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(4-1) Discovery Rate = [F THEN ELSE (Percentage of Remaining Resources>0.02,
DELAY 11(Exploration Activities, 4, (1e+009)), 0)

(4-2) Exploration Activities= [F THEN ELSE(Percentage of Remaining
Resources>0.02, IF THEN ELSE( Percentage of Remaining Resources<0.15,
0.75*(CapacitiyUtilization in Exploration*PIDEC*Total Investment in
Exploration)/Exploration Costs, (CapacitiyUtilization in Exploration*PIDEC*Total
Investment in Exploration)/Exploration Costs) , 0)

3l by 2alS g (b8l £ g cud )b g g5 8
‘JL.QDLL.J‘ J-’L9 é.’b-c Sg>g Q)}o Be) ol 00l oold QLM_, 25 ng 4o aS )9)@@

Ol 3l 092 a5 oolaiwl 8,50 oy H0 ady cd b O alols lade F

\A¥


https://hosseini.website/systems-modelling/

Systems Modelling Learning Resources: https://hosseini.website/systems-modelling/

eyl g SLAGST (Spola s Joo O ilaz gy Sl 58 Al S algF Sy (st yalit 2 Senalind s Joko S 41|
olpl el e

o azy by cod b ol anlioe cany o1 51 (05 e s JS slolis
3 O9bsm (el bbb fals g eyl Bl g5 ge IS Sl alal> IS
Slacusgizme ay azg b oS conl oy 8l plas adgs cod)b falS 25 a8l
o adg cdyb pals &0 a4 (8 5 JLad S8l (50,5 o o (il
OB adgr Cdl (0 waler (LSS (giludane Sl g0y ol aST >) Cel ouls
wasg b ood b ol VY] asbe s oA sgas o yols b s olnl s
drgi 4 5o (gl Cd b dnngd dine 50) Slgi A 5o IS ale i (e
Sezse ol o (IVY] ol oo 18,8 a0 Vo Fe L plpy a8) ooy bbb asly
00 et Cd )b dn g sl (IYY] celosz a8 3 i o JLu £ L ol aS)

5o le SYoles pl .l

(4-3) Production Rate = IF THEN ELSE(Technically Recoverable Reserves>1,
CapacitiyUtilization in Production*Production Capacity, 0)

(4-4) Production Capacity = INTEG (Capacity Additions-Capacity Depreciation,
7.97652e+008)

(4-5) Capacity Additions= IF THEN ELSE("R/P Ratio">=20, DELAY 11(
((PIDPC*Total Investment in Production)/Cost Per Barrel), PCD, (1e+008)), 0)

(4-6) Capacity Depreciation=Production Depletion*Production Capacity
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(4-7) Exploration Technology Additions= ((PIDET*Total Investment in
Exploration)/ETD)/(ETDC)
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(4-8) Technology Additions = ((PIDPT*Total Investment in Production) /PTD)
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(4-9) NIOC's Revenue=IF THEN ELSE(Time<=1386, ((Export Rate*(International
Oil Price-Total Costs)))*0.5, (((Production Rate-Export Rate)*((Domestic Price
Lookup(Time)*International Oil Price)-Total Costs)))*0.5+((Export
Rate*(International Oil Price-Total Costs)))*0.5)
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(4-11) Production Costs=(PC Lookup(Time)*International Qil Price)*(1+ETRRDPC
Lookup(Technically Recoverable Reserves))
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(4-12) Domestic Demand=4.14e+008 + 9.25666e¢+006*(Time-1364)
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(4-13) OPEC's Production=(7.6e+009) + (2.64¢+008)*(Time-1364)
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(4-14)Iran's Share of OPEC's Production = IF THEN ELSE (Time<=1386,
((0.0942)+0.0108*(Time-1364)-0.000977*((Time-1364)"2)+2.5e-005*(Time-
1364)*3), ISOP)
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(01) Actual production=
"Lookup---prod"(Time)

Units: Million Tons / Year
(02) Cumulative production= INTEG (Hubbert Production, 566.61)

Units: Million Tons
(03) FINAL TIME = 1510

Units: Year

The final time for the simulation.
(04) Hubbert Production=
IF THEN ELSE (Time<=1385, Actual production, ((1-(Cumulative production /
Ultimate Reserves)) * Cumulative production*Intrinsic Growth Rate))

Units: Million Tons / Year
(05) INITIAL TIME = 1341

Units: Year

The initial time for the simulation.
(06) Intrinsic Growth Rate=

0.041

Units: 1/Year
(07) "Lookup---prod"(
[(1341,50000)-
(1385,310000)],(1341,65.71),(1342,73.29),(1343,84.49),(1344,94.27),(1345,105.66),
(1346,129.825),(1347,142.36),(1348,117.37),(1349,191.405),(1350,226.95),(1351,25
1.17),(1352,293.015),(1353,301.045),(1354,267.43),(1355,294.265),(1356,240.02),(1
357,208.52),(1358,172.665),(1359,72.325),(1360,72.1),(1361,134),(1362,135.15),(13
63,115.35),(1364,113.2),(1365,100.95),(1366,121.2),(1367,127.85),(1368,147.275),(
1369,163.315),(1370,170.6),(1371,184.65),(1372,195.45),(1373,193.35),(1374,196.3
5),(1375,193.6),(1376,192.35),(1377,193.2),(1378,186.8),(1379,194),(1380,185.3),(1
381,181.85),(1382,199.15),(1383,199.805),(1384,201.065),(1385,202.845))

Units: Million Tons
(08) SAVEPER =

TIME STEP

The frequency with which output is stored.
(09) TIME STEP = 0.25

Units: Year

The time step for the simulation.
(10) Ultimate Reserves= INTEG (-Hubbert Production, 88160.3)

Units: Million Tons
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(01)  CapacitiyUtilization in Exploration=
Exploration Capacity Lookup(Desired Exploration Rate)
Units: Dmnl
(02)  CapacitiyUtilization in Production=
IF THEN ELSE(Demand for Production<(0.92392*Production
Capacity), 0.85, 0.923881
)
Units: Dmnl
(03) Capacity Additions=
IF THEN ELSE("R/P Ratio">=20, DELAYI1I( ((PIDPC*Total
Investment in Production
)/Cost Per Barrel), PCD, (1e+008)*Z7), 0)
Units: (Barrel/Year)/Year
(04)  Capacity Depreciation=
Production Depletion*Production Capacity
Units: (Barrel/Year)/Year
(05)  Cost Per Barrel=
40
Units: Dollar/(Barrel/Year)
(06) Demand for Production=
Domestic Demand+OPEC's Demand
Units: Barrel/Year
(07)  Desired Exploration Rate=
MAX("Desired R/P Ratio"-"R/P Ratio", 0)
Units: Year
(08) "Desired R/P Ratio"=
100
Units: Year
(09) Discovery Rate=
IF THEN ELSE(Percentage of Remaining Resources>0.02,
DELAY lI(Exploration Activities
, 4, (1e+009)*Z8), 0)
Units: Barrel/Year
(10)  Domestic Demand=
(4.14e+008 + 9.25666e+006*(Time-1364))*Z2
Units: Barrel/Year
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Regression Analysis: Domestic Demand versus year

The regression eguation 1is
Domestic Demand = 4.14E+08 + 9256659 year

Predictor Coef SE Coef T P
Constant 413938923 32074327 12.9%1 0.000
year 9256659 2002691 4.62 0.001
S = 30206789 R-Sg = ©4.0% R-Sg(adj) = 61.0%

Analysis of Variance

sSource DFE S35 M3 F P
Regression 1 1.94935E+16 1.94935E+16 21.36 0.001
Residual Error 12 1.,09494E+16 9.12450E+14

Total 13 3.04429E+16

(11)  Domestic Investment in Exploration=
MAX(PRDIE*NIOC's Revenue, 0)
Units: Dollar/Year
(12)  Domestic Investment in Production=
MAX(PRDIP*NIOC's Revenue, 0)
Units: Dollar/Year
(13)  Domestic Price Lookup(
[(1365,0)-(1400,1)],(1365,0),(1386,0),(1400,0.85))
Units: Dmnl
(14) ER=
MAX((((1-0.016*(Time-1364))/Z9)*OPEC's Demand)/Demand for
Production, 0)
Units: Dmnl
(15) ET Lookup(
[(0,0)-(2,1)],(0.3,0.3),(1.5,1))

Units: Dmnl
(16) ETD=
3
Units: Year
(17) ETDC=

((9e+007)*(1+0.01)*Time)*Z6
Units: Dollar/Year
(18)  ETIRDEC Lookup(
[(0,0)-(1,6)],(0,4),(0.1,1.7),(0.25,0.5),(0.5,0.25),(0.7,0.09),(1,0))
Units: Dmnl
(19) ETRRDPC Lookup(
[(0,0)-(4e+010,10)],(0,4),(3e+010,0))
Units: Dmnl
(20)  Exploration Activities=
IF THEN ELSE(Percentage of Remaining Resources>0.02,
IF THEN ELSE( Percentage of Remaining Resources<0.15,
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0.75*(CapacitiyUtilization in Exploration
*PIDEC*Total Investment in Exploration)/Exploration Costs,
(CapacitiyUtilization in Exploration
*PIDEC*Total Investment in Exploration)/Exploration Costs) , 0)
Units: Barrel/Year
(21)  Exploration Capacity Lookup(
[(0,0.5)-(10,1.2)],(0,0.9),(1,0.91),(2,0.94),(3,0.96),(4,0.98),(5,0.99).(
6,1),(6,1),(7,1),(8,1),(9,1),(10,1))
Units: Dmnl
(22)  Exploration Costs=
Unit  Exploration Costs*(1+ETIRDEC Lookup(Percentage of
Remaining Resources
)
Units: Dollar/Barrel
(23)  Exploration Technology Additions=
((PIDET*Total Investment in Exploration)/ETD)/(ETDC)
Units: 1/Year
(24)  Export Rate=
MAX((ER*Production Rate), 0)
Units: Barrel/Year
(25)  Extraction Factor=
ET Lookup(Technology Level in Exploration)
Units: Dmnl
(26) FINAL TIME = 1500
Units: Year
The final time for the simulation.
(27)  Foreign Investment=
IF THEN ELSE(Time<=1388, Foriegn Investment Lookup(Time),
(1e+009*(1.25+0.05
*(Time-1364)))*Z5)
Units: Dollar/Year
(28)  Foreign Investment in Exploration=
Percentage of Foriegn Investment in Exploration*Foreign Investment
Units: Dollar/Year
(29)  Foreign Investment in Production=
(1-Percentage of Foriegn Investment in Exploration)*Foreign
Investment
Units: Dollar/Year
(30)  Foriegn Investment Lookup(
[(1365,0)-
(1390,2e+009)1,(1365,0),(1376,0),(1377,1.35e+007),(1378,4.3e+008
),(1379,7¢+008),(1380,1.25¢+009),(1381,1e+009),(1382,1.25¢+009))
Units: Dollar/Year
(31) INITIAL TIME = 1365
Units: Year
The initial time for the simulation.
(32) International Oil Price=
IF THEN ELSE(Time<=1386, Price Lookup(Time),

Y
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((70+(1.7*(Time-1386))))*Z4)
Units: Dollar/Barrel
(33) Iran's Share of OPEC's Production=
IF THEN ELSE(Time<=1386,
(
((0.0942)+0.0108*((Time-1364))-0.000977*(((Time-
1364)"2)*Z3)+2.5e-005*(((
Time-1364)"3))*Z3*Z3)
)*Z3
, ISOP)

Units: Dmnl
Regression Analysis: Iran Share of OP versus Year; Year*2; Year*3

The regression egquation is
Iran Share of CPEC Preduction = 0.0942 + 0.0108 Year - 0.000977 Year"Z
+ 0.000025 Year™s

Predictor T =
Constant 0 la. &0 L0000
Year 0 .15 Lao00
Year"Z 0. .68 000
Year®3 0.0 .18 L0001
S = 0.00555265 R-Sgq = 62.0% R-3gfadj) = 55.7%
Analysis of Variance
Scource o 53 M3 F P
Regression 3 0.00090768 0.00030256 9.81 0.000
Residual Error 18 0.00055517 0.00003084
Total 21 0.00l48Z235

Units: Dmnl

(35) Lookup Ofte Production(
[(1300,0)-(1400,0.1)],(1365,0.01),(1386,0.08),(1389,0.08))
Units: 1/Year
(36) NIOC's Revenue=
MAX(IF THEN ELSE(Time<=1386, ((Export Rate*(International Oil
Price-Total Costs
)))*0.5, (((Production Rate-Export Rate)*((Domestic Price
Lookup(Time)*International Oil Price
)-Total Costs)))*0.5+((Export Rate*(International Oil Price-Total Costs)))
*0.5), 0)
Units: Dollar/Year
(37) OPEC's Demand=
Iran's Share of OPEC's Production*OPEC's Production
Units: Barrel/Year
(38) OPEC's Production=
((7.6e+009) + (2.64e+008)*(Time-1364))*Z2
Units: Barrel/Year
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Regression Analysis: OPEC Production versus Year

The resgression sguation is
OPEC Production = 7.20E+0% + 2.£4E+08 Year

Predictor Coef SE Coef T P

Constant 7604471562 213726202 35.58 0.000

Yeazr 263854284 1627325¢ 1¢.22 0.000

S = 484255135 R-3g = 92.5%% E-sSg{adj) = 2.6

2Znalysis of Variance

sSource D= S8 MS F P
Regression 1 ©.1%6e4E+19 6.1¢ce4E+1S 2e2.%6 0.000
Residual Error 20 4.8%014E+18 2.24507E+417

Total 21 €.6235¢eE+19

(39) PC Lookup(
[(1365,0)-(1460,1)],(1365,0.05),(1460,0.2))
Units: Dmnl
(40) PCD=
6
Units: Year
(41)  Percentage of Foriegn Investment in Exploration=
0.65
Units: Dmnl
(42)  Percentage of Remaining Resources=
(Technically Identifiable Remaining Resources/TRRO)

Units: Dmnl
(43) PIDEC=
0.9
Units: Dmnl
(44) PIDET=
1-PIDEC
Units: Dmnl
(45) PIDPC=
0.9
Units: Dmnl
(46) PIDPT=
1-PIDPC
Units: Dmnl
(47) PRDIE=
PRDIE Lookup(Time)
Units: Dmnl

(48)  PRDIE Lookup(
[(1365,0)-1400,0.6)]
,(1365,0),(1366,0.0125),(1367,0.025),(1368,0.0375),(1369,0.05),(1370,0.133
3),(1371,0.2167),(1372,0.3),(1373,0.2917),(1374,0.2833),(1375,0.275),(1376,
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0.2667),(1377,0.2583),(1378,0.25),(1379,0.2417),(1380,0.2333),(1381,0.225)
,(1382,0.2167),(1383,0.2083),(1384,0.2),(1385,0.225),(1386,0.25),(1387,0.27
5),(1388,0.3),(1389,0.32),(1390,0.34),(1391,0.36),(1392,0.38),(1393,0.4),(13
94,0.42),(1395,0.44),(1396,0.46),(1397,0.48),(1398,0.5),(1399,0.5))

Units: Dmnl
(49) PRDIP=
1-PRDIE
Units: Dmnl
(50)  Price Lookup(
[(1365,5)-

(1386,80)],(1365,14.43),(1366,18.435),(1367,14.9238),(1368,18.2261
),(1369,23.7258),(1370,20.0034),(1371,19.3208),(1372,16.9716),(1373,15.81

73
),(1374,17.0167),(1375,20.6685),(1376,19.0926),(1377,12.7157),(1378,17.97
01
),(1379,28.4954),(1380,24.4439),(1381,25.0233),(1382,28.8307),(1383,38.26
5

),(1384,54.5211),(1385,65.1441),(1386,72.3891))
Units: Dollar/Barrel
(51) Produced Reserves= INTEG (
Production Rate,
6.70366¢+010)
Units: Barrel
(52) Production Capacity= INTEG (
Capacity Additions-Capacity Depreciation,
7.97652¢+008)
Units: Barrel/Year
(53) Production Costs=
(PC  Lookup(Time)*International ~ Oil  Price)*(1+ETRRDPC
Lookup(Technically Recoverable Reserves
)
Units: Dollar/Barrel
(54) Production Depletion=
Lookup Ofte Production(Time)
Units: 1/Year
(55) Production Rate=
IF THEN ELSE(Technically Recoverable Reserves>1,
CapacitiyUtilization in Production
*Production Capacity, 0)
Units: Barrel/Year
(56) Proved Reserves= INTEG (
Discovery Rate-Production Rate,
6.68072¢+011)
Units: Barrel
(57) PT Lookup(
[(0,0)-(2,1)],(0.2,0.14),(0.21,0.15),(0.22,0.19),(1.5,0.9))
Units: Dmnl
(58) PTD=
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3
Units: Year
(59) PTDC=
((1e+008)*(1+0.01)*Time)*Z1
Units: Dollar/Year
(60) "R/P Ratio"=
(Technically Recoverable Reserves)/(Production Rate)
Units: Year
(61) Recovery Factor=
PT Lookup(Technology Level in Production)
Units: Dmnl
(62) SAVEPER =
TIME STEP
Units: Year [0,7]
The frequency with which output is stored.
(63) Technically Identifiable Remaining Resources=
Total Remaining Undiscovered Resources*Extraction Factor
Units: Barrel
(64) Technically Recoverable Reserves=
Recovery Factor*Proved Reserves
Units: Barrel
(65) Technology Additions=
((PIDPT*Total Investment in Production)/PTD)/(PTDC)
Units: 1/Year
(66) Technology Level in Exploration= INTEG (
Exploration Technology Additions,
0.3)
Units: Dmnl
(67) Technology Level in Production= INTEG (
Technology Additions,
0.2)
Units: Dmnl
(68) TIME STEP =0.25
Units: Year [0,7]
The time step for the simulation.
(69) Total Costs=
Exploration Costs+Production Costs
Units: Dollar/Barrel
(70)  Total Investment in Exploration=
Domestic Investment in ExplorationtForeign Investment in
Exploration
Units: Dollar/Year
(71)  Total Investment in Production=
Domestic Investment in Production+Foreign Investment in Production
Units: Dollar/Year
(72)  Total Remaining Undiscovered Resources= INTEG (
-Discovery Rate,
TRRO)
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Units: Barrel
(73) TRRO=
1.56012e+011
Units: Barrel
(74)  Unit Exploration Costs=
IF THEN ELSE(Time<=1388, 0.025*International Oil Price, IF

THEN ELSE(Time
<=1398, 0.045*International Oil Price, 0.095*International Oil Price
)
Units: Dollar/Barrel
(75) Zl1=
1
Units: Dollar/(Year*Year)
(76) Z2=
1
Units: Barrel/Year/Year
(77) Z3=
1
Units: 1/Year
(78) Z4=
1
Units: Dollar/Barrel/Y ear
(79) Z5=
1
Units: Dollar/(Year*Year)
(80) Z6=
1
Units: Dollar/(Year*Year)
8&1) Z7=
1
Units: Barrel/(Year*Year)
(82) Z8=
1
Units: Barrel/Year
(83) Z9=
1
Units: Year
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Abstract:

Admitedly, oil is one of the most valuable energy careers in the world. Regarding the
pivotal role of this substantial material in Iran’s economy, this research investigates
the dynamics of Iran’s oil industry which causes the peak of oil production. The
research is not aimed at offering an exact forecast of time and volume of oil
production peak; instead, it investigates the problem’s dynamics and probable
scenarios.

Using system dynamics methodology, this research considers several influencing
factors, including domestic and foreign investment, international oil prices, domestic
and international demand, technology to be used in exploration and production ...
There is not a domestic published research investigating the problem yet; moreover,
the majority of related developed models in the literature are about oil-importing
countries. Therefore, this research is of considerable significant in literature, also it is
useful for practitioners in oil industry.

Results are representative of the fact that Iran’s oil production’s peak might takes
place in 1419 (Iranian year) in the volume of 17.1878 billion barrel per year which is
approximately 10 times of current production rate. The most important factors
influencing the volume of oil production’s peak includes resource amplification, oil
price, production depletion, and investments. Moreover, the most important factors
influencing the occurrence time of oil production’s peak includes oil price,
production depletion, and investments.

Keywords: oil production’s peak, system dynamics, exploration and production,
resource depletion, Iran
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