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Anexo 6: Expansion de la generacion
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Operacida Publico o Potencia Energia
completa Proyecto / Central Empresa / Institucion S Tipo W] media
desde 1 de ’ [GWhiafio]
ene-12 Trasvase Baba a Marcel Laniado |Hidroltoral EP En operacion Pubiico Hidroeléctrico . 441
mar-12 Ocafia Elecaustro S.A. En operacion Publico Hidroeléctrico 26,0 203
abr-12 Buenos Aires Empresa Elécirica Norte S.A. En operacion Publico Hidroekéctrico 1,0 7
may-12 (Tfs W“)R“‘dm BapaZ Mo o ec-gp En operacion Pubico | Termoekcrico 450 296
Térmica Residuo Etapa 2: Santa 5 e T
£ -EP 2 4 7
may-12 Eiena Il (42 MW) CELEC-E En operacion ublico Termoelécinico 2,0 276
jun-12 ;im';mm Biapa 2: Jaramio | op g gp Enconstuccén | Pubico | Termoelécrico 149,0 979
oct-12 Vilonaco CELEC EP - Gensur En construccion Publico Edlico 16,5 64
dic-12 Baba Hidroloral EP En construccion Plblico Hidroeléctrico 420 161
may-13 Isimanchi EERSSA En construccion Publico Hidroeléctrico 2,25 17
apss [eaCRalGmmgei® o p———y Pibico | Termoeléctrico 50,0 330
MW) construccion
oct-13 San José del Tambo Hidrotambo S.A. En construccion Privado Hidroeléctrico 8,0 50
ol [ mGintinaee s . s o Pibico | Termoeléctrico 60,0 395
MW, Jama 20 MW) Construccion
' Confrato de - ST
nov-13 Machala Gas 3a unidad CELEC EP - Termogas Machala 5 Publico Termoeléctrico 70,0 49
construccion
nov-13 Topo Pemaf Cia. Lida. En construccion Privado Hidroeléctrico 228 164
ene-14 San José de Minas San José de Minas S.A. En construccion Privado Hidroeléctrico 6,4 7
ene-14 Mazar-Dudas Hidroazogues - CELEC EP En construccion Publico Hidroekéctrico 210 125
may-14  |Machala Gas Cico Combinado | CELEC EP - Termogas Machala |~ Convao 9@ Pibico | Termoeléctrico 100,0 700
jul-14 Chorrillos Hidrozamora EP En construccion Publico Hidroeléctrico 3,96 21
sep-14 Victoria EEQSA En construccion Publico Hidroeléctrico 10,0 64
sep-14 Sigchos Triolo S.R.L. En construccion Privado Hidroeléctrico 174 125
oct-14 Esmeraidas Il CELEC EP - Termoesmeraldas En construccion Publico Termoeléctrico 96,0 631
mar-15 Toachi - Pilaton Hidrotoapi EP En construccion Plblico Hidroeléctrico 253,0 1100
abr-15 Paute - Sopladora CELEC EP - Hidropaute En construccion Plblico Hidroeléctrico 4870 2770
may-15 Manduriacu CELEC EP Enernorie En construccion Publico Hidroeléctrico 62,0 356
jul-15 Santa Cruz Hidrocruz S.A. En estudios Privado Hidroeléctrico 1290 735
nov-15 Delsi Tanisagua CELEC EP - Gensur En construccion Publico Hidroeléctrico 116,0 904
dic-15 Quijos CELEC EP Enernorie En construccion Publico Hidroeléctrico 50,0 355
ene-16 Minas - San Francisco CELEC EP Enerjubones En construccion Publico Hidroeléctrico 276,0 1321
feb-16 Coca Codo Sinclair CocaSinclair EP En construccion Publico Hidroeléctrico 1500,0 8743
ene-17 Eoiico | CELEC EP - Renovables En estudios Publico Edlico 15,0 64
jun-17 Tufifio - Chiles CELEC EP - Renovables En estudios Publico Geormico 50,0 394
Ju-17 Eoiico Il CELEC EP - Renovables En estudios Publico Edlico 15,0 64
may-18 Sabanila Hidrelgen S A. En construccion Privado Hidroeléctrico 30,0 201
ene-19 Geoermico | CELEC EP - Renovables En estudios Publico Geotérmico 30,0 237
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Anexo 7: Ecuaciones en el Programa

(01)

(02)

(03)

(04)

(05)

(06)

(07)

Central Eolica=

15*RANDOM NORMAL(0, 1, 0.3,0.3,1)
Units: Mw
Villonaco

Cocinas=

STEP( 1600*PULSE TRAIN(6, 3, 21, FINAL TIME ) +3500* PULSE TRAIN( 11,
3,21, FINAL TIME )+1600*PULSE TRAIN( 18, 3, 21, FINAL TIME ),35040)
Units: Mw

Costo del MEM=

Costo Variable de la Energia en el SPOT*(Potencia Termoeleléctrica Despachada
+Potencia Hidroeléctrica Operativa)
Units: $/Hour

Costo horario del MEM=
Costo del MEM+PRPD
Units: $/Hour

Costo Total del MEM= INTEG (
Costo horario del MEM-Liq Costo Anual,
45)
Units: $

Costo Variable de la Energia en el SPOT=
Costos Variables de produccion(PTFP)/FM1*FM2
Units: $/(Mw*Hour)

Costos Variables de produccion(
(0,0.2),(132.5,3.06),(271,3.48),(371,3.6),(375.3,3.75),(379.6,3.78),(383.9
,3.84),(452.7,3.91),(520.3,3.97),(524.6,4.02),(544.6,4.04),(564.6,4.04),(584.6
,4.04),(604.6,4.04),(623.6,4.1),(642.6,4.1),(775.6,4.13),(780.8,4.18),(794 .1
,4.18),(807.4,4.18),(820.7,4.18),(825.9,4.19),(831.1,4.2),(836.3,4.2),(841.5
,4.21),(846.7,4.21),(865.9,4.34),(941.9,4.79),(1013.9,4.9),(1085.9,4.96),(
1118.4,4.99),(1131.4,5.02),(1141.4,5.08),(1151.4,5.08),(1161.4,5.08),(1171.4
,5.08),(1191.4,5.37),(1231.4,5.39),(1271.4,5.4),(1321.4,5.42),(1326.6,5.5)
,(1331.8,5.5),(1337,5.5),(1342,5.51),(1347,5.51),(1352.2,5.53),(1357.4,5.53
),(1362.6,5.54),(1367.3,6.01),(1371.5,6.26),(1375.7,6.26),(1379.9,6.26),(1384.1
,6.26),(1388.3,6.26),(1392.5,6.26),(1397,6.28),(1400,6.45),(1402.9,6.47),(
1404.9,6.54),(1406.9,6.56),(1409.8,6.65),(1412.7,6.67),(1415.6,6.69),(1417.6
,6.76),(1419.4,6.84),(1421.4,6.85),(1467.9,6.93),(1468.9,7.19),(1470,7.22)
,(1481,7.25),(1492,7.26),(1503,7.27),(1514,7.27),(1517.8,7.33),(1520.6,7.38
),(1523.9,7.46),(1568.9,7.46),(1571.6,7.56),(1574.3,7.58),(1575.7,7.59),(1599.7
,7.6),(1600.8,7.64),(1696.8,7.73),(1798.8,7.74),(1800.8,8.11),(1803.3,8.15
),(1805.3,8.16),(1807.8,8.24),(1808.9,8.3),(1843.9,8.34),(1844.6,8.36),(1846.2
,8.38),(1847.2,8.45),(1867.2,8.5),(1887.2,8.53),(1933.2,8.62),(1953.2,8.62
),(1954.2,8.7),(1999.2,8.77),(2003,8.78),(2005.2,8.78),(2050.2,8.81),(2052.4
,8.82),(2054.4,8.82),(2156.4,8.86),(2160,8.92),(2161.8,8.95),(2163.8,8.96)
,(2208.8,8.99),(2211,8.99),(2231,9.07),(2232.8,9.12),(2250.8,9.15),(2252.8
,9.26),(2254.8,9.37),(2256.8,9.37),(2258.8,9.37),(2260.8,9.41),(2262.8,9.41



(08)

),(2280.8,9.43),(2282.8,9.44),(2284.8,9.48),(2286.8,9.5),(2304.8,9.53),(2306.8
,9.55),(2308,9.57),(2310,9.92),(2326.8,9.93),(2328,10),(2329.1,10.36),(2345.9
,10.43),(2362.1,10.83),(2362.2,12),(2364.3,12),(2366.82,15.08))

Units: CTV$/(kw*Hour)

CTF=
STEP(50,

15330)+STEP(60,16790)+STEP(70,16790)+STEP(100,21170)+STEP(96,24820

(09)

)
Units: Mw
Centrales termoeléctricas futuras

Curva de Carga dia laboral = WITH LOOKUP (

R1,

([(0,0.52)~(1,1)1,(0,0.6196),(0.005596,0.5774),(0.0119,0.5574),(0.01786,

0.5446),(0.02381,0.5409),(0.02976,0.5568),(0.03571,0.6223),(0.04167,0.6252
),(0.04762,0.6737),(0.05557,0.7554),(0.05952,0.8013),(0.06548,0.83),(0.07143
,0.8394),(0.07738,0.8303),(0.08333,0.8502),(0.08929,0.8654),(0.09524,0.8612
),(0.10119,0.8453),(0.10714,0.8462),(0.1131,0.9873),(0.11905,0.978),(0.125
,0.9291),(0.1369,0.8458),(0.1395,0.7556),(0.14286,0.6782),(0.14881,0.6296)
,(0.15476,0.6037),(0.16071,0.5902),(0.1667,0.5845),(0.17262,0.5982),(0.17857
,0.6564),(0.18452,0.6534),(0.19048,0.7029),(0.19643,0.782),(0.20238,0.8211
),(0.20833,0.8448),(0.21429,0.8501),(0.22024,0.8391),(0.22619,0.8572),(0.23214
,0.8738),(0.2381,0.8695),(0.244405,0.8535),(0.25,0.854),(0.25595,0.9952),(
0.2619,0.9866),(0.26786,0.9354),(0.27381,0.8516),(0.27976,0.7619),(0.28571
,0.6831),(0.29167,0.6333),(0.29762,0.609),(0.30357,0.5956),(0.30952,0.5897
),(0.31548,0.6031),(0.32143,0.6632),(0.32738,0.6641),(0.3333,0.712),(0.33929
,0.7192),(0.34524,0.83),(0.34714,0.8517),(0.35119,0.8591),(0.3631,0.8483),
(0.36905,0.8658),(0.375,0.8807),(0.38095,0.8763),(0.3869,0.8588),(0.39286,
0.8594),(0.39881,1),(0.40476,0.9913),(0.41071,0.9415),(0.41667,0.8575),(0.42262
,0.7677),(0.42857,0.6883),(0.43452,0.6387),(0.44048,0.6152),(0.44643,0.5996
),(0.45238,0.5939),(0.45833,0.6069),(0.46429,0.6629),(0.47024,0.6637),(0.47619
,0.7103),(0.48214,0.7875),(0.4881,0.8237),(0.49405,0.8484),(0.5,0.8544),(0.505595
,0.8429),(0.51119,0.8602),(0.51786,0.8748),(0.52381,0.8718),(0.52976,0.8559
),(0.53571,0.858),(0.54167,0.9974),(0.54762,0.9865),(0.55357,0.9387),(0.55952
,0.8566),(0.56548,0.7676),(0.57143,0.6887),(0.57738,0.641),(0.58333,0.6162
),(0.58929,0.599),(0.59524,0.5961),(0.60119,0.609),(0.60714,0.6575),(0.6131
,0.6558),(0.61905,0.705),(0.625,0.779),(0.63095,0.8198),(0.639,0.8421),(0.64286
,0.8488),(0.64881,0.8365),(0.65476,0.8508),(0.66071,0.862),(0.6667,0.8538)
,(0.67262,0.8354),(0.67857,0.8373),(0.68452,0.9754),(0.69048,0.9642),(0.69643
,0.9202),(0.70238,0.8451),(0.70833,0.7689),(0.71429,0.696),(0.72024,0.6455
),(0.72619,0.6176),(0.73214,0.6004),(0.7381,0.5892),(0.74405,0.5926),(0.75
,0.6019),(0.75595,0.5841),(0.7619,0.629),(0.76786,0.688),(0.77381,0.729),(
0.77976,0.7518),(0.78571,0.7573),(0.79167,0.7509),(0.79762,0.7431),(0.80357
,0.7389),(0.80952,0.7303),(0.81548,0.7195),(0.82143,0.7417),(0.82738,0.9042
),(0.83333,0.9052),(0.83929,0.8659),(0.84524,0.8015),(0.85119,0.7331),(0.85714
,0.672),(0.8631,0.6261),(0.86905,0.5989),(0.875,0.5782),(0.88095,0.5667),(
0.8869,0.564),(0.89286,0.5593),(0.89881,0.5246),(0.90476,0.5556),(0.91071,
0.5942),(0.91667,0.6252),(0.922262,0.6477),(0.92857,0.6611),(0.93542,0.6637
),(0.94048,0.6609),(0.94643,0.6565),(0.95238,0.6559),(0.95833,0.6613),(0.96429
,0.6962),(0.97024,0.8672),(0.97619,0.8751),(0.98214,0.8401),(0.9881,0.7673
),(0.99405,0.6856),(1,0.6196) ))
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(10)

(1

(12)

(13)

(14)

(15)
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Units: Dmnl
Demanda semanal de energia en el MEM

DDOH=
IF THEN ELSE((Demanda Horaria de Energia-Potencia Hidroeléctrica Operativa
)>0, Demanda Horaria de Energia-Potencia Hidroeléctrica Operativa
,0)
Units: Mw
Diferencia de Demanda Hidroeléctrica

Demanda Horaria de Energia=

Potencia Maxima Anual*Curva de Carga dia laboral*Potencia Maxima Mensual
+|F THEN ELSE(Nodo Frontera=1, Exportacién Colombia , 0 )*0+Cocinas*0
Units: Mw

Emisiones Anuales CO2= INTEG (
Emisiones Horarias CO2-Liquidacion Anual,
0)
Units: Toneladas CO2

Emisiones Horarias CO2=
Emisiones Variables CO2(PTFP)
Units: Toneladas CO2/Hour

Emisiones Totales CO2= INTEG (
Emisiones Horarias CQO2,
0)
Units: Toneladas CO2

Emisiones Variables CO2(
[(0,0)-(2367,2000)1,(0,0),(132.5,83.16),(271,165.59),(371,223.85),(375.3,
226.45),(379.6,229.08),(383.9,231.74),(452.7,272.7),(520.3,312.23),(524.6,
314.83),(544.6,328.16),(564.6,341.49),(584.6,354.83),(604.6,368.16),(623.6
,380.83),(642.6,393.49),(775.6,475.56),(780.8,478.65),(794.1,486.57),(807 .4
,494.48),(820.7,502.4),(825.9,505.49),(831.1,508.59),(836.3,511.69),(841.5
,514.81),(846.7,517.92),(865.9,529.11),(941.9,576.39),(1013.9,628.55),(1085.9
,679.81),(1118.4,705.3),(1131.4,712.9),(1141.4,718.86),(1151.4,724.81),(1161.4
,730.76),(1171.4,736.71),(1191.4,750.29),(1231.4,777.57),(1271.4,804.99) (
1321.4,839.42),(1326.6,842.47),(1331.8,845.52),(1337,848.57),(1342,851.66)
,(1347,854.76),(1352.2,857.8),(1357.4,860.85),(1362.6,863.9),(1367.3,866.98
),(1371.5,869.73),(1375.7,872.49),(1379.9,875.24),(1384.1,878),(1388.3,880.75
),(1392.5,883.51),(1397,886.46),(1400,888.74),(1402.9,890.75),(1404.9,892.3
),(1406.9,893.86),(1409.8,895.94),(1412.7,898.02),(1415.6,900.12),(1417.6,
901.63),(1419.4,903.04),(1421.4,904.66),(1467.9,937.68),(1468.9,938.51),(1470
,939.34),(1481,945.94),(1492,952.55),(1503,959.15),(1514,965.75),(1517.8,968.56
),(1520.6,970.52),(1523.9,973.03),(1568.9,1005.21),(1571.6,1007.16),(1574.3
,1009.11),(1575.7,1010.16),(1599.7,1033.76),(1680,1034.65),(1696.8,1117.99
),(1798.8,1216.7),(1800.8,1218.21),(1803.3,1219.99),(1805.3,1221.61),(1807.8
,1223.3),(1808.9,1224.18),(1843.9,1255.76),(1844.6,1256.31),(1846.2,1257.59
),(1847.2,1258.27),(1867.2,1277.46),(1887.2,1294.17),(1933.2,1327.35),(1953.2
,1346.6),(1954.2,1347.43),(1999.2,1381.64),(2003,1384.65),(2005.2,1386.35)
,(2050.2,1418.81),(2052.4,1420.56),(2054.4,1422.15),(2156.4,1520.87),(2160



(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

,1623.77),(2161.8,1525.43),(2163.8,1527.05),(2208.8,1561.86),(2211,1563.6 1
),(2231,1583.86),(2232.8,1585.26),(2250.8,1603.71),(2252.8,1604.95),(2254.8
,1606.19),(2256.8,1607.42),(2258.8,1608.66),(2260.8,1609.9),(2262.8,1611.14
),(2280.8,1628.46),(2282.8,1629.7),(2284.8,1631.11),(2286.8,1632.35),(2304.8
,1647.84),(2306.8,1649.08),(2308,1649.93),(2310,1651.17),(2326.8,1664.13),
(2328,1664.99),(2329.1,1665.86),(2345.9,1678.82),(2362.1,1691.31),(2363.2,
1692.19),(2364.3,1693.06),(2366.82,1695.01))

Units: Toneladas CO2/Hour

Energia Demanda= INTEG (
Demanda Horaria de Energia-Liq energia anual,
1)

Units: Mw*Hour

Exportacion Colombia=
500
Units: Mw

F1=
168
Units: Hour
horas por semana

F2=
730
Units: Hour
horas por semana

F3=
8760
Units: Hour

Factor de disponibilidad Cordillera Amazonas = WITH LOOKUP (
R3,

([(0,0.5)-(1,1)1,(0,0.82),(0.0833,0.6674),(0.1666,0.6578),(0.2499,0.6895
),(0.3332,0.8573),(0.4165,0.9872),(0.4998,0.9772),(0.5831,1),(0.6664,0.8519
),(0.7497,0.8789),(0.833,0.765),(0.91163,0.6503),(1,0.82) ))

Units: Dmnl

Factor de Potencia Hidroeléctrica Cordillera Pacifico = WITH LOOKUP
(
R3,

([(0,0)-(1,1)],(0,0.6969),(0.0833,0.688),(0.1667,1),(0.25,0.8825),(0.3333
,0.8133),(0.4167,0.7563),(0.5,0.5454),(0.5834,0.4012),(0.6667,0.3654),(0.75
,0.4267),(0.8334,0.488),(0.9167,0.5726),(1,0.6969) ))

Units: Dmnl

FINAL TIME = 87600
Units: Hour

The final time for the simulation.

FM1=
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(25)

(26)

(27)

(28)

(29)

(30)

31

(32)

(33)

(34)

(3%)

(36)

37)

100
Units: CTVS$/$

FM2=

1000
Units: kw/Mw
FM3=

1
Units: $/(Mw*Hour)

FM4=
1
Units: 1/Mw

FM5=
8760
Units: Hour

FT4=
0.5
Units: Hour

ICC3=
STEP(RANDOM NORMAL(10, 230, 80, 50, 0.9), 15000 )*0
Units: Mw

Incremento de la Demanda=
0.071*Potencia Maxima Anual/FM5
Units: Mw/Hour

INITIAL TIME =0
Units: Hour
The initial time for the simulation.

Int1=
INTEGER(Time/F1)
Units: Dmnl

Int2=
INTEGER(Time/F2)
Units: Dmnl

Int3=
INTEGER(Time/F3)+1
Units: Dmnl

Lig Costo Anual=
IF THEN ELSE(R3=0,Costo Total del MEM,0)/FT4
Units: $/Hour

Liq energia anual=
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(38)

(39)

(40)

(41)

(42)

133

IF THEN ELSE(R3=0,Energia Demanda,0)/FT4
Units: Mw

Liquidacion Anual=
IF THEN ELSE(R3=0,Emisiones Anuales CO2,0)/FT4
Units: Toneladas CO2/Hour

Nodo Frontera=
IF THEN ELSE(PMSHR>Precio Colombia, 0, 1)
Units: Dmnl

PKE=
0
Units: Mw

PMSHR=
DELAY FIXED(Costo Variable de la Energia en el SPOT, 1, 1)
Units: $/(Mw*Hour)

Potencia factor 1=
STEP(Central Eolica,

8760)+STEP(50,43800)+STEP(30,61320)+STEP(450,61320)

(43)

(44)

28

(45)

Units: Mw
Centrales Geotérmicas Planificadas asi tambien las centrales
eolicas.

Potencia Hidroeléctrica Cordillera Amazonas=

226+1263.26+38.432+22.94+212.6+0.2+2.9+11.88+12.27+96.95+13.3+2.4+STEP(487.8
,26280)+STEP(1500,35040)+STEP(50,35040)+STEP(21,17520)+STEP(115,35040)+STEP
(8,16060)+STEP(22.8,16060)+STEP(3.96,21900)+STEP(116,23360)+STEP(129,30660
)+STEP(30,56210)
Units: Mw
Hidroagoyan, Paute-Mazar, Elecaustro, EMAAP-Q, San

Francisco,CNEL Sucumbios,E.E.Ambato, E.E. Cotopaxi, E.E. Norte,

E.E. Quito, E.E. Riobamba, E.E. Sur, Sopladora, Coca Codo

Sinclair, Quijos, Mazar-Dudas, Delsi-Tanisagua, Hidrotambo, Topo,

Potencia Hidroeléctrica Cordillera Pacifico=
213+15.45+1.33+26+STEP(42,8760)+STEP(253,28032)+STEP(276,35040)+STEP (60,245
)+STEP(17.4,23360)

Units: Mw

Daule Peripa, Hidrosibimbe, CNEL Bolivar, Ocafia, Baba, Toachi

Pilaton, Minas-San Francisco, Manduriacu, Sigchos

Potencia Hidroeléctrica Operativa=
(Factor de Potencia Hidroeléctrica Cordillera Pacifico*Potencia Hidroeléctrica

Cordillera Pacifico

)+Potencia factor 1+(Factor de disponibilidad Cordillera Amazonas
*Potencia Hidroeléctrica Cordillera Amazonas)
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Units: Mw

(46) Potencia Maxima Anual= INTEG (
Incremento de la Demanda,
3026.97)
Units: Mw

(47) Potencia Maxima Mensual = WITH LOOKUP (
R3,
(1(0,0)-
(1,11,(0,1),(0.083,0.9578),(0.167,0.954),(0.25,0.9654),(0.333,0.9733
),(0.417,0.9775),(0.5,0.9503),(0.583,0.9362),(0.667,0.9419),(0.75,0.9608),
(0.833,0.969),(0.917,0.9797),(1,1) ))
Units: Dmnl

(48) Potencia Termoeleléctrica Despachada=
DDOH
Units: Mw

(49) Precio Colombia=
45
Units: $/(Hour*Mw)

(50) Precio Promedio de la Energia=
Costo Total del MEM/Energia Demanda
Units: $/(Hour*Mw)

(561) PRPD=
5.7/760*1000*(Potencia Hidroeléctrica Operativa+2100+Potencia Termoeleléctrica
Despachada
Y*FM3*R2

Units: $/Hour

(52) PTFP=
IF THEN ELSE(DDOH>367:AND:DDOH<=464.7, DDOH-ICC3 , IF THEN
ELSE(DDOH>464.7
, DDOH-PKE-CTF-ICC3 , DDOH
) )*FM4
Units: Dmnl
Variable de descision para una futura generacion termoelectrica

(53) R1=
(Time/F1)-Int1
Units: Dmnl
(54) R2=
(Time/F2)-Int2
Units: Dmnl
(55) R3=

(Time/F3-Int3)+1
Units: Dmnl



(56)

(57)

SAVEPER =
TIME STEP
Units: Hour [0,7?]

The frequency with which output is stored.

TIME STEP =0.5
Units: Hour [0,7]
The time step for the simulation.
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Anexo 11: Ejemplo de aplicacion del Programa Desarrollado con diagramas de Forrester
para obtener las emisiones ambientales por tipo de combustible

Para verificar si el programa desarrollado constituye una herramienta
tecnolégica que permita realizar las proyecciones de las necesidades futuras de
generacién, para que sirva de guia a los planes de expansién, y a fin de evaluar
su eficiencia, a continuacién se toma un caso hipotético muy sencillo, asumiendo
ciertas condiciones no reales para obtener mediciones de un solo indicador que

es las emisiones atmosféricas.

Antes de realizar el complejo modelamiento matematico del sistema de
generacién eléctrica ecuatoriano, con un software nuevo, se consideré necesario
comprobar que su funcionamiento, sea confiable, preciso, y que los resultados
sean satisfactorios para que soporten una acertada y oportuna actividad. Para
esto, se realizd un pequefio ejercicio con este software y con Excel cuyos
resultados se muestran a continuacién. El objetivo de dicho ejemplo es asegurar
que el uso de los diagramas de Forrester es confiable, que los resultados son

exactos y facilitan considerablemente el proceso que se seleccione.

Simulacién en Excel

Se realizaron simulaciones partiendo de la informaciéon de emisiones de la
central Termoesmeraldas en tres escenarios (Tabla 7.1), asumiendo que
consume sé6lo bunker, sélo diesel o sélo gas natural, que funciona 1300 horas al

afo, con un crecimiento del 2% anual hasta el 2050.



. Emisiones T.
Combustible H Crecimiento
Bunker 83,1553 0,02
Diesel 90,2959 0,02
Gas Natural 66,413 0,02
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Se obtuvieron las emisiones totales por tipo de Combustible observandose

que existe un incremento por el mayor uso de la central y que el combustible que

mas emisiones de CO2 genera es el diesel (Figura 7.1)

Emisiones Totales por Combustible
7000000
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Simulacion con diagramas de Forrester

En el software que utiliza diagramas de Forrester se introdujeron las

mismas variables y estimaciones de forma grafica (Figura 7.2), llegando a

comprobar que los resultados son los mismos (Figura 7.3).
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Tasa de Emisiones por
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Al comprobar que los resultados obtenidos con los dos procedimientos son
iguales, permite asegurar que los diagramas de Forrester son totalmente

confiables para utilizarlos en el modelo completo de la Situacion Energética del

Ecuador.
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