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Table 3.4-1

Summary of Existing Transmission Lines (As of end-1994)

(Unit: circuit-km)

North South Center. . Total
500kV line - - - 1,488
220kV lines *1 1,044 657 349 2,050
110/66kV lines *1 2,685 1,630 1,132 5,447
35/31.5kV lines *2 6,455 1,390 978 8,823
15/8.6kV lines *2,4 ' - 8,056 1,805 9,861
10kV lines *2 8,986 70 652 9,708
6kV lines *2 2,512 227 646 3,385
Total 21,682 12,030 5,562 40,762
Low tesnions lines*2 10,000 5,655 990 16,645

*1. Sum of recently obtained data.

*2. 1993 data.

3025

Note: *7. 1993 data. *3. 1991 data. *4.8.6=15/¥3

Table 3.4-2 List of Existing Substations {As of end-1994)

Number of Number of Total Capacity
Stations Transformer (MYA)
500/220kV 4 6 2,700
220/110kV *1 8 14 1,876
110735, 10, 6kV *1 63 94 2,083
35/10kV *2 196 294 620
North | 35/6kV *2 129 198 599
35/0.4-0.2kV *2 2,422 2,591 781
10/0.4-0.2kV *2 6,044 6,277 1,607
6/0.4-0.2kV *2 3,766 4,068 1,300
220/110kV *1 9 12 1,169
_ 110/66/15kV *1 59 64 1,376
South | 35/31.5kV *2 42 47 81
15/8.6kV *2,*3 - 16,926 24,939 2,089
10kV *2 51 54 ]
1 6.6kV *2 257 337 34
220/220kV *1 4 5 439
110-66/35,15,10,6kV 14 15 - 328
 Center | 35/15,10,6kV *2 - - 152
| 35/0:4kV *2 - - S
15/0.4KV *2 - - 267
10-6/0.4kV *2 _ - R 234
- Notes: - *1. Sum.of recently obtained data. *3,8.6=15/{3



Table 3.4-3 Trend of Losses
Region 1986 1987 1988 1989 1990 1991 1992 1993 1994
North 265 254 261 313 336 306 305 257 255
Center 157 164 181 179 225 266 255 249 212
South 23.1 217 243 221 211 218 223 218 216
Whole Country | 25.0 239 254 273 287 280 282 254 246
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Table 3.5-1 Hydropower Resources

. Potential Feasible

Region Name of River | (10°kWh) [ (10°kWh) | (MW)

- Da 7 316 | 6,260

Lo-Gam 40 48 | 1,070

North Ma-Chu 12 13 320

Ca 3] 2.6 | 560

Others 46 19.1 -

Vugia-Thubon 15 46 990

Ba - 10 21 400

300RCenter.......{SeSan ... | 22 80 1 1490

Srepoc 13 26 1 500

: Others 28 67 | -

South Dong Nai 28 11.6 | 2500

Others 6 5 : -

Total ' 300 100 | 14,120
(Source: IEV, Sept. 1994) -

Table 3.5-2 Coal Production & Coal Sale of Companies under MOE
{in the period 1955 - 1994, certified figures)

(Unit: 10° ton)

_ Rock & Sale Industry

Year | Clean Coal m.;elrgtg%en Total Domestic  Export | Electricity | Cement
1955 439 818 166 101 66 64 -
1956~1957 2,302 5,445 2,361 781 [,580 240 15
1958~1960 6,342 20,416 6,241 3,508 2,733 644 89
1961~1965 17,159 71,324 17,393 8,539 8,854 2,888 451
1966~1970 11,831 50,768 12,016 8,957 3,059 2,518 197
1971~1975 15,765 71,236 15,382 12,471 2,911 3,207 439
1976~1980 28,009 93,779 27,810 22,243 5,567 6,473 586
1981~1985 27,960 80,433 27,663 24,602 3,061 8,640 1,343
1986~1990 26,242 107,415 26,080 23,740 2,340 11,126 1,523

Total (1955~1950) _ '

136,049 501,634 135112 104942 30,171 35800 4.643
1991 4205 15,269 4,123 3,203 920 - 920 225
1992 4,499 12,894 4,852 3,528 1,324 592 238
1593 5,029 11,149 5,351 3,527 1,824 538 280
1994 5,068 16,696 5,005 2,947 2,058 900 276
Total (1991~1994) - o
. | 154,850 557,642 154443 118,147 36297 387501  5.662

(Source: IEV, 1975)
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Table 3.5-3 Clean Coal Production in Viet Nam
(Unit: 10° ton)
Produced by MOE’s Companies QOther
Total Total Anthracite Long Frame  Fat Coal Producer
Coa {Ligniic)
1980 5,200 4,987 4,946 41 - 213
1981 5,900 5,725 5,681 44 - 175
1982 6,280 6,040 5,957 84 - 240
1983 6,300 6,085 5,966 111 g 215
1984 5,000 4,819 4,687 119 13 181
1985 5,100 5,327 5,188 122 17 273
1986 6,121 5,953 5,811 120 21 447
1987 6,332 6,428 6,284 117 27 411
1988 6,051 - 6,334 6,185 141 9 466
1989 5,130 3,403 3,269 134 - 457
1990 3,124 4,128 4,075 130 13 {905)
1991 4,205 4,064 122 19
1992 4,499 4,331 118 40
1993 5,029
1994 6,218 5,068 1,150
(Source: IEV, 1975)
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Table 5.2-1 Gross Domestic Product by Sector

: (at constant prices of 1989, Million US$)
Agricui- Constric-  Other Transport Finance  Service

ture Industry . tion Material  Trade Com- Insurance Private Total
Forestry munication

1976 3,312 1,422 405 64 1,070 226 436 583 7,518
1980 3,421 1,439 381 66 1,065 201 486 668 7,727
AGR(%) 0.81 0.29 -1.50 0.75 -0.13 -2.91 2.79. 3.45 0.6%
1985 4,480 2,074 . 432 87 1,276 264 683 - 967 10,264
AGR(%) 5.54 7.59 2.54 577 3.70 5.63 7.01 7.69 5.84
1990 5,223 2,449 478 117 1,649 328 1,147 1,964 13,356
AGR(%) -3.12 337 0 2m 6.05 5.26 447 10.94 1522 541
1992 5,492 2,922 517 124 1,772 366 1,530 2,407 15,129

AGR(%) 254 923 400 290 365 564 1549 1069 643
Source: TEV :
Note: 1912 dong/US$, AGR=Annual _Growlh Rate (%)

Table 5.2-2 GDP and GDP Growth Rate by Scenario

(Unit: Million US$ at 1989 constant price, %)
1990 1995 90-95 2000 - 9500 2005 0005 2010 05-10
AGR{%) AGR(%5) AGR(%0) AGR{%0)
Northern . Low case 4792 5888 420 8,165 6.76 11,915 1785 17,328 7.78
Region  Base case 4792 6,167 517 8,877 7.56 13,544 - 882 20,576 872
High case 4,792 6,289 559 9,353 826 . 14,835 967 23521 966
Central Lowcase -~ 1447 1810 458 ~ 2,406 586 3305 656 4681 721
Region  Base case 1,447 1,877 535 2,626 695 3,723 724 5472 8.0l
Highcase 1447 1919 581 2776 1767 4080 801 6251 891"
Southern Low case 789 1 1;884 8.54 17,901 834 25912 768 35,651 6.59
Region  Base case 7,890 12446 954 20,132 10.10 30,986 9.01 45,080 7.79
High case 7,890 12,960 10.43 21,529 10.68 34,910 10.15 52,993 871
Whole Low case 14,129 19,581 6.74 28472 777 41,132 763 57,660 6,99
Nation Basecase 14,129 20489 7.72 31,634 9.08 48253 8.8l 71,138 8.07
Highcase 14,129 21,169 8.42 33658 972 53,826 9,84 82765 899
Note: AGR= Annual Growth Rate (%) '
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Table 5.2-3 Per Capita GDP and Growth Rate by Scenario

(Unit; Million US$ at 1989 constant price, %)

1990 1995 2000 9500 2005  00-05 2010  05-10
Pop. (million) - 30.8 348 3738 1.66 403 131 427 113
Northern Lowcase - 1556 1691 2160 501 2954 646 4060 657
Region Base case 1556 1772 2348 580 3358 741 4821 750
High case 1556 1807 2474 649 3678 825 5511 843
Pop. (million) 95  1l6 = 131 248 144 197 157 165
Central ~ Low case 1523 1561 1836 330 2289 450 2987 547
Region Base case 1523 1619 - 2004 436 2579 517 3492 625
High case 1523 1656 . 2119 .506 2826 592 3989  7.14
Pop. (million) 252 282  3L2 201 338 159 360 132
Southern Low case 313.1 4210 5739 640 7677 - 599 9895 521
Region Base case 331 409 6455 - 792 9181 730 12515 639
High case 3131 4591 . 6903 850 10344 843 14708 729
Pop. (million) 655 ~ 746  82.1 193 885 151 944 129
Whole  Low case 9157 0 2624 3468 . 574 4648 603 6109 562
Nation Basecase’ 2157 . 2745 3853 701 5452 749 7537 6.69
Highcase - 2157. 283.6 4100 ~ 765 6082 821 38769 759

Note; AGR= Annual Growih Rate '(%)
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Flow Diagram for Power Demand Forecasting
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Table 5.4-1 Summary of Forecasted Power Demand

(Unit:GWh)
Whole AGR Northern AGR Central AGR Southem AGR
Year Country (%) Region (%) Region (%) Region (%)
1993 8,006.8 3,878.7 637.6 3,490.5

2000 Lowcase 16,9025 1126 69388 866 1,7554 1557 82084 1299
Basecase 18,6308 1282 73222 950 20977 1855 92109 14.87
Highcase 19,7779 1379 77156 1032 22780 1995 97844 15.86

2010 Lowecase 45,7260 1046 19,7760 11.04 4,1158 889 2138343 1028
Basecase 55,9483 11.62 228126 1203 56815 1048 274542 1154

~_Highcase 65,130.1 12.66 26,208.6 13.01 6,788.2 11354 32,1334 12,63
Note: AGR=Annual Growth Rate (%) -

- Table 5.4-2 Summary of Forecasted Power Generation

: ' : (Unit: GWh)
Whole AGR Northem AGR Central AGR Southern AGR
Year Country (%) Region (%) Region (%) - Region (%)
1993 10,728.9 5,374.0 848.1 4,506.8

2000 Lowvcase 21,1285 1017 8,673.4 708 2,1942 1454 102605 1247
Base case 23,2885 11.71 9,152.7 790 26221 1750 11,513.6 1434
Highcase 24,7224 12,67 - "9,6444 871 28474 1889 122305 1533

2010 Lowcase 544143 992 232658 1037 4,8421 824 26,3064 9.87
Basecase  66,599.8 11.08 26,8384 11.36 6,684.1 - 981 33,0773 1113
Highcase 77,5346 12.11 30,8336 1232 79861 10.86 38,7149 1221

Note: AGR=Annual Growth Rate (%)

Table 5.4-3 Summary of Forecasted Peak Load

S (Unit: MW)

Whole AGR  Northen AGR  Central AGR Southem AGR

Year Country (%) Region (%)  Region (%) Region (%)
1993 2,082.7 o 1,0763 - 189.8 -816.6

2000 Lowcase  4,1029 1017 16782 655 4726 1392 19521 1326
Basscase  4,5262° 1173 1,770.9 © 737 5648 ‘1686 2,906 15.14
_Highcase 48063 1269 18660 8.13 613.3 1824 23270 16.14 .

2010 Lowcase 10,2418 958 4,2837 982 953.0 727 . 50050 987
Basecase 12,5503 1074 4,941.5 1081 ©-1,3156 8.82 62933  11.13
Highcase . 14,6148 1176 3,677.1 1177 1,571.8 987 . 7,3658 1221

Note: AGR=Annual Growth Rate (%)

s



Table 5.4-4 Summary of Power Demand by Sector {(Whole Country)

. {Unit: GWh)

Industry Agriculture Others Residential Total
AGR(%) AGR(%) AGR(%) AGR(%)

1993 Actual 3,644.7 4295 696.2 - 3,236.4 8,006.8
(Share %) 45.5 5.4 8.7 40.4 : 100.0

2000 Lowcase 8,6980 13.23 T24.1 775 1,307.1 942 6,172.9 960 - 16,9021
~ {Share %) 515 .43 1.7 36.5 106.0
Basecase 9,7953 1517 743.8 8.16 14031 10.53 6,688.5 1093 18,6307
(Share %) 526 4.0 1.5 © 359 : 160.0
Highcase 10,557.6 1641 743.8 8.16 14619 1118 70146 -11.68 19,7779
(Share %) 53.4 3.8 74 35.5 -100.0

2010 Lowcase 27,2756 1211 1,057.7 3.86 1,8343 3.45 155585 9.69° 45726.1
(Share %) 59.6 23 40 34.0 100.0
‘Base case 34,5723 1344 1,1756 4,68 20007 3.61 18,1996 10.33  55,948.2
(Share %) ~  61.8 21 . 3.6 325 100.0
Highcase 41,687.1 1472 11756 468 12,1299 3.84 20,1376 11.12 - 65,130.2

(Share %) - 64.0 18 - 313 : 30.9 ' 100.0
Note: AGR= Annual Growth Rate (%) o

5419



Table 5.4-5 Summary of Power Demand by Region (Base Case)

(Unit: GWh)
Industry Agriculture Others Residential Total
AGR(%) AGR(%) AGR(%) AGR(%)
1993 NorthernR.  1,680.0 259.7 226.5 1,712.5 3,878.7
{Share %) 433 6.7 5.8 442 100.0
CentralR. 2248 74.2 78.1 260.5 637.6
{Share %) 353 116 12.2 40.9 100.0
Southen R.  1,739.9 956 3916 1,263.4 . 3,4905
(Share %) 498 2.7 11.2 362 100.0
Country  3,644.7 4295 696.2 3,236.4 8,006.8
(Share %) 455 5.4 87 . 40.4 100.0
2000 NorthernR. 3,4d6.5 108 3811 56 4257 94 30688 87 73221
(Share %) 47.1 52 58 419 100.0
Central R.  1,022.1 242 1763 132 1484 96 7508 163 2,0977
(Share %) 48.7 . 84 7.1 35.8 100.0
SouthernR. 53267 173 1864 100 8289 113 2889 124 92109
(Share %) 57.8 2.0 90 311 100.0
Country 97953 152 7438 82 1,403.0 105 66886 109 18,6307
(Share %) 526 40 75 35.9 100.0
2010 NorthernR. 13,1545 143 5701 41 6350 4.1 84520 107 22,8126
(Share %) 57.7 2.5 2.8 37.0 100.0
CentralR.  3,280.9 124  296.4 53 2064 3.4 18888 9.7 56815
(Share %) 579 52 3.6 33.2 100.0
SouthenR. 18,1279 130  308.2 52 1,159.2 3.4 78589 106 27,454.2
(Share %) 66.0 1.1 4.2 28.6 100.0
Couniry 34,5723 134 1,1757 47 20006 3.6 18,1997 105 55,9483
(Share %) 618 2.1 3.6 32.5 100.0

Note: AGR= Annuat Growth Rate (%)
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Figure 5.4-1 Power Demand up to 2010 {Whole Country)
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Table 5.5-1 Resuits by Regression Analyses (GWh - GDP)

Coefficient ‘R-Squared
Country Period a b R>
Viet Nam 1980-94 494 144 0.989
Indonesia 1973-92 1.67 1.98 0.978
Malaysia 1973-92 . 2.89 1.44 0.996
Thailand 1973-92 2.06 1.48 0.998
Pakistan 1973-92 4,78 1.55 0.996
Bangladesh 1973-92 - L77 2,27 0.977
South Korea 1962-72 1.06 2.27 0.996
: 1973-92 2.21 1.37 - 0,992
Taiwan 1952-72 2.01 1.57 0.962
' 1973-92 6.11 1.06 0.995
Japan 1646-65 i.58 1.22 0.996
1965-73 1.16 1.29 0.993
1973-93 6.21 0.92 0.975

Note: GDP values used are US$ at 1987 constant price
excluding Viet Nam (USS$, 1989 constant price).

Table 5.5-2 Results by Regression Analysis (GWh/capita - GDP/capita)

Coefficient R-Squared
Country Period a b R?

Viet Nam 1980-94 -4.42 1.68 0.975
Indonesia’ 1973-92 -9.95 2.47 0965
Malaysia 1973-92 -6.23 1.72 0.989
Thailand 1973-92 -5.25 1.67 0.993
Pakistan 1973-92 -6.51 2.09 0.988
Bangladesh 1973-92 -15.27 3.67 0.947
South Korea 1962-72 -13.55 2.76 0.991
1973-92 -4.10 1.44 0.986

Taiwan 1952-72 133 1.88 0.977
1973-92 ) -1.14 . 1.07 0.992

Japan 1946-65 -3.85 1.26 0.995
- 1965.73 -4.48 1.33 0.989

. 1973-93 171 0.69 0.917.
Note: GDP values used are US$ at 1987 constant price '
excluding Viet Nam (US$, 1989 constant price).
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Table 5.5-3 Per Capita Electric Power Consumption in given Period .

Consumption Generation ~ GDP/Capita

_ Period - (kWh/capita) AGR (%) (kWh/capita) AGR (%) AGR (%)
Indonesia  1982-89 99-216 11.8 108-234 11.7 4.1
Thailand  1973-83 166-351 7.8 178-379 7.9 4.0
Pakistan 1973-90 115-320 6.2 145-391 6.0 2.8
South Korea 1966-75 104-502 19.1 134-562 17.3 6.8
Taiwan 1952-62 132-353 10.3 175-408 8.8 3.8
Viet Nam  1993-20 112-227 106  150-290 9.9 6.6
(Base Case) 2000-10 227-592 10.0 290-705 9.3 6.9

Note: AGR = Annual Growth Rate (%)

‘Table 5.5-4 Increase of Power Consumption and Share of each Factor (Viet Nam)

Period . 1980-1986 1986~1990 1990-1994 1980-1994
Increase in perdio (GWh) 1,199 2,041 3,011 6,528
Share of each factor (%)
Electricity intensity = 234 437 - 234 30.1
Economic growth 50.8 294 53.2 44.4
Population increase 234 © 2338 _ 217 231
- Residual term 24 3.1 1.7 2.4

Table 5.5-5 Forecast of Share of each Factor (Viet Nam)

Period 1993-2000 2600-2005 2005-2010

Increase in perdio (GWh) 10,624 14,510 22,808
~ Share of each factor YOR - ' :

. Electricity intensity ~~ 28.0° 253 246
Economic growth 527 60.0 59.8
Population increase 157 1.6 - 1238

‘Residual term -~ - 36 - 31 2.8
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Table 5.5-8 Increase of Power Consumption and Share of each Factor (ASEAN)

Period 1973-1979 1979-1986 1986-1992 1973-1992
Fhailand '
Increase in period (GWh) 6,418 10,144 28,600 45,162
Share of each factor (%)
Electricity intensity 36.6 376 290 . 32,0
Economic growth 38.8 - 36.8 " 56.4 49.5
Population increase 209 23.0 - 11.0 15.1
Residual term 37 2.6 36 3.4
Malaysia : : : .
Increase in period (GWh) 4,121 5,588 13,089 22,798
Share of each factor (%)
Electricity intensity 343 37.4 25.9 30.3
Economic growth 43.1 25.7 50.4 430
. Population increase 19.6 355 202 23.8
Residual term 3.0 1.4 29 .

35

Table 5.5-7 increase of Power Consumption and Share of each Factor

Japan _
Period 1946-1955 1955-1965 1965-1973 1973-1979 1979-1986 1986-1993
Increase in period (GWh) 32,339 115,677 252,947 107,302 72,738 - 202,887
Share of each factor (%) '
Electricity intensity 8.5 20.8 252 0.5 -83.5 18.4
Economic growth 74.4 68.2 60.5 72.5 150.6 72.0
Population increase i6.1 8.3 11.6 26.2 34.8 8.7
Residual term 1.0 2.7 2.7 0.8 -1.9 0.5
Taiwan .
1952-1960 1960-1965 1965-1973 1973-1979 1979-1986 1986-1990
Increase in period (GWh) 2,060 2,536 13,242 18,131 22348 34,168
Share of each factor (%) ' - : E '
Electricity intensity 46.2 19.9 27.1 234 4.2 30.0
Economic growth 249 513 547 578 81.8 82.0
Population increase 249 25.4 14,1 16.0 215 14.2
Residual term 4.0 34 4.1 28 0.9 0.8

S. Korea

1962-1565 1965-1973 1973-1979 1979-1986 1986-1990

 Increase in period (GWh) 994 . 11,234 19398 28110 62,712
Share of each factor (54) o ' '
Electricity intensity - 54.1 54.1 35.0 16.5 30.2
Economic growth 27.1 312 50.4 68.9 589
Population increase 14.0 . 86 10.3 13.6 8.0
Residual term 4.8 6.1 42 10 2.9
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End-Use Electricity Consumption (Gwh)

Figure 554  The Relationship between Power Consumption and GDP
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Figure 5.5-2  The Relationship between per capita Consumption and Economic
Level
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Figure 5.5-3 Factor Change in End-Use Consumption

Inerease from 1985 (GWh)

Figure 5.5-4 The Relationship between Electric Power Intensity and per capita
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Table 6,11  Cost Estimation of Thermal Power Plants
Item Conventional Cycle Combined Cycle
(Coal*") (Gas) (Gas):

Unit C 2x300 2x300 2x300

Output MW - 600 600 600

Unit cost $AW 1,250 1,100 800

Annual energy | GWh 3,570 4.200 3,780%°

Load factor % 68% 80% 80%

Life year 25 25 20

Station service % 6.0 3.0 1.5

FOR % 8.0 8.0 6.0

Ave. efficiency % 34.0 36.0 45.0

Heatrate | kcal/KkWh' 2,529 2,389 1,511

Heat value kecal’kg 5,500 9,000 9,000

O.M. cost % 5.0 5.0 5.0
C.RF(i=10%) : 0.1102 0.1102 0.1306
' =0.1175/0.9"

Fuel price - $it - lNorthy 24 lsouth) 34 ,

$/MBTU 2.5 3.0 2.0 25 3.0

Capital cost $AWY 1378 | 1378 1212 1212 | -104.4 104.4 104.4
O.M. cost WY 62.5 62.5 55.0 55.0 40.0 40.0 40.0
Fixed cost ¢/kWh 337 3.37 2.52 2.52 2.29 2.29 2.29
Fuel cost *4 - ¢/kWh 100 | 156 2.37 2.84 1.52 1.90 228 -
Unit cost c/kWh 4.47 4.93 4.89 536 | 3.81 4.19 4.57
*1: Anthracite coal

*2:  With EP, without FGD and SCR

*3:  Qutput is decreased in 10% due to higher ambient temperature

*4:  (Fuel price)x(Heat rate)x1/(Heat value) for coal, (Fuel price)x(heat rate)x10™* 0.252 for Gas

and C/C plant .
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