLMCST -Coal liquids- Marginal cost ($,/Rtu)

SOCCR -Synthetic oi11- Capital charge rate (Fraction/Yr)

CLECR -Coal liquids- Excess charge due to risk (Fraction/Yr)

CLEIDC ~Coal lfquids- Excess charge due to interest under const. (Fraction/Yr)
cLsce -Coal liquids~ Specific capital cost ($/(Btu/Yr))

CLOMC -Conl liquids- Operating and maimtenance <O0&H> cost ($/Btu)

CLFCST -Coal liquids- Feedstock cost (5/Btu)

CLECR-K-SOCCRR*(I-STEP(I,CLLGY))*NAX(O.(DOPAMI-CLPA.K)/DOPAMI)

.CLLGY=2200

CLECR ~Coal 1liquids- Excess charge due to risk (Praction/Yr)
SOCCRR -Synthetic oil- Capital charge due to risk (Fraction/Yr)
STEP -Step-shaped exogenous finput

CLLGY -Coal liquids- Loan puarantee in:tiation year (Year)

MAX -Function selecting the larger of two values

POPAMI ~NDomestic oil- Physical assets of a mature industry ($)
CLPA -Coal liquids-~ Physical assets (§)

CLEINC.KeSOCCRCA(1-STEP(1,CLCDCY))
CLEINC -Coal liquids~ Excess charpe due to interest under const. (Frazction/Yr)
SOCCRC ~Synthetic oil- Capital charge due to interest under const. (Fraction/Yr)
STEP -Step-shaped exopenous finput
CLCDCY -Coal liquids- Construction delay change year (Year)

‘42110 R

42120 N

42130 A
42140 C

42150 A

42160 C

42170 A

42180 A
42190 C

42200 A
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CLSCC.K=CLCC.K*CLSCM.K/DOCUFP 42210 A

CLSCC -Coal 1liquids- Specific capital cost ($/(Btu/Yr))
CLCC -Coal liquids- Capital cost ($/(Btu/Yr))
CLSCH —Cngﬁ 1iquids- Secondary constraint multiplier (Dimensionless)
DOCUFP -Domestic oil- Capacity utilization factor for planning (Fraction)
CLSCM.K=TARHL(DOSCMT,CLGR.K,.04,.20,.04) 42220 A
CLSCH -Coal liquids- Secondary constraint multiplier <(Dimensionless)
TABHIL -Tabular relationship
DOSCMT ~Domestic oil- Secondary constraint multiplier table (Table)
CLGR -Coal liquids- Growth rate (Fraction/Yr)
CLGR.K~(CLAGR.K/SMOOTH(CLAGR.K,NDOTGR)=-1)/DOTGR 42230 A
CLGR ~Coal liquids- Growth rate (Fraction/Yr)

CLAGR ~Coal liquids- Assets for growth rate ($)
SHOOTH ~First order information delay

DOTGR ~Domestic oifl- Time for growth rate (Year)
4

CLAGR .K=MAX(DOPAMI ,CLPA.K+CLPUC.K) . 42240 A

CLAGR ~Coal liquids- Assets for growth rat ($)

HAX ~Function selecting the larger of two values

DOPAMI -Domestic oil- Physical assets of a mature indus=ry (§)

CLPA ~Coal liquida- Physical assets ($)

CLPUC -Coal liquids- Plants under construction (§)
CLCS.K=STEP (MAX(0N,CLSCST.K~DOUP.K),CLPSY)*(CLIP(1,0,DIIMD.K,1E15)) 42250 A
CLPSY=2200 42260 C

CLGS ~Conl liquids~ Government subsidy ($/Btu)

STEP ~Step~shaped exognnous input

MAX ~Function selectinpg the larger of two values

CLSCST =-Coal 1liquida- Support cost ($/Btu)

DOWP -Domestic oil~ Wellhead price ($/Btu)

CLPSY ~Coal liquids- Price-support initiation year (Y=zar)

CLIP ~Function switched during the run

NIIMD ~Domestic {imports- Import demond (Btu/Yr)
CLSCST.K=(SOCCR+CLFCR.K+CLEIDC.K)*(CLCC.K/DOCUFP)+CLOMC+CLFCST.K 42270 A

. CLSCST =Coal liquids- Support cost ($/Btu) :

Soccr -Synthetic oi1l- Capital charge rate (Fraction/Yr)

CLECR ~Coal liquids- Fxcess charge due to risk (Fraction/Yr)

CLEIDC -Coa) liquids- Excess charge due to interest under const. (Fraction/Yr)

cLCC -Coal liquids- Cepital cost (S/(Btu/Yr))

DOCUFP -Domestic oil- Capacity uwtilization factor for planning (Fraction)

CLOMC . -=Coal liquids- Operating and maintenance <O08M> cost ($/Btu)

CLFCST -Coal liquids- Feedstock cost (S$/Btu)
CLAMS .X=( (CLPA.K+CLPUC.K)/CLCC.K) 42280 A

CLAMS -Conl liquids~- Actual market share (Fraction)

CLPA ~ -Coal liquids- Physical assets ($)

CLPUC -Coal 1liquids- Plants under construction (§)

cLcC ~-Coal liquids~- Capital cost ($/(Btu/Yr))
NOTF
SOCCR=.146 42300 C
SOCCRR=.078 42310 C
SOCCRC=.019 42320 C
POSCMT=1/1/1.5/2.1/3.0 42325 T
DOPAMI=12.5T9 42330 C

SQCCR -Syathetic oil1- Capital charpe rate (Fraction/Yr)

SOCCRR -Synthetic ofl- Capital charpe due to risk (Fraction/Yr)

. SOCCRC -Synthetic oil- Capital charge due to interest under const. (Fraction/Yr)
DOSCMT -~Domestic oil- Secondary constraint multiplier table (Tabhle)
DOPAMI -Domestic oil- Physical assets of a mature industry (§)
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SHINV.KL=DOINV.K*(SHAW.K/DOAW.K)

SHINVa0
SHINV
DOINV
SHAW
DOAW

-Shale oil- Investment ($/Yr)

-Domestic oll- Investment ($/Yr) »

~Shale oil- Allocation weipht (Dimensionless)
-Domestic o0i1l1- Allocation weight (Dimensionless)

SHAW.K=(SHSP.K*1E6) "DOWF*SHIMNC .K*STEP (1, SHCY)

SHCY=1981
SHAW
SHUSP
DOWF
SHIMWC
STEP
SHCY

-Shale o1l- Allocation welight (Dimensionless)

-Shale oil- Support price ($/Btul

-Domestic oil- Weighting factor <(Dimensionless)

-Shale oil- Investment multiplier from water constraint (Dimensionless).
-Step-shaped exogeanous input

~Shale oil- Commercialization year (Year)

SHSP.KeSHMCST.K-SHGS .K~-SHNTC.K

Sisp
SHMCST
SHGS
SHNTC

~Shale oil- Support price ($/Btul
~-Shale oil- Marginal cost ($/Btu’
~-Shale oil- Government subsidy (S$/Btu)
~Shale oil- Ness tax credit ($/Btu)

SHMCST .K=(SOCCR+SHECR.K+SHEIDC.K)*SHUSCC.K+SHOMC.K

SHMCST
SOCCR
SHECR
SHEIDC
SNSCC
SHOMC

-Shale oil- Marginal cost ($/Btu’

~-Synthetic oil- Capital charge rdte (Fraction/Yr)

~Shale otl- Excess charge due to risk (Fraction/Yr)

-Shale oil- Excess charge due to interest under const. (Praction/Yr)
-Shale oil- Specific capital cost ($/(Btu/¥r))

-Shale oil- Operating and maintenance <0&M> cost (§/Btu)

SHECR.K=SOCQRR*(I-STEP(l,SHLGY))*MAX(O,(DOPAHI-S“PA-K)/BOPAHI)

SHLGY=2200
SHECR
SOCCRR
STEP
SHLGY
MAX
DOPAMI
SHPA

-Shale oil- Excess charge due to risk (Fraction/Yr)
-Synthetic oil- Capital charge due to risk (Fraction/Yr)
-Step-shaped exogenous input

~Shale oil~ Loan guarantee initiation year (Year)
-Function selecting the larger of two values

-Domestic oil- Physical assets of a mature industry ($)
-Shale oil- Physical assets ($)

SHEIDC.K=SOCCRC*(1~STEP(1,SHCDCY))

SHEIDC
SOCCRC
STEP

SHCDCY

-Shale oifl- Excess charge duc to interest under const. (Fraction/Yr)
-Synthetic oil- Capital charge due to interest under const. (Fraction/Yr)
-Step-shaped exogenous input

-Shale oil- Construction delay change year (Year)

42340
42350

42360
423170

42380

42390

42400
42410

42420
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SHSCC.K=SHCC.K*SHSCM.K/DOCUFP

SHSCC -Shale oil- Specific capital cost ($/(Btu/Yr))
sticC -Shale oil- Capital cost ($/(Btu/Yr))
SHSCM -Shale oil- Secondary constraint multiplier (Dimensionless)

DOCUFP -Domestic oil- Capacity utilization factor for planning (Fraction)

SHSCM.K=TABUL(DOSCMT.SHGR.K, .04, .20,.04)

SHSCM -Shale oil- Secondary constraint multiplier (Dimensionless)
TABHL ~Tabular relatifonship
DOSCHNT -Domestic oil- Secondary constraint multiplier table (Table)
SHGR -Shale oil- Growth rate (Fraction/Yr)
SHGR.XK=(SHAGR.K/SMOOTH(SHAGR.K,DOTGR)~1) /DOTGR
SHGR ~-Shale oil- Growth rate (Fraction/Yr)
SHAGR -Shale o1l- Assets for growth rate ($)
SMOOTH ~First order information delay
DOTGR ‘-Domestic oil- Time for growth rate (Year)
SHAGR .K=MAX(DOPAMI,SIHPA K+SHPUC.K)
SHAGR -Shale oil- Assets for growth rate (§$)
MAX -Function selecting the larger of two values
DOPAMI -Domestic oil~ Physical assets of a mature industry (§)
SHPA -Shale oil- Physical assets ($)
SHPUC ~Shale oil- Plants under construction ($§)

SHGS .K=CLIP(O,STEP(MAX(O,SUMCST.K-DOWP.K),SHPSY),SHPR.K/TOPR.K,SHDUS)
SHNMS=1

SHPSY=2200
SHGS -Shale oil- Government subsidy ($/Btu)
CL1P -Function switched during the run
STEP -Step-shaped exogenous iaput
MAX -Function selecting the larger of two values
SHMCST -Shale oil- Marginal cost ($/Betu)
poveP -Domestic oil- Wellhead price ($/Btu)
SHPSY -Shale oil- Price-support initiation year (Year)
SHPR  ~Shale oil- Production rate (Btu/Yr)
TOPR ~Total oil- Production rate (Btu/Yr)

SHDMS -Shale o011~ Desired market share (Fraction)

42430

42440

42450

42460

42470
42480

42490

Q0>
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SHNTC .K=SHNTCM*TABHL(SHNTCT 0OP.K,3.11E-6,3.91E-~ 6.-80F 6)*STEP(1,SHNTCY)
SHNTCT=1/0

SHNTCM=.40E-6

SHNTCY=2200

SHNTC -Shale oi1l- Ness tax credit (§$/Etu) .

SHNTC -Shale ofl- Ness tax credit multiplier (Dimensionless)
TABHL -Tabular relationship

SUNTCT -Shale oil- Ness tax credit table (Table)

oop -OPEC oil- Price ($/Btu)

STEP -Step~shaped exogenous input

SHNTCY -Shale oil- Ness tax credit initiation year (Year)

SHIMWC .K=TABHL(SHIMWCT, (SHPA .K+SHPUC.K) SHCC.K/SHPCHC,0,1,.2)
SHIMWCT=1/1/1/1/.8/0
SHPCWC=13. 7215 .

SIHIMWC -Shale oil- Investment multiplier from water constraint (Dimensionless)
TABIL ~Tabular relationship

SHIMYCT -Shale oil- Investment multiplier water constr. tabhle (Table)

SHPA -Shale oil- Physical assets (%)

SHPUC -Shale o0il- Plants under censtruction (§$)

SHCC -Shale oil- Capital cost <«$/(Btu/¥Yr))

SIUPCWC ~Shale oil- Producticn capacity under water constratnt (Btu/Yr)
NOTE

DOAW .K=COAW.K+EOAW.K+CLAW.K+SHAW.K

DOCUFP=.9
DOAW -Domestic oil- Allocation weight (Dimensionless)
COAW ~Conventional oil- Allocat-on weight (Dimensionless)
EOAW -Enhanced oil- Allocation veight (Dimensionless)
CLAW -Coal liquids- Allocation wveight (Dimensionless)
SHAW ~Shale oil- Allocaticn weight (I'imensionless)

DOCUFP -Domestic oil- Capacfty ut.lizetion factor for planning (Fraction)

NOTE

42500
42510

42520
42530

o3>

42540
42550
42560

03>

42580 A
42590 C
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NOTE

NOTE RARARARRAARARRARARRARRRARRKNARARRRARARRARKRRARRAARRXRERARAARRARKRAAARARARA R

NOTF.

NOTE Conventional 011 Production Subsector

NOTE

NOTFE RRAKKRARARARRKRANRRNARRRANARAARRAARRKRAARRARRRRRRRKARNRREARARRRARRARRAARKAR

NOTE
NOTE

COPA.¥X=COPA.J+(DT) (COFCR.JK~COPAR.JK)

COPA=25.6E9
COPA
DT
COFCR
COPAR

-Conventional oil- Physical assets ($§)

-Time increment between calculations

-Conventional oil- Facility completion rate ($/Yr)
-Conventional oil- Physical asset retirements (5/Yr)

COPAR.KL=COPA.K*COARF

COARF=.045
COPAR
COPA
COARF

-Conventional oil- Physical asset retirements ($/Yr)
-Conventional oil- Physical assets (§)
-Conventional oil- Asset retirement factor (Fraction/Yr)

COFCR.KL=DELAY3P(COINV.JK,COFCT,COPUC.K)

COFCT=3
COFCR -Conventional oil- Facility completion rate ($/¥r)
DELAY3P -Third order pipeline“naterial delay
COINV -Conventional oil- Investment ($/Yr)
COFCT -Conventional oil- Facility construction time (Year)
COoPUC -Conventional oil-~ Plants under construction (§)
NOTE
COR.K=COR.J+(DT) (~-CORER.J)
COR=CORI
CORI=727E1S
COR -Conventional oil- Resources (Btu)
DT -Time increment between calculations
CORER -Conventional oil- Resource extraction rate (Btu/Yr)
CORI ~Conventional oil- Resources initial (Btu)
CORER.K=COCP.K*COPA.K
CORER -Conventional oil- Resource extraction rate (Btu/Yr)
cocP -Conventional oil- Capital productivity ((Btu/Yr)/$)
COPA -Conventional oil- Physical assets ($§) )
COCP.K=TABLE(CODMT,COR.K/CORI.-.5,1,.1)*COCPN
CODMT=0/0/0/0/0/0/.05/.1/.15/.2/.3/.4/.5/.65/.8/1,
COCPN=.72E6 .
cocp ~Conventional oil- Capital productivity ((Btu/Yc)/$)
TABLE ~Tabular relatfonship
CODMT -Conventional oil- Depletion multiplier table (Table)
COR -Conventional oil- Resources (Btu) :
CORI -Conventional oil- Resources initial (Btu)

COCPN -Conventional oil~ Capital productivity ncrmal

((Btu/Yr)/$)

42690
42700

42710
42720

42730

42740

42760
42770

42780

42790

42800
42810
42820
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COCC.K=1/COCP.K
cocc ~-Conventional oil- Capital cost (S$/(Btu/Yr))
coce -Conventional oil- Captital productivity ((Btu/Yr)/$)

COEOMC.K= (COECF+COLBF.K)*COCC.K
COECF=.12 : .
COEOMC -Conventional oil- Exploration 0&M cost ($/Bru)

COECF  -Conventional oil- Exploration cost factor (Fraction/Yr)
COLB¥ -Conventional oil- Lease bonus factor (Fraction/Yr)
cocc ~-Conventional oil- Capital cost ($/(Btu/Yr))

COLBF.K=TABHL(COLBFT,TIME.K,195),2000,10)
COLBFT=.03/.03/.03/.03/.05/.1

COLBF -Conventional oil- Lease baonus factor (Fraction/Yr)
TABHL  -Tabular relationship )
COLBFT -Conventional oil- Lease bonus factor table (Table)
TIME -Actual time during simulation

NOTE

COURES .K=COURES.J+(DT) (COURA.JK-CORX.JK)

COURES=COURESI

COURESI=205E15
COURES -Conventional oil~- Unprover reserves (Btu)
DT | -Time increment between calculations
COURA -Conventional oil~- Unprover reserve additions (Btu/Yr)
CORX -Conventional oil- Revisiors and extensifons (Btu/Yr)

COURESI -Conventional ofl- Unprovern resecrves initial (Btu)

COURA.KL=CORER.K*CORXF.K/COPDF

COPDF=5.8
COURA -Conventional oil- Unproven reserve additions (Btu/Yr)
CORER -Conventional oil- Resource extraction rate (Btu/Yr)
CORXF -Conventional oil- Revision and cxtension factor (Dimenslonless)
COPDF -Conventional oil- Potential discovery factor (Dimensionless)

CORXF.K=COPDF-1

CORXF -Conventional oil- Revision énd extension factor (Dimenslonless)
COPDF -Conventional oil- Potential discovery factor (Dimensionless)

CORX.KL=COURES .K/CORXD

CORXD=13
CORX ~Conventional oil- Revisioms and extensions (Btu/Yr)
COURES. -Conventional oil- Unprovem reserves (Btu)
CORXD -Conventional oil- Revisiom and extension delay time

COROHMC.K=CORXCF*SHOOTH(COCC.K,2)
CORXCF=.10

(Yenr)

COROMC -Conventional oil- Revision and extension O&M cost ($/Btu)

CORXCF -~Conventional oil- Revision and extension cost factor
SMOOTH <-First order information delay
cocc -Conventional oil- Capital cost ($/(Btu/Yr))

NOTE

(Fraction/Yr)

428130

42840
42850

42860
42870

42890
42900
42910

42920
42930

42940

42950
42960

42970
42980

o=
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CORES .K=CORES.J+(DT) (CODR.JK+CORX.JK~CORDR.JK)
CORES=171E1S

CODR.

CORES ~Conventional oil- Proven reserves (Btu)

DT ~Time increment between calculations

CODR -Conventional oil- Piscovery rate (Btu/Yr)

CORX -Conventional oil- Revisions and extensions (Btu/Yr)

CORDR -Conventional oil- Reserves depletion rate (Btu/Yr)
KL=CORER.K/COPDF

CODR ~-Conventional oil- Discovery rate (Btu/Yr)

CORER -Conventlional oil- Resource extraction rate (Btu/Yr)

COPDF ~Conventional oil- Potential discovery factor (Dimensionless)

CORDR.KL=COPR.K

COPR.

coPC.

CORDR ~Conventional oil~ Reserves depletion rate (Btu/Yr)

COPR _  -Conventional oil- Production rate (Btu/Yr)
K=COPC.K*#DOCUF.K

COPR  ~Conventional oil- Production rate (Btu/¥r)

COPC ~Conventional oil- Production capacity (Etu/Yr)

DOCUF ‘~Domestic oil- Capacity utilization factor (Fraction)
K=CORES.K/COMRPR.K .

corc -Conventional oil- Production capacity (Btu/Yr)

CORES -Conventional oil- Proven reserves (Btu)

COMRPR -Conventional oil- Minimum reserve production ratio (Year)

COMRPR .K=TABLE(CORPRT,TIME.K,1950,2030,10)
CORPRT=11/10.6/7.5/7.5/7.5/7.5/71.5/7.5/7.5
COPOMC=.05E~6

NOTE

COMRPR -Conventional oil- Minimum reserve production ratio (Year)
TABLE ~-Tabular relationship

CORPRT -Conventional ofl- Reserve production rate table (Table)
TIME ~Actual time during simulation

COPOMC -Conventional oil- Production 0&M cost (§/Btu)

43000
43010

43020

43030

43040

43050

43060
43070
43080
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COCST.K=CODR.JK*COEOMC.K+CORX.JK*COROMC .K+CIPR.X*(COPOMC+CORP .K)

COCST ~Conventional oil-
CODR ~ -Conventional oil~
COEOMC ~Conventional oll-
CORX -Conventional otl-
COROMC -Conventional ofl-
COPR ~-Conventional oil-~
COPOMC -Conventional oil-~
CORP -Conventional oil~

CORP .K=CORPFASMOOTH(DOWP.K,2)
CORPF=.15
CORP -Conventional oil~
CORPF -Conventional oil-~

Cost ($/Yr)

Discovery rate (Btu/Yr)

Exploration O&M cost ($/Btu)

Revisions and extemnsions (Btu/Yr)
Revision and extension 0&M cost ($/Btu)
Production rate (Btu/Yr)

Production C&N cost ($/Btu)

Royalty paymerts ($/Btu)

Royalty paymeuts ($/Btu)
Royalty payment factor (Fraction/Yr)

SMOOTH -First order information delay
DOWP -Domestic oil- Wellhead price (&/Btu)

COOMC.K=COEOMC.K+COPOQMC+CORP .K
COOMC -Conventional oil-
COEOMC ~Conventional oil-~
COPOMC -Conventional oil-
CORP = -Conventional oil-

NOTE

Operating and maintenance <O0&M> cost ($/Btu)

Exploration O&M cost ($/Btu)

Production O&M cost ($/Btu)
Royalty paymemts ($/Btu)

43100 A

43120 A
43130 C

43140 A
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NOTE

NOTE ARRARRARARAARRNARRRRARARARAAANRARRRNRRRRARRRRARMRRARARARRRAARKRRAR
NOTE
NOTE Enhanced 011 Recovery Subsector
NOTE
NOTE ARARAARRRARRARRARRARRRRANAARRIRRRARARARARRAANARAREAARARRARARRARARAAR
NOTE : '
NOTE
EOPA .K=EOPA.J+(DT) (EOFCR.JK-EOPAR.Jk)
FOPA=0
EOPA -Enhanced oil- Physical assets ($)
DT -Time increment betweer calculations
EOFCR -Enhanced oil- Facility completion rate (§$/Yr)
EOPAR ~Enhanced oil- Physical asset retirements ($/Yr)

EOPAR.KL=EOPA .XK*EOQOARF

EOARF=.045 _
EOPAR -Enhanced oll- Physical asset retirements ($/Yr)
EOPA -Enhanced oil- Physical assets (§)
EOARF -Enhanced oil- Asset retirement factor (Fraction/Yr)

EOFCR.KL=DELAY3P(EOINV.JK,EOFCT,EOPLC.K)

EOFCT=3
EOFCR ~-Enhanced oil- Facility completion rate {$/Yr)
DELAYJP -Third order pipeline faterial delay

EQOINV -Enhanced oil- Investment ($/Yr)
EOFCT ~Enhanced oi1l- Facility construction time (Year)

EOPUC -Enhanced oil- Plants under construction ($)

NOTE _,

43240
43250

43260
43270

43280
43290
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EOR.K=EOR.J+(DT) (~EORDR.JK)

EOR=EQRI
EORI=175E15
EOQR
DT
EORDR
EORI

-Enhanced oil- Rescurces (Btu)

~Time increment between calculatiocns

-Enhanced oil- Reserves depletion rate (Btu/Yr)
-Enhanced oil- Rescurces initial (Btu)

EORDR.KL=EOPR.K

EORDR
EOPR

-Enhanced oil- Reserves depletion rate (Btu/Yr)
~Enhanced oi1l- Production rate (Btu/Yr)

EOPR.K=EOPC.KA*DOCUF.K

FOPR
EOPC
DOCUF

-Enhanced oil- Production rate (Btu/Yr)
-Enhanced oil- Production capacity (Btu/Yr)
-Domestic oil- Capacity utilization factor (Fraction)

EOPC.K=EOCP .K*EOPA .K

EOPC
EOCP
EOPA

~Enhanced oil- Production capacity (Btu/Yr)
-Enhanced oil- Capital productivity ((Btu/Yr)/$)
-Enhanced oil- Physical assets (§)

EOCP.K=TABLE(EODMT ,EOR.K/EORI,0,1,.2)*EOCPN
EODMT=0/.15/.30/.38/.45/1

EOCPN=.11Eb
EOCP
TABLE
EODMT
EOR
EORI
EOCPN

~Enhanced oil- Capital productivity ((Btu/Yr)/$)
~Tabular relationship

-Enhanced oil- Depletion multiplier table (Table)
~-Enhanced oil- Resources (Btu)

-Enhanced oil- Resomrces inftial (Btu)

~Enhanced oil- Capital productivity normal ((Btu/Yr)/$)

EOCC.K=1/EOCP.K

EOCC
EOCP

-Enhanced oil- Capital cost ($/(Btu/Yr))
-Fnhanced oil- Capital productivity ((Btu/¥r)/$)

EOOMC.K=EOCCF*EOCC.K

EOCCF=.166
EOOMC
ENCCF
EOCC

-Enhanced oil- Operating and maintemance <O&M> cost ($/Btu)
-Enhanced oll- Capital cost factor (Fraction/Yr)
~-Enhanced oil- Capital cost ($/(Btu/Yr))

EOCST.K=EOPR.K*EOOMC.K

EOCST
EOPR
EOOMC

NOTE

-Enhanced oil- Cost (§/Yr)
~-Enhanced oil- Prodisction rate (Btu/Yr)
-Fnhanced o1l- Operating and malntenance <0&M> cost ($/Btu)

43310
43320
43330

43340

43350

43360

43370
43380
43390

43400

43410
43420

43430
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NOTE -

NOTE KAKKRRRRRRARRANARRRRRARRRARR I ARARRARAARKRARRRARRRRRRAAARRARARRRARRA
NOTE
NOTE . Coal Liquefaction Subsector
NOTE
NOTE KRARNANRARRRRARRRR AR RARR AR LA RAR AR KRR AR NARRARRAEARRARAARRANRARAARRAR
NOTE
NOTE
CLPA.K=CLPA.J+(DT) (CLFCR.JK-CLPAR.Jk)
CLPA=0
CLPA -Coal 1iquids- Physical assets (§)
nT -Time increment betweer calculations
CLFCR  -Coal 1liquids- Facility completion rate ($/Yr)
CLPAR  -Coal liquids- Physical asset retirements ($/Yr)
CLPAR.KL=CLPA.KACLARF
CLARF=.026 .
CLPAR -Coal liquids- Physical asset retirements ($/Yr)
CLPA -Coal liquids- Physical assets (§)
CLARF -Coal liquids- Asset retirement factor (Fraction/Yr)
CLFCR.KL=DELAYJ3P(CLINV.JK,CLFCT.K,CLPUC.K)
CLFCR ~Coal liquids- Facility completion rate ($/Yr)
DELAY3P ~-Third order pipeline material delay
CLINV -Coal liquids- Investment ($/Yr)
CLFCT ~Coal liquids- Facility construction time (Year)
CLPUC ~Coal 1liquids- Plants under construction (§)

CLFCT.K=SMOOTH(CLIP(CLPFCT,CLRFCT,TIME.K,CLCDCY),CLHFCT)
CLHFCT=10

CLPFCT=5

CLCDCY=2200

: CLFCT -Coal liquids- Facility construction time (Year)
SMOOTH -First order informaticn delay
cL1IP -Function switched durfing the run

CLPFCT <~Coal liquids- Policy facility constructicn time (Year)

CLHFCT -Coal liquids- Historical facility construction time
TIME -Actual time during simulation
CLCDCY -Coal 1iquids- Construction delay change year (Year)

NOTE

43530
43540

43550
43560

43570

43580
43590
43600
43610

-

OO0 >




-08-

CLPR.K=CLPC.K*DOCUF.K*DCPDR.K

CLPR -Coal 1iquids~ Production rate (Btu/Yr)
CLPC -Coal liquids~ Production capacity (Btu/Yr)
DOCUF ~Domestic oil~ Capacity utilization factor (Fraction)
DCPDR -Domestic coal- Production demand ratio (DPimensionless)
CLPC.K=CLCP#*CLPA.K
CLCP=.096E6
CLPC -Coal 1iquids- Production capacity (Btu/Yr)
cLCP -Coal liquids- Capital productivity ((Btu/Yr)/$)
CLPA -Coal liquids- Physical assets ($)
CLCC.K=1/CLCP
cLCC -Coal liquids- Capital cest {9/{Btu/Yr))
cLCP ~-Coal liquids- Capital productivity ((Btu/Yr)/$)

CLCST.K=CLPR.K* (CLOMC+CLFCST.K)
CLOMC=.88E-6

CLCST -Coal 1liquids- Cost ($/Yr)
CLPR -Coal 1l1quids- Production rate (Btu/Yr)
CLOMC -Coal liquids-~ Operating and maintenance <O&M> cost ($/Buu)

CLFCST ~-Coal liquids- Feedstock cost (§/Btu)

CLFCST.K=(DCP.K-CEFCF)/CLCE

CLCE=.70

CLFCST -Coal liquids- Feedstock cost ($/Btu)

DCP ~Domestic coal~- Price ($/Btu) )

- CEFCF -Centralized energy- Fuel cost factor ($/Btu)

CLCE -Coal 1iquids- Conversion effic-iency (Dimensianless)
CLDC.K=CLPC.K*DOCUF.K/CLCE

CLDC -Coal liquids- Demand for coal (Btu/Yr)

CLPC -Coal liquids- Production capacity (Btu/Yr)

DOCUF ~-Domestic otl- Capacity utilization factor (Fraction)

CLCE ~Coal liquids- Conversion efficiency (Dimensionless)

NOTE
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NOTF.

NOTE ARARRRRARRKRANRRRRRRRRRRRRRRRARRARARRRARAARARAANARARRRARARARRARARRR
NOTE .

NOTE Shale 011 Subsector

NOTE

NOTE ANKRRRRRANRRARRRARNARARARKRARRRRARARKRRRRRARARRARRAAANAARRRRRARKRR &
HOTE

NOTE

SHPA .K=SHPA.J+(DT) (SHFCR.JK-SHPAR.JK)

SHPA=0Q
SHPA -Shale oil- Physical assets (§)
DT -Time increment between calculations
SHFCR ~Shale oil- Facility completion rate ($/%¥r)
SHPAR ~Shale otl- Physical asset retirements (§/Yr)

SHPAR.KL=SHPA.K*SHARF

SHARF=.026
SHPAR -Shale oil- Physical asset retirements ($/Yr)
SHPA ~Shale oil- Physical assets ($)
SHARF ~Shale oil- Asset retirement factor (Fraction/Yr)

SHFCR.KL=DELAY3P(SHINV.JK,SHFCT.K,SHPUC.K)

SHFCR ~-Shale oil- Facility completion rate ($/Yr)
DELAY3P -Third order pipeline material delay

SHINV -Shale oil- Investment ($/Yr)

SHFCT ~-Shale oil-~ Facility construction time (Year)
SHPUC -Shale oil- Plants under construction (§)

SHFCT .K=SMOOTH(CLIP(SHPFCT,SHHFCT,TIME.K,SUCDCY),SHUFCT)
SHHFCT=10

SHPFCT=5

SHCDCY=2200
SHFCT ~-Shale oil- Facility construction time (Year)
SHOOTH ~First order i{nformation delay
CL1P ~Function switched during the run

SUPFCT -Shale ofl- Policy facility construction time (Year)
SHHFCT -Shale oi1l- Historical facility construction time (Year) .
TIME ~Actual time during simulation '

SHCDCY -Shale oil- Construction delay chanpe year (Year)

NOTE

43810
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SHR.K=SHR.J+(DT) (-SHRDR.JK)

SiItIR=SHRI
SHRI=S5B00ELS
SHR -Shale oil- Resourc2s8 (Btu)
DT -Time increment betveen calculationas
SHRDR -Shale o1l- Reserves depletion ratz (Btu/Yr)
SHRI -Shale o011~ Resources 1initial (Bta)
SHRDR.KL=SHPR.K
SHRDR -Shale o0il- Reserves depletion rate (Btu/Yr)
SHPR -Shale oi1l- Production rate (Btu/Yr)
SUHPR.K=SHPC.K*DOCUF .K
SHPR -Shale oi1l- Production rate (Btu/Tr)
SHPC ~-Shale otl- Production capacity (Btu/Yr)
DOCUF -Domestic oil- Capacity utilizaction factor (Fraction)
SHPC .K=SHCP.K*SHPA .K
SHPC -Shale oil- Production capacity (Btu/Yr)
SHCP ~Shale oil~- Capital productivity ((Btu/Yr)/$)
SHPA -Shale oil- Physical assets ($)

SHCP.K=TABLE(SHDMUT,SHR.K/SHRI,0,1,.2)*SHCPN
SUDMT=0/.25/.5/.77.9/1
SICPN=.108E6

siicp -Shale oil- Capital productivity ((Btu/Yr)/$§)

TABLE -Tabular relationstip

SHDMT -Shale oil- Depletion multiplier table (Table)

SHR -Shale o0i1l1- Resources (Btu)

SHRI -Shale oil- Resources initial (Btu)

SHCPN -Shale o1l- Capital productivity riormal ((Btu/Yr)/$§)
SHCC.K=1/SHCP.K .

SHCC -Shale oil- Capita. ccst ($/(Btu/Yr))

SHCP -Shale oil- Capital. productivity ((Btu/Yr)/$)

SHOMC .K=SHCCFASHCC.K+SHST
SHCCF=.157
SiST=.73E-6

SHOMC -Shale of1l- Operatilng and maintenance <0&M> cost

SHCCF -Shale oil- Capital cost factor {Fraction/Yr)

SHCC -Shale oil- Capital cest ($/(BtufYr))

SHST -Shale o1l- Severeace tax ($/Btu)
SHCST.K=SHPR.K*SHOMC.K

SHCST -Shale oil- Cost ($/Tr)

SHPR -Shale oil- Production rate (Btu/Yr)

SHOMC ~Shale oil- Operating and maintenance <0&M> cost

NOTE

($/8tu)

($/Btu)

43910

- 43920

43930

43940

43950

43960

43970
43980
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44010
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NOTE RRRRARARARRRRANAANRRRARRARRRARRRRARARRRARRRRARARANARRARAARRRAARAAR

NOTE
NOTE Alaskan 011l Supply Subsector
NOTE ' )
NOTE ARARRARRRRARARRARRRRRRARRRARRRRARARRRARARAARARRRARARRARNRARRAAARAR
NOTE '
NOTE
AOPR.K=(AOSSP.K+AONSP.K)*]EILS5
AOPR -Alaskan oil- Production rate (Btu/Yr)
AOSSP -Alaskan oil- South slope production (Btu/Yr)
AONSP ~-Alaskan o1l- North slope production (Btu/Yr)

AOSSP.K=TABHL(AOSSPT,TIME.K,1950,203D,5)
AOSSPT=0/0/0/.23/.46/.43/.51/.52/1.072/1.22/1.34/1.23/.85/.4/0/0/0

AOSSP -Alaskan olil- South slose production (Btu/Yr)
TABHL -Tabular relationship
AOSSPT -Alaskan oil- South slode production table (Table)
TIME -Actual time during simulation

AONSP .K=AOONS.K+AONNS.K
AONSP -Alaskan oil- North slope production (Btu/Yr)
ADONS -Alaskan oil- 01d North slope production (Btu/Yr)
AONNS -Alaskan oil- New North slope production (Btu/Yr)

44140 A

44150 A
44160 T

44170 A
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AOONS .K=CLIP(AOONS2.K.AOONS].K,TIME.K,1980)
AOONS -Alaskan oil- 01ld North slope p-roduction
cLip -~Function switched during the run
AOONS2 -Alaskan oil- 0ld North slope production
AOONS]1 ~Alaskan oil- 0ld North slope production
TIME ~Actual time during simulation

AOONS1.K=TABHL(AOONSIT,TIME.K,1975,1980.1)
AOONSIT=0/0/.64/1.01/2.67/3.09
AOONS1 -Alaskan oil- 0ld North slope production

TABHL -Tabular relatfonship
AOONSIT -Alaskan oi1l- ONS1 tahle (Table)
TINE ~Actual time during simulation

AOONS2.K=TABHL(AOONS2T,TIME.K,1980,2030,5)
AOONS2T=3.09/3.17/1.95/.87/.29/.11/0/0/0/0/0
AOONS2 -Alaskan oil~ O0ld North slope procuction

TABHL -Tabular relationship
AOONS2T -Alaskan oil- ONS2 tatle (Table)
TIME -Actual time during sfmulation

AONNS.K=TABHL(AONNST,TIME.K.1980,2C30,5)
AOHNST=0/.22/1.69/2.93/3.52/3.60/3.15/2.1/.175/.2/0

AONNS -Alaskan oil- New North slope production
TABHL -Tabular relationship
AONNST -Alaskan oil- New North slope production
TIME ~Actual time during simulation )

AOWVP .K=SMOOTH(OOP.K ,DOEAT)
AOWP -Alaskan oil- Wellhead price ($/Btu)
SMOOTH ~First order information delay
00P ~0PEC oil- Price ($/Btu)
DOEAT -Domestic oil- Economic averaging time

NOTE

(Btu/Yr)

1980-2020 (Btu/Yr)
1975-1980 (Btu/Yr)

1975-1980 (Btu/Yr)

1980-2020 (Btu/Yr)

(Btu/Yr)
table (Table)
(Yerr)

414130 A

461907 A
44200 T

44210 A
44220 T

44230 A
44240 T

44250 A
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NOTE

NOTE Pan-American 01] Supply Subsector

NOTE ' .

NOTE ARKRRRKRRRARRKNNRRARNARARRARR AR AR R R AR ARNRRNRRARRRRRARRRARRRARRARARAR
NOTE

NOTE

POPRM.K=TABLE(POPRMT,TIME.X,1950,2030,5)*1E15
POPRMT=0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/3/0

POPRM ~Pan-Am oil1- Production rate maximum (Btu/¥Yr)
TABLE -Tabular relationship

POPRHT -Pan-Am oil- Production rate maximum table (Table)
TIME -Actual time during simulation

NOTE

_SS_
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NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE

TODC

NOTE

ARRRARARARRARRNRRASAARRRRRRRARARRARNARAARNARRRARRRRARRAARRKANAARARAR

Supplementary Equations for 011 Demand for Cogl

RARRRRARARRARNRNARRARRRRRRARRARAAAKARNNRRAARANANRKRAAARRARARANANAAR

.K=CLDC.K
TODC
CLDC

-Total oil- Demand for coal (Btu/Yr)

-Coal liquids- Demand for coal

(Btu/Yr)

44450 A
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NOTE

NOTE RRRARERAARNARRRRRARRNAARRNRARARRRARARRRCARRRARARARRARARAKAARNANRAN AR

NOTE

NOTE Coal Supply-Demand Balance: Capacity Utilization Subsector

NOTE

NOTE ARRRRRRRRARRRARARRRNARARRRARRARRRRARRRNKAARRARRRRARRRAARRARRARARAANA

NOTE
NOTE
NOTE

DCCUF.K=TABHL(DCCUFT,DCGD.K/DCPC.X,0,1.2,.1)
DCCUFT=0/.1/.2/.3/.4/.5/.6/.71/.8/.9/.95/.98/1

DCCUF -Domestic coal- Capacity utilizatfon factor (Fraction)

TABUL -Tabular relationship

DCCUFT -Domestic coal- Capacity utilization factor table: (Table)

DCGD -Domestlc coal- Gross demand (Btu/Yr)

DCPC -Domestic coal- Production capacity (Btu/Yr)
DCGD.K=DCND.K/DCDE
DCDE=1.0

nCcGD -Domestic coal- Gross demand (Btu/Yr)

DCND -Domestic coal- Net demand (Btu/Vr)

DCDE ~-Domestic coal- Distributional efficiency (Fraction)
DCND.K=TEDC.K+TODC .K4+TGDC .K+DCEUD.K+DCED.K+DGCURC.K
’ DCND -Domestic coal- Net demand (Btu/Yr)

TEDC -Total electric- Demand for coal (Btu/Yr)

TODC °~ =-Total oil- NDemand for coal (Btu.Yr)

TGDC -Total gas- Demand for coal (Btu,/Yr)

DCEUD -Domestic coal- End-use demand (Btu/Yr)

DCED -Domestic coal- Export demand (Btu/fYr)

DGCURC -Domestic pas- Curtailments to coal (Btu/Yr)

DCED.K=TABHL(DCEDT.TIME.K,1950,2030,10)*LELS
DCEDT=1.7/1.1/1.5/1.5/2.1/2.4/2.7/3.1/3.5

DCED -Domestic coal- Export demand {B:-u/Yr)
TABUL -Tabular relationship
DCEDT -Domestic coal- Export demand table (Table)
TIME ~Actual time during simulation
DCPC.K=SCPC .K+UCPC.K
ncrcC -Domestic coal- Production capecity (Btu/Yr)
SCPC -Surface coal- Production capacity (Btu/Yr)
ucec -Underground coal- Production capacity (Btu/Yr)
DCPR.K=SCPR.K+UCPR.K
DCPR -Domestic coal- Production rate <(Btu/Yr)
SCPR -Surface coal- Produccion rate (Btu/Yr)
UCPR ~-Underground coal- Production rate (Btu/Yr)
DCPDR.K=DCPR.K/DCGD.X
DCPDR=1
DCPDR -Domestic coal- Production demand ratio (Dimensionless)
DCPR -Domestic coal- Production rate (Btu/Yr)
DCGD -Domestic coal- Gross demand Btu/Yr)

NOTE

60240
60250

60260
60270

60280

60290
60300
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NOTE

‘NOTE ARRARKRARRARARRRAAARARARRRARANRREARNARRARARARARRRRARRRARRRARAARNARAAARRAR

NOTE

NOTE Coal Supply-Demand Balance: Pricing Subsector

NOTE .

NOTE ARARKRRARRRANARARRRARRARARARARSARARNARARKRAANAARN AR ARARARANARARARANAR
NOTE

NOTE

DCP.K=DCMMP .K+DCDCHG .K

DCP=.92E-6
DCP ~-Domestic coal- Price ($/Btu)
DCMMP -Domestic coal- Minemouth price {($/Btu)
DCDCHG -Domestic coal~ Delivery charge ($/Btu)

DCDCHG .K=CLIP(DCFCHIHG.K,DCHCHG,TIME.K,1977)
DCHCHG=.54E~6 ’
DCDCHG -Domestic coal- Delivery charge ($/Btu)
CLIP ~Function switched during the run
DCFCHG -Domestic coal- Future charge ($/Btu)
DCHCHG -Domestic coal- Historicaml charge ($/Bru)
TIME ~Actual time during eimulation

DCFCHG .K=«DCHCHG*EXP(.01*(TIME.K-1977))
DCFCHG -Domestic coal- Future charge ($/Btu)
DCHCHG -Domestic coal- Historical charge ($/Btu)
EXP ~-Exponentfal function
TIME -Actual time during simulation

DCHMMP . K=DCPMN.K*DCPMM.K+DCACST.K
PCHMP=.38E-6

DCHMP ~-Domestic coal- Minemouth price ($/Btu)
DCPMN -Domestic coal- Profit margin normal ($/Btae)
DCPMM -Domestic coal- Price multiplier (Dimensioamless)

DCACST -Domestic coal- Average cost ($/Btu)

DCACST.X=DCCST.K/DCPR.K
DCACST -Domestic coal- Average cost ($/Btu)
. DCCST ~-Domestic coal- Cost ($/Yr) )
DCPR -Domestic coal- Producticn rate (Btu/Yr)

60440
60450

60460
60470

60480

60490
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DCPMN.K=DCROEN.K*DCEQ.K/(DCPC.KADCCUFN*(1-DCTR))

(Fraction)

DCPHN -NDomestic coal- Profit marpin normal ($/Btu)

DCROEN -Domestic coal- Normal return on equity (Fraction/Yr)
DCEQ -Domestic coal- Equity ($)

ncec -Domeatic coal- Production capacity (Btu/Yr)

DCCUFN -Domestic coal- Capacity utilization factor normal
DCTR -Domestic coal- Tax rate (Fractfon)

DCROEN.K=DCHROEN+DCINF .K+SMOOTH(STEP{.05,1974),5)
DCHROEN=.05

DCROEN <-Domestic coal- Normal zeturn on equity (Fraction/Yr)

DCHROEN -Domestic coal- NHistorical returr oa equity normal

DCINF -Domeatic coal- Inflation rate ({Fraction/Yr)
SHOOTII -First order information delay
STEP -Step~shaped exogenous input

DCPMM .K=TABHL(DCPMMT .DCGD.K/DCPC.K,-6,.1.0,.1)
DCPHUMT=0/.4f1/2/3.5
DCCUFN=.80

NDCPMM -Domestic coal- Price multiplier (Dimensioanless)
TABIL -Tabular relationship

DCPMMT -Domestic coal- Price multiplier tadble (Table)
DCGD -Domestic coal- Gross demand (Btu/¥r)

DCPC -Domestic coal- Production capacity (Btu/Yr)

DCCUFN ~Domestic coal- Capacity utilization factor normal

NOTE

(Fraction/Yr)

(Fraction)
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NOTE

NOTE AR IRR AR AR AR R RN R AR R AR AR A A AN AR A AR AR R A AN A ARRR AR RARRANARARARRAAARAR
NOTE
NOTFE Coal Financing: Source of Funds Subsector
NOTE
NOTE ARARRARAR R AR ARAARANRRARARAARR AR R AR R AR AANRAARRRREAANRARRARARARNAANR
NOTE ' .
NOTE
DCNTI.K=(1~DCTR)*(DCREV.K-DCCST.K)+DCITCADCNPC.K
PCTR=.30
PCITC=.07
DCNI -NDomestic conal- Net income (§/Yr)
DCTR -Domestic coale Tax rate (Fraction)
DCREV -Domestic coal- Revenue ($/Yr)
DCCST -Domestic coal- Cost ($/Yr)
PCITC ~Domestic coal- Investment tax credit (Fraction)
DCNPC -Domestic coal- New plants completed ($/Y¥r)

DCREV.K=DCMMP.K*DCPR.K
NCREV ~-Domestic coal- Revenue (§/Yr)

DCMMHP ~Domestic coal- Minemouth price ($/Btu)
DCPPR. -Domestic coal- Production rate (Btu/Yr)
DCCST.K=UCCST.K+SCCST.K+NCOEP.K+DCINT.K
DCCST ~Domestic coal- Coat (S/¥r)
UCCST ~-Underground coal- Cost ($/Yr)
SCCST ~-Surface cosl- Cost ($/Yr)
DCDEP -NDomestic coal- Depreciation ($/Yr)
DCINT ~Domestic coal- Intereat ($/Yr)
NOTF
DCGA.K=DCGA.J+(DT) (PCINV.J-DCGAR.JK-DCVLI. JK)
DCGA=5.8F9
DPCGA -Donmestic coal- Gross assets (§)
DT ~Time increment between calculations
DCINV ~Domestic coal- Investment ($/Yr)
DCGAR -Domestic coal- Gross asset retirements (5/Yr)
DCVLI -Domestic coal- Value loss due to inflation ($/Y¥r)
DCGAR.KL=DCGA .KADCARF 3
DCARF=.05
DCGAR -Domestic coal- Gross asset retirements (3/Yr)
DCCA -Donestic coal- Gross assets ($)
DCARF ~Domestiec coal- Assct retirement, factor (Fraction/Yr)
DCVLI.KL=DCGA.KADEINF.K
DCVLI -Domestic coal- Value loss due to inflation ($/Yr)
DCGA ~Domestic coal- Gross aamssets ($)

DCINF ° -Domestic energy- Inflation rate

(Fraction/Yr)

60670
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NOTE

DCNA.K=NCGA.K*DCADF

DCADF=.60
DCHA ~Domestic
DCGA -Domestic
DCADF ~Domestic
DCEQ.K=DCNA.K*NCFF
NCEF=.80
DCEQ ~Domestic
DCHA. -NDomestic
DCEF -Domestic
DCDFEBT.K=DCNA.K*DNCDF
DCDF=(35/65)*DCEF
NDCDFRT <-NDomestic
DCNA -Domestic
DCDF -Domestic
DCEF -NDomestic

DCINT.K=DCIR.K*DCDEBT.K
DCINT -Domentic
DCIR ~Donmestic
DCDFBT -Domestic

DCIR.K=DCIRN+DEINF.K

DCIRN=.025
NCIR -Domestic
DCIRN - -Domestic
DCINF -Domestic

DCDRMT .K=DCDERT.K/DCDL
DCDL=10

DCDRMT -Domestic

DCNERBT -Domestic

DCDL -Domestic
DCDEP.K=DCGA.K/DCBLC
DCRLC=20

DCDEP -Domestic

DCGA ~Domestic

DCBLC -Domestic
NOTE

coal-
coal-
coal-

coal-
coal-
coal-

coal-
coal~-
coal~
coal~

coal-
coal~-
coal~

coal-
coal-

Net assets ($)
Cross assets ($)

Accumulated depretiation fraction (Fractionm)

Equity ($)
Net assets ($)

Equity fraction (Fraction)

Debt ($)

Net assets ($)
Pebt fraction
Equity fraction

(Frection)
(Fraction)

Interest ($/Yr)
Interest rate (Frection/Yr)
Debt ($)

Interest rate (Fraction/Yr)
Interecst rate normal (Fraction/Yr)

energy- Infletion rate (Fraction/Yr)

coal-
coal~-
coal -~

coal~-
coal-
coal-

Debt repayment ($/'Yr)
Debt H$)
Debt 1:fe (Yenr)

Depreciation ($/Yr)
Groas assets ($)

Book 1i1fe of capltal (Year)

-~y

60820
60830

60840
60850

60860
60870

60880

60890
60900

60910

60920 .

60930
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DCIF .K=DCNI.K~-DCDIV.K+DCDEP.K-DCDRHT .K

DCIF ~Domestic coal- Internal funds ($/Yr)
DCN1 ~-Domestic coal- Net income ($/Yr)
DCD1V -Domestic coal- Dividends ($/Yr)
DCDEP -Domestic coal~- Depreciation ($/Yr)
DCDRMT ~-Domestic coal- Debt repayment " ($/Yr)

DCDIVZK=TA8"L(DCDPOT,DCROI.K,O,.16,.06)*DCNI.K

DCDPOT=.9/.8/.55/.45/.4

DCDIV -Domestic coal~- Dividends ($/Yr)

TABHL -Tabular relationship ‘

DCDPOT -Domestic coal- Dividend payout table (Table)
DCRO1 -Domestic coal- Return on investment (Fraction/Yr)
DCNI -Domestic coal- Net income ($/Yr)

DCROI.K=(DCNI.K+DCINT.K)/(DCEQ.K+DCDEBT.K)

DCROI=.025
PCROI
DCNI
DCINT
DCEQ
NCDEBT

~Nomestic coal- Return on investment (Fraction/Yr)
~-Domestic coal- Net income ($/Yr)

-Domestic coal- Interest ($/Yr)

-Domestic coal- Equity (§)

-Domestic coal- Debt ($)

DCROIN.K=DCROIR+SMOOTH(DCINF .K.DCEAT)+SMOOTN(STEP(.03,1974),5)

DCROIR=.04
DCROIN
DCROIR
SMOOTH
DCINF
DCEAT
STEP

~Domestic coal- Retutrn on investment normal (Fraction/Yr)
-Domestic coal- Return on investment real (Fraction/Yr)
~First order information delay :
~Domestic coal- Inflation rate (Fraction/Y¥r)

~Domestic coal- Economic averaging time (Year)
~Step-shaped exogenous fnput

DCROIX.K-$MO0TH(DCROI.K/DCROIN.K,DCEAT)

DCEAT=16
DCROILX
SMOOTH
DCROI
DCROIN
DCEAT

NOTE

-Domestic coal~- Return on investment index (Dimensionless)

-First order information delay

-Domestic coal- Return on investment (Fraction/Yr)
~Domestic coal- Return on investment normal (Fraction/Yr)
~Domestic coal~ Economic averaging time (Year)

60960

60970
60980
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DCFA.K=DCIF.K
DCFA
DCLF .
DCEFA

DCEFA.K=DCGA.
DCEFA
DCGA
DCGR

DCGR-K=TABHL(

DCGRT=0/.1/.1
DCGR
TABHL
DCGRT
DCROIX

NOTE

NDCFN.K=MAX(O,

DCFCEN=. 85

DCFCT=1.5
DCFN
MAX
DCFPA
DCPA
DCPUC
NCFCT
DCARF
DCFCEN

DCFPA.K=DCHPA
DCFPA
DCNPA
EXP
DCSPA
DCFCT

‘DCEAT

DCNPA .K=DCGD.

DCCUFP=.70
DCNPA
DCGh
DCCUFP
DCCC

+DCEFA.K . .
“Domestic coal- Funds available <¢$/Yr)
-Domestic coal- Internal funds (5/Yr)

-Domestic coal- External funds available (§/Yr)

K*DCGR.K

~-Domestic coal- External funds available (5$/Yr)
-Domestic coal- Gross assets (§)

~-Domestic coal- Growth rate (Fraztion/Yr)

DCGRT,DCROIX.K, .04,1.4,.2)

5/.2/.23/.25 ’ :

-Domestic coal- Growth rate (Fraction/Yr)

-Tabular relationship

-Domestic coal- Growth rate table (Table)

-Domestic coal- Return on investment index (Dimensionless)

(DCFPA.K-DCPA.K-DCPUC.K+DCFCTADCARF*(DCPA.K+DCFPA.K)/2)/DCFC2N)

~-Domestic coal- Funds needed ($/Yr)

~Function selecting the larger of two values

~-Domestic coal- Future 'physical assets (§)

-Domestic coal- Physical assets (S)

-Domestic coal- Plants under construction (§)

-Domestic coal- Facility ccnstruction time (Year)

-Domestic coal- Assct retirement factor (Fraction/Yr)

-NDomestic coal- Fraction to capital expenditures normal (Fraction)

.K*EXP((DCNPA.K/DCSPA.K-1)*DCFCT/DCEAT)

-Domestic coal- Future physical assets ($)

-Domestic coal- Normal physical asaets (§)

~-Exponential function N
~-Domestic coal- Smoothed physical assets ($) : '
~Domestic coal- Facility construction time (Year)

-Domestic coal- Economic averaagirg time (Year)

K/DCCUFP*DCCC.K

~-Domestic coal- Normal physfcal zssets (§)

-DPomestic coal- Gross demand (Btu/Yr)

-Domestic coal- Capacity utilization factor for planning (Fraction)
-Domestic coal- Capital cost ($/(Btu/Yr))

61060 A

61070 A

61080
61090

-S>

61110
61130 .
61140

OO >

61150 A

61160 A
61170 C
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DCSPA.K=DCSPA.J+(DT) (DCNPA.J-DCSPA.J) /DCEAT

DCSPA=DCSPAIL :
DCSPAI=1.5E9 -
DCSPA ~Domestic coal- Smoothed physical assets (§)
DT -Time increment betweem calculations
DCNPA ~Domestic coal- Normal physical assets (§)
DCEAT ~Domestic coal~- Economic averaging time [Year)

DCSPAL -Domestic coal~ Smoothed physical asgets initial ($)

DCCC.K=DCPA.R/DCPC K

nccce -Domestic coal- Capital cost ($/(Btu/Yr)?
DCPA -Domestic coal- Physiczl assets (§)

DCPC -Domestic coal~- Production capacity (Btu,Yr)

DCPA.K=SCPA.K+UCPA«.K

DCPA -Domestic coal- Physical assets (%)

SCPA ~Surface coal- Physical assets ($)

UCPA ~Underground coal- Physical assets ($)
DCPUC.K=SCPUC.K+UCPUC.K .

DCPUC -NDomestic coal- Plants under construction (§)

SCPUC -Surface coal- Plants under construction ($)

ucruc -Underground coal- Plants under construction (§)

DCNPC.K=SCFCR.JK+UCFCR.JK

DCNPC. -Domestic coal- New plants completed ($/Yr)
SCFCR -Surface coal- Facility completion rate (§/Yr)
UCFCR -Underground coal- Facility completion rate ($/Yr)
DCINV.K=MIN(DCFA.K,DCFN.K)*DCFCEN
DCTGR=2 .
DCINV -Domestic coal- Investment ($/Yr)
MIN -Function selecting the smaller of two values
DCFA -Domestic coal- Funds available ($/Yr)
DCFN -NDomestic coal- Funds nzeded (5/Yr)
DCFCEN -Domestic coal- Fractioa to capital expendltures normal
DCTGR -Domestic coal- Time for growth rate (Year)

NOTE

(Fraction)

61180
61190

61200.

61210

61220

61230

61240

61250
61260

o=z
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NOTE
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NOTE

NOTE Coal Financing: Use of Fumnds Subdsector

NOTE

NOTE RARARRRARARRAARARARRARARRARANARRRRARARRRARRARARANARARAARRARRRAARRARRARR

NOTE

NOTE

L

SCINV.KL=DCINV.K*SCAW.K/DCAW.K 61360 R

SCINV=SCINVI : 61370 N

SCINVI=.03E9 . 61380 C
SCINV -Surface coal- Investament ($/Yr) : -
pcIny -Domestic coal- Investment ($,Yr)

SCAW -Surface coal- Allocation weight (Dimenslonless)
DCAW -Domestic coal- Allocation weight (Dimensiunless)
SCINVI -Surface coal- Investment Linitial (§$/Yr)

SCAW.K=(SCMCST.K*1E6) "DCWF* (1-STEP(1,SCMY)) 61390 A
SCAW -Surface coal- Allocation weight ({(Dimensionless)

SCMCST -Surface coal- Marginal cost [$/DBtu)
DCUF -Domestic coal- Weighting factor (Dimensionless)
STEP ~Step-shaped exogenous input
SCMY ~-Surface coal- Moratorium fnitlation year (Year)

SCMCST .K=SCCCR.K*SCSCC.K+SCOMC .K+SCDCHG 61400 A

SCDCHG=.20E-6 . ,61410 C
SCMCST -Surface coal- Margimal cost ($/Btu)

SCCCR -Surface coal- Capital charge rate (Fraction/Yr)

scscce -Surface coal- Specific capital cost ($/(Btu/Y¥r))

SCoMC ~Surface coal- Operating and maintenance <O&M> cost ($/Btu)
SCDCHG -Surface coal- Delivery cherge ($/Btu)

SCCCR .K=.080+SMOOTH(STEP(.05,1%74),5) 61420 A
SCCCR -Surface coal- Capital charge rate (Fraction/Yr) .
SMOOTH -First order information delay
STEP -Step-shaped exogenous input
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SCSCC.K=SCCC.K*SCSCH.KR/DCCUFP .

scscce -Surface coal- Specific capital cost (§/!Btu/Yr))
sccc -Surface coal- Capital cost ($/(Rtu/Yr)) \
SCSCM -Surface coal- Secondary constraint multiplier (Dimensionless)

DCCUFP =-Domestic coal- Capacity utilization factor for planning (Fraction)

SCSCM.K=TARHL(NDCSCHT,SCGR.K,.04,.20,.04)

SCSCM -Surface coal- Secondavry constraint multiplier (Dimensionless)

TABIUL -Tabular relationship

DCSCMT -Domestic coal- Secondery constraint multiplier table (Table)

SCGR -Surface coal- Growth rate (Fraction/Yr)
SCCGR.R=(SCAGR.K/SMOOTH(SCACR.K,NCTGF)-1)/DCTGR

SCGR -Surface coal- Growth »ate (Fraction/Yr)

SCAGR -Surface coal~ Assets for growth rate ($)

SMOOTH ~First order informaticn delay

DCTGR -Domestic coal- Time fcr growth rate (Year) ,
SCAGR.K=MAX(DCPAMI ,SCPA.K+5CPUC.K) -
SCHY=2200 .

SCACR -Surface coal- Assets for growth rate ($)

HAX -Function selecting the larger of two values

DCPAMI -~Domestic coal- Physical assets of a mature induBtry (§)

SCPA ~Surface coal- Physical assets ($)

SCPUC ~-Surface coal- Plants under comnstruction (§)

SCMY -Surface coal- Moratorfum initiation year (Year)

NNTE

61430 A

61440 A

6146G A

61470 A
61480 C .




-86-

’

NOTE

UCINV.KL=aDCINV.K*UCAW.K/DCAW.K 61500
UCINV=UCINVI 61510
UCINVI=.3E9 61520
UCINV -Underground coal- Investment ($/Yr) :
DCINV -Domestic coal- Investment ($/Yr)
UCaAwW -Underground coal- Allocation weight (Dimensionless)
DCAW -Domestic .coal- Allocation weight (Dimensionless)
UCINVI -Underground coal- Investment initfal ($/Yr)
UCAW .K=(UCMCST.K*1E6) “DCWF 61530
UCAY -Underground coal- Allocation weighkt (Dimensionless)
UCHMCST -Underground coal- Marginal cost ($/Btu)
DCWF -Domestic coal- Weighting factor (Dimensionless)
UCMCST.K=UCCCR.K*UCSCC.K+UCOMC.K+UCLCST.K 61540
UCMCST -Underground coal- Marginal coat ($/Btu)
UCCCR -Underground coal- Capital charge rate (Fraction/Yr)
ucscce ~Underground coal- Specific capital cost ($/(Btu/¥Yr))
vconc ~lUnderground coal- Operating and maintenance <0&4> cost ($'Beu)
UCLCST -Underground coal- Labor cost ($/Btu)
UCCCR.K=.080+SMOOTH(STEP(.05,1974),5) ) 61550
UCCCR ~Underground coal- Capital charge rate {Fraction/Yr)
SHOOTH -~First order information delay
STEP -Step-shaped exogenous input
UCSCC.K=UCCC.K*UCSCM.K/DCCUFP 61560
ucsce -Underground coal~- Specific capital cost ($/(Btu/Yr))
uccc -Underground coal- Capital cost ($/(Btu/Yr))
UCSCM -Underground coal~ Secondary constraint multiplier (Dimenslonlesnss)
DCCUFP -Domestic coal- Capacity utilization factor for planning (Fraction)
UGCSCM.K=TABUL(DCSCHT ,UCGR.K,.04,.20,.04) 61570
UCSCHM -Underground coal- Secondary corstraint multiplier (Dimensiorless)
TABHL ~Tabular relationship
DCSCMT -Domestic coal- Secondary constraiat multiplier table (Table) *
UCGR -Underground coal- Growth rate (Fraction/Yr)
_UCGR.K=(UCAGR.K/SMOOTH(UCAGR.K,DCTGR)-1)/DCTGR 61580
_ UCGR ~Underground coal- Growth rate (Fraction/Yr)
" UCAGR -Underground coal- Assets for growth rate (§)
SMOOTH -First order information delay
DCTGR -NDomestic coal~ Time for growth rate (Year)
UCAGR .K=MAX(DCPAMI ,UCPA.K+UCPUC.K) 61590
UCAGR -Underground coal- Assets for growth rate ($)
MAYX -Function selecting the larger of two values
DCPAMI -Domestic coal- Physical assets of a mature industry (§$)
ucPA -Underground coal- Physical assets {$)
ucepuc -Underground coal- Plants under comstruction

z=
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NOTE

NOTE  Surface Coal Production Subsector

NOTE ' '

NOTE RARARAANRARNARRRARAARNRARRARARARAAARRARRARKARAARARANARARARRARAARARANAR

HOTE

NOTE

SCPA.KaeSHPA.J+(DT) (SCFCR.JK=-SCPAR.JK) i . 61730 L
SCPA=1.5F9 : ’ 61740 N

SCPA -Surface coal- Physical assets ($)

DT " -Time increment between calculations

SCFCR -Surface coal- Facility completion rate ($/¥r)

SCPAR ~Surface coal- Physical esset retirements ($/Yr) . N
‘SCPAR.KL=SCPA.K*SCARF . 61750 R
SCARF=.05 . 61760 C

SCTAR -Surface coal~ Physical asset retirements ($/Yr) '

SCPA -Surface coal- Physical assets ($) .

SCARF -Surface coal- Asset retirement factor (Fraction/Year)
SCFCR.KL=DELAY3P(SCINV.JK,DCFCT,SCPUC.K) ) 61770 R

SCFCR ~-Surface coal- Facility completifon rate ($/Tr) :

DFLAY3P -Third order pipeline material delay

SCINY -Surface coal- Investment ($/Yr)

DCFCT -Domestic coal- Factility construction time (Year)

SCPlIC -Surface coal- Plants under construction ($)

NOTE

SCR.KaSCR.J+(NDT) (-SCRDR.JK) . 61790 L
SCR=SCPRI ’ 61800 N
SCRI=240DELS5 ' 61810 C

SCR ~Surface coal- Resources (Btu)

DT -Time increment between calculations

SCRDR -Surface coal- Rescrves depletion rate -(Btu/Yr)

SCRI -Surface coal- Resources initial (Btu)

SCRPR.KL=SCPR.K , 61820 R

SCRDR -Surface coal- Reserves depletion rate (Btu/'Yr) :

SCPR -Surface coal- Production rate (Btu/Yr)

NOTE
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SCPR.K=DCCUF.K*SCPC.K

SCPR ~Surface coal- Production rate (Btu/Yr)
DCCUF -Domestic coal- Capacity utilization factor (Fraction)
ScprC ~Surface coal- Production capacity (Btu/Yr)
<
SCPC.K=SCCP.K*SCPA.K ~
SCPC -Surface coal- Production capacity (Btu/Yr)
SCCP ~Surface coal- Capital productivity ((Btu/Yr)/$)
SCPA -Surface coal- Physical assets (§)

SCCP.K-TABLE(SCDMT,SCR.K/éCRI.0.l,-2)*SCCPN*SCPMS.K
SCOMT=0/.2/.4/.6/-8/1 ,
SCCPN=2.8E6

scce -Surface coal- Capital productivity ((Btu/Yr)/$)

TABLE -Tabular relationship

SCDMT -Surface coal- Depletion nmultiplier table {Table)

SCR -Surface coal- Resources (Btu)

SCRI -Surface coal- Resources initial (Btu)

SCCPN -Surface coal- Capital productivity normal ((Btu/Yr)/$)

SCPMS -Surface coal- Productivity multiplier from safety (Dimensionless)

SCPMS.K=SMOOTH(CLIP(.65,]1,TIME.K,1970) ,NDCSAT)

DCSAT=13
SCPMS -Surface coal- Productivity mulctipller from safety (Dimensionless)
SMOOTH <First order information delay :
CLIP -Function switched during the run
TIME -Actual time during simulation
DCSAT -Domestic coal- Safety adjustment time (Year)

61840

61850

61860

61870

61880

61890
61900

O - >
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SCCC.K=1/ScCP.K

sccc -Surface coal- Capital cost ($/(Btu/Yr))

scce ~Surface coal- Capitai productivity ((Btu/Yr)/$)
SCOMC.K=SCCFASCCC.K+SCST.X+SCRSC.K
SCCF=.58

SCOMC -Surface coal~ Operat.ng and maintenance <0&M> cost (§$/Btu)

SCCF -Surface coal- Cost factor (Fraction/Yr)

sccc ~Surface coal- Capita’ cost ($/(Btu/Yr))

SCST -Surface coal- Severemce tax ($/Btu)

SCRSC -Surface coal- Reclamation standards cos:* ($/Btu)

SCCST.K=SCPR.K*SCOMC.K

SCCST -Surface coal- Cost -$/Yr)
SCPR -Surface coal- Production rate (Btu/Yr)
SCOMC -Surface coal- Operating and maintenance <0&M> cost ($/Btu)

-SCST.K=STEP(1,SCSTY) *TABHL(SCSTT, (TIME.K-SCSTPY)/SCSTPT,0,1,1)*1E-6

SCSTY=1975
SCSTT=.20/.60
SCSTPT=20 |
SCSTPY=2200
SCST -Surface coal~ Severeace tax ($/Btu)
STEP -Step~shaped exogenous, input
SCSTY -Surface coal- Seéverence tax initiation year (Year)
TABIL -Tabular relationship
SCSTT -Surface coal- Severeace tax table (Table)
TI1ME -Actual time during slmulation

SCSTPY ~Surface coal- Severeace tax policy initiation year (Year)
SCSTPT ~Surface coal- Severeace tax policy time (Year)

SCRSC.K=STEP(SCIRSC,SCRSY) ’
SCRSY=1975
SCIRSC=.13E-6

SCRSC -Surface coal- Reclamation standards cost ($/Btu)

STEP -Step-shaped exogenous fiaput

SCIRSC -Surface coal- Indicated reclamation costs ($/Btu)

SCRSY -Surface coal- Reclamation standards itnitiation year (Year)

NOTE

61920 A
61930

[}

61940 A

61950
61960
61970
61980
61990

aOo=a>»

62000 A
62010 C
62020 C
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NOTE

NOTE RARRAARARRAARAARRRAARRRARNAARRRAAARAARIARAARARRARARANARARARARARARR
NOTF.

NOTE Underground Coel Production Subsector

NOTE . :

NOTE ARRRARRARRRARAARARRARRARRKRARAARRAARRRARARRARRARARARARRAARRARAARAR
NOTE

NOTE

UCPA.K=UCPA.J+(DT) (UCFCR.JK-UCPAR.JK)
UCPA=4.3E9

v

UCPA -Underground coal- Physical assets (§)

DT -Time increment between calculstions

UCFCR ~Underground coal- Facility completion rate ($/Yr)
UCPAR -Underground coal- Physica® asset retirements ($/Yr)

UCPAR.KL=UICPA.K*UCARF

UCARF=.05
UCPAR ~Underground coal- Physical asset retirements ($/Yr)
ucrea -Underground coal- Physical assets ($)
UCARF -Underground coal- Asset retirement factor (Fraction/Year)

UCFCR.KL-DBLAY3P(UCINV.JK}DCFCT,UCPUC.K)

UCFCR -Underground coal- Facility completion rate ($/¥r)
DELAY3P ~Third order pipellne material delay

UCINV -Underground cnal- Investment ($/Yr)

DCFCT ~Domentie coal- Facility ccnstruction time (Year)
ucruc -Underground coal- Plents under construction ($)

NOTE

UCR.K=UCR.J+(DT) (-UCRDR. JK)

UCR=UCRI
UCRI«700N0E1LS
UCR -Underpground coal- Resources ‘Btu)
DT -Time increment between calculations
UCRDR ~-Underground coal- Reserves depletion rate (Btu/Yr)
UCRI -Underground coal~ Resources {initial (Btu)

UCRDR.KL=UCPR.K
UCRDR -~Underground coal- Reserves depletfion rate (Btu/Yr)
UCPR -Underground coal- Production rate (Btu/Yr)

NOTE

UCPR.K=aDCCUF.K*UCPC.K

UCPR -inderground coal- Production rate (Rtu/Yr)

DCCUF -Domestic coal- Capacity utilizatton factor (Fraction)

ucec -Underground coal- Productiosn capacity (Btul/¥r)
UCPC.K=UCCP.K*UCPA.K

ucecC -inderground coal- Production capacity (Btu/Yr)

uccee -Uinderground coal- Capital productivity ((Btu/Yr)/$)

UCPA -Uindergrocund coal- Physical asgets (§)

62120 L
62130 N

621640 R
62150 C

62160 R

62180 L
‘62190 N
62200 C

62210 R

62230 A

62240 A
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UCCP.K=TABLE(UCDHMT,UCR.K/UCRI,0.1,.2)*UCCPN*UCPHS.K*UCTM.K

UCDMT=0/.2/.4

UCCPN=4.1E6
ucce |
TABLE’
UChMT
UCR
UCRI
UCCPN
ucexs
UCTM

UCTM.K=TABHL(

UCTMT=1/.52/.
UCTM
TABIL
UCTHT
TIME

UCPMS .K=SHOOT

UCPMST=0/.4/.
UCPMS
SMOOTH
TARLE
UCPMST
UCAR
DCSAT

UCAR.K=CLIP(U
UCNSS=1
UCRSS=.5
UCAR
CLIP
UCRSS
UCNSS
TIME

UcCC.K=1/uUccCP
.ucce
ucce

UCOMC .K=UCCF*

UCCF=~.1135
UCOMC
UCCF
uccc

/.6/.8/1

-Underground coal- Capital productivity ((Btu/Yr)/$)
-Tabular relationship ’

~-Underground coal- Depletion multiplier table (Table)

~Underground coal- Resources (Btu)

~Underground coal- Respurces initial (Btu) .

-Underground coal- Capital productivity normal ((Btu/Yr)/$)
-Underground coal- Productivity multiplier from safety (Dimensionlzss)

Technology multiplier (Dimensionless)

-Underground coal-

UCTMT,TIME.X,1950,2000,10)
27/.22/.22/.22

-Underground coal- Technology multiplier (Dimeasionless)

-Tabular relationship

-Underground coal- Technology multiplier table (Table)

~Actual time during simulation s

H(TABLE(UCPMST,UCAR.K,D,1.25,.25),DCSAT)
72/.85/1/1.05

-Underground coal- Productivity multiplier from safety

-First order information delay

~Tabular relationship .

-Underground coal- PMS table (Table)

-Underground coal- Adjustment rate (Dimensionless)
~Domestic coal- Safety adjustment time (Year)

CRSS,UCNSS,TIME.K,1969)

~-Underground coal- Adjustment rate (Dimensionless)
-Function ewitched during the run

(Dimensionless)

-Underground coal- Regulated safety standards {Dimensionless)

-Underground coal- Normal safety standards (Dimensionless)

-Actual time during simulation

<K .

-Underground coal~ Capital cost ($/(Btu/Yr))
-Underground coal- Capital productivity ((Btu/Yr)/$)

UCCC.K

-Underpround coal- Operating and maintenance <0&M> cost

-Underground coal- Cost factor (Fraction/Yr)
-Underground coal- Capital cost ($/(Btu/Yr))

($/Btu)

62250 A
62260 T
62270 C

62280 A
62290 T

62300 A
62310 T

62320 A
62330 C
62340 C

62350 A

62360 A
62370 C
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UCCST .K=~UCPR.K* (UCOMC.K+UCLCST-K)

UCCST ~Underground
UCPR ~Underground
UCOMC -Underground
UCLCST ~Underground

)

coal- Cost ($/Yr)

coal- Produ:ztion rate (Btu/Yr)

coal- Operating and maintenance <0&M> cost ($/Btu)
coal- Labor cost ($/Btu)

UCLCST-K=(UCLW.K/UCCLR K)*UCCC.E

UCLCST -Underground

UCLW ~linderground
UCCLR -Underground
ucce -Underground
UCLW .K=UCLWN*UCLWM.K
. UCLWN=16500
UCLW ~Underground
UCLWN ~Underground
UCLWM -Underground

UCLWM .K=TABLE (UCLWMT ,TINE

coal- labor cost ($/Btu)

coal- Labor wages ($/Laborer-Yr)

coal- Capital-to-iabor ratio ($-capital/Laborer)
coal- Capital cost ($/(Btu/Yr))

N

coal- Labor wages ($/Laborer-Yr)
coal- Labor wages normal ($/Laborer-Yr)
coal- Labor wage nultiplier (Dimensionless)

-K 195C,2030 10)

UCLWMT=1/1.2/1.6/2/2.4/2.6/2.8/2.9/3.0

UCLWHM -Underground

TABLE ~Tabular relationskip

UCLWMT. -~Underground
TIME -Actual time

UCCLR - K=UCCLRN*UCCLM .K
UCCLRN=11500

UCCLR -Underground
UCCLRN ~Undervground
UCCLM ~Underground

UCCLM K=TABHL(UCCLMT TINE

coal~ Labor wapge multiplier (Dimensionless)

coal- Labo? wage multiplier table (Table)
during simulation

coal- Capital-to~labor ratio ($-capital/Labdborer)
coal- Caylt-l-to-labor ratio normal ($-capital/Laborer)
coal- Capital/laber multiplier (Dimenstioniess)

-XK.1950.2000.10)

UCCLMT=1/3.0/9.0/12.0/13.9/14

UCCLM -Underground

coal- Capital/labar multiplier (Dimensionless)

TABHL ~Tabular relationship

UCCLMT -Underground
TIME ~Actual time

NOTE

cosl- Capital/labcr multiplier table (Table)
during simulation

62380

62390

62400
62410

62420
62430

62440
62450

62460
62470
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NOTE
NOTE
NOTE
NOTE
NOTE

NOTE

NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
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NOTE
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NOTE
NOTE Electricity Supply-Demard Palance: Cfapacity Utilization Subsector
NOTE
NOTF, ANRRRRRANRRAARRRRARAARR I RRRRARRRARARARVRAARANRANARANRARRRRAA AR AN A
NOTF
NOTE
SECUF FV.=TARHL(SFECUFT.SED K/SFPC-K 0 1 2) 70230 A
SECUFT=0/.2/ &4/ .6/.8/ 85 70240 T
SFCUF -Steam electric- Ccpacity utiliza-ion factor (Fraction)
TABHL -Tahular relationship
SECUFT -Steam electric- Cepacity utiliza:zion factor table (Table) *
SED -Steam eélectric- Nemand (Btu/Yr) .
SEPC ~-Steam electric~ Production capacity (Btu/Yr)
SED.K=TEGD .K-HEPR .K~-HTPR. ¥ ’ 70250 A
SED -Steam electric- NDemand (Btu/Yr) ’
TFEGD -Total electric- Gross demand (Btu/Yr)
HEPR -Nydro electric- Production rate (Rtu/Yr}
HTPR ~-Nlydrothermal electric- Production rate (Btu/Yr) . -
TEGD.K=TEND.K/TFDE 70260 A
TEGD -Total clectric- Gross ‘demand (Bcu/Yr)
TEND -Total electric- Het demand (Btu'Yr)

TEDE - <-Total eclectric~ Distributional efficiency (Fraction)

TEND .K=TEEVD.K ’ 70270 A
TFEDE= 91 70280 C
TFRND -Total electric- Net demand (Rtu'Yr) ‘
TEEUD -Total electric- Frd-use demand <{RBtu/Yr)

TENF ~-Total electric- Distributional eificiency (Fraction) - -
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SEPC K=LWPC K+BNPC K+FCPC . K+NCPC.F+FRPC.K+OUPC.K+PVPC.K+CCPC.¥4+O0TPC . .K+RBMPC.K+STPC.K+WEPC .K

SEPC ~Steam electric- Production canacity (Btu/Yr)

LuUrc -L.ight water nuclear electric- Production capacity (Btu/Yr)
BNPC ~Rreeder nuclear electric- Production capacity (Btu/Yr)
ECPC ~Fmissfon controlled coal- Production capacity (Btu/Yr)
NCPC -Non-Fmission controlled coal- Production capacity (Btu/Yr)
FRPC ~Fluidized bed coal electric- Production capacity (Btu/Yr)
OuPC -011/cas utilities- Production capacity (Btu/Yr)

PVPC -Photovoltaic electric- Production capacity (Btu/Yr)

ccec -Combined cycle coal electric- Production capacity (Btu/Yr)
OTPC -0Ocean thermal electric- Production capacity (Btu/Yr)

BMPC ~-Btomass electric- Production capacity (Btu/Yr)

STPrC ~Solar thermal- Productfon capacity (Btu/¥r)

NEPC -Wind electric- Production capacity (Atu/Yr)

TFPR K=SEPR.K+HEPR K+HTPR.K

TFPR -Total electric- Production rate (Btu/Yr)

ST.PR ~-Steam electric- Production rate (Btu/Yr)

HEPR ~Hydro electric~- Production rate (Btu/Yr) o

HTPR ~llvdrothermal electric- Production rate (Btu/Yr) ,

'SEPR.K~FBPR.K+ECPR.K+NCPR.K4LHPR K+RBYPR.K+OUPR.K+PVPR.K+<CCPR.K+OTPR K+BMPR.K+STPR.K+WEPR.K

SEPR -Steam electric- Production rate (Btu/Yr)
"FBPR -Fluidized hed coal electric- Production rate (Btu/Yr)
ECPR -Fmission controlled coal- Production rate (Btu/Yr)
NCPR -Non-Fmission controlled coal- Production rate (Btu/Yr)
LUPR ~Light water nuclear électric- Production rate (Rtu/Yr)
BNPR ~Rreeder nuclear electr_c- Production rate (Rtu/Yr)
OUPR -011/pas utilities- Production rate (Btu/Yr)
PVPR -Phaotovoltaic electric- "roduction rate (Btu/Yr)
CCPR -Combined cycle coal elactric- Production rate (Btu/Yr)
OTPR ~Ncean thermal electric- Production rate ([(Btu/Yr)
BMPR -Biomasg electric- Prodeuction rate (Btu/Yr)
STPk ~Solar thermal- Productlon rate (Btu/Yr)
WEPR ~Wind electric- Productlon rate (Btu/Yr)
TEPDR.V=TEPR.K/TEGD .K
TEPDR=1 :
TFPDR ~Total electric- Production demand ratio {(Dimensionless)
TEPR -Total electric- Producktion rate (Btu/Yr)
TEGD -Total electric- Cross demand (Btu/Yr)

NOTF.

70290 A

70310 A

70320 A

70340 A
70350 N
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NOTFE

NOTE RARRRARARNAKNAAANRARRARRARARNNARRARRAARNRRARARRARARNARKNAARARAAARRAANARAANRALAAA

NOTE
NOTE Fleetricity Supply-Nemand Balance: Pricing Subsector
NOTF.

NOTE RRRARRRRRARNRRRRARRRARRARRARRRARRAARRARRRRRARARRARRRARRRARRAARARRA KA

HOTE
NOTE

TEP.K=SMOOTH(SEALP.K.SFRRT.K)

TEP=TEP1L
TFPI=10.20F-6 .
TFP -Total eclectric~ Prize ($/Btu)
SHOOTH ~Flrst order information delay
SEALP -Steam electric— Allowed price ($/Btu)
SERRT -Steam electric- PRenulation delay time (Year)
TEP1 -Total electric- Price infcial ($/Btu)

SERRT .K=TABHL(SFERRTT TIME.K.1950 2030.10)
SERRTT=5/5/2/2/2/2/2/2/2 ’

SERRT ~Steam electric- Repgulation delay time (Year)

TABNL -Tabular relationship,

SERRTT -Steam eclectric- Requlation delay time table (Table)
TIMF ~Actugl time during eimulation

SEALP.K=SEACST .K+TEPM .K

STALP=S®ALPI

SFALPI=10 20E-6
SEALP  -Steam electric- Allawed price ($/Rtu}
SFACST -Steam electric- Average cost (§/Btu)
TFEPM -Total electric- Price markup ($/Btu)

SEALPI -Steam electric- Allowed price initfal (S/Btu)

SEACST.K=SFCST.XK/(TERE*(SEPC.KAMIN(SFCUF.K 7)))
SFACST -Steam electric- Average cost (S$/Btu)

SECST -Steam electric~ Cost {$/Yr)

TEDE ~Total electric~ Nistributional efficiency (Fraction)
SEPC ~-Steam electric- Production capacity (Btu/Yr)

MIN ~Function sclecting the smaller of two values

SECUF -5team electric- Capacity utilization factor (Fractfion)

TEPM K=SEALROE K*SFEEQ.K/(TEDE*(SEPZ K*MIN(SECUF.K .7))*{1-SETR.K))

TEPM -Total electric~ Pric2 markup ($/Btu)

SEALROE =-Stcam electric- Alloved return on equity (Fractian/Yr)
SEFQ ~Steam electric- Fqui:ty (8)

TEDE ~Total electric- NDistributional efFficliency (Fraction)
SEPC ~Steam electric- Prodection cagaclty (Btu/Yr)

MIN -Function selecting the smaller oX two values

SECUF -Steam electric- Capacity utilfzarion factor (Fraction)

SETR -Steam electric~ Tax rate (Fractfon)

710450
710460
70470

70480
70490

70500
70510
70520

70530

70540

Q2>
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SFALROF K=CLIP(SEPROE. SEHROE TIME K SFERRY)+DEINF.K
SEHROF=.07
SEPROF= 10
SFERRY=2200

NOTE

SEALROE -Steam electric- Allowed return on equity (Fraction/Yr)
CL1P -Function switched during the run

SEPROFE ~Steam electric- Policy return on equity (Fraction/Yr)
SENROE -Steam electric- listorical return on equity (Fraction/Yr)

TIME -Actual time during simulation
STRIY -Steam clectric- Raote reform initiation year (Year)

DEINF -NDomestic economy- Inflation rate (Fraction/Yr)

STACUF .K=aCLIP(SFPACUY K SEMACHUF.K TIUR ¥ SELHDY)

SEACUF -Steam electric- Averase capacity utilization factor (Fraction)

CLIP -Functfon switched during the run

SEPACUF -Steam electric~ Policy avg. capacity utflization factor (Fraction)
SEHACUF -Steam electric- Mistorical avp. capacity utilization factor (Fraction)
TIME -Actual time during simulation

SELMPY -Steam electric~ Load manapgement policy fnitiation year (Year)

SEHACUF K=TABHL(SFACUFT TIME K 1950 2030.10)
SEACUFT=.55/.52/.50/.4/.45/.45] 45/.45/] 45

SEHACUF -Steam electric- Historical avg. capacity utilization factor (Fraction)
TABHL ~Tabular relationship

SEACUFT -Steam electric- Averape capacity utflization table (Table)

TIME -~Actual time during simulation . '

SEPACUF K=TARNL(SEPCUFT.TIME.K.1950.2030.10)
SEPCUFT=.55/.52/ 5/.4/.5/.55/ 55/.55/ 55
SELMPY=1980

NOTE

SEPACUF -Steam electric- Policy avg. capacity utilizatfon factor (Fraction)
TABHL ~Tabular relationship

SEPCUFT -Steam electric- PACUF table (Table)

TIME °~ <Actual time durines simulation

SFLMPY -Steam clectric- Load management policy initiation year (Year)

70550
70560

70570

70580

70600

70610
70620

70630
70640
70650

ao0 >
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NOTE
NOTFE RAARARRAARKARARARRARRRRRARR I RAR AR AARRRRARARARRARARRARARNARANAARAS

NOTE

NOTE Flectric Utility Financing: Source of Funds Subsector

NOTE

NOTE AAARARARAARARRRARRAARRARRARAARRANRAARARERARNARRRKARARARARARARARRAS
NOTF ’

NOTE

SFENI.K=(1-SETR.K)*(SEREV.K-SECST.K)+SEITC*SENIC K

SFMI ~-Steam electric- Vet income ($/¥Yr)

SETR ~Steam electric~- Tax rate (Fraction)

SEREV -Steam electric- Revenue ($/Yr)

SECST -Stcam electric- Cost ($/Yr)

SEITC -Steam electric- Investment tax credit (Fraction)
SENPC ~-Steam clectric- New plants completed ($/Yr)

‘SETR.K=aTABHL(SETRT TIME.K.1950.2030.10)

SETRT=.40/.35/ 25/.20/ 20/.20/.20/ 20/ 20

SEITC=.07 .
SFTR ~-Steam electric~ Tax rate (Fractian)
TABHL ~Tabular relationship
SFETRT -Steam electric~ Tax rate table (Table)
TIMFE ~Actual time during simulation

SEITC -Steam electric- Investment tax credit (Fraction)

SEREV.K=TFEP.KATEDEASEPR K

SEREV -Steam electric- Revenue ($/Yr)

TEP -Total electric- Price ($/Btu)

TEDE -Total electric~- NDistributional =2f€iciency (Fraction)

SEPR ~Steam electric- Production rate (Btu/Yr) . ca .

SFCST.K=SEPCST.K+5FDEP K+SFINT.K

SFCST -Steam electric- Coat (5/Yr) :

SEPCST -Steam electric- Production cest ($/Yr) .
SEDEP ~Steam electric- Pepreciation (5/Yr)

'SEINT -Steam electric- Intzrest ($/Yr)

SEPCST -K=TDCST.K+NCCST.-X+ECCST -K+7RCST.K+0UCST.K+PVCST . K+LWCST.XK+RANCST.K+CCLCST.K+OTCST.K+BMCST . K+
STCST K4+WECST.K :
SEPCST ~ -Steam electric~ Proiuction cost ($/Y¥r)

TNCST -Transmission and distribution- Cost (§/Yr)
NCCST -Non-Emission controlled coal- Cost ($/Yr)
ECCST ~-Fmissfon controlled conl- Cost ($/Yr)
FBCST ~Flutdized bed coal =2lectric- Cost (§/Yr)
OUCST - =-01{1/pas utilities- Cost ($/Yr)

PVCST -Photovoltaic electric- Cost ($/¥Yr)

LWCST ~Linght water nuclear elactric- Cost ({$/Yr)
BNCST -Breeder nuclear elecstrlc- Coat ($/¥r)
CCCST -Combined cycle coal elactric- Cost ($/Yr)
OTCST -Ocean thermal electric- Cost (&/Yr)

BHCST -Biomass electric- Cest ¢$/Yr)

STCST -Solar thermal- Cost (3/¥r) )
WECST -Wind electric- Cost (3/Yr)

NOTE

70750

70760
70770
70780

70790

70800

70810
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SEGA-K=SFGA.J+(DT) (SEINV.J-SEGAR.JK-SFVLI.JK)

SFGCA=SEGAI

SECATI=30ED
SFGA
DT
SEIRV
SEGAR
SEVLI
SEGAI

-Stecam electric- Gross assets ($)

-Time increment between calculations

-Steam electric- Investment ($/Yr)

~Steam electric- Gross asset retirements ($/Yr)
-Steam electric- Value loss due to inflation ($/Yr)
-Steam electric- Cross assets initial (§)

SFGAR.KL=SFEGA.K*SEARF X

SEGAR
SEGA
SEARF

-Steam electric- Gross asset retirements ($/Yr)
-Steam electric- Cross assets (§)
-Steam electric- Asset retirement factor (Fraction/Yr)

SEARF .K=(SEAR1 K+SEAR2 K)/SEPA.X

SEARF
SFARI
SEAR2
SEPA

-Steam electric- Asset retirement factor (Fraction/Yr)
-Steam electric~- Asset retirement factor 1| (Fraction/Yr)
-Steam clectric- Asset retirement factor 2 (Fraction/Yr)
-Steam clectric- Physical assets ($)

SEARI.K=NCPA-K*NCARF+ECPA-K*RCARF+E“PA.K*FBARF+0UPA.K*OUARF+CCPA.K*CCARF+0TPA-K*OTARF

SFEARL -

NCPA
NCARF
ECPA
F.CARF
FBPA
FBARF
OUPA
OUARF
CCPA
CCARF
0OTPA
OTARF

~Steam electric- Asset retirement factor 1 (Fraction/Yr)
-Non-Fmisslon contralled coal~- Physical assets - ($)

-Mon-Fmission controlled coal- Asset retirement factor (Fraction/Yr)
-Fmiasion controlled coal- Physical assets (§)

-Fmission controlled coal- Asset retirement factor (Fraction/Yr)
-Fluidized bed coal electric- Physical assets ($)

-Fluidized bed coal electric- Asset retirement factor (Fraction/¥r)
-011/pas utilities- Physical assets ($)

-011/gas utilities~ Asset retirement factor (Fraction/Yr)

-Combined cycle coal electric- Physical assets ($§)

-Combined cycle coal electric- Asset retirement factor (Fraction/Yr)
-0Ocean thermal electric- Physical assets ($)

-0cean thermal electric- Asset retirement factor (Fraction/Yr)

SEAR2 K=RMPA.K*BMARF+STPA.K*STARF+WEPA KAWEARF+PVPA.K*PVARF+LWPA.K*LWARF+BNPA .K*BANARF

SEAR2
AMPA
RMARF
STPA
STARF
WEPA
WUEAPF
PVPA
PVARF
LWPA
LWARF
BNPA
RNARF

-Steam electric- Asset retirement factor 2 (Fraction/Yr)
~Biomass electric- Physical assets (§) .

~Biomass electric- Asset retirement -factor (Fraction/Yr)

~Solar thermal- Physical asscts ($)

-Solar thermal- Asset retirement factor (Fracttion/Yr)

-Wind electric~- Physical assets (§)

-7ind electric- Asset retirement factor (Fraction/Yr)
~-Photovoltaic electric- Physical assets (§)

-Photovoltaic eclectric- Asset retirement factor (Fraction/Yr)
-Light vater nuclear electric- Physical assets (§)

~lL.icht water nuclear ceclectric- Asset retirement factor (Fraction/Yr)
-Breeder nuclear electric- Phvysical assets ($)

-Breeder nuclear electric- Asset rvretirement factor (Fraction/Yr)

70840 L
70850 N
70860 C

70870 R

70880 A

70890 A

70910 A
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SEVLI.KL=SEGA K*DFINF.K*SFPLAS.X

SFVLI ~Steasn electric~ Value loss due to inflation ($/Yr)
SEGA -Steam electric- Gross assets (35) -
DFRINF ~-Nomestic economy- Inflation rate (Fraction/Yr)

SEPLAS ~Steam electric- Price-level accounting schedule (NDimensionless)

SEPLAS .K=TABHL(SEPLAST (TIME K-1980)/5 0 1.1)

SEPLAST=1/0
SFPLAS ~-Steam electric- Price-level accounting schedule (Dimensionless)
TABHL ~Tabular relationship :
SFPLAST -Steam electric~ Price-level accounting schedule table  (Table)
TIME -Actual time during simulation

NOTE

SENA.KaSEGA . K2SEADF

SEADF=.R0O
SENA ->veam electric- Net assets (S)
SEGA ~-Steam electric- Gross assets ($)

SFADF -Steam electric- A-cumulated depretiation fraction

SEEN.K=SENA.K*SEEF

SEEF=.4
° SEEQ -Steam electric-~ Equity (§)
SENA ~-Steam electric- Net assets (5)
SFEF ~Stcam electric-~ Ejulty fraction (Fraction)
SEDFRT .K=SENA.K*SEDF .

SEDF=(55/45)*SFEF
SEDERT -Steam electric- Nabt ($)

SENA -Steam clectric~ Net assets (5)
SEDF ~Steam electrfc- Dabt fractfon (Fraction)
SEFEF -Steam electric- Rquity fraction (Fraction)

SEINT.K=SEIR.K*SFEDEBT K
SFINT ° -Steam electric- Iaterest (5/¢¥r)
SEIR -Stean electric- Intereat rate (Fraction/Yr)
SEDEBRT -Steam electric- Dabt ()

SEIR.K=SETRN+DEINF.K

SEIRN=.025
SEIR ~-Gteam electric- Interest rate (Fraction/Yr)
SEIRN -Steam electric- Interest rate rormal (Fraction/Yr)

DEINF -Domestic economy- Inflation rote (Fraction/Yr)

SEDRMT K=SEDERT.K/SFEDL

SEDL=35
SEDRMT -Steam clectric- NDeht repayment ($/Y¥r)
SENDFBT -Steam electric- NDebt (35)
SEDL ~Steam electric- Dabt life (Year)

SENEP.K=SEGA.K/SEBLC

SERLC=35 .
SEDCP -Steam electric- Deorecliation (S$/Yr)
SEGA -Steam electric- Gross assets ($5)
SEBRLC ~Steam electric- Book life of capitai {Year)

NOTE

(Fraction)

70930

70940
70950

70970
70980

70990
71000

71010
71020

71030

71040
71050

71060
71070

71080
71090
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SEIF . E=SENI.K-SENDIV.K+SEDEP K-SEDRMT.K : 71110 A

SELF ~Steam electric- Internal fumds ($/Yr)

SENT -5team electric- Net income ($/Yr)

SEDTV -Steam electric- Dividends (§/Yr) . . )
SEDTP -Steam electric- Depreciation (§/Yr)

SEDRHT -Steam electric- Debt repayment ($/Yr}

SEDIV.¥=SEDPOF*SENI.K . 71120 A
SEDPPOF=.66 71130 ¢
SEDIV ~Steam electric- Dividends (§/Yr)
SEDPOF -Stcam electric- Dividend payout fraction (Fraction)
SENI -Steam clectric- Met income ($/Yr)
SEROL.K=(SENI K4SEINT.K)/(SEEQ K+SEDERT.K) 71140 A
SERNI -Steam electric- Return on investment (Fraction/Yr)
SEN1 -Steam electric- Net income ($/Yr)
SEINT -Steam eclectric~ Interest ($/Yr)
SEEQ -Steam electric- Equity ($)
SENDERT -~Steam electric- Debt ($)
SEROIN .K=eSEROTR+SMOOTH(DEINF .K SEEAT) 71150 A A
SEROIR=.05 : 71160 C
SEROIN -Steam electric~ Meturn on investment normal (Fraction/Yr)
SEROIR ~Stcam electric- Return on investment real (Fraction/Yr)
SMOOTN -First order information delay
DEINF ~Nomestic economy- Inflation rate (Fraction/Yr)
SEEAT ~Steam clectric- Rconomic averaging time (Year)
SEROIX.K=SMOOTH(SEROI.K/SEROIN.K SEFAT) 71170 A
SREEAT=5 71180 ¢
SEROIX -Steam electric- Return on investment index (NDimensionlesas)
SHOOTH -First order information delay .
SEROI -5team electric- Return on investment (Fraction/Yr)
SEROIN ~-Steam clectric- Return on investment normal (Fraction/Yr)

SEEAT -Steam electric- Economic averaging time (Year)

NOTE
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NOTE

SEFA.-K=SFIF .K+SEEFA

SEFA
SEIF
SFEFA

SEFEFA.K=SEGA.
STEFA
SEGA
SEGR

~Steam
-Steanm
~Steam

K*SEGR.

~Steam
-Steam
-Steam

K

electric-
electric-
electric-

K

electric-
clectric-
electric-

Funds avaflable (§/Y¥r)
Internal funds ($/Yr) :
Fxternal funds available ($/Yr)

External funds available (§$/Yr)
Gross assets ($)
Growth rate (Fraction/Yr)

SEGR K=TARHL(SEGRT SEROIX.K.0 3.3 .3)*CLIP(SZUBH 1 .TIME.K SEUBGY)
SECRT=0/ 03/ OSGI-QRIvIOI-IISI.lJ/.135/~l&/ 145/.15/ 15

SEUBGY=1980

SFUBRM=1.15
SFGR
TABIL
SFEGRT
SEROIX
cLIP
SEUBM
TIME
SEUBGY

NOTE

-Steam electric- fArowth rate (Fraction/Yr)
~Tabular relationshilp

-Steam

electric-

Growth rate table (Table)

-Steam electric- Re:urn on investment index (DPimensionless)
~Function switched during the run

-Stcam electric- Wetlldty backout multiplier (Dimensionless)
-Actual time during simulation °

~Steam electric- Utllity backout initiation year (Year)

SEFN.K=MAX (0O (SEFPA.K-SEPA.K—SEPUC.K+SEAFCT .K*SEARF.K* (SEPA .K+SEFPA.K)/2) /SEFCE)

SEFN
MAX
SEFPA
SFPA
SEPUC
SEAFCT
SEART
SEFCF

SFFPA K=SENPA KAEXP(SENPA K/SESPA.K-1)

SEFPA
SENPA
EXe

SESPA

SENPA.K=SEPA.
SENPA
SFPA
SEDPC
SFEPC
SECC

-Steam electric-— Funds needed

(8/Yr)

-Function selectinpg the larper of two values

-Steanm
-Stean
-Steam
-Steam
-Stecam
-Stean

-Steam

clectric-
electric~
electric-
electric~-
electric-
electric-

electric~-

Future physical assets ($)
Physical assets ($)

Plants under construction ($) .
Average faclility construction time (Year)

Asset retir2ment factor (Fraction/Yr)

Fraction to caplital expenditures (Fraction)

Future physical assets (§)

-Steam electric- Mormal rhysical assets (§) -~
~Exponential furction
-Steam electric- Smoothed physical assets ($)

K+ (SEDPC.K-SEPC-K)*SFCC. K

-Steam
-Stecam
-Steam
-Steam
~Steam

electric-
electric-
electric-
electric-
electric-

SEDPC .K=SED K/SEACUF K

SEDPC
SED
SEACUF

-Steam
-Steam
~-Stean

electric-
clectric-
electric-

Narmal physica2l assets (§)
Physical assets ($)

Desired production capacity
Production capacity (Btu/Yr)
Capital cost ($/(Btu/Yr))

(8tu/Yr)

Pesired prodnction capacity (Btu/Yr)
NDemand (Btu/Yr)
Average capacity utilization factor (Fraction)

71210 A

71220 A

71230 A
71240 T
71250 C
71260 C

71280 A

71300 A

71310 A

71320 A
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ESPA KeSESPA J+(DT) (SFNPA.J-SESPA J)/SFAFCT.J

SESPA=SESPAI

SFSPAL=«25 6E9
SESPA -S5team electric- Smoothed physical assets «($)
DT =~ - -Time increment between calculations
SENPA -Stcam clectric- Normal physical assets ($)

SEAFCT -Steam electric- Average facility constEuction time (Year)
SESPAT -Steam rlectric- Smoothed physical assets initial ($)

SECC.K=(SFCC]1 .K+SECC2.K)/SEPA K

SECC -Steam electric~ Capital cost ($/(Btu/Yr))
SECCl . -Steam nlectric- Capital cost 1 ($/(Btu/Yr))
SECC2 -Steam electric— Capital cost 2 ($/(Btu/Yr))
SEPA -Steam electric- Physical assets (§)

SECC1 .K=NCCC.KANCPA .K+ECCC K*ECPA.K+FBCC.K*FBPA.K+NUCC.K*OUPA.K+CCCC.K*CCPA.K+0OTCC.K#*0TPA.X

SECCI1 -Steam electric- Capital cost 1 ($/(Btu/Yr))

Ncee -Non-Emissfon controlled coal- Capital cost ($/(Btu/Yr))
NCPA ~Non-Fmission controlled coal- Physical assets (§)

ECCC -Fmission controlled coal- Capital cost ($f(Btu/Yr))
ECPA -Emission controlled coal- Physical assets (§)

FRCC -Fluidized bed coal elecétric- Capital cost (S$/(Rtu/Yr))
FBPA , ~Fluidized hed coal electric— Physical assets (§)

oucrn -0{1/pgas utilities- Capital cost ($/(Btu/Y¥c))

0oUPA -011/pas utilities- Physical assets ($)

ccee -Combined cycle coal electric- Capital cost ($/(Btu/¥Yr))
CCPA ~-Combined cycle coal electric- Physical assets (§)

0OTCC -0cean thermal electric- Capital cost ($/(Reu/Yr))

OTPA -0cean thermal electric~- Physical assets ($)

SECC2.K=BMCC.¥X*AMPA K+STCC.KASTPA.K+UECC.K*WEPA .K+PVCC.K%PVPA.K+LWCC.KALWPA K+BNCC.K*BNPA.K

SECC?2 -Steam electric- Capital cost 2 ($/(Btu/Yr})

RMCC -Biomaes electric- Capital cost ($/(Btu/Yr))

RMPA -Biomass electric- Physical assets ($)

STCC -Solar thermal- Cavntital cost ($/(Btu/Yr))

STPA ~Solar thermal- Physical assets (§)

HFECC -¥ind electric~- Capital cost ($/(Rtu/Yr))

VEPA -Wind electric- Physical assets ($) .

PVCC -Photovoltaic electric- Capital cost ($/(Btu/Yr))-

PVPA -Photovoltaic electric- Physical assets ($) . .
LYCC ~Light water nuclear electric- Capital cost ($/(Btu/Yr))
LUPA - =~Lieht water nuclear electric- Physical assets ($)

BNCC -Breeder nuclear electric~ Capital cost ($/(Btu/Yr))

RNPA -Breeder nuclear electric- Physical assets (§)

71330
711340
71350

o=z

71360 A

71370 A

71390 A
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SEPA K=MCPA.K+FCPA.K+FHPA.K+OUPA . .K+PVPA .F+LUPA . K+RNPA.K+CCPA.K+OTPA K+BNPA.K+STPA.K+WEPA.K

SEPA ~Stean clectric~- Physical assets ($)

NCPA -Non-Emission controlled conl- Physical nssets ($)
F.CPA -FEmission controlled conal- Physical aasets (§)
FRPA -Fluidized bed coal electric- Physical assets ($)
NUPA -011l/ras utilities- Physical assets ($)

PVPA -Photovoltaic electric- Physical assets ($)

LUPA -Linht water nuclear electric- Phvsical assets (§)
RMPA -Breeder nuclear electric- Physical assets (§)
CCPA ~Combined cycle coal clectric~ Physical assets ($)
OTPA -0Ocean thermal electric- Phyasical assets (%)

RMPA -Biomass electric- Physical assets (§)

STPA ~Solar thermal- Physical assets (§)

WEPA -Wind electric- Physical assets ($)

SEPUC K=NCPUC.K+FCPUC.K+FBPUC -K4OUPUC.X+PVPUC K+LWPUC.K+RIPUC.K+CCPUC.X40OTPUC.K+BMPUC.K+STPUC .K+

WEPUC K
SEPUC -Stecam electric- Plants under conatruction (§)
NCPUC -Non-emission controlled coal- Plants under construction ($)
ECPUC -Emission controlled coal- Plants under construction ($)
FRPUC -Fluidized hed coal electric-~ Plarts under construction ($)
ouruc -01{1/pas utilities~ Plants under construction ($)
PVPUC -Photovoltaic Electric- Plants nnder construction ($)
Lwepuc ~Lisht water nuclecr electric- Plants under construction (§)
RNPUC -Breeder nuclear electric- Plants under construction (§)
ccruc ~Combined cycle cocl electric- Plants under construction %)
OTPUC ~0cean thermal electric- Plants urder construction (§)
BMPUC -Biomass electric- Plants under ccnstruction ($)
STPUC -Solar thermal- Plants under coastruction ($)
WEPUC ~Wind electric- Plents under construction ($)

SEAFCT - X=(SFEAFC1.K+SEAFC2.K)/SENPC.K
SEAFCT =-Steam electric~ Average facllity construction time (Year:

SEAFCl -~-Steam electric- Averapge faclility construction time part 1 (*#4d)
SFAFC2 -~Steam electric- Averane facility construction time part 2 (*%3%)
SENPC -Steam electric- New plants completed ($/Yr) €

SEAFC1 .K=aNCFCR.JK*NCFCT K+ECFCR.JK*ECFCT.K+FBFCR JK*FBFCT4+NDUFCR.JK*OUFCT+CCFCR.JK*CCFCT+0TFCR.JK*

OTFCT
SEAFCl -Steam electric- Averszge facility construction time part 1 (hah)
NCFCR -Non-Fmission controlled coal- Facility completion rate (S/Yr)
NCFCT ~Non-Emiasion controlled coal- Facility construction time (Year)
FCFCR ~Fmission controlled coal- Facility completion rate ($/Yr)
ECFCT -Emission controlled coal-~ Facility construction time (Year)
FRFCR -Fluidized bed coa. electric- Facility completion rate (S$/Yr)
FBFCT -Fluidized hed coa. electric- Facility construction time {Year)
OUFCR -011/pas utilities- Facility completion rate ($/Yr)
OUFCT -0i{1/eas utilities- Facility construction time (Year)
CCFCR -Combinecd cycle coal electric- Facility completion rate ($/Yr)
CCFCT -Combined cycle coal electric~- Faeility construction time (Year)
OTFCR -Ocean thermal electric- Facility completion rate ($/Yr)

OTFCT -0cean thermal electric~ Facility construction time (Year)

@

71410 A

71430 A

71450 A

71460 A
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SEAFC2 .K=BIFCR JK*BHFCT+STFCR.JK*STFCT+WEFCR-JK*HEFCT+PVFCR.JK*PVFCT+LNFCR.JK*N6FCT-K+BNFCR-JK*

NUFCT.K
SEAFC2 -Steam electric~ Averape facility construction time part 2 (*%%k)
BMFCR -Riomass electric- Facility completion rate ($/Yr)
BMFCT ~Riomass electric- Facility construction time (Year)
-STFCR ~Solar thermal- Facility completion rate ($/Yr)
STFCT -Solar thermal- Facllity construction time (Year)
WEFCR -Vind electric- Facility completion rate {($/Yr)
HEFCT ~-Wind electric- Facility construction time (Year)
PVFCR -Photovoltaic electric- Factility completion rate ($/¥r)
PVFCT -Photovoltaic electric~ Facility construction time (Year)
LWFCR -Lipht water nuclear electrvic- Facility completion rate ($/Y¥r)
NUFCT -Huclear utilities- Facility construction time (Year)
RNFCR -Breceder nuclear electriz- Facility completion rate ($/Yr)

qﬁﬁpc.x=NCFCR.JK+Ecrcn JK+FBFCR.-JK+OUFCR. JK+PVFCR. JK4LWFCR.JK+BHFCR.JK+CCFCR.IJK+OTFCR . JK+BMFCR. JK+
' STFCR.JK+WEFCR . JK ’

-

SENPC -Stcam electric- MNew plants completed (§/Yrx)

NCFCR -ton-fEmissfon controlled coal- Facility completion rate ($/Yr)
ECFCR -Emission controlled coal- Facility completion rate (§$/Yr)
FBFCR ~Fluidized bed coal electric~ Facility completion rate ($/Yr)
OUFCR -011/cas utilities< Facility completion rate ($/¥r)

PYFCR -Photovoltaic electric- Tacility completion rate ($/Yr)

LWFCR -Light water nuclear eleztric- Facility completion rate ($/Yr)
BNFCR -breeder nuclear electri-- Facility completion rate ($/Yr)
CCFCP -Combined cycle coal eleztric- Facility completion rate ($/Yr)
OTFCR ~Ocean thermal electric- Faclility completion rate ($/Yr)

BMFCR ~Biomass electric- Facilltv completion rate ($/Yr)

STFCR -Solar thermal- Facility completion rate ($/Yr)

WEFCR -Wind electric- Facility completion rate (5/Yr)

NOTE

SEINV K=MIN(SFEFA.K SEFN K)*SEFCE

SEINV=STINVI
SEINVI=3.6F9
SEFCE=.85 -
SETINV -Steam electric~ Tnvestment ($/Yr)
MIN -Function selectinpg the smaller of two values
SEFA ~Stecam electric- Funds available ($/¥Yr)
SEFN -Steam electric- Funds n2eded ($/Yr)
SEFCE ~Steam electric~ Fraction to capital expendltures (Fraction)

SEINVI -Steanm electric- Investment initial ($/Yr)

NOTF.

71480 A

71500 A

71530 A

71540 N
71550 C
71560 C
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NOTE
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NOTE .

NOTFE Flectric Utility Financinpg Use of Funde Subsector

NOTE .
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ACINV.K=SEINV.K* (ACAW K/SEAY.K)

ACIUV -Avn. conventional coal clectric- Investment ($/Yr)

SEINV -Steam electric- Investment (S$/Yr)

ACAW ~-Ave. conventional coal electric- Allocation weipht (Dimensionless)
SEAY -Stcam electric- Allocation vefcht (Dimensionless)

ACAW .K=(ACMCST.K*1E6) SEWF

ACAW -Avn. conventional coal electric- ~llocation weight (NPimensionless)
ACMCST -Ave. conventional coal electric- Harginal cost ($/0tu)
SEWF -Steam clectric- Yeighting factor (Dimensionless)

ACMCST .K=(NCMCST K*NCFCR JK+ECMCST.K*ECFCR.JK)/INCFCR.JK+ECFCR.JK)
ACMCST -Ave. conventional coal electric- Marginal cost ($/Btu)
NCHCST -MNon-Emission contralled coal- Marginal cost (§/Btu)

NCFCR -Non-Emission contralled coa’- Facility completion rate ($.)Yr)
FCHMCST -Emission controlled ccal- Marginal cost ($/Btu)
ECFCR -Emission controlled ccal- Facility completion rate ($/Yr)

NOTF

NCINV.KL=ACINV.KA*NCHIS.K

NCINV=NCINVI
NCINVI=]3F9 .
NCINV -Non-Fmission contralled coa_~ Investment ($/Yr)
ACINV -Avg. conventional coal electric~ lnvestment ($/Yr)
NCHS | -Non-Emission contrallcd coal~ Horatorium schedule (Fraction)

NCINVI -Non-Emission controlled coa’-~ Investment initial ($/Yr)

NCMS.K=TABIL(NCMST (TIMF.K-NCMY)/NCKT O 1 1)

NCMST=1/0

NCMT=15 ,

NCHY=1969 .
NCMS -Non-Emisslon contralled coa.~ Morztorium schedule (Fractien)
TABUL ~-Tabular relationship ,

NCMST -Non-Emission contralled coal~ Morztorium schedule table (Table)
T IME -Actual time during sivrulattien .
NCMY -Hon-Emission contralled coal- Moratorium initiation year ‘Year)

NCMT -Nan-Emission contralled coa’- Moratorium delay time (Year:

71650

71660

716170

71700
71710
71720

71730
71740
71750
71760

A

A

A

aOZ x>

oaR>
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CUCST .K=(NCCCR+NCEIDC.K)*NCSCC.K+NCOMC+NCFCST.K

NCCCR+=.100 . .
_NCMCST -Non-Emission controlled coal- Marginal cost ($/Btu)
NCCCR -Non-Emission controlled coal- Capital charge rate (Fraction/Yr) )
NCEINDC -Non-Emission controlled coal- Excess charge due to interest under const. (FPraction/Yr)
NCSCC -Non-Emiasion controlled coal- Specific capital cost ($/(Btu/Yr))
NCOMC ~-Non-Eminsion controlled coal- Operating and maintenance <O&M> cost ($/Btu)
HNCFCST -Non-Emission controlled coal- Feedstock cost ($/Btu)

NCEIDC-K-NCCCRC*TABHL(SEEIDCT,(TIMB-K-NCCDCY)/HCCDCT,O,I.l)
NCCCRC=.009 .
NCEINC <Non-Emission controlled coal- Excess charge due to interest under ‘const. (Fraction/Yr)

HCCCRC ~Non-Emission controlled coal- Capital charge due to interest under const.(Fraction/Yr)

TADHL ~Tabular relationship

SEEIDCT -Steam electric- Excess interest during construction tab]e (Table)

TIME -Actual time during simulation

RCCDCY -Non-Emission controlled coal- Construction delay change year (Year)

NCCDCT ~-Non-Emission controlled coal- Construction delay change implementation:time (Year)

NCSCC.K=NCCCP.K*NCSCM.K/NCCUFP

NCCUFP=.6 ‘
NCSCC -Non-Emission controlled coal- Specific capital cost (§/(Btu/Yr))
NCCCP ~-Non-Emission controlled coal- Capital cost of production plant ($/(Btu/Yr))
NCSCM -Hon-Emission controlled coal- Secondary conatraint multiplier (Dimensionless)

NCCUFP -Non-Emission controlled coal~ Capacity utilization factor for planning (Fraction)

NCSCM.K=TABHL(SESCMT ,NCGR.K,.04,.20,.04)
NCSCM -Non-~Emission controlled coal- Secondary constralnt multiplier (Dimensionless)
TABHL ~Tabular relationship ’
SESCMT ~Steam electric- Secondary constraint multiplier table (Table)

NCGR -Non-Emission controlled coal- Growth rate (Fraction/Yr)
NCGR .K=(NCAGR.K/SHOOTH(NCAGR.K,SETGR)~1) /SETGR .
NCGR -Non-Emission controlled coal- Growth rate (Fraction/Yr)
NCAGR -Hon-Emission controlled coal- Assets for growth rate ($) h

SHOOTH -First order information delay .
SETGR -Steam elcctric- Time for growth rate (Year)

NCAGR.K=MAX(SEPAMI ,NCPA.K+NCPUC.K)
NCAGR -Non-Emission controlled coal- Assets for growth rate ($)

MAX ~Function selecting the larger of two values

SEPAMI -Steam electric- Physicdal assets of a mature industry (§)
NCPA -Non-Fmission controlled coal- Physical assets (§)

NCPUC -Non-emission controlled coal- Plants under construction (§)

NOTE

71770
71780

71790
71800

71810
71820

71830

71840

71860
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ECINV.KL=ACINV.K*(1-NCHS.K). .

ECINV=0
ECINV ~Emission controlled coal- Investment ($/Yr).
ACINV -Avg. conventional coal eclectric- Investment ($/Yr)
NCHS -Non-FEmission controlled coal- Moratorium schedule (Fraction)

ECMCST .K=(ECCCR+ECEIDC.K)*ECSCC.K+ECOMC+FECFCST.K
ECCCR=.100 .
ECMCST ~Emission controlled coal- Marginal cost ($/Btu)

ECCCR -Emission controlled coal- Capital charge rate (Fraction/Yr)

ECEINC -Emission controlled coal- Excess charge due to interes: under const. (Fraction/Yr)
FCSCC -Emisston controlled coal- Specific capital cost ($/(Brmu/Yr))

ECOMC -Emission controlled coal- Operating and maintenance <0&M> cost ($/Btu)

ECFCST -Emission controlled coal- Feedstock cost ($/Btu)

ECEIDC.X=FCCCRCATABIUL(SEEINCT. (TIME K~ECCDCY)/ECCDCT.0.1.1)

ECCCRC=.009
ECEIDC -TFmission controlled coal- Fxcess charpe. due to interes: under const. (Fraction/Yr)
ECCCRC ~-Fmission controlled coal- Capital charpe due to intereat under const. (Fraction/Yr)
TABHL ~Tabular relationship . -
SEEIDCT ~Steam electric- Excess interest during construction tabhle (Table)
TIME ~Actual time during simulation
ECCPCY -Tmission controlled coal- Construction delay change year (Year)
ECCNCT -Emission controlled coal- Construction delay change implementation time (Year)

ECSCC.K=ECCCP.K*ECSCM K/ECCUFP

ECCUFP=.6
ECSCC -Fmission controlled coal- Specific capital cost ($/(B:ujf¥r))
ECCCP -Enission controlled coal- Capital cost of production plart ($/(Rtu/¥r))
ECSCM -Emission controlled coal- Secondary constraint multipller (Dimensionless)

FCCUFP -Fmission controlled coal- Capacity utilization factor for planning (Fraction)

ECSCH.K=TABHL(SESCMT ECGR K. 04. 20..04)

"ECSCM -Fmission controlled coal- Secondary constraint multipllerx (Dimensionless)
TABHL ~Tabular relationship

SESCMT ~Steam electric- Secondary constraint multiplier table (lable)

ECGR -Emission controlled coal- Grovth rate (Fraction/Yr)

FCCR .K=(ECAGR.K/SMOOTH{ECAGR K SETGR)-1)/SETIGR

ECGR ~Emission controlled coal- Growth rate (Fraction/Yr)
ECAGR -Emission controlled coal- Ass=2ts for growth rate (S)
SMOOTH -First order information delay

SFETGR ~-Steam clectric- Time for growth rate (Year)

ECAGR .K=MAX(SEPAMI ECPA.K+FECPUC.K)

ECAGR ~-Emission controlled coal- Assets for prowth rate ($)
SMAX -Function selecting the larger of two values

SEPAMI -Steam electric- Phyaical assets of a mature findustry (S}
ECPA -Fmission controlled coal- Fhysical assets ($)

ECPNC -Fmission controlled coal- Tlaats under construction- (%)

NOTE

71880
71890

71900
71910

71920
71930

71940
71950

71960

71970

71980




-1¢1I-

FRBINV.KL=SEIRV.K*(FBAW K/SFAY.K)

FBINV=0
FRINV
SEINV
FRAW
SEAVY

~-Fluidized bed coal electric- Investment
~Steam -clectric- Investment ($/Yr)

-Fluidized bed coal electric- Allocatiosn weight
~-Steam electric- Allocation weight

($/Yr)

(Dimensionless)
(Dimensionlesas)

FBAW .K=(FBMCST K*1E6) "SEWF*STEP(1 FBCY)

FRCY=1990
FBAW ~Fluidized bed coal electric- Allocation weieht (Dimensionless)
FBMCST -Fluidized hed coal electric- Marginal cost ($/Btu)
SEWF -Steam electric- Weighting factor (Diwensionless)
STEP -Step-shaped exogecnous input
FRCY -Fluidized bed coal electric~ Commercialization year (Year)
FBMCST.K=(FRCCR+FBECR.K+FBCCRC)*FBSCC.K+FBOMC+FBFCST.K
FRCCR=.100
FRCCRC=0 .
FAMCST ~Fluidized bed coal electric- Marginal cost ($/Btu)
FBCCR ~Fluidized bed coal electric- Capital eharge rate (Fraction/Yr)
FBECR ~Fluidized bed coal electric- Fxcess charge .due to risk (Fracticn/Yr)
FRCCRC -Fluidized bed coal electric- Capital charge due to interest under const. (Fraction/Yr)
FBSCC ~Fluidized bed coal electric- Specific capital cost ($/(Btu/Yr))
FBOMC ~-Fluidized bed coal electric- Operating and maintenance <0&M> cost ($/Btu)
FRFCST ~Fluidized bed coal electric- Feedstock cost ($/Btu)

FBECR K=FBCCRR*(1-STEP(1l.FBLGY))*MAX(0 (SEPAMI-FBPA.K)/SEPANI) -

FRCCRR=.028

FBLGY=2200
FBECR
FRCCRR
STEP
FBLGY
1AX
SEPAMI
- FBPA

. =Fluidized bed coal electric- Physical assets

~Fluidized bhed coal clectric-~ Excess charge due to risk
-Fluidtzed bed coal electric- Capital charge due to risk
~Step-shaped exogenous 1input

-Fluidized bed coal electric- Loan guarantee Infitiation year
-Function selecting the larper of two values

-Steam electric~ Physical assets of a wmature industry

($)

(Fraction/Yr)
{(Fraction/Yr)

(Year)

()

72000
72010

12020
72030

72040
72050
72060

72070
712080
712090

N

(]

OO >
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FDSCC.K=FBCCP*FBSCM K/FRCUFP

FRCUFP= 6
FBSCC ~Fluidized bed coal aleccric- Specific capital cost ($/(Btu/Yr)) .
FocCP ~Fluidized bed coal =2lectric- Capital cost of. production plant ($/(Btu/¥r))
FBSCM ~Fluidized bed coal electric- Secondary constraint multiplier (Pimensionless)

FBCUFP -Fluidized bed coal electric- Capacity utilization factor for planning (Fraction)

FRSCM K=TABHL(SESCHMT FBGR K..04,.20 .04) -

FBGR.

FBAGR.K=MAX(SEPAMI FBPA K+FRPLC.K)

NOTE

FRASCM ~Fluidized bed coal electric- Secondary constraint multiplier (Dimensionless)
TABIL -Tabular relationship

SESCMT- -Steam electric- Secondary coastraint multiplier table (Tad>le)

FBGR -Fluidized bed cacal electric- Growth rate (FPraction/Yr)

K=(FBAGP .K/SMOOTH(FNAGR.E SETGR)-1)/SZTGR

FRGR ~Fluidized bed ccal electric~ Growth rate (Fraction/Yr)

FBAGR ~Fluidized bed ccal electric- Assets for growth rate ($)

SMOOTH ~F{irst order infcrmation celay

SETGR ~Steam electric- Time for grovth rate (Year)

FBAGR -Fluidized bed ccal electric- Assets for growth rate ($?
MAX -Function selecting the larpger cf two values

SEPAMI -Steam electric- Physical assete of a mature industry (s)
FRPA ~Flutidized bed coal clectric— Physical assets (§)

FRPUC ~Fluidized bed coal electric— Plants under construction ($)

72100
72110

72120

72130

72140
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CCINV.KL=SEINV.K*(CCAW.K/SEAW.K)

CCINV=(
CCIMV’
SEINV
CCAW
SEAW

-Combined cycle coal electric- Investment ($/Yr)

~Stcan electric- Investment ($/Yr)

~Combined cycle coal electric- Allocation weipht {Dimensionlessg)
-Steam electric- Allocation weipght (Dimansionless)

CCAW Kﬁ(CCMCST-K*lﬁ6)“SEHF*STEP(l €cey)

CCCY=1992
CCAY
CCHCST
SFWF
STFEP
cccey

-Combined cycle coal electric- Allocatton weight (Dimensionless)
-Combined cycle coal electric- Marginal cost ($/Btu)

-Steam clectric- Welphting factor (NDimensionless)

~-Step-shaped exopenous {input

-Combined cycle coal electric= Commercialization year (Year)

CCMCST .K=(CCCCR+CCECR.K+CCCCRC)*CCSCC.K+CCOMCH+CCFCST.K

CCCCR=.100

CCCCRC=0
CCMCST
CCCCR
CCECR
CCCCRC
CCSCC
CCoMC
CCFCST

-Combined cycle coal electric- Marginal ecost ($/Btu)
-Combined cycle coal electric- Capital charge rate (Fraction/Yr)
~Combined cycle coal electric- Excess charpe due to risk (Fraction/Yr)

~Combined cycle coal elegtric- Capital charge duec to interest undetr const.(Fraction/Yr)

-Combined cycle coal electric- Specific eapital cost ($/(Btu/Yr))

-Combined cycle coal electric- Operating and maintenance <O0&M> cost ($/Btu)

-Comhined cycle coal electric- Feedstock cost ($/Btu)

CCECR-K=CCCCRR*(1-STEP(1 CCLGY))*MAX(O.(SEPAMI-CCPA.K)/SEPAMI)

CCCCRR=.028

CCLGY=2200
CCECR
CCCCRR
STEP
CCLGY
MAX
SEPAMI
CCPA

~-Combined cycle coal clectric- Excess charge due to risk (Fraction/Yr)
-Combined cycle coal e€lectric- Capital charge due to risk (Fractian/Yr)
-Step~-shaped exogenous input

"~Combined cycle coal electric~- Loan guarantee initfation year (Year)

-Function selecting tte larger of two values
-Stcam electric- Physical assets of a mature industry ($§)
~Combined cycle coal electric- Physical azssets (§$)

72160
72170

72180
72190

12200
72210
72220

72230
72240
72250

N

(¢}

a0 >
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CCSCC.K=CCCCP*CCSCH ¥ /CCCUFP

CCCUFP=.6
ccsce ~Combined cycle
cceep ~Combined cycle
cese ~Combined cycle
CCCUFP ~Combined cycle

CCSCM K=TABHL{SESCMT CCGR.K.

CCCR.

coal clectric- Specific capital cost

cnal electric- Capital cost of productior plant

coal electric~- Secondary constraint multiplier

coal electric- Capacity uwtilization factcr for planning
N4 .20 .04)

coal electric- Secondary constraint multiplier

Secondary constrafnt multiplier table

cecseo ~Combined cycle
TARUL ~Tabular relationship
SESCMT ~Steam electric-
cecon ~Combined cycle

K=(CCAGR K/SMODOTH(CCAGR

CCOR -Combhined cycle
CCAGR ~Conhined cycle
SMOOTH - -First order inf
SETGR ~-Steam alectric-

coal electric- Growth rate (Fraction/Yr)
K SETGR)-1)/SETGR
coal electric- Crowth rate (Fraction/Yr)

coal clectric- Assets
ormation celay
Time for growtl rate

for growth rate (%)

(Year)

CCAGR . K=MAX(SFPAMI.CCPA.K+CCPUC K)

NOTE

CCAGR -Combined cycle
MAX ~Function select
SEPAMI -Steam electric-
CCPA -Combined cycle
ccruc -Combined cycle

coal electric- Assets for growth rate ($)
inp thé.larger cf two values

Physical assetc of a mature industry ($)
coal electric- Fhysical assets (%)
coal electric- Flants under construction (§)

(Tahle)

($/(Btu/Yr))

($/(Btu/Yr))
(NPimensionless)
(Fraction)

(Dinensionless)

72260
12270

72280

72290

72300
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OUINV.KL=SEINV.K*(OUAW.K/SFAV.K) ' 72320

R
OUINV=OUINVI 72330 N
OUINVI=1.5E9 . ’ 72340 C
: OUINV -0{l1/aas uctilities- Investment ($/Yr)
SEINV -Steam clectric~ Investment ($/Yr)
QUAW -011/pas utilities- Allocation wefght (Dimensionless)
SEAV ~Steam electric- Allocation weight (Dimensionless)
OUINVL -01il/gas utilities- Investment itnittal ($/Yr)
OUAW .K=(OUMCST.K*1E6) "SEWFASTEP(1 OUCY) 72350 A
ouCY=1950 : 72360 ¢
OUAM -011/cas utilities- Allocation weiecht (Dimensionless)
OUMCST -011/gas utilities- Marginal cost ($/Btu)
SFEWF ~Steam clectric- Weiphting factor (Dimensionless)
STEP -%tep-shaped exogenous input
nvcy -0il/gas utilities- Commercialization year (Year)
OUMCST - K=(OUCCR*OUSCC.K+OUOHC+OUFCST.K)ACLIP(1.3.1 TIME K.OUMY) 72370 A
OUMY=19078 72380 C
OUCCR=. L0ODN 72190 C
OUMCST. -0il/gas utilities- Marginal cost ($/Btu)
"~ OUCCR -011/ecas utilities~ Capjital charge rate (Fracticen/Yr)
ouscce -0il/¢gas utflities~ Specific capital cost ($/(Btu/Yr))
nuotC -011/gas utilities- Operating and maintenance <O&M> cost ($/Btu)
OUFCST -011/gas utilities- Feedstock cost ($/Rtu)
CLIP -Function switched during the run
TIME ~Actual time during simulation

ouny -011/pas utilities- Moratorium initiation year (Year)




-9¢1-

OUSCC . -K=DUCCP.K*OUSCM

OVCUFP=.6

onusce
oucce
OUSCM
O0UCUFP
oucCMP

-~

-01{1/ras utilities-

-0il/gas utilities-
-01l/pas utilities~
-0i{l/pas utilicties-

-011/pas utilities-

OUSCM K=TABHL(SESCMT.NUGR.K .04.

OUGR

ouscH
TABHL
SESCMT
OUGR

-01l1/gas utilities-~

-Tahular relationship

K/ (OUCUFP*OUCMP .X)

Specific capital cast ($/{Btu/Yr))

Capital cost of nroduction plant ($/(Btu’/Yr))
Secondary constraint multiplier (Dimensionless)
Capacity utilization factor for planning (Fraction)
Capacity multiplier from peaking (Fraction)

20 04)
Secondary constraint multiplier (Dimensidonless)

-Steam electric- Secondary constraint multiplier table (Tablz)

~0il/gas utilicties~

Growth rate (Fraction/Yr)

K=(OVAGR .K/SHOOTH(OUAGR.K SETGR)-1)/SETGR

QUCGR
OUAGR
SMOOTN
SETGR

-011/gas utilities~

-01l/pas utilities~

Growth rate (Fraction/Yr)
Assets for grouwth rate (§)

-First order information delay
-Steam eclectric- Time for growth rate (Year)

OUAGR .K=MAX(SFPAMI OUPA K+0UPUC.X)

MOTE

OUAGR
MAX
SEPAMI
OUPA
nyeuc

-011/¢as utilities~
~Function selecting

Assets for prowth rate (§)
the larger of twe values

~-Steam electric- Physical assets of a mature industry ($)

-011/gas utilities~
-011/cas uvtilities~

Phystcal assets (§)
Plants under construction (§)

72400
72410

72420

72430

712440
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PVINV.KL=SEINV.K*(PVAW.K/SEAW.K)

PVINV=0
PVINV —-Photovoltaic electric- Investment ($/Yr)
SEINV -Steam electric- Investment ($/Yr)
PVAY ~Photovoltaic electric- Allocation weight (Dimensionless)
SEAV -Steam clectric- Allocation weisht (Dimensionless)

PVAY K=(PVMCST-K*lE6)“SERF*STEP(l-PVCY)

PVCY=1988 -
PVAW -Photovoltaic electric- Allocation weight (Dimensionless)
PVHCST =Photovoltaic electric- Marginal cost ($/Btu)
SEWF ~ -Steam electric- Weighting factor (Dimensionless)
STEP -Step-shaped exogenous input
PVCY -Photovoltaic electric- Commercialization year (Year)

PVMGST.K=(PVCCR+PVECR.K)*PVSCC.K+PVIMC
PVCCR=.100
PVMCST ~Photovoltalc electric- Marninal cost ($/Rtu)

PVCCR -Photovoltaic electric- Capital charnse rate (Fracttion/Yr)

PVECR ~Photovoltaic electric- Fxcess charge due to risk (FPraction/Yr)
PVSCC -Photovoltale electric- Specific capital cost  ($/(Beu/Yr)) .
PVOMC ~Photovoltaic electric<.0perating and matntenance <O0&M> cost

PVECR.K=PVCCRR*(1-STEP(1 PVLGY))*MAK(D. (SEPAMI-PVPA.K)/SEPAMI)
PVCCRR=.028
PVLGY=2200

PVECR ~-Photovoltaic electric- Excess charge due to risk

PVCCRR ~Photovoltaic electric- Capital charge du= to risk

STEP -Step-shaped exogenous 1{input

PVLGY. -Photovoltaic electric- Loan puarantee inltiation year (Year)
MAX ‘<Function selectinp the larner of two values

SEPAMI -Steam clectric- Physizal assets of a mature industry ($)
PVPA ~-Photovoltaic electric- Physical nssets [$)

(Fraction/Yr)
(Fraction/Yr)

72460
126410

72480
72490

72500

72510

72520
72530
72540

o>

a0 >
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PVSCC.K=PVCCP K*PVSCM.¥/PVCUFP ; 72550 A

PVCUFP=.26 72560 C
PVSCE -Photovoltaic electric- Speccifiz capital cost ($/(Btu/Yr))
pvcce ~Photovoltaic electric- Capital cost of production plant ($/(Btu/Yr))
PVSCYH -Photovoltaic electric~- Sccondary constraint multiplier (Timensionless)

PVCUFP -Photovoltaic electric- Capacity utilization factor for plznning (Fraction)

-PVSCM KaTARHL(SESCMT.PVGR K .04, .20 .04) ' 72570 A
PVSCH -Photovoltaic electric- Secondary constraint multiplier (Timensionless)
TABIL ~-Tabular relationship
SESCMT -Steam electric- Secondary cons:raint multiplier table (Table)

PVGR ~Photovoltaic electric- Growth rate (Fraction/Yr)
PVGR . K= (PVAGR.K/SMOOTH(PVAGR.K SETGR)-1)/SETGR » 72580 A
’ PVGR -Photovoltaic electric-:"rowth rate (Fraction/Yr)
PVAGR -Photovoltaic electric- Assets for growth rate ($)
SMOOTH -First order information delay
SETGR -Steam. electric- Time for prowth rate (Year)
PVAGR K=MAX(SFPAMI.PVPA K+PVPUC.K) - 72590 A
PVAGR -Photovoltaic electric~ Assets Z“or growth rate (§) ’
MAX ~Function selecting the larger of two values
SEPAMI -Steam electric- Physical assets of a mature industry ($)
PVPA -Photovoltaic electric- Physical assets ($§)
PVPUC -Photovoltaic Electric~ Plants under construction (§)

NOTE
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LUINV.KL=SEINV.K*(LVAW K/SEAW K)

LWINV=0
LWINV
SEINV
LWAW
SEAV

-Lipht water nuclear
-Steam electric- Inve

-Licht water nuclear electric- Allocation weight

electric~

Investment ($/Yr)

stment ($/Yr)

-Steam electric- Allocation wefight (Dimensionless)

LWAW K=(LWMCST.K*1E6) "SEWFASTEP(]1 LWCY)*(1~-STEP(1.LWMY))

LWCY=1950

LWMY=2200
LWAW
LWHCST
SEVF _
STEP
LUCY
LWHMY

~Licht water nuclear electric~ Allocation welight

-Linht water nuclear electric- Marginal cost ($/Btu)
-Steam clectric- Weighting factor (Dimensianless)

-Step-shaped exogenou

-Lisnt water nuclear electric~ Commercialization year

s input

-Licght water nuclear electric~ Moratorium initiation year

LWMCST - Ko (LWCCR+LWEIDC.K+LWERR.K)*LUSCC.K+LWOHNCHLUFCST.K

LWCCR= 109
LWMCST
LUCCR
LWEIDC
LWERR
LYSCC
LWOMC
LYFCST

-Lipght water nuclear
~Licht water nuclear
-Liecht water nuclear
~Lieht water nuclear
~Lieht wvater nuclear
-Lieght water nuclear
-l.ight water nuclear

electric~-
electric-
electric-
electric~
electric~
electric-~
electric~

Marginal cost ($/Btu)

(Dimensionless)

(Dimensionless)

(Year)

(Year)

Capital charge rate (Fraction/Yr)
Excess charge due to interest under const.
Favironmental risk rate (Fraction/Yr)

Specific capital cost ($/(Btu/Yr))

Operating and maintenance <0&M> cost

Feedstock cost ($/8¢tu)

LYEIDC.K=LUCCRC*TARHL(SEEIDNCT (TIHE-K-NUCDCYY}NUCDCT.O 1 1)

LWCCRC=.009
LWEIDC
LVWCCRC
TARIL

SEEIPCT -Steam electric- Excess interest during construction taple

TIME
NUCnCY
NucncT

~Lisht water nuclear

~lL.ight water nuclear electric- Capital charge due to interest under const.(Fraction/Yr)

-Tabular vcvelationship

~Actual time during s

electric~

{imulation

(Fraction/Yr)

($/Btu)

Excess charge due to interest under const.

-Nuclear utilities- Construction delay change year (Year)
-Nuclear utilities~ Construction delay chaonge implementation time

(Table)

(Yenr)_

(Fraction/Yr)

72610
72620

72630
12640
72650

12660
72870

72680
72690

=

a0 >




LVERR.K=TABHL(LWVERRT TIME K 1980 1990 2)*STZP(1 LWERY) 72700 A

LWERRT= 01/ 01/0/0/0/0 72710 T
LYFRY=1979 72720 C

LWERR -Linht water nuclear electric- Eavironmental risk rate (Fraction/Yr) C

TARHL -Tabular relationship

LUERRT -~Lieht water nuclear electric- Fanvironmental risk rate tahle (Table)

TIMF -Actual time during simulation

STEP -Step-shaped exogenous input .

LWERY -Light water nuclear electric- Environmental risk rate initfiatfion year (Year) b
LWSCC.K=LWCCP .KALUSCH.K/LWCUFP ’ 72730 A
LWCUFP=.6 ' : 72740 C

Luscc -Licht water nuclear electric- Specific capital cost ($/(Btu/Yr))

Lweccee -Light vater nuclear electric- Capital cost of production plant ($/(Btu/Yr))

LVSCH -Lisht water nuclear electric- Sa2condary constraint multiplier (Dimensionless)

LWCUFP ~Light water nuclear electric-~ Capacity utilization factor for planning (Fraction)

LWSCH .K=TABHL(SFESCMT .LWGR K. .04. 20. 04) b 712750 A

LWSCM ~Linsht water nuclear electric- Sz2condary constraint multiplier (Dimensionless)
TABIL -Tabular relationship ) .
SESCMT -Steam eclectric~ Secondary constraint multiplier table (Table)
LWGR ~Linht water nuclear electric- Growth rate {(Fraction/Yr)
:‘ LWGP .K=(LYAGP. K/SMOOTH(LYAGR K SETGR)-1)/SETGR ' 72760 A
w LWGR -Lipht water nuclear electric- Growth rate (Fraction/Yr)
ﬁD LWAGR -Lirht wvater nuclear electric- Assets for growth rate ($) ,
SMOOTH -F{irst order informa:ion delay
SETGR -Steam electric- Time for prowth rate (Year) \
LWAGR K=MAX(SFPAMI LWPA K+LWPUC.K) 72770 A
LYWAGR -Lirht water nuclear electric- Assets for prowth rate  ($)
MAX ~-Function selecting che larger of two values
SEPAMI -~Steam electric- Physical assets of a mature industry ($)
LWPA -Lipht water nuclear electric- Physical assets ($)
LWPUC -Light water nuclear electric- Plants under construction ($) I

~ . : .
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BNINV.KL=SEINV.KA(RNAW K/SFAW.K) 72790 R
BHINV=0 R 72800 N

BN INY ~Brecder nuclear electric- Investment ($/Yr)

SFEIuvV -Steam clectric- Investment ($/Yr)

BNAW -Breeder nuclear electric- Allocation weight. {Dimensfonless)

SEAY -Stcam clectric- Allocation weight (Dimensionless)

BNAHW .K=(BNHCST.K*1F6) "SEWF*STEP (1 BNCY)*(1-STEP(1 BNMY)) © 72810 A
BNCY=2015 72820 C
BNHMY=2015 ) 72830 C

BNAYW -Breeder nuclear electric- Allocation weipht (Dimensionless)

BNMCST -Breeder nuclear electric- Marpginal cost ($/Btu)

SEWF . -Steam clectric- Weighting factor (DPimensionless)

STEP -Step-shaped exogenous input .

BuCY -Yreeder nuclear electric- Commercialization vear (Year)

BNMY -Breeder nuclear electric- Moratorium initiation year (Year) B .
BNMCST.KH(BNCCR+BNECR.K+BNEIDC-K)*BHSCC-K+BNOMC+BHFCST-K 72840 A
BNCCR=.109 : 72850 C

BNMCST -Breeder nuclear electric- Marginal cost ($/Btu)

BNCCR -Breeder nuclear electric- Capital charse rate (Fraction/Yr)

BNECR -Breeder nuclear electtic~ FExcess charge due to risk (Fraction/Yr)

BNEINC -Breeder nuclear electric- Fxcess charge due to interest under const. (Fraction/Yr)

' BNSCC -Rreeder nuclear electric- Specific capital cost ($/(Btu/Yr))

— BNOMC -Breeder nuclear electric- Operating and maintenance <0&M> cost {(3/Btu)

&: ANFCST -Breeder nuclear electric- Feedstock cost ($/Btu)

1
BRNECR.K=BNCCRR*(1-STEP(1,BHLGY))*MAX(0 (SEPAMI-BNPA.K)/SEPANI) 72860 A
BHCCRR=.122 ‘ . 72870 C
BNLGY=2200 ) . 72880 ¢

BYECR -Brecder nuclear electric- Excess charge due te risk (Fraction/Yr)

BNCCRR -Breeder nuclear electric- Capital charge due to risk (Fraction/Yr)

STEP -Step-shaped exogenous input

RNLGY -Breeder nuclear electric- Loan guarantee initiation year (Year)

MAX ~Function selecting the larper of two values

SEPAMI -Steam electric- Physical assets of a mature industry ($)

BMPA -Breeder nuclear electric- Physical assets ($)

BNEINC.K=RNCCRC*TABHL(SEEIDCT (TIME.K-NUCDCY)/NUCDCT 5 1 1) 72890 A
RNCCRC=.009 72900 C

BNEIDC -Breeder nuclear electric- Excess charge due tc interest under const. (Fraction/Yr)

BNCCRC -Breeder nuclear electric- Capital charge due to interest under const. (Fraction/Yr)

TARHL ~Tabular relationship

SEEIDCT -Steam electric- Excess interest during construction table (Table)

TIME -Actual time during simulation

NUCDCY ~Huclear utilities- Construction delay chanre year (Yecar)
NUCDCT -Nuclear utilities- Construction delay change implementation time (Year)
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BHSCC K=RNCCP*RNSCM.K/BNCUFP

BHCUFP= 6 .
BNSCC -Breedar nuclear electric- Specific capital cost ($/(Btu/Y=:))
BNCCP -Breeder nuclear electric- Capital cost of nroduction plant
BNSCHM -Rreeder nuclear electric- Secondary constraint multiplier

BNSCHM.K=TABHL(SFSCMT BNGCP K. 04..20..04)

RNGR

BNSCH ~Breecder nuclear electric- Secondary constraint multiplier
TARNL -Tabular relationship

SESCMT -Steam electric- Secondary constraint multiplier table (Tadle)

BHGR ~-Rreeder. nuclear electric- Growth rate (Fraction/Yr)

.K=(BNAGR.K/SMOOTH(BNAGR.K,SETGR)~1) /S TGR

ANGR ~-Breeder nuclear electric- frovth rate (Fraction/Yr)
BNAGR ~Breeder nuclear electric- Assets for growth rate (§)
SHOOTH -~-First order information delay

SETCR ~Steam electric- Time for prowth rate (Year)

BNAGR.K=MAX(SEPAMI BNPA.K+BNPUC.K)

NOTE

BNAGR -3reeder nuclear electric- Assets for growth rate ($)

MAX ° ~Function selecting the larger of two values )
SEPAMI -Steam electric~ Physical ass2ts of a mature industry ()
ANPA -Rreeder nuclear electric- Physical assets ($)

BHPUC -Breeder nuclear electric- Plants under construction ($)

($/(RtufYr))
(Dimensionless)

BNCUFP -Breeder nuclear electric- Capacity utilization factor for planning (Fraction)

(Dimensfionless)

72910
712920

72930

72940

72950
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OTINV.KL=SEINV K*(OTAW.K/SEAW.K)

OTINV=0 72980

OTINV -Ocean thermal electric- Investment ($/Yr)

SEINV -8team electric- Investment ($/Yr)

0TAW -0cean thermal electric- Allocation weight (Dimensionless)

SEAW -Steam clectric- Allocztion weipht (DPDimensionless) .
OTAW.K=a(OTMCST .K*1F6) “SEWF*STEP(1 OTCY) ’ L 72990 A
.0TCY=1980 : . 73000 C

OTAW ~Ocean thermal electric- Allocation weipght (Dimensionless) :

OTMCST -0Ncean thermal electric- Marginal cost (3/Btu)

SEUF -Steam electric- Weiphting factor (Dimensionless)

STEP -Step-shaped exopenous input :

OTCY -0cecan thermal electric- Commercialization year (Year) -

OTMCST -K=(OTCCR+0OTECR.K)*0OTSCC.K+0TOMC ’ ' 73010 A
OTCCR=.101 ) . 73020 C

OTMCST -Ocean thermal electric- Marginal cost (5/Btu)

OTCCR -Ocean thermal .electrie- Capital charpe rate (Fraction/Yr)

OTFECP ~0Ocean thermal electric- Fxcess charge due to risk (Fraction/Yr)

OTSCC ~-0cean thermal electrice>- Specific capital cost ($/(Btu/Yr))

0TOMC -0Ocean thermal electric- Operating and maintenance <0&M> cost ($/Beu)

OTECR.K= DTCCRR*(I STEP(1.0TLGY) )*MAZ(0 (SEPAMI-OTPA.X)/SEPAMI) ) 73030 A !
QTCCRR= 099 ) 73040 C
OTLCY=2200 73050 C

OTECR -0cean thermal electriz- Fxcess charpe due to risk (Fraction/Yr)

OTCCRR  -Ocean thermal electri:s~ Canital charpe due to risk (Fraction/Yr)

STEP -Step-shaped exogenous input

OTLGY -0Ocean thermal electriz- Loan puarantee initiattion year (Year)

HAX -Function selecting thz2 larrer of two values

SEPANI , -Steam electric- Physizal assets of a mature fndustry (§)
NTPA -0Ocean thermal electri'— Physical assets ($)
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OTSCC.K=0TCCP K*OTSCH.K/OTCUFP
OTCUFP=.6

OTSCC  -Ocean thermal electric- Specific capital cost ($/(Btu/Yr)) ‘
oTCCP ~0cean thermal electric- Capital cost of production plant ($/(Btu/Yr))
OTSCM -0cean thermal electric-~ Secondary constraint multiplier (Dimensionless)

OTCUFP - -Ocean thermal electric- Capacity utilization factor for planning (Fraction)

OTSCM.K=TABIL(SESCMT OTGR.K..04..20..04) .
OTSCH -0Ocean thermal electric- Secondary constraint multiplier (Dimensionless)

TABHL -Tabular relationship
SESCMT ~Steam electric~ Secondary constraint multiplier table (Table)
OTGR. -0cean thermal electric- CGCrowth rate (Fraction/Yr)

OTGR.K=(OTAGR.K/SHOOTH(OTAGR.K SETGR)-1)/SETGR ] . ’
0OTCR -0cean thermal electric- Growth rate (Fraction/Yr)
OTAGR -0cean thermal electric- Assets for growth rate ($)
SMOOTNH -First order information delay
SFETGR -Steam electric- Time for growth rate (Year)

OTAGR . K=MAX(SEPAMI 0TPA.K+OTPUC.K) X
OTAGR -Ocean thermal electric~ Assets for growth rate (§)

HAX -Function selecting the-larger of two values
SEPAMI -Steam electric- Physical assets of a mature industry ($)
OTPA ~0Ocean thermal electric~ Physical assets ($)
0TPUC -Ocean thermal electric- Plants under construction (§)
!

NOTE

~

Lot o . T

73060
73070

73080

73090

73100
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BMINV.KLaSEINV.KA(BAW.K/SFEAW K) - 73120 R
BHINV=0 73130 N
BMINV ~Riomass electric- Investment ($/Yr) '
SEINV -Steam electric- Investment ($/Yr) ' -
BMAV -Biomass electric- Allocation weipght (Dimensionless)
SEAVW ~Steam electric- Allocation wefrht (Dimensionless)
RMAW Kﬂ(hNHCST~K*lE6)“SEHF*STEP(l BMCY) E 73140 A |
BHMCY=19R0 : 73150 ¢
BRMAY -Binomass electric~ Allocation veight (Dimensionless) :
BMHCST -Niomass electric- Marpinal cost ($/Rtu)
SEWF -Steam electric- Weightine factor (Dimensiomless)
STEP -Step-shaped exogenous input
BHMCY - -Riomass electric- Commercialization year (Year)
BMMCST . K= (BMCCR+BMECR.K)*BMSCC . K+BMOMC+BHFCST.K . 73160 A
BMCCR=.100 73170 C
BMHCST ~-Riomass electric- Marginal cost (§/Btu)
BMCCR -Biomass electric- Capital charge rate (Fraction/Y1)
AMECR -Biomass electric~- Excess charge due to risk (Fraction/Yr)
BMSCC -Riomass electric- Specific capital cost ($/(Btu/Yr))
BHOMC -Biomass electrfic- Onarating and maintenance <0&M> cost ($/Btu)

BMFCST -Niomass electric- Feedstock cost ($/Btu)

:‘ BMECR.K=BMCCRR*(1-STEP(1.BMLGY) )*MAX(0D. (SEPAMI-BMPA.K) /SEPAMI) 731@0 A
Y BMCCRR=. 028 : 73190 ¢
o BMLGY=2200 ‘ 73200 C '
BHECR -Biomnss electric- Excess charpge due to risk (Fraction/Yr)
BMCCRR -Biomass electric- Capital charge due to risk (Fraction/Yr)
STEP -Step-shaped exogenous input )
BMLGY -Riomass electric- Loan guarantee initiation year (Year)
MAX ~-Function selecting the larger of two values

SEPAMI -~Steam electric- Physical assets of a mature industry ($)
RMPA -Biomass electric~ Physical assets ($)
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BHMSCC.K=BMCCP .K*RHSCM.X/BMCUFP

BMCUFP=.65
BMSCC ~-%1omass electric- Specific capital cost (5/(Btu/Yr))
BMCCP -Biomass electric- Capital cost of production plant ($/(Btu/Yre))
RMSCH -Niomass electric- Secoadary constraint multiplier (Dim:nsionless)
BMCUFP -Biomass electric~- Capaczity utilZzation factor for plann.ng (Traction)
BMSCH K=TABHL(SESCMT BUCR.X .04.,.20..04)
BMSCM -Biomass electric- Secondary constraint multiplier (Dimensionless)
TARHIL ~Tabular relationship
SESCHT ~Steam electric- Secondary constraint multiplier table (Table)
BMGR -Biomass electric- GCrow:h rate (Fraction/Yr)
BMGR .K= (BMAGR.K/SMOOTH(BMAGR.K.SETGR ~1)/SETGR
IMGR ~Niomass electric- Growth rate (Fraction/Yr)
BMACR -Biomass electric- Assets for ercwth rate ($)
SMOOTH ~First order informatiom delay
SETGR ~Steam electric- Time for growth race (Year)
RAMACR . KaMAX{SFEPAMI BMPA.K+BMPUC .K)
BMAGR ~Niomass electric- Assets for prowth rate ($)
MAX -Function selecting the. larser of two values
SEPAHI -Steam clectric~ Physicel assets of a mature industry (S)
BMPA ~Blomass electric- Physical assets (§)

NOTE

BMPUC -Biomass electric- Plants under construction (§)

73219
73220

73230

73240

73250
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STINV.KL=SFEINV.K*(STAW.K/SFEAW.K) - . 73270 R
STINV=0 . 73280 M

STINV ~Solar thermal- Investment (S/Yr)

SEINV -Steam electric~ Investment ($§/Yr)

STAW -Solar thermal~ Allocation weight (Dimensionless)

SEAU -Steam electric- Allocation weiaht (Nimensionless)
STAW . .K=(STMCST.K*1E6) "SEWF*STEP(1 STCY) ' 73290 A
STCY=1980 73300 C

STAW -Solar thermal- Allocation weight (Dimensionless)

STMCST -Solar thermal- Marginal cost ($/%tu)

SFUFP -Steam electrfc- Weighttogp factor (Dimensionlesas)

STEP -Step-shaped exopenous {nput

STCY -Solar thermal~ Commercidlization year (Year)
STMCST Ka(STCCR+STECR.K)*STSCC.K+STOMNC 73310 A
STCCR=.1D0 73320 C

STMCST -Solar thermal- Marpinal cost ($/%tw) -

STCCR ~Solar thermal- Capital charge rate (Fraction/Yr)

STECR ~Solar thermal- Excess charge due to risk (Fraction/Yr)

STSCC -Solar thermal- Specific capital cost ($/(Btu/Yr))

STOMC -Solar thermal- Operating and maintenance <0&M> cost ($/Btu)
STECR K=STCCRR*(1-STEP(1 STLGY) )*MAX (0. (SEPAMI-STPA.K) /SEPANI) 73330 A
STCCRR=.028 73340 C
STLCY=2200 ) 73350 C

STECR ~Solar thermal- Excess charge due to risk (Fraction/Yr)

STCCRR -Solar thermal- Capital charge due to risk (Fractfion/Yr) ’

STEP -Step~shaped exogenous input :

STLGY -Solar thermal- Loan guarantee initiation year (Year)

MAX ~Function selecting the larger of two values

SEPAMI ~Steam electric- Physical assets of a mature industry ($)
STPA ~Splar thermal- Physical assets ($)
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STSCC K=STCCP.K*STSCHM K/STCUFP

STCUFP=.5
STSCC -Solar thermal- Specific capital cost ($/(Btu/Yr))
STCCP -Solar thermal- Capital cost of production plant ($/(Btu/Yr))
STSCM. =-Solar thermal- Sccondary constraint multiplier (Dimensionless)

STCUFP -Solar thermal- Capacity utilization factor for planning (Fraction)

STSCM K=TABUL(SESCMT STGR.K .04, .20..04)

STSCM -Solar thermal- Secondary constraint multiplier (Dimensionless)’
TABRHL -Tabular relationship

SESCMT -Steam electric- Secondary constraint multiplier table (Table)
STGR -Solar thermal- Growth rate (Fraction/Yr)

STGR.K=(STAGR.K/SMOOTH(STAGR.K SETGR)-1)/SETGR

STGR -Solar thermal- Growth rate (Fraction/Yr)
STAGR ~Solar thermal- Ansets for growth rate (§)
SMOOT! ~First order information delay

SETGR -Steam electric- Time for growth rate (Year)}

STAGR .K=MAX(SEPAML STPA.K+STPUC.K)

STAGR -Solar thermal- Aasets for grovwth rate ($)
, MAX ~Function selecting the larger of two values
SEPAMI -Steam electric- Physical assets of a mature fandustry ($)
STPA -Solar thermal- Physical assets ($)
STPUC -Solar thermal- Plants under construction ($§)

73360
733707

73380

73390

73400
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WEINV.KL=SEINV .K*(WEAW K/SBAN.K)

WEINV=0 : 4
WEINV ~Uind electric- Investment ($/Yr) -
SEINV ~Steam electric- Investment ($/Yr)
WEAW ~ -Wind electric- Allocation weight (DPimensionless)
SEAW ~Steam electric- Allccation weight (Dimensionless)

HEAU-K-(UEMCST.K*IBﬁ)‘SEHﬁ*STEP(l.HECY)

WECY=1980
HUE AW -Wind electric- Allocation weight (Dimensionless)
WEMCST -Wind electric- Margtnal cost ($/Btu)
SEVF -Steam electric~ Weiphting factor (NDimensionless)
STEP -Step-shaped exogenouvs input
WECY. -Wind electric- Commercialization year (Year)

.NEMCST-K-(HECCR+UEECR.K)*HESCC.K+FEOMC

WECCR=.100

WEMCST -Wind electric- Margfinal cost ($/Btu)

‘WECCR -Wind electric- Cepital charge rate (Fraction/Yr)

HWEECR -Wind electric~ Excees charpe due to risk (Fraction/Yr)
WESCC -Wind electric- Specific capital cost ($/(Btu/Yr))

WEOMC -Wind electric- Opereting and maintenance <O0&M> cost ($/Btu)

WEECR.K=WECCRR* (1-STEP(1 WELGY))*MNAX(0 (SEPAHI-WEPA .K)/SEPAMI)
WECCRR=.028

WELCY=2200
VEECR -Uind electric- Fxcees charge due to risk (Fraction/Yr)
WECCRR -Wind electric- Capital charge due .to risk (Fraction/Yr)
STEP ~-Step-shaped exogenoiLs fnput
WELGY ~Wind electric- Loan guarantee initiation year (Year)
MAX ~Function selecting the larger of two values

SEPAMI -Steam electric- Physical assets of a mature industry ($)
WEPA -Wind electric- Physical assets ($) :

713420

73430

73440
73450

73460
73470

713480
73490
73500

o>

ao>»
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WESCC.K=WECCP.KAWESCM.K/WECUFP : 73510 A

WECUFP=.4 : 73520 C

WESCC  ~Hind electric- Specific capital cost ($/(Brtu/Yr))

WECCP ~Wind electric- Capital cost of production plant ($/(Btu/¥Yr))

WFESCM -Wind electric- Secondary constraint multiplier (Dimemnsicnless)
, WECUFP -Wind electric- Capacity utilization factor for planning (Fraction)
WESCM.R=TABHL(SFSCMT ,WEGR.K,.04,.20,.04) ' 73530 A
' WESCH -Uind electric- Secondary constraint multiplier (Dimensicnless)

TADBHL ~Tahular relationship

SESCMT ~Steam electric- Secondary constraint multiplier table (Table)

WEGR -Wind electric- Growth rate (Fraction/Yr)

WEGR.K» (WEAGR.K/SMOOTH(WEAGR.K,SETGR)~-1)/SETGR 73540 A
“WEGR -HWind electric- Growth rate (Fraction/Yr) R !
WEAGR -Wind electric~- Assets for growth rate (§)

SMOOTH -First order information delay *
SETGR -Steam electric- Time for growth rate (Year) *

WEAGR.K=MAX(SEPAMI ,WEPA.K+WEPUC.K) 73550 A

WEAGR -Wind electric- Agsets for growth rate ($)

MAX ~Function selecting the larger of two values

SEPAMI ~Steam electric- Physical assets of a mature industry ($)
WEPA -Wind electric~ Physical assetas (§)

WEPUC -Wind electric- Plants under construction (§)

NOTE

SEAW .K=ACAV . K+FBAVW.K4+DUAW.K+PVAW.K+LWAV . K+BRAW.K+CCAW . K+OTAW. K+BMAW.K4+STAN.K+WEAW.K 73570 A

SEWF=~10 ’ ~ 73590 C

SESCMT=1/1/1.5/1.5/1.5 . ' 73600 T

SEPAMI=60E9 A 73610 C

SEELIDCT=0/1 ’ , 73620 T

SETGR=2 73630 C
SEAW ~Steam electric— Allocation weight (Dimensionlesns)

ACAW -Ave. conventional coal electric— Allocation weight (Dimensionless)’

FRAY ~Fluidized bed coal electric~ Allocation weight (Dimensianless)

OUAW -011/gas uvtilities- Allocattion weight (Dimensionless)

PVAW -Photovoltaiec electric- Allocacion veight (Dimensionlessa) N
LWAW -Light water nuclear electric- Allocation weight (Dimensionless)

BNAW ~Breeder nuclear electric- Allocation welght (Dimensifonless)

CCAV -Combined cycle coal electric- Allocation weipht (Dimensionless)

OTAW -Occan thermal electric- Allocation weight (Dimensionlesa) : .
BMAVW -Biomass electric- Allocation weight (Dimensionless)

STAW -Solar thermal- Allocation weight (Dimensionless)

WEAW -Uind electric- Allocation weight (Dimensionless)

SFEUF -Stcam electric- Wetghting factor (Dimensionless)

SESCMT -Steam electric- Secondary constraint multiplier table (Table)
SEPAMI -Steam electric- Physical assets of a mature industry (§)

SEEIDCT -Steam elcctric- Excess interest during construction table (Table)
SETGR -Steam electric- Time for pgrowth rate (Year)
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NOTF

NOTE RRRRRARAKANARRARRANRARAANRRRARARARRR A&
NOTE .

NOTE Transmission and Distribution Subsect
NOTE

NOTFE, AARRRRRRAARRRRRAARARRRRNAARARAKRARAKAR

NOTE

TNCC.K=TARHL(TDCCT TIME.K.1950.2030.10)*1F-6
TNCCT=5/5/5/10/10/10/10/10/10
TDOMC=. SOF-6

™Ce -Transmission and distribution~
TABHL -Tabular relationship

TDCCT ~Transmisstian and distribution-
TINE -Actual time during sinulation
TDOMC -Transmissf{on and distribution-

TNCST.K=TDOMC*TEDE*SEPR K
TDCST -Transmission and distribution-
THhOMC -Transmission and distribution-
TEDE -Total electric- Distributional
SEPR -Steam electric- Production rate

NOTE

ititﬁk***i****t‘**th*ﬁt

or

RARKANRAARARARARRRANA A A

Capital <cost ($/(Btu/Yr))

Capital cost table (Table)
Operating and maintenance <0&M> cost
Cost ($/Yr)

Operating and mafntenance <0&M> cost

efficiency (Fraction)
(Btu/Yr)

($/Btu)

($/Btu)

~

73710 A
73120 T
737130 C

73740 A
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NOTE
NOTE
NOTE
NOTE
NOTF
NOTE
NOTE
NOTE

NCPA
NCPA=
NCPAI

.
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Coal Utilities Without Emissicns Controcl Subsector

RARRNARNRRARNRRARAARRRR AN RRARRAARKRAARANARRNRARRRAKARARARKRARRARARN AR AR

K=NCPA.J+(DT) (NCFCR.JK~-NCPAR.JK+CCCVR JK)

NCPAI ) ,
«23.2E9

NCPA ~-Non-Emission controlled coal- Physical assets (§)

DT ‘' ~Time {increment between calculations

NCFCR -Non-Emission controlled coal- Facility completion rate ($/Yr)
NCPAR ~Non-FEmission controlled coal- Physical asset retirements ($/Yr)
OCCVR" -0il/pas-to~coal fired electric- Conversion rate ($/Yr)

NCPAI -Non-Fmission controlled coal- Physical assets initial ($)

NCPAR .KL=NCPA.KANCARF

NCARF=.011 .
NCPAR -Non-Emission controlldd coal- Physical asset retirements ($/Yr)
NCPA ~Non-Emnission controlled coal- Physical assets ($)
NCARF -Hon-Emission controlled coal- Asset retirement factor (Fraction/Yr)

NCFCR KL=DELAY3P(NCIKNV.JK,NCFCT.K.BRCPUC.K)

NCFCR ~Non-Emission controlled coal- Facility completion rate (5/Yr)
DELAY3P -Third order pipeline material delay

NCINV -Non-Emission controlled coal- Investment ($/Yr)

NCFCT ~Non-Emission controlled coal- Facility construction time (Year)

NCPUC ~-Non-emission controlled coal- Plants under construction (3)

NCFCT .K=TABHL(NCFCTT.(TIME . K-NCCDCY)/NCCDCT.0.1.1)
NCFCTT=5/10
NCCDCT=10

NCCDC

NOTE

NCPR.

NCPC.

Y=2200

MCFCT -Non-Emission controlled coal- Facility construction time (Year)

TABIIL -Tabular relationship .

NCFCTT -Non-Pmission contrplled coal- Facility construction time rable (Table)
TIME -Actual time during simulation

NCCDCY -Non-Emission contrpnlled coal- Construction delay change year (Year)
NCCDCT -Non-Fmission controplled coal- Construction delay change implementation time
K=SECUF KANCPC . -KADCPDR K 4

NCPR -Non-Emission countrpnlled coal- Production rate (Btu/Yr)

SECUF -Steam clectric~ Capacity utilization factor (Fraction)

NCPC -Non-Emission contrplled coal- Production capacity (Ntu/Yr)

DCPDR -NDomestic coal- Production demand ratio (Dimensionless)
K=NCPA.K/NCACC .X

NCPC -Non-Emission controlled coal~ Production capacity (Btu/Yr)
NCPA -Mon-FEmission controlled coal- Physical assets ($5)
NCACC -Non-Emission conttalled coal- Average capital caest ($/(B:u/Vr))

(Year)

© 73870

73840
73850
73860

oz

a =

73880

73890 R

73900
73910
73920
73930

OO - >

73950 A

73960 A




NCACC.K=SHOOTH(NCCC.K,SEATPA) . 73970 A
NCCC=NCACCY ’ 73980 N
NCACCI=25E-6. : 73990 C

NCACC -Non-Emission controlled coal- Average capital cost ($/(Btu/¥Yr))

SMOOTH ~First order information delay '

NCCC -Non-Emission controlled coal- Capital cost ($/(Btu/Yr))

SEATPA -Steam electric- Averaging time for physical assets (Year) -

NCACCI -Non-Emission controlled coal- Average capital cost initial ($/(Btu/Yr))

NCCC.K=TPCC.K4+NCCCP.K . 74000 A

Ncee -Non-Emission controlled coal- Capital cost ($/(Btu/Yr))

TDCC -Transmission and distribution- Capital cost ($/(Btu/Yr))

NCCCP -Hon-Fmission controlled .coal- Capital cost of production plant ($/(Btu/Yr))

- NCCCP.K=TABHL(NCCCT ,TIME.K,1950,2030,10)*1E-6 74010 A
NCCCT=16/10/6/11/16/16/16/16/16 764020 T
nccecee ~Non-Emission controlled coal- Capital cost of production plant ($/(Btu/Yr))

TABHL -Tabular relattonship . .

NCCCT -Non-Emission controlled coal- Capital cost table (Table)

T1ME -Actual time during simulation ' -
NCCST.K-NCPR.K*(NCOHC+NC?CST-K) ’ ’ 74030 A

), NCOMC=.78E-6 ‘ 74040 C
~ NCCST -Non-Fmission controlled coal- Cost ($/Yr)
%’ NCPR -Non-Fmission controlled coal- Production rate (Btu/Yr)

NCOMC -Non-Fmission controlled coal- Operating and maintenance <O0&M> cost ($/Btu)

NCFCST -Non-Emission controlled coal- Feedstock cost ($/Btu)

NCFCST.K=(DPCP.K-CFFCF)/NCCE.K 74050 A

NCFCST -Non-Emission controlled coal- Feedstock cost ($/Btu)

DCP ~Domestic coal- Price ($/Btu)

CEFCF ~Centralized energy- Fuel cost factor ($/Btu)

NCCE ~-Non-Emission controlled coal- Conversion efficiency (Dimensionless)

NCDC .K=NCPC.K*SECUF.K/NCCE.K 74060 A

NCDC -Non-FEmission controlled coal- Demand for coasl (Btu/Yr)

NCPC -Non-Fmission controlled coal- Production capacity (Btu/Yr)

SECUF -Stcam electric- Capacity utilization factor (Fraction)

NCCE -Non~Emission controlled coal- Conversion efficiency (Dimensionless)
NCCE.K=TABUL{(NCCET,TIME.X,i1950,2030,10) ’ 74070 A
NCCET=.24/.31/.32/.32/.32/.32/.32/.32/.32 . ’ 74080 T

NCCE -Non-Fmission controlled coal- Conversion efficiency (Dimensionless)

TARHL  -Tahular relationship :

NCCET ~Non-Emission controlled coal- Conversion efficiency table (Table)

TIME ~Actual time during simulation ,

NOTF . .

CEFCF=.31E~-6 . 74100 C

SFATPA=13 ' ) 74110 C
CEFCF -Centralized enerpy- Fuel cost factor ($/Btu)

SEATPA -Steam electric- Averaping time for physical assets (Year)

NOTE
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NOTE :
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NOTF
NOTE Coal Utfilities With Emissions Control Subsector
NOTE
NOTE ARAAARRARARRARRARRRRARRARFIRAARAAARRARARARARAARRARRRRARRRANANRARRR S
NOTE
NOTE -
ECPA .XK=ECPA J+(DT)(FCFCR.JK-ECPAR.JK) ’ 74210°L
ECPA=0 74220 N
F.CPA ~Emission controlled coal- Physizal assets ($) ’ :
nT -Time inérement between cslculations
ECFCR ~Emission controlled coal- Facillty completion rate ($/Yr)
ECPAR -Emission controlled coal- Physical asset retirements ($/Yr) ’
ECPAR .-KL=ECPA.K*ECARF 74230 R
ECARF=.011 - ’ 714240 C
ECPAR ~FEmigsion controlled coal-~ Physical amset retirements ($/Yr)
ECPA ~-Emission controlled coal- Physical assets ($)
ECARF -Emission controlled coal- Asset retirement factor (Fracticn/Yr)
ECFCR.KL-“ELAYJP(ECINV-JK.ECFCT-K.Ed?UC-K) 4 74250 R
ECFCR -Emission controlled coal~ Facility completion rate ($/Yr)
DELAY3IP -Third order pipeline material delay
ECINV ~Ffmission controlled coal- Investment ($/Yr)
ECFCT -Emission controlled coml- Facility construction time (Year)
ECPUC ~-Fmiesion controlled coal- Plants under construction ($)
ECFCT.K=TABHL(ECFCTT. (TIME K-ECCDZY)/ECCDCT.0.1.1) : : 74260 A
ECFCTT=5/10 74270 T
ECCDCT=10 74280 C
ECCDCY=2200 74290 C
ECFCT -Fmission controlled coal- Facility construction time (Year)
TABNL -Tahular relationshi>
FECFCTT -Emission controlled coal- Facility construction time table (Table) -
TIME -Actual time during simulation
ECCDCY -Emission controlled coal- Construction delay change year (Year)
ECCNCT -Emission controlled coal- Construction delay change implementation time (Year)
NOTE
ECPR.K=SECUF .K*ECPC.KADCPDR K 74310 A
ECPR ~Emission comntrolled coaml- Production rate (Btu/Yr)- ’
SECUF -Steam electric~ Capacity utilizatfon factor (Fraction)
ECPC -Emission controlled coal- Production capacity (Btu/Yr)
DCPDR ~Domestic coal- Production demand ratlo (Dimensionless)
.
ECPC.K=ECPA.K/FCACC.K 74320 A
ECPC -Fmission controlled cosal- Production capactity (BtufYr) .
ECPA ~Emission controlled coal- Physical assets ($§)

ECACC -Emiasion controlled coal- Average capital cost ($/(Btu/Yr))
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JCACC.K=SMOOTH(ECCC.K,SEATPA)

FCACC ~Fmission controlled coel~ Average capital cost ($/(Btu/Yr))

SMOOTH <-First order informatior delay

FCCC -Emission controlled coel- Capital cost ($/(Rtu/Yr)) g
SFATPA -Steam electric- Averaging time for physical assets (Year)

ECCC.K=TDCC.K+ECCCP.K

S

rcce -Emiseston controlled cosl- Capital cost ($/(Btu/Yr))
TnCC -Transmission and distribution- Capital cost ($/(Reu/Yr))
ECCCP -Fmissfon controlled cozl- Capital cost of production plant ($/(Btu/Yr))

ECCCP.K=TARHL(ECCCT,TIME.K,1950,2030,10)*1E-6
ECCCT=19/13/9/15/20/20/20/20/20

ECCCP ~-Emission controlled cosl- Capital cost of production plant ($/(Btu/Yr))
TABHL  -Tabular relationship’ ,

FCCCT -~Emission controlled coel- Capital cost ‘talle (Table)

TIME -Actual time durinpg simulation

EGCST .F=FCPR.K* (FCOMC+ECFCST.K)
FECOMC=.97E~6

FCCST -Emission controlled coal- Cost ($/Yr)
ECPR -Emission controlled coel~ Production rate (Btu/Yr)
ECONC -Emission controlled cocal- Operatiny and msintenance <O0&M> cost ($/Btu)

ECFCST -Emissfon controlled cosl- Feedstock cost ($/Btu)

ECFCST.K=(NDCP.K-CEFCF)/ECCE.K

FCFCST -Emission controlled coal- Fecedstock cost ($/Btu)

pCcP ~-Domestic coal- Price ($/Btu) .
CEFCF ~Centralized energy~ Fuel cost factor ($/Ptu)
ECCF. ~-Fmission controlled coal- Conversion efficiency (Dimensionless)

ECDC.K=FCPC.K*SECUF.K/ECCE.K

-E€DC ~-Eminnsion controlled coal- Demand for coal (Btu/Yr)

ECPC -Enission controlled coal~ Production capacity (Rtu/Yr)

SECUF -Steam electric- Capacity utilization factcr (Frection)

FCCE -Emiasasion controlled coal- Conversion effictency (Dimensionless)

FCCE.K=TABHL(ECCET,TIME.XK,1950,2030,10)
ECCET=.18/.28/.30/.30/.32/.32/.32/.32/.32

F.CCE ~Emiseion controlled coal- Conversion effictency (Dimensionless)
TARWL ~Tabular relationship

ECCET ~Emission controlled coal- Conversion efficiency table (Tahle)
TIME -Actual time during simulation

NOTE

. J

74340

74350

74360

74370
74380

74390

74400

74410
74420




_997‘[..

NOTE

NOTE RRRRRARRARRARARARRRAARRRRANRRRRRARRARRARARRAARAARRAAAARRRARRRARANA
NOTE
NOTF Coal Utilities With Fluidized Bed Combustion Subsector
NOTE . ’
NOTE KARRARRRRRARARARRRRARARARARRARRARAARRARANARARNRRAARRAARARRRRARARAAN
NOTE
NOTE
FAPA K=FBPA.J+(DT)(FBFCR.JK-PBPAR.JK)
FBPA=0
FBPA ~Fluidized bed coal electric- Physical assets (§)
DT -Time increment between calculations.
FBFCR -Fluidized bed coal electric- Facility completion rate ($/Yr)

FBPAR ~Fluidized bed coal electric- Physicnl asset retirements ($/Yr)

FBPAR KL=FRPA.KAFBARF

"FBARF=.011

FRPAR -Fluidized bed coal electric- Phyalcal asset retirements ($/¥r}
FBPA ~Fluidized bed coal electric- Phyasical assets ($)
FBARF -Fluidized bed coal electric- Asset retirement factor (Fraction/Yr)

FRFCR.KL=DELAYJP(FRINV.JK,FBFCT FBPUC .K)

FBFCT=5 .

FBFCR ~Fluidized bed coal electric- TFacility completion rate ($/Yr)
DELAY3P ~Third order pipeline material delay

FBINV ~-Fluidized bed coal electric- Investment ($/Yr)

FBFCT -Fluidized bed coal electric- Facility construction time (Year)
FBPUC ~-Fluidized bed coal electric- Plants under construction ($)

NOTE

14520
74530

74540
74550

74560

14570
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FBPP.K=SECUF.K*FRPC.K*DCPDPR.K.

FBPR -Fluidized hed coal electric- Production rate (Btu
SECUF -Steam electric~ Capacity utilization facter (Frac
FBPC -Fluidized bed coal electric- Production capacity -

DCPDR ~-Donestic coal- Production demand ratfio (Dimension

FBPC.K=FRBPA.K/FBACC.K o
FRPC -Fluidized bed coal electric- Production capacity

(Btu/Yr)

FIPA ~Fluidized bed coal electric~ Physical assets ($)

FRACC -Fluidized hed coal electric- Average capital cost ($/(Btu/Yr))
FBACC.XK=SMOOTH(FRCC.K,SFATPA)

FBACC -Fluidized bed coal electric- Average capital cost ($/(Btu/Yr))

SMOOTH <-First order information delay

FBCC ~Fluidized bed coal electric- Capital cost ($/(Btu/Yr))

SEATPA -Steam electric- Averaging time for physical assets (Year)
FBCC.K=TDCC.K+FBCCP
FRCCP=20.0FE-6 A

FRCC ~Fluidized bed coal electric- Capital cost ($/(Btu/Yr))

TnCC -Transmission and distributtion- Capital cost ($/(Btu/Yr))

FRCCP -Fluidized bed coal electric- Capital cost of production plant ($/(Btu/Yr))
FBCST.K«FRPR.K* (FBOMC+FBFCST.K)
FROMC=1.55E-6 . . \

FRCST -Fluidized bed coal electric- Cost ($/Yr) -

FBPR -Fluidized bed coal electric- Production rate (Btu/Yr) .

FROMC ~-Fluidized bed coal electric- Operating and maintenance <O0&M> cost ($/Btu)

N

/¥r)
tion)
(Btu/Yr)
less)

FBFCST -Flu}dized bed coal electric- Fecedstock cost (5/Btu)

FRFCST.K=(DCP.K~-CFFCF)/FRCE

FRFCST -Fluidized hed cocal electric- Feedstock cost ($/Btu)

pce -Domestic coal- Price ({$/Btu)

CEFCF -Centralized enerpgy~ Fuel cost factor ($/Btu)

FBCE ~Fluidized bed coal electric- Conversion.efficiency (Dimensionless)
FBDC.K=FBPC.K*SECUF.K/FRCE
FBCE=.34

FRDC ~Fluidized bed coal electric- Demand for coal (Btu/Yr)

FBPC ~Fluidized bed coal electric- Production capacity (Btu/Yr)

SECUF -Steam electric~ Capacity utilization facter (Fraction)

FBCE ~Fluidized bed coal electric~ Conversion efficiency (Dimensionless)

NOTE

—

I
74590

714600

74610

74620
74630

74640

74650

74660

74670
74680
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NOTE
NOTE
NOTE
ROTE
NOTE
NOTE
NOTE
MOTE

CCPA.
CCPA~
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Coal Utilities With Combined Cycle Ccmbustion Subsector
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K=CCPA J+(NT)(CCFCR.JK~-CCPAR.JK)

0

CCPA -Comhined cycle coal electric- Fhysical assets (§)

nT -Time increment between calculatloas

CCFCR ~Combined cycle coal electric- Facllity completion rate ($/Yr)
CCPAR -Conmbined cycle coal electric~ Fhysical asset retirements ($/¥r)

CCPAR.KL=CCPA K*CCARF

CCARF=.011
CCPAR -Combined cycle coal electric-
CCPA -Combined cycle coal electric-
CCARF -Combined cycle coal electric-
CCFCR.KL=DELAY3P(CCINV.JK.CCFCT CCPiC~K)
CCFCT=5
CCFCR -Combined cycle coal eliectric-
DELAYJP -Third order pipeline material
CCINV -Combined cycle coal electric-
CCFCT -Combined cycle coal electric-
CcrPUC -Combined cycle coal eiectric-

NOTE

Fhysical asset retirements ($/Yr)
Fhysical assets (§)
Asset retirement factor (Fraction/Yr)

Facility completion rate ($/Yr)
delay

Investment (§/Yr)

Facility construction time (Year)
Plants under construction (5)

74780
74790

74800
74810

74820
74830
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CPR.K=SECUF.K*CCPC.K*DCPDR.K 74850 A

CCPR -Combined cycle coal electric~ Production rate (Btu/Yr) :

SECUF ~Steam electric- Capacity utilization factor (Fraction)

CCPC -Combined cycle coal electric~ Production capacity (Btu/Yr)

DCPNR -Domestic coal- Production demand ratio (Dimensionless)

CCPC.K=CCPA.K/CCACC.K 74860 A

CcCPC ~Combined cycle coal electric- Production capacity (Btu/Yr)

CCPA ~Combined cycle coal electric- Physical assets ($) .

CCACC ~Combined cycle coal electric- Average capital cost ($/(Btu/Yr))

CCACC.K=SMOOTH(CCCC.K,SEATPA) 74870 A

CCACC -Combined cycle coal electrlc- Averape capital cost ($/(Btu/Yr))

SHOOTH -~-First order information delay

ccce ~Combined cycle coal electric- Capital cost ($/(Btu/Yr))

SEATPA ~Steam electric- Averaging time for physical assets (Year)

*CCCC.XK=TNCC.K+CCCCP 74880 A
CCCCP=17.6E~-6 - 74890 C
ccce ~-Combined cycle coal electric- Capital cost ($/(Btu/Yr))

T0CC -Transmission and distribution- Capital comt ($/(Btu/Yr))

ccccp -Combined cycle coal electric- Capital cost of production plant ($/(Btu/¥r))

CCCST .K=CCPR.K* (CCOMC+CCFCST.X) . 74900 A
CCOMC=.87FE-6 : 74910 C

CCCST -Combined cycle coal electric- Cost ($/Yr)

CCPR -Combined cycle coal electric- Production rate (Btu/Yr)

cCCoOMC ~Combined cycle coal electric~ Operating and maintenance <0&8M> cost ($/Btu)

CCFCST ~Combined cycle coal electric- Feedstock cost ($/Btu)

CCFCST.K=(DCP.X-CEFCF)/CCCE 76920 A

CCFCST -Combined cycle coal electric- Feedstock cost ($/Btu)

nce -Domestic coal- Price (3/Btu)

CEFCP -Centralized energy- Fuel cost factor ($/Brtu)

CCCE ~Combined cycle coal eleztric- Conversion efficiency (Dimensionless)
CCDC.K=CCPC.K*SECUF.K/CCCE : : 74930 A
CCCE=.4 74940 C

cence ~Combined cycle coal electric- Demand for coal (Btu/Yr)

ccrPC -Conbined cycle coal electric- Production capacity (Btu/Yr)

SECUF -Steam electric- Capacit» utilization factor (Fraction)

CCCE «Combined cycle coal electric~ Conversion efficiency (Dlmeneionless)

NOTE
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NOTE

NQTE Akhk ki
NOTF

NOTF 014l a
NOTE

NOTFE ARkhh
NOTE ©

NOTE

OUPA K=0QUPA.J
OUPA=OUPAIL
OUPAI=11.3E9
OUPA
DT
OUFCR
OUPAR
O0CCVR
OUPAI

OUPAR.KL=0UPA

OUARF=.011
OUPAR
OUPA
NUARF

OUFCR .KLaDELA
OIFCTa$
OUFCR
DELAY 3P
OUINV
OUFCT
ouPUC

OCCVR ¥L=CLIP
OCCVR -
CLIP
OCCIR
TIME
0occyYcC
0CCYI

0CCIR K=0CGC7
0CGC77=.46E1S5
0CCY1I=1980
0CCYC=1985
0CCIR
0CcGel7
oucce
occyc
oCccY 1T

HOTFE

**k*t*t****t*tti***tl******ti**ﬁi**ﬁ*******iiﬁ*t**ti****i*tﬁ

nd Gas Utilities Subsector

KRRANRRRRARARRNRARRKRRRIRRRKRRAARERRRARANARAARAARARARAKRARARRARAA AR

+(DT) (OUFCR.JK=-OUPAF.IK-OCCVR.JK)

-0il/gas utilitiea~ Physical assets (§)

-Time increment between calculatious

-0i{1/pas utilities~ Facility completion rate ($/Yr)
-011/gas uvtilities~ Physical asset retirements ($/Yr)
-0il/gas-to-coal fired electric- Conversion rate ($/Yr)
-011/pgas utilities~ Physical assets initial (§)

K*OUARF

-011/pas utilities~ Physical asset retirements ($/Yr)
-011/pas utilities- Phesical assets (§)
-011/gas utilities~ Assct retirement factor (Fraction/Yr)

Y3IP(OUINV.JK.OUFCT CUPBC.K)

-01l1/gas utilities- Facility compl=2tion rate (§$/Y¥Yr)
-Third order pipelime material celay

~-011/gas utilities~ Investment (5/¥r)

-011/pas utilities- Facility construction time (Year)
-011/gas utilities- Plants umder corstruction (9§)

(CLIP(0 OCCIR-.K.TIME.K OCCYC).O.TIME K,OCCYI)

~011/pgas-to-coal fired electric- Conversion rate (§/Yr)

-Function switched during the rua

-0{1/qas-to-coal fired electric- Conversion rate indicated (3/Yr)

=Actual time during simulation

-01l/gas-to-coal fi-ed electric- Conversion year completed (Tear)
-0il/gas-to~-coal fi-ed electric- Comversion year inftial (Year)

7*#0UCC.K/ (0CCYC~-0CCTTY)

-0tl/gas-tn-coal fired electric- Conversion rate indicated (5/Yr)
-0il/pas-to-coal ftred electric- Generating capacity in 19i7 (Btu/Yr)
-011/gas utilities- Capital cost ($/(Btu/Yr))

-0il1/pas-to-coal ffired electric- Conversion year conmpleted (Year)
-0il/pas~-to-coal fired electric- Coaverslion year initial . (Year)

75040
75050
75060

75070
75080

75090
75100

75110

75120

75130
75140
75150

o=
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JUPR.K=SECUF .K*0UPC.¥*0UPDR.K 75170 A
0UPR -011/ga8 utilicies- Production rate (Btu/Yr) :

SECUF -Steam electric- Capacity utilization factor (Fraction)

ourc ~011/gas utilities~ Production capacity (Btu/Yr)

OUPDR ~01l/gas utilities- Production demand ratio (Dimensionless)

OUPC.K=QUPA.K/OUACC.K*OUCMP.XK 75180 A
ourc -011/gas utilities~ Production capacity (Btu/Yr)

OUPA -0t)/pas utilities~ Physical asscts ($)

OUACC -011/gpas utilities~ Averape capital cost ($/(Btu/Yr))

oucHp -011/pns utilities- Capacity multiplier from peaking (Fraction)

OUACC.K=SMOOTH(OUCC.K,SEATPA) . 75190 A
" 0UCC=0UACCT . 75200 N
OVACCI=23E~6 ' 75210 €

OUACC -011/gas utilicties- Average capital cost ($/(Btu/Yr))

SMOOTH ~First order information delay

oucc ~011/gas utilities- Capital cost ($/(Btu/Yr))

SFEATPA -Steam electric~ Averaging time for physical assets (Year)

OUACCYI <-0Ofl/pas utilities~ Averape capital cost initial ($/(Btu/Yr))
OUCMP.K=TABHML(OUCMPT,TIME.K,1970,2020,5) 75220 A
OUCMPT=1/.9/.85/.80/.65/.6/.6/.6/.6/.6/.6 715230 T

OUCMP ~011/pas utilities- Capacity multiplier from peaking (Fraction)

TABHL -Tabular relationship

OUCMPT -01l1/gas utilities- Capacity multiplier from peaking table (Table)

TIME -Actual time during eimulation
OQUCC.K=TDCC .K+0UCCP.K : 75240 A

oucc -011/gas utilities- Capital cost ($/(Btu/Yr)) ’

TDCC ~-Transmission and distrtbution- Capital cost ($/(Btu/Yr))

ouccre -011/gas utilitiea- Capital cost of production plamt ($/(Btu/Yr))

OUCCP .K=TARHL(OUCCT,TIME.K,2950,2030,10)*1E-6 75250 A
OUCCT=15/10/7/10/11/12/12/12/12 75260 T
oucce ~011/gas utilities- Capital cost of production plant ($/(Btu/Yr))

.TARHL -Tabular relationship .

ovcCC T -011/pas utiliciea- Capital cost table (Table)

TIME ~Actual time during simulation
OUCST.K=0OUPR.K* (OUOMC+OUFCST.K) ) 75270 A
OUOMC=.65E-6 75280 C

QUCST -0il/gas utilities- Cost ($/¥r)

OUPR -011/pas utilities- Production rate (Btu/Yr)

oUoOMC ~011/pas utilities~ Operating and maintenance <0&M> cost ($/Btu)

OUFCST -01l1/gas utilities- Feedstock cost ($/Btu)

OUFCST.K»CEFCST.K*OUFNC.K+0EFCST.R*(1-0UFDG.K) 75290 A

OUFCST -0il/gas utilities- Feedstock cost ($/Btu)

GEFCST -Gns electric~ Feedstock cost ($/Btu)

OUFDG -01{)/gas utilicties- Fraction demanded as gas (Fraction)
OEFCST -01] electric- Feedstock cost ($/Btu)
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0UDOG .K=SECUF .K*OUPC.K/OUCE.K

oUDboG ~0i1/cas utilities- Demand for oil and gas (Btu/Yr)
SFECUF -Steam clectric- Capacity utilization factor (Fraction)
OUPC -0i1/pas utilities- Production canacity (Btu/Yr)
OUCE -011/gas utilities- Conversion efficiency (Dimensionless)
NOTE
QUDG .K=0UNOG .KXQUFDG. K
ounc -011/gas utilities- Demand for gas (Btu/Yr)
ounoG -011/gas uvtilities~ Demand for oil and pas {(Btu/Yr)
OUFDG -011/gas utilities~ Fraction demanded as gas (Fraction)
OUDO .K=0UDOG .K~0UDG.K .
ouno -0il/cas utilittes~ Demand for oil (Reu/Yr)
ounoG -0i{1/gas utilities—- Demand for oil and ras (Btu/Yr)
0ouUDG -011/gas utilfties- Demand for pas (Btu/Yr)

OUFDG K=TABHL(OUFDGT TIME.K 1950.2000.5)#*1EF-2
OUFNGT=50/70/76/76/66/49/40/33/29/2h/22

OUFDGC ~0fl/gas utilitiea- Fracticn d2manded as gas (Fraction)

TARHL -Tabular relationship

OUFDGT -01il/gas utilities- Fraction demanded as gas table (Table)

TIME -Actual time durirg simulavion

GEFCST -K=(TGP.K-GEFCF)/OUCE.K
GEFCF=.60E-6
GEFCST -Gas electric- Feedstock cost (§/Btu)

TGP -Total gas- Price ($/Btu)
GEFCF -Gas electric- Fuel cost factor ($/Btu)
OUCE -0il/eas uvtilities- Converaion efficiency

OEFCST.K=(TOP.K-OEFCF)/OUCE X
OLFCF=1.82F-6 '
OEFCST =-011 electric- Feedstock cost (§/Btu)

(Dimensionless:

TOP ~Total ail- Price (5/Btu)

OEFCF -04] electric- Fuel cost factor {§/Btu)

OUCE -011/¢as utilities- Conversion efficiency (NDimenslionless)
OUCE.K=TABHL(NCCET .TIME .K 1950 2030.10)

OUCE -011/gas utilities~ Conversion efficiency (Dimensionless)

.TABRL -Tabular relationship

NCCET -Non-Emfission con:zrolled cnal- Conversion efficiency tablz (Table)

TIME ~-Actual time duriag simulation ~ ’
OUPDR .XK=TCPCR.K*OUFDGC.K+TOPDR.CA(1-OUFN3.X)

OUPDR -0il/raa utilities- Production demand ratio (Dimensionless)

TGPCR -Total cas-~ Produztion-consumption ratio (Dimensionless)

OUFDGC -011/saa utilities- Fraction cemanded as pas (Fraction)

TOPDR -Total o0il- Produ-tion demand ratfio (Dimensionless)
NOTE

75300

75320

75330

75340
75350

75360
753170

75380
75390

75400

75410
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NOTE
NOTE
NOTE Photovoltaic Utilities Subsector
NOTE
NOTE ARRRAAKRARARR R AR AARRANARRARA AR ARRRRAARKAARRARARNRRAARRARARAARARAA AR
NOTE -
NOTE
PVPA K=PVPA J+(DT)(PVFCR.JK-PVPAR.JK)
PVPA=0 _
° PVPA -Photovoltaic electric~ Physical assets (§)
T ~-Time increment between calculations
PVFCR -Photovoltaic electric- Facility completion rate ($/Yr)
PVPAR ~Photovoltalc electric- Physical asset retirements ($/¥r)

PVPAR.KL=PVPA.K*PVARF
PVARF=.011

PVPAR -Photovoltale electric- Physical asset retirements ($/Yr) ' .,
PVPA -Photovoltaic electric- Physical assets (§)
PVARF -Photovoltaic electric- Asset retirement factor (Fraction/Yr)

PVFCR.KL=DELAY3P (PVINV.JK PVFCT PVPUC.K)
PVFCT=5

NOTE

PVFCR ~Photovoltaic electric- Facility completion rate ($/Yr)
DELAY3P -Third order pipeline material delay .

PVINV -Photovoltaic electric- Investment (§/Yr)
PVFCT -Photovoltaic electric~- Facility construction time (Year)
PYPUC = -Photovoltaic Electric~ Plants under construction (§)

75500
75510

75520
75530

15540
75550

2
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PVPR.K=SECUF.K*PVPC.K

PVPR ~Photovoltaic electric- Production rate (Btu/Yr)

SECUF -Steam electric- Capactity utilizartion factor (Fraction)

PVPC ~-Photovoltaic electric- Production capacity (Btu/Yr)
PVPC.KoPVPA.V /PVACC. K

PVPC -Photovoltaic elcctriz~ Production capacity (Beu/Yr)

PVPA -Photovoltaic electric- Physical assets ($)

PVACC -Photovoltaic electriz- Average capital cost ($/(Btu/Yr))
PVACC.V=SHOOTH(PVCC.K,SEATPA) s

PVACC -Photovoltatc electric~ Averape capital cost ($/(Btu/Yr))

SMOOTH ~-First order information delay :

PVCC ~Photovoltaic electric- Capltal cost ($/(Btu/Yr))

SEATPA ~Steam electric- Averapging time for physical assete (Year)

PVCC.K=TDLC.K4+PVCCP.K

PvVCC ~Photovoltaic electric- Capital cost ($/(Btu/Yr))

ThCC ~-Transmission and distribution- Capital cost ($/(Btu/Yr))

PVCCP -Photovoltaic electric- Capital cost of praduction plant ($/(Btu/¥r))
PVCCP.K=TABHL(PVCCT, TIME.K,1950,2030,10)%1E-6XSENTM
PVCCT=106/106/106/106/54.75/31.37/31.37/31.37/31.37 :

PVCCP -Photovoltaic electric- Capital cost of production plant ($/(Btu/Yr))

TABHL -Tabular relationship

PVCCT -Photovoltaic electric- Capital cost table (Table)

TIME -Actual time durinpg simulation

SENTM -Steam electric- NHew technology cost multiplifer (Dimensionless)
PVCST.K=PVPR.K*PVOMC
PVOMC=.75FE-6

PVCST -Photovoltaic electric- Cost ($/Yr) )

PVPR ~-Photovoltaic electric~ Producticn rate (Btu/Yr)

PVOMC -Photovoltalc electric- Operating and maintenance <08M> cost ($/Btu)
SENTM=1 . ‘ - .

SENTM ~-Steam electric- WNew technology cost multiplier (Dimensionless)

NOTE

75570 A

75580 A

75590 A

75600 A

75610 A
75620 T

75630 A
75640 C

75660 C
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NOTE : .
NOTF RARRRRRRRRRARRRRRIARARARARARARRNAARARARARAARRNARRAARRRARAAANRARAARRAANR

NOTE
NOTE Ocean Thermal Utilities Subsector . .

NOTE .
NOTE REARAANRRRAARRRRRRRRARRAARRRRRAARRKRRARAAARRARRAANRRRARAARRAANKAARAR A

NOTE )
NOTE

OTPA K=OTPA.J+(DT) (OTFCR.JK-OTPAR.JK)

OTPA=0
OTPA ~Ocean thermal electric- Physical assets ($)
DT -Time increment between calculations
OTFCR -0Ocean thermal electric- Facility completion rate- ($/Yr)
OTPAR -Ocean thermal electric- Physical aseet retirements ($/Yr)

OTPAR-KL=OTPA K*OTARF

OTARF=.0!1 .
OTPAR -0cean thermal electric~ Physical asset retirements ($/Yr)
OTPA -0Ocean thermal electric- Physical assets (§)

OTARF ~0Ocean thermal electric- Asset retirement factor (Fraction/Yr)

OTFCR . KL=DELAYJ3P(OTINV.JK,0TFCT OTPUZ.K) ’

OTFCT=6 .
OTFCR . -Ocean thermal eléctric- Facility completion rate ($/¥Yr)
DELAY3P ~Third order pipeline material delay :

OTINV -Ocean thermal electric- Investment (§$/Yr)
OTFCT ~0Ocean thermal electric- Facility construction time (Year)
oTPUC -0Ocean thermal electric- Plants under construction ($§)

NOTE

75750
-15760

75770
75780

- 15790
75800

T

- 2
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OTPR.K=SECUF.
OTPR
SECUF
OTPC

K*OTPC.K

~0cean thermal electri:- Production rate ({(Btu/Yr)
-Steam electric- Capaclty utilization factor (Fraction)
-0Ocean thermal électri:- Production capacity (Btu/Yr)

OTPC.K=0TPA.K/OTACC.K

0OTPC
OTPA
OTACC

-0Ocean thermal electriz- Production capacity (Btu/Yr)
-0cean thermal electriz- Physical nssets (§$)
-0cean thermal electri:z- Average capital cost ($/(Btu/Yr))

OTACC.K~SMOOTH(OTCC.Y. ,SFATPA)

OTACC
SMOOTH
0OTCC
SEATPA

-0Ocean thermal electric- Average capital cost (§/(Btu/Yr))
~First order information delay

~0cean thermal electriz- Capital cost (§/(Btu/Yr))

-Steam electric~ Averazinp time for physical assets (Year)

OTCC.K=O0TTNCC+OTCCP.K

OTTDCC=20E-6
0TCC
OTThCC
OTCCP

-Ocean thermal electric- Capital cost ($/(Btu/Yr))
-Ocean thermal electric- Tranamission and distribution capital cost ($/(Btu/Yr))
~Ocean thermal electri:z- Capital cost of production plant ($/(Brtu/Yr))

OTCCP.K=TABHL(OTCCT ,TIME.K,1950,203),10)*1F-6*SENTM

OTCCT=171/171
oTCCP
TABHL
OTCCT
TIME
SENTM

OTCST .K=OTPR.

OTOMC=.75E~-6
OTCST
OTPR
OTOMC

NOTE

J171/171/65.59/51.33/51.33/51.33/51.33

-Ocean thermal electriz- Capital cost of producttion plant ($/(Btu/Yr))
-Tabnlar relationship N .

-0cean thermal electri:z- Capital cost table -(Table)

-Actual time during simulation

-Steam electric- New t=chnology cost multiplier (Dimensionless)

K*OTOMC

* =0cean thermal electri>- Cost ($/¥r)

-0cean thermal electric~ Production rate (Beu/Yr)
-Ocean thermal electriz- Operating and maintenance <0&M> cost ($/Btu)

75820

75830

75840

75850
15860

75870
75880

75890
75900
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NOTE
NOTE
NOTFE
NOTE
NOTE
NOTE
NOTE
HOTE

BMPA .
BMPA=

RARRARRRNRAARARAARANRARRRAAAARRRARARRARRARRRARRRAARARRAARARARARARRALRARA

Biomass Utilities Subsector

ARRARARARARRARARRAAXARRRRAARRARAKARARRARRARRARARNARAAARARNAAAARAARARRAR

K=BMPA . J+(DT) (BMFCR.JK-BHPAR.JK)

0

BMPA -Biomass electric~ Physical asscts ($§)

DT ~Time increment between calculations

BMFCR -Biomass electric- Facility completion rate ($/Yr)
BMPAR -Biomass electric- Physical asset retirements ($/Yr)

BMPAR KL~BMPA K*BMARF
BMARF=.011

BRIPAR —Biomass electric~ Physical asset retirements ($/Yr)
BMPA -Blomass electric- Physical assetas ($)
BMARF -Biomass electric~ Asset retirement factor (Fraction/Yr)

BMFCR-KL=DELAY3P(BMINV.JK BMFCT.BMPUC.K)

BUFCT =5
BMFCR -Biomass electric- Facility completion rate (5/Yr)
\ DELAY3P ~Third order pipeline material delay
BMINV ~Biomass electric- Investment ($/Yr) .
BMFCT -Biomass electric- Facility construction time (Year)

NOTE

BMPUC -Riomass electric- Plants under construction (§)

76000
76010

76020
76030

76040
76050

_-———1I

[
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RMPR.K=SECUF.
DMPR
SECUF
RHPC

AMPC.K=BMPA.K
BMPC
BMPA
BMACC

BMACC.K=SHMOOT
ABMACC
SMOOTH
BMCC
SEATPA

BMCC.K=TDCC.¥
BMCC
TDCC
. BMCCP

BHCCP.K=TARHL

RMCCT=28.51/2
BMCCP
TABHL
BMCCT
TIME
SENTM

BHCST .K=RMPR.

BMOMC=1.75F-6
BMCST
BMPR
BMONC
BMFCST

BMFCST .K=BUP.
BMCE=.3
" RMFCST
BUP
BMCE -

RMP.K=BHPNARM
RHPN=]1.00F-6
BMP
BMPN
RHPM

BMPM.K=TABHNL(

BMPMT=1/2

BMMPC=.12E15
BHPM )
TABHL
RMPMT
BHPC
BMMPC

OTE

K*BMPC .V -

~-Biomass clectric- Production rate (Btu/Yr)

-Steam electric- Capacity utilization factor (Fraction)
-Blomass electric- Producttion capacity ~(Btu/Y¥r) \
JRHUACC.K

-Biomass electric- Production capacity (Btu/Yr)
~Biomass electric- Physical assets ($) )
-Biomass electric- Average capital cost ($/(Btu/Yr))

W(BMCC.K,SEATPA)

-Biomass electric~ Averase capital cost ($/(Btu/Yr))
-First order information delay

-Biomass electric- Capital cest ($/{(Btu/Yr))

-Steoam clectric- Averaping time for physical assets (Year)

+PMCCP . K .

-Biomass clectric- Capital cest ($/(Btu/Yr))

-Transmission and distributicn- Capital cost ($/(Btu/Yr))
-Biomass electric- Capital ccst of production plamt ($/(Btu/¥Yr))

(RMCCT,TINE.K,1950,2030,10) *IE~6%SENTM
R.51/28.51/28.51/25.66/22.81/22.81/22.81/22.81 .

~-Niomass electric- Capital ccst of production plant ($/(Btu/Yr))
-Tabular relationshfp

-Riomass electric- Capital ccst table (Table)

-Actunl time during simulaticn .

~Stcam electric- New technolcpy cost multiplier (Dimensionless)

K* (BMOMC4+RMFCST.K)

-Biomass clectric~ Cost ($/Y¥r)

-Biomass electric~ Production rate (Btu/Yr)

-Biomass electric- Operating and maintenance <OAM> cost ($/Btu)
~-Biomass electric- Feedstock cost ($/Btu)

K/RHCFE

-Biomass electric~ Feedstock cost ($/Btu)
~-Biomass electric-~ Price ($/Btu)
-Biomass electric~ Conversion efficiency (Dimensionless)

PH.K

-Biomass electric~ Price ($/Btu)
-Biomass electric~ Price normal (§/Btu)
-Riomass clectric~ Price markup ($/Rtu)

BMPMT,BUPC.K/BMMPC,0,1,1)

-Biomass electric- Price markup ($/Btu)

-Tabular relatfonship

~-Biomass electric~ Price morkup table {(Table)

-Biomass electric-~ Production capaclty (Btu/Yr)
~-RBiomass electric- Mature prcduction capacity (Btu/Yr)

76070

76080

76090

76100

76110
76120

76130
76140

76150
76160

76170
76180

76190
76200
716210

>
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NOTE

NOTE RARRRRS AR AR AR A AR AR ER AR KRR RANARRR R RAR RN AR RN RO R AN R RANRARRARAR A AR A

NOTE . ’

NOTE Solar Thermal Utilities Suhsector :

NOTE

NOTFE KARARRNARRNARRRRR ARRRRRRARRARNARRKARARKARARRRARRARRARARNARANARARRANA

NOTE . i .

NOTE '

STPA K=STPA.J+(DPT)(STFCR.JK-STPAR.JK) 763!0.L
STPA=0 76320 N

STPA ~Solar thermal- Physical assets (§)

DT -Time increment between calculations

STFCR ~Solar thermal- Facility completion rate ($/Yr)

STPAR ~Solar thermal- Physical asset retirements ($/Yr)

. STPAR.KL=STPA.K*STARF ' 76330 R
STARF=.011 76340 C

STPAR -%olar thermal- Physical asset retirements ($/Yr) s

STPA -Solar thermal- Physical assets ($) .

STARF -Solar thermal- Asset retirement factor (Fraction/Yr) '
STFCR.KL=DELAY3P(STINV.JK STFCT STPUC .K) 76350 R
STFCT=5 -. 76360 C

' STFCR ~Solar thermal- Facility completion rate ($/Yr)
:J DELAY3P ~Third order pipeline material delay
W STINV -Solar thermal- Investment ($/Yr) .
‘? STFCT -Solar thermal- Facility construction time (Year)

STPUC -Solar thermal- Plants under construction (§)

NOTE
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STPR.K=SFECUF.

STPR
SECUF
STPC

K*STPC.X

-Solar thermal- Production ra-e (Btu/Yr)

~Steam electric- Capacity utilization factor (Fraction)
~Solar thermal- Production cepacity (Btu/Yr)

STPC.KR=*STPA.K/STACC.K

STPC
STPA
STACC

-Solar thermal- Production ca-nacity (Btu/Yr)
-Solar thermal- Physical assets (S$? .
~Solar thermal- Average capitnl cost ($/(Btu/Yr))

STACC.K=SMOOTH(STCC.K,SEATPA)

STACC
SMOOTH
STCC
SFEATPA

-Solar thermal- Average capitel cost ($/(Btu/Yr))

-First order informatiom delay '

-Solar thermal- Capital cost ($/(Btu/Yr))

-Steam electric- Averaging time for physical assets (Year)

STCC.K=TNCC.K+STCCP.K

STCCG
TnCC
STCCP

-Solar thermal- Capital cost ($/(Bzu/Yr))
-Transmisstfon and distribution- Capltal cost ($/(Btu/Yr))
-Solar thermal- Capital cost pof production plant ($/{Btu/Yr))

STCCP.K=TABAL(STCCT,TIME.K,1950,2030,10)*1E~6*SENTN
STCCT=51.34/51.34/51.34/51.34/39.93/37.07/37.07/37.07/37.017

STCCP
TABNL
STCCT
TIME

SENTM

STCST .K=STPR.

STOMC=.75F-6
STCST
STPR
STOMC

NOTE

-Solar thermal- Capital cost of production plant ($/(Btu/Yr))
~Tabular relationship

-Solar thermal- Capital cost table (Table)

~Actual time during simulstion

~-Steam electric- New tezhnology cost multiplier (Dimensfonlese)

K4*STOHC
-Solar thermal- Cost (5/Yr)

-Solar thermal- Productlon rate (Btu/Yr)
-Solar thermal- Operating and maintenance <0&M> cost ($/Btu)

76380

76390

76400

76410

76420
76430

76440
76450

o>




-191-

NOTE
NOTE ARRRAARRARARRRARRAARRAARRAARRRARARANRAARARRARAARARRARRRRARARARANRRR
NOTE
NOTE Wind Electric Subsector
NOTE
NOTE RARAARRANRAANRARRRRARRARARRARANRRAARAARARAARARARARARARARRARARARNAR -
NOTE
NOTE -
WEPA.K=WEPA J+(DT) (WEFCR.JK-WEPAR.JK) .~ \ ’ 76550 L
WEPA=0 ’ 76560 N
WEPA -Wind electric- Physical assets (§)
DT -Time increment between calculations
YEFCR -Wind electric- Facility completion rate ($/Yr)
WEPAR -Wind electric- Physical asset retirements ($/Yr)
WEPAR.KL=WEPA .K*WEARF ' 76570 R
WEARF=.011 ’ . . 76580 C
WEPAR -Wind electric- Physical asset retiremente ($/Yr)
WEPA ~Wind electric- Physical assets ($)
WEARF -Wind electric- Asset retirement factor (Fraction/Yr) .
WEFCR.KL=DELAYJP(WEINV JK.WEFCT WEPUC K) ’ . 76590 R
WEFCT=5 76600 C

WEFCR -Wind electric- Facility completion rate ($/Yr)
DELAY3P -Third order pipeline material delay

WEINV ~Wind electric- Investment ($/Yr)
WEFCT -Wind electric- Facility construction time (Year)
WEPUC -Wind electric- Plants under construction (§)

NOTE
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WEPR.

WEPC.

K=SFCUF .K*WEPC.K ~

WEPR -Wind electric- Production rate (Ntu/Yr)

SECUF -Steam electric- Capacity utilization factor (Fraction)

WEPC -Wind clectric- Production capacity (Btu/Yr)

K=WEPA .K/WEACC.K

VEPC -Wind electric- Production capacity (Rtu/Yr)

WEPA -Wind electric- Physiccl assets (S)

WEACC -Wind elcctric- Averape capital cost ($/(Rtu/Yr))
WEACC.K=SMOOTN(WECC.K,SFATPA)

WEACC -Wind eclectric- Averapc capital cost ($/(Rtu/Yr))

SHOOTH ~-First order information delny

VECC -Wind electric- Capita’ cost ($/(Btu/Yr))

WECC.

SFATPA ~-Steam electric- Averaging time for physical assets (Year)

K=TDCC.K4+WECCP .K

VECC ~¥ind electric- Capital cost (§/(Btu/Yr))

ThCC ~-Transmission and distribution- Capital cost ($/(Btu/Yr))
WECCP ~Wind electric- Capital cost of production plant (S$/(Btu/Yr):

WECCP .K=TAMIL(WECCT,TIME.K,1950,2030,10)*1E-6*SENTM
WECCT=37/37/37/37/28.52/21.39/21.39/21.39/21.39

WECCP -Wind electric- Capital cost of production plant ($/(Btu/Yr))
TABNL ~Tabular relationship ’

WECCT -Wind electrtic- Capital cost table (Table)

TIMF ~Actual time during simulation

SENTM -Steam electric- New technology cost multiplier (NMimensionless)

WECST.K=HEPR.K*VEQNMC
WEOMC=2.5E~6

NOTE

WECST -¥ind clectric- Cost (S$/Yr)
WEPR -Wind electric-~ Production rate (Btu/Yr)
WEOMC -Wind electric- Operating and maintenance <O&M> cost ($/Bru)

76620

76630

76640

76650

76660 .
76670

76680
76690
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LWFCR KL=DELAY3P(LWINV.JK NUFCT.K,LWPUC.K)

LWFCR -Light water nuclear electric- Facility completlon rate ($/Yr)
DELAYJP -Third order pipeline material delay

LWINV -Light water nuclear electric- Investment ($/Yr)

NUFCT -Nuclear utilities~ Facility construction time (Year) .
LWPUC -Light water nuclear electric- Plants under construction (§)

NUFCT .K=TABHL(NUPCTT, (TIME.K-NUCDCY) /NUCDCT.0.1.1)
NUFCTT=10/14

NUCDCT=5
NUCDCY=1980
NUFCT -Nuclear utilities~ Facility construction time (Year)
TABHL °~ -Tabular relationship
NUFCTT -Nuclear utilities- Facility construction time tahle (Table)
TIME -Actual time during simulattion

NOTE

LUWPR .

LWPC

NUCDCY ~Nuclear utilities~ Construction delay change year (Year)
NUCDCT ~Nuclear utilities- Construction delay change implementation time

K=SECUF .K*LWPC .
LWPR ~Light
SECUF -Steam
LWPC ~-Light

K=LWPA .K/LWACC.

LupC -Light

LWPA ~Light
LWACC  -Light

4

K

water nuclear electric- Production rate (Btu/Yr)
electric~ Capacity utilization factor (Fraction)
water nuclear electric- Production capacity (Btu/Yr)

K

vater nuclear electric~ Production capacity (Btu/Yr)
water nuclear electric- Physical assets ($) ]
vater nuclear electric- Average capital cost ($/(Btu/Yr))

NOTE ]
NOTE ARARAARARAARAAARANRARARRRARARAARARAARRRRARRRRRRAAARAARARNARRARRARRN
NOTE ‘
NOTF Nuclear Utilities Light Water Reactor Subsector
NOTE
.NOTE ARRAARRARAARARARRAAARNANRARRAARARAARRAARAANARRRRAARARRRARKRRRRAAAAA
NOTE
NOTE
LWPA .K=LWPA J+(DT) (LWFCR.JK-LWPAR.JK)
LWPA=C .
LWPA -Light wvater nuclear electric- Physical assets (§)
nT ~Time increment between calculations
LWFCR -Light water nuclear electric- Facility completion rate ($/Yr)
LWPAR -Light water nuclear electric- Physical asset retirements ($/Yr)
LWPAR KL=LUPA K*LWARF
LWARF=.011
LWPAR -Light water nuclear electric- Physical esset vretirements ($/Yr)
LWPA -Light water nuclear electric- Physical sasets ($§)
LWARF -Light water nuclear electric- Asset retirement factor (Praction/Yr)

(Year)

~3

76790 L
76800 N

76810 R
76820 C

76830 R

76840
76850
76860
768170

aa->»

76890 A

76900 A
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LWACC.K=SHOOTH(LWCC.K,SEATPA) . . 76910 A
LWACC ~Lipht water nuclear electric- Average capital coat ($/(Btu/Yr))
SMONTH -First order Iinformation delay
LWCce -Lipht .wvater nuclear el=ctric~ Capital cost ($/(Btu/Yr))
SFATPA ~Steam electric~ Averaging time for physical assets (Year)

LWCC.¥=TNCC.K+LWCCP.K 76920 A

Lvce -Light vater nuclear elactric- Capital cost ($/(Btu/Yr))

™Cce -Transmission and distribution- Capital cost ($/(Btu/Yr))

Lwcere -Lipht water nuclear electric- Capital cost of production plant ($/(Btu/Yr))
LWCCP .K=TARHL (LWCCT ,TIME.K,1950,2230,10)*1F-6 76930 A '
LUCCT=40/14.5/R.5/19/26.5/26.5/26.5/26.5/26.5 ’ 76940 T

Lucce -Light water nuclear elrctric- Capital cost of production plantc ($/(Btu/Yr))
TABUL -Tabular relationship

LvCcCT -Lipht water nuclear electric- Capital cost table (Table)

TIME -Actual time durinpg simulation
LWCST .K=LWPR.K* (LWOMC+LIWFCST.K) 76950 A
LWOMC=.38F~-6 ’ 76960 C

LUCST ~Light water nuclear electric- Cost ($/Yr)

LUPR -Lirht wvater nuclear electric- Production rate (Btu/Yr)

LWOMC -Lipht water nuclear electric- Operatinp and maintenance <0&M> cost ($§/Btu)

LUFCST -Light vater nuclecar electric~ Feecdstock cost ($/Btu)

LWFCST.V=LWEFF.K2RFP.K/LWCE : : 76970 A
LUCE=.32 . 76980 C

LWFCST -Lipht water nuclear electric- Feecstock cost ($/Btu)

LURFF -Lirht vater nuclear electric- Excess fuel factor (Fractiom)

RFP ~Peactor fuel- Price ($/Btu)

LUCE -Light water nuclear electric- Conversion efficiency (Dimemsionless)

LYDRF.FL=LVETF.K* (LUPC . KASECHF.K)/LUCE 76990 R

LWDRTF -Lipght water nuclear electric- NDemand for reactor fuel (Bte/Yr)

LWFFF ~Lipht water nucleatr electric- Excess fuel factor (Praction)

LWPC -Lieht water nuclear electric- Production capacity (Btu/Yr)

SECUF -Steam electric~ Capacfity utilization factar (Fraction)

LWCE -Light water nuclear electric- Conversion efficiency (Dimensionless) . .
LYEFF .K=CLI1P (1 ,LUEFFN , TIME.XK ,UFRY) . 77000 A
LYEFFE=1.36 77010 C
IFRY=]1985 . 77020 C

LUEFF ~Lieht water nuclear electric- Excess fuel factor (Fraction)

CL1P -Tunction rwitched cZuring the run

LUEFFM <~Lipght water nuclear electric- Excess fuel factor normal (Fraction)

TIME ~Actual time durinpg sinulation 3

UFRY ~Uranium fuel~- Reprocessing initiazion year (Year)

NOTE
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NOTE

NOTE i*‘ttﬁi**ﬁtﬁﬁthtﬁﬁ*ﬁﬁtittt*ﬁtta*ﬁt****i***ﬁ**ﬁit*tﬁtkittﬁ*i*t*ti*

NOTE

NOTE Nuclear Utilities. Liquid Metal Breeder Reactor Subsector

NOTE

NOTE ARARRAARANRRAARRARARAARRRARARRAAAARARRRARARAARRKRRARRERARRAAARARARNANER

NOTE

NQTE )
DNPA.K=BNPA.J+(DT) (BNFCR .JK-BNPAR.JK)
BNPA=O

BNPA ~-Breeder nuclear electric- Physical assets (§)

ntT ~Time increment between calculations

BNFCR. ~Breeder nuclear electric- Facility completion rate ($/Yr)
BNPAR -Breeder nuclear electric- Physical asset retirements ($/Yr)

BNPAR.KL=RNPA.K*BNARF

. BNARF=.01]
BNPAR -Breeder nuclear electric-
BNPA ~Breeder nuclear electric-
BNARF -Breeder nuclear electric-

BNFCRlKLBBELAY3P(BNINV.JK NUFCT.X BNPUC.

BNFCR ~Breeder nuclear electric-

Physical asset retivrements ($/Yr)
Physical assets (§$)

Asset retirement factor (Fraction/Yr)
K)

Facility completion vate ($/Yr)

DELAYJIP -Third order pipeline material delay

BNINV ~-Breeder nuclear electric-

Investment ($/Yrz)

NUFCT ~-Nuclear utilities- Facility construction time (Yea})

BNPUC ~-Breeder nuclear electric-
ROTE

BNPR.K=SECUF .K*BNPC K
BNPR -Breeder nuclear electric~

Plants under construction ($)

Production rate (Btu/Yr)

SECUF - -Steam electric- Capacity utilization factor (Fraction)

BNPC ~Breeder nuclear electric-

BNPC K=BNPA.K/BNACC K
BNFC -Breeder nuclear electric-
BNPA -Breeder nuclear electric-
BNACC -Breeder nuclear electric-

Production capacfty (Btu/Yr)

Production capacity (Btu/Yr)
Physical assets ($)
Average capital cost ($/(Btu/Yr))

77120
77130

77140
717150

77160

77180

77190
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BNACC.K=SMOOTH(BNCC.K,SFEATPA)
BNACC -Nreeder nuclear electric- Averasge cspital cost (8/(Btu/Yr))
SMOOTH -~First order information delay ,
RUCC ~-Rrreder nuclear electric~- Capital cost (S$/(Rtu/¥r))
SEATPA -Steam electric~ Averaging time for physical assets (Year)

BNCC.K=TDCC.K+RNCCP
BNCCP=24.9F~6
LHIW ™ ~Breeder nuclear electric~ Capitanl cost ($/(Btu/Yr))
TPCC -Transmission and distribetion- Capital cost ($/(Btu/Yr))

BNCCP -Rreeder nuclear electric- Capital cost of production plant ($/(Btu/Yr))

BNCST.K=PNPR.K* (RNOMC4+BNFCST.K)
BNOMC=.31F-6
RNCST -~Rreeder nuclear electric- Cost (3/Yr)
BHPR -Breeder nuclear electric~ Productlon rate (Btu/Yr)

DR OMC -Breeder nuclear electric~ Operating and maintenance <0&M> coat ($/Btu)

BNFCST -Breeder nuclear electric- Feedsto:k cost ($/Rtu)

BNFCST.K=RNRFAFARNEFFARFP.K/BNCE
BNCE=.4 ' o
BNFCST -Breeder nuclear electric~ Feedsto:k cost ($/Btu)

BNRFAF -Breeder nuclear electric- Reactor fuel annualization factor (Fraction/Yr)
BNFEFF ~-Brceder nuclear electric- Excess fucl factor (Fraction)
RFP ~Reactor fuel- Price ($/Btu)

BNCF -Breeder nuclear electric—- Converslon efficiency (Dimensionlecss)

BNDRF.KL=BNEFFABNFCR.JK*BNCUFP/(RNCC.KR*BNCF)

BNEFF=3
RANRFAF=.10
BNDRF -Breeder nuclear electric- NDemand for reactor fuel (Btu/Yr)
BNEFF -Breeder nuclear electric~ Fxcess Fuel factor (Fraction)
RNFCR -Breeder nuclear electric- Facility completion rate ($/Yr)
BNCUFP -Brecder nuclear electric- Capecity utilization factor for plenning (Fraction)
BHNCC ~Breeder nuclear electric~ Capital -cest ($/(Btu/Yr))
BNCT. -Breeder nuclear electric- Conversion efficiency (NDimensionless)

BNRFAF -Breeder nuclear electric- Reactor fuel annualization factor (Frection/Yr)

NOTF.

77200

77210
77220

77230
77240

77250
77260

77270
77280
77290
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NOTE :
NOTE ARRRRARAAARRARRARARN AR ARARARRRARARARRRRAARAARANARRRRANARARAAAARRRAR
NOTE
NOTE Nuclear Fuel Productfon Subsector
NOTE ’
NOTE ARRANARRARRRARRARRARRARARRANARRRARARARARARNAAANRRANRARNARRARARRANRR
NOTE
NOTE *
RFR.K=RFR J+(DT) (PFRR JK~LWDRF.JK-BNDRF.JK-RFED.JK)
RFR=RFRI
RPRI=4.2F18
RFR -Reactor fuel- Resources (Btu)
nT -Time increment between.calculations
PFRR ~Plutonium fuel- Recycle rate (Btu/Yr)
LWDRF -Light water nuclear electric~- Demand for reactor fuel (Btu/Yr)
BNDRY -Breeder nuclear electric- Demand for reactor fuel (Btu/Yr)
RFED ~Reactor fuel- Export demand (Btu/Yr)
RFRI -Reactor fuel- Resources initial (Btu)
NOTE

RFED.KL=TABHL(RFEDT.TIME.K,1950,2030.10)*1E15
RFEDT=0/0/0/0/0/0/0/0/0
~Reactor fuel- Export demand (Btu/Yr)
~-Tabular relationship

-Reactor fuel- FExport demand table (Table)

RFED
TABUL
RFEDT
TIME

NOTE

-Actual time

during simulation

PFRR.KL* (LWTFCR K+BNTFCR.K)*2(STEP(1 BNCY)-STEP(1 BNMY))

-Plutonium fuel- Recycle rate (Btu/Yr) )

LWTFCR - -Light water nuclear electric~ Total fuel conversion rate (Btu/Yr)
~Breeder nuclear electric- Total fuel conversion rate (Btu/Yr)

PFRR

BNTFCR
STEP
BNCY
BNMY

~Step-shaped

exogenous input

-Breeder nuclear clectric~ Commercialization year (Year)
-Breeder nuclear electric- Moratorium initiation year (Year)

LWTFCR.K=LWBRA*LWPR-X/LWCE

LWBR= 27
LWTFCR
LWBR
LUWPR
LWCE

~Lipght water
~Light water
-Light water
-Lipght water

BNTFCR.K~BNBRABNPR.K/BNCE

BNBR=. 30
BNTFCR
BNRR
BNPR
BNCE

NOTFE

-Breeder
~Breeder
~Breeder
~-Breeder

nuclear electric~ Total fuel conversion rate (Btu/Yr)
nuclear electric- Breeding ratio (Dimensionless)
nuclear electric- Production rate (Btu/Yr)

nuclear electric~ Conversion efficiency (Dimensionless)

nuclear electric- Total fuel converstion rate (Btu/Yr)
nuclear electric- Breeding ratio (Dimensionless)
nuclear electric- Production rate (Btu/Yr)

nuclear electric- Converaton efficiency (Dimensionlesns)

77390 L
77400 N
77410 C

77430 R
77440 T

77460 R

77470 A
17480 C

17490 A
77500 ¢
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RFP.K=RFPR.K+RFPM K

RFP ~Reactor
RFPR ~Reactor
RFPM ~Reactor

fuel- Price ($/Btu)
fuel- Production rate (Btu/Yr)
fuel- Price markup ($/Btu)

RFPR K=TABLE(RFPRT RFR K/RFRI.O 1. .1)*lE-6
RFPRT=1.93/1.93/1.83/1.68/1 52/1 22/ 716/.65/-50/.44/.3%

RFPR ~Reactor
TABLE ~Tabular
RFPRT ~Reactor
RFR -Reactor
RFRI -Reactor

fuel- Production rate (Btu/Yr)
relationship

fuel- Production rate table (Table)
fuel- Resources ({Btu)

fuel- Resources initial (Btu)

RFPM.K=TABHL(RFPMT TIME K 1950 2030 ID)*1E-6
RFPMT=0/0/0/.22/-32/.32/ 32/.32/.32

RFPM -Reactor
TABHL ~-Tabular
RFPMT -Reactor

fuel- Price markup ($/Bzu)
relationship
fuel- Price markup table (Table)

TIME -Actual time during simulatior

NOTE

77520

77530
717540

77550
77560
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NOTE .

NOTE RARKARRRARNRARRRANARARRARARARRARRRRARARARRARCARRAREAARRARRARARAAAARA
NOTE

NOTE Hydropower Utilities Subsector

NOTE )

NOTE RARRRRRARRARANARNARAARRRARRARRARARRAANRNRAARRRAREARRRAANARRAARARAR

. NOTE
NOTE

HEPR.K=TABHL(NHEPRT TIME.K,1950.2030,10)*1E15 77660 A
HEPRT= 33/.50/.84/1 10/1-22/1.45/1 56/1.66/1.66 77670 T
HEPR -Hydro electric- Production rate (Btu/Yr)
TABHL -Tabular relationship
HEPRT -Hydro electric~ Production rate table (Table)
TIME -Actual time during ei{mulation '

~

NOTE ' .
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NOTE
NOTE
NOTE
NOTE
NOTE
NOTF.
NOTE

HTPR

RARRRRARARRAARRARARRARRRARAARRARRNRARAAARRRARRARRRNRARARAARRRARARARARAR

Hydrothermal Utilities subsector

ARARRARARRRRRRRRAARRARRRAARRRRARANAAKARRRRAARRARAANRANARRAAARAN

K=TABHL(HTPRT.TIME.K,1950.2030.10)*1E15

HTPRT=0/0/0/0/0/0/0/0/0

NOTE

HTPR -Hydrothermal electric- Productiosn rate (Btu/Yr)
TABML -Tabular relationship

UTPRT -Hydrothermal electric— Prodcuction rate table (Table)
TIME ~Actual time during simulation

\

77760 A
77770 T
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TEDC
NCDC
ECDC
FBnc
GCDC

Supplementary Equations for Total Demand For Coal

.K=NCDC .K+ECDC .K+FBDC .K+CCDC K

-Total electric- Demanc for coal (Btu/Yr)

-Non-Emission controlled coal- Demand for coal {Btu/Yr)
~-Emission controlled ccal- Demand for coal (Btu/Yr)
~Fluidized bed coal clectric- Demand for coal (Btu/Yr)
-Combined cycle coal electric~ Demand for coal (Btu/Yr)

77870 A
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ONPNR.K=]
00PDR -0PFEC 0il- Production demand ratio (Dimensionless)

OOP .K=NAX(OOPPB.K/(1.416*5.8E6), . 90F-6)

ooP -0PEC o11- Price ($/Btu)

MAX -Function sclecting the larger of two values

00PPH ~OPEC oil- Price per barrel ($/Bbl)
DOPPB.X=CLIP(0OOPA79.K,(7.124STEP(10.38,1973)),TIME.K,1979)

00NPPB -OPF.C o0i1l- Price per harrel ($/Bbl)

CLIP -Function switched during the run

OOPA79 -OPEC oil- Price alternative in 1979 ($/Bbl)

STEP -Step~-shaped exopenous input

TIMF ~Actual time during sinmulation

O0OPA79.X=CLIP(O0P32.K,00P).K,PCASE,2)
00PAT79 -OPEC ofl- Price alternative in 1979 ($/Rb1)

cLip -Function switched during the run

oor3l2 -0PEC o011~ Switch for pricing policy (Pimensionless)
oorl ~OPEC oi)- Low price scenario ($/Bhl)

PCASE ~Pricce case (Dimensionless)

00P32.K=CLIP(O0OP3.K,00P2.K,PCASE,])

00P32 -0PEC oil- Suitch for pricing policy (Dimensionless)
cL1P ~Function awitched during the run

00P3 -OPFC oil- Hiph price scenario ($/Bbl)

00Pr2 -OPFC o1l1- Mid price scenario ($/Rb1l)

PCASE ~Price case (Dimensionless)

00P1.K=TABHL(OOPIT,TIME.K,1980,2020,5)
00P1T=25/25/30/32.5/35/36.25/37.5/38.75/40

0Pl -OPFC o011~ Low price scenario ($/Bbl)

TARHYL -Tabular relationship -

00PIT -0PFC o1l- Low price scenarfo price table <(Table)
TINE -Actual time during simulation

0OP2.K=TABHL(0OP2T,TIME.K,19R0,2020,5)
00P2T=30/35/40/42.5/45/46.75/47.5/4R.75/50

onp2 ~OPEC o0il- ¥1id price scenario ($/Bbl)

TABWL ~Tabular relationship

o0P2T =0PEC ot1l- Mid price scenarin price tahle (Table)
TIME -Actual time durinpg simulation

00P3;K-TABHL(00P3T,TIHE.K.1080,2020,5)
00P3IT=35/45/50/52.5/55/56.75/57.5/58.75/60

PCASF=2
O0P3 -OPEC oil- Hipgh price scenmario ($/Bbl)
TABHL ~Tahular relationship )
00PIT -0PEC o1l- Nigh price scenario price table (Table)
TIME ~Actual time during simulation

PCASFE -Price case (Dimensionlers)
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APPENDIX

INTRODUCTION

DYNAMO is a continuous simulation language developed by the System

Dynamics Group at the Massachusetts Institute of Technology in the late
1950's. Although initially intended for use in models of industrial,

social, and economic systems, DYNAMO permits the succinct expression of

any complex system that may be described in terms of differential equations.
It has therefore also been used extensively in the Study of biological '

and environmental systems. 7

Thé differential equations of the DYNAMO model specify the rates of flow
into and out of the levels, or state vériables, of the system. Whefi the
model is run on the computer, these equations are integrated over time,
simulating the dynamic interaction of the variables in the system. Time
délays, feedback, and nonlinear causal relationships -- all properties

of compléx systems -- are readily represented using DYNAMO. The language
also facilitates the determination of the system's relative sensitivity

to changes in its parameters or exogenous inputs.

DYNAMO has been designed for use by a person who has some acquaintance
with calculus. A sophisticated knowledge of programming or of the -
particular computer's operating system is generally not required to
model a variety of complex systems using DYNAMO. The language is not
complicated; once the way DYNAMO advances through time and integrates
the system equations is understood, the modeler is free to concentrate

on the conceptualization of the problem and construction of -the model.

2. DYNAMO EQUATIONS AND FUNCTIONS

2.1 EQUATION TYPES

DYNAMO equations are written in the following form:

Line number Variable type Variable Name .= Mathematical Expression
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o The variable type is a single letter designating the kind of variable
being defined by the equation:

L - LEVEL equation

R - RATE equation

A - AUXILIARY equation
N

- INITIAL-VALUE equation (of a LEVEL or an
AUXILIARY equation)

‘ ©C - CONSTANT
T - TABLE

o The variable name is the unique abbreviation for the specific
variable that is defined by the equation. The variable name must
be followed by the appropriate’time postscript. Levels and auxiliaries
have the postscript .K; rates have the postscript .JK or .KL. |
Initial values, constants, and tables do not have time 'subscripts.

e The mathematical expression defining a variable may range from a
single number or variable to a quite complicated combination of
terms. The operations of addition, subtraction, multiplication,
and division are indicated, respectively, by +, -, *, and /.
Multiplication and division are carried out before addition and
subtraction. Expressions enclosed in parentheses are evaluated
first, and the value is substituted for the parenthetical expression.
The sine function, natural log (base E), .exponential function, and
a number of unique DYNAMO functions such as CLIP, SWITCH, RAMP,
NOISE, MIN, and MAX can be used in DYNAMO equations (with some
restrictions as discussed below).

2.1.1 Level Equation

A level equation defines the present value of a level variable in terms
of its value from the previous evaluation and its change in value in the
intervening time increment, DT. The level changes in a time period DT
by an amount equivalent to the sum'of all rates flowing into (positive)
or out of (negative) the level. Numerical instabilities are avoided by
setting DT to be a small fraction of the shortest time. dealy in the
model. The following equations for shale oil resources (SHR) is an

example of a level equation:
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where: L SHR.K = (SHR.J) + (DT) * (~SHDR.JK)

SHR.K = the value of SHR at the present time K

SHR.J = the value of SHR at the previous time of
evaluation, J, DT time units before the
present

DT = the length of the computation interval
(in any desired time units)
SHDR.JK = the rate of change of SHR over the interval

DT (from time J to time K), in this case
the shale oil depletion rate.

SHDR.JK is preceded by a negative sign, which means that it decreases
the value of the level over time. In the simple numerical integration
scheme (Euler's Method) used by DYNAMO, the rate of change is assumed to

be constant during the small time interval DT.

2.1.2 Rate Equation

A rate equation describes how the rate of flow to or from a level changes,
depending on other conditions (variables) in the system. The expression
"in the rate equation may contain constants, auxiliarie%, and levels, and
it may use any other of the algebraic and DYNAMO functions available in
the DYNAMO compiler. The auxiliaries and levels used in rate equations
are written in terms of their values at the present time, represented by
the postsctipt .K. For example, the equation for shale oil capital

depreciation rate (SHCD) is:
R SHCD.KL = SHCAP.K/SHALC (2.1.2)

In the example, the rate SHCD.KL is defined as the division of a level,
SHCAP.K, shale oil capital stocks (§), by a constant, SHALC, average
lifetime of capital (years). Every rate variable such as SHCD above is
given the postscript .KL if it appear on the left side of an equation,

and the postscript .JK if it appears on the right,
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2.1,3 Auxiliary Equatioh

An auxiliary equation defines a component of a rate equation. Rates are
separated algebraically into auxiliaries to clarify their structure,

i.e., all auxiliary variables could be directly substituted back into

rate equations, making them dependent exclusively on levels and constants.
Auxiliaries are separated from rate equétions only if they represent
real-world quantities or concepts, and if they add to the clarity of the
system description. An auxiliary equation can contain constants,

functions (including table functions), levels, and other auxiliaries.

The variable defined in an auxiliary equation always receives the postscript
.K.

2.1.4 Initial-Value Equation

An initial-value ednation defines the value of a level at the beginning
of the simulated time'period. The variable name in such an equation is
always the initialized level, but it does not contain postscripts. The
righ;-hand side of an initial-value equation can be a number, the variable
name of a constant, or a combination of these terms. No terms with '
postscripts should appear on the right side of an initial-value equation.

An example of a level and corresponding initital-value equation is:

L SHR.K = SHR.J + (DT) * (-SHDR.JK) (2.1.4)

N SHR

S800E1S (2.1.4)

One initial-value equation must appear for every level equation in a
DYNAMO model.

2.1.5 Constant Equation

A constant equation defines the numerical value of a constant. The
value must be given explicitly by the programmer. No variables (constant,
auxiliary, rate, or other) can appear on the right side of a constant

equation. An example would be:

C SH MC = ,65E - 6 - (2.1.4)
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2.1.6 Table Equation

A tabular equation lists the numerical values of a dependent variable as
a function of an independent variable over a specified range. . The
independent variable and its range are specified in an auxiliary equation

preceding the table, as in the following example:

A SHDMD.K

[}

'TABLE (SHDMDT, SHFRR.K, 0, 1, .2) (2.1.6)

T SHDMDT

n

0/.05/.18/.32/.60/1.0 (2.1.6)

The auxiliary equation defines the variable SHDMD, shale oil depletion
multiplier, as a table function of SHFRR, shale 0il fraction Tesource
remaining. It furthers specifies that the table SHDMDT gives the value
of SHDMD for corresponding values of the independent variable, SHFRR,
between 0 and 1 at intervals of 0.2. Equation SHDMDT specifies the
values of SHDMD corresponding to each 0.2 increase in the value of
SHFRR. For example, when SHFRR = .2, SHDMD = .05, and when SHFRR = 0.6,
SHDMD = .32. Since SHFRR.K is the value of a continuously variable
quantity, its value may not be exact multiples of 0.2. For odd values
of SHFRR.K, DYNAMO linearly interpolates between the adjacent values
from the SHDMDT Table. When SHFRR is less than O (the lower limit of
the table), DYNAMO uses the first value of SHDMD 'specified in the table
(namely, 0); when SHFRR.K is greater than 1, it uses the last value of
SHDMD . '

2.1.7 Specification Statement

The specification statement is identified by the letters SPEC. It
contains information about the length of the time increment DT, the time
interval between plotted variables PLTPER, the time horizon of the model
(specified by the end time of the simulation LENGTH), and the time
period between variables points PRTPER. A SPEC statement could be:

SPEC DT = .S5/PLTPER = 2/LENGTH = 2000/PRTPER = 5 (2.1.6)

In the example, DT was chosen to be ,5 time units (years, in FOSSIL2).
DT can be set to any fraction or multiple of a year; it is usually set

small enough to ayoid computational instabilities (generally less than
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one-third the length of the shortest delay in the model), yet large
enough to minimize the computing time for a model run. The quantities
_to be plotted are defined by a PLOT statement (described in the next
section). PLTPER was set to two time units in the preceding example, so
that only the values at every second time unit (year) are actually .
plotted. |

The LENGTH specification can take two forms. The internmal variable,

TIME, can be initialized by the programmer; for example:
N TIME = 1950. (2.1.7)

Here, LENGTH = 2000 means tﬁat the run proceeds until TIME = 2000, that

is, for 50 time units. If TIME is not explicitly initialized, the

computer supplies the initial value, TiME = 0, and the LENGTH specifiéation
then defines the number of time units for the run. PRTPER was set at

five years, so values of output variables for.every fifth year are

printed.

2.1.8 PLOT Statement

The variables whose values are to be plotted in graphical output are
specified in a PLOT statement, which gives both the symbol (chosen by
the user) representing the variable in the plot and the range of values

to be plotted.
PLOT SHCAP = C, SHPC = P/TOPDR = § (0,1)/ (2.1.7)
X GNP = G(0, 5.6E13) 2.1.7)

For example, SHCAP = C means that SHCAP is plotted using the symbol C.

By omitting a scale specification for SHCAP and SHPC, the user allows

the -DYNAMO compiler to set the plot scale's upper and lower limits. The
range of SHCAP and SHPC are set so that all values of SHCAP and SHPC

that occur in a run are included in the graph. The specification GNP = G(O,
5.6E13) means that GNP is plotted on a scale from 0 to 5.6 X 10%3.

Values of GNP 6utside this range do not appear on the graphical output.

A comma or slash is needed to separate each variable, as in the above
.example. If a comma is used, the preceding variable will be plotted on
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the. same scale as the subsequent variable, Thus, in the example, SHCAP and
SHPC will be plotted on the same scale. A slash is used to delimit
variables that are to be plotted on different scales, In the example,

the line initiated with an X represents a ''continuation line.' All
information on such a line is assumed to be a-direct continuation of the

equation or statement immediately preceding it.

2.2 SPECIAL FUNCTIONS

2.2.1 DELAYS

Representation of a time lag or delay is often critical to the success

of a dynamic model of a social system. Complex social systems do not
respond immediately.or completely to changing conditions and inputs, and
DYNAMO offers a mechanism to represent different kinds of delays accurately
and explicitly. Delays have two dynamically significaﬁt characteristics.
First, a delay postpones to a later time the full effect of a change in

the input function. The average displacement in time is determined by

the delay ''time constant,' which may be either a constant or an auxiliary.
Second, a delay modifies the time shape of an input (a distributed time
lag). For example, a sudden increase in the‘input to a delay will be

followed by a more gradual increase in the delay output.

Information Delays

The information delays available in DYNAMO represent a smoothing, or
expoﬁential averaging, of information about a variable, where the greatest
weight is given to the most recent vélue of the variable and proportionately
less weight is given to older information about the variable. This
averaging procedure is often used to represent an intuitive averaging
process in which the freshest, most recent events influence decisions

more than the hazy recollections of past events. Dynamically, the

smoothing process filters out rapid, noisy fluctuations, while only
slightly modifying long-term trends. The attenuation of fluctuations is

more severe as the time constant increases (see Figure A-1),
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Figure A-1l:

Responses of Varying First-Order Informatiocn

Delays to a Sinusoidal Input
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The two information delay structures, Oor macros, providéd in DYNAMO are
SMOOTH and DLINF3. In the equation below, X .is the input to the delay;
it may be a level, a rate, or an auxiliary. .AX is the output of the
delay, representing the averaged, ;moothed, or delayed value of X, with
 the same dimensional units as X. AT is the averaging time, which may be
a constant or an auxiliary. The DYNAMO equations for these information

delays are:

A AX.K

SMOOTH (X.K,.AT) (2.2.1)

A AX.K = DLINF3 (S.K, AT) (2.2.1)

SMOOTH is a first-order delay containing one internal level; DLINF3J is
a third-order delay with three internal levels. For details of the
internal equations generated by DYNAMO to give the output variable, see
Forrester %961, Forrester 1968, or DTSS 1975. \
The time response of first- and third-order delays to a given input is
qualitatively different, although there is no difference between the
time response of information or material delays of the same order with
the’same time constant. Their responses .to PULSE, STEP, and RAMP inputs
are shown in Figure A-2. Note that a first-order delay gives a finite
response in the next DT after the change in input; whereas a third-order
delay does not respond immediately but ultimately adjusts more rapidly
to the same input change. A third-order delay is a cascaded series uf
three first-order delays. Higher-order delays can be created similarly

hy using first-and third-order delays in series.

It can be seen from Figure A-2 that the outputs of the delay functions
have almost fully adjusted to the changed inputs after a time of about
3AT. Thus, loosely speaking, 3AT is the delay between a change in the
input and the completed response to that change. AT is the average

response time of the output to the change in the input.
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Material Delays

Material delays change the time shape of material flows...The input to a
material delay is always a material flow rate., The output is also a
rate. Two material dealy macros available in DYNAMO are DELAY1l and
DELAY3. The former is a first-order delay; the latter is a third-order
dealy. The input rates in both examples are X, The output rates are
the delayed values of X, XD, The adjustment time in both cases is AT,

which may be a constant or a variable.

The DYNAMO equations for the delays are:

A XD.KL

DELAY1 (X.JK, AT) - o 2.2.1)

‘A XD.KL = DELAY3 (X.JK, AT) (2.2.1)

The time response of material delays to different inputs is the same as
that for information delays (see Figuré A-2) when the adjustment time AT
is constant. Further details about the internal structure of the macros
generated by the DYNAMO compiler to produce these delays can be found in
‘Forrester 1961, Forrester 1968, Pugh 1970, and DTSS 1975. DELAY3 is |
used often in FOSSIL2 to represent construction delays in which investment
funds do not result in finished productibn facilities until-after a

fixed time.

.0ften it is desirable to know the inventory contents within a material

delay. This can be acéomplished by writing:’
AXD,KL = DELAY3P(X.JK, AT, XD.K) 2.2.1)

where XC is an output variable which embodies the value of the delay's

inventory,

2.2.2 Other Functions

CLIP. The CLIP function is one of several special functions available

in DYNAMO, It is used to switch the functional dependence of a variable

between two other variables at a specified time.
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A TGXT.K = CLIP (TGPXT, TGHXT, TIME,K, TGXTY) (2.2.2)

As in tae above example, the CLIP function has four arguments and should he
.read as follows: TGXT has the value TGHXT until TIME.K is greater than or
equal to TGXTY, in which case TGXT switches to TGPXT and remains there for
the duration of the run. This function is commonly used to initiate policy
changes in specific years. An equation using a CLIP function mist be either
a rate or an auxiliary equation. However, any of the four arguments of the
_CLIP may be a rate, auxiliary, level, of constant. The third argument does
not have to be TIME.K, and the fourth does not have to be a year. Other
DYNAMO special functions such as the MIN, MAX, SWITCH, COS (cosine),

SIN (sine), LOGN (natural log), NOISE, and PULSE functions are described in
DTSS 1975.
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