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I. Tables Corresponding to Figures in Chapters 2, 3, and 4 of the Main Report.

(The year of the Islamic Republic of Iran begins on March 21 of the Gregorian calendar and ends on
the following March 20. To arrive at the corresponding Gregorian years, 621 ycars should be added

to the Iranian years.)



Table 2,1 -2.8

. L Mrd. Rsfa]
Year VAG MINR+IN VoI VWP VCO VTRC VSE GD  IMPTO IMPC
1353 1,304 782 4,826 84 564 674 2,697 11,610 1,335 1,331
1354 1,530 852 4,250 88 763 819 3,283 12,316 1,991 3,489
1355 1,706 1,106 4,781 91 1,150 866 1,774 14,250 2,151 3,803
1356 1,640 1,161 4408 9% 1,070 874 3,943 13,972 2,484 4,019
1357 1,747 1,042 3,144 99 o654 813 - 4028 12,551 1,679 2,908
1358 1,851 o11 2,535 105 ©7s8 891 4,074 11,911 1,204 1,835
1359 | 1,935 1,019 866 7] 763 903 3,952 10,321 1,175 1,738
1360 1,953 1,098 883 106 671 736 3,71 9,847 1,290 2,149
1361 2,091 1,062 1,948 127 696 770 3,774 11,110 1,251 2,308
1362 2,193 1,186 2,006 132 937 890 4,246 12,348 1,883 4,352
1363 2,354 1,327 1,626 148 850 906 4,354 12,363 1,638 © 3,867
1364 2,538 1,298 1,644 162 73 %07 4,466 12,533 1,305 2471
1365 2,651 1,210 1,403 174 640 785 3869 11,353 946 2,199
1366 2,716 1,341 1,599 193 550 643 3,698 11,189 1,006 2,209
1367 2,648 1,358 1,754 186 433 600 3431 10,824 791 1,869
1368 2,746 1477 1,850 207 426 655 3,446 11,294 946 2,915
1369 2,968 1,707 2,265 247 438 796 1703 12,673 1,274
Year IMPE IMPC CcC CR CR KTO XTOQ IMTQO  IBTO ITO
1353 4,266 107 408 1,535 1,756 3,658 5,159 500 1,134 1,634
1354 6,212 1,995 501 1,760 2,146 4,696 4,850 866 1,587 2453
1355 6,713 2,250 511 1,621 2379 6,385 5,404 %04 2,425 3,320
1356 7,910 2,697 594 1,813 2,307 8,679 4,707 987 2,244 32m
1357 5,350 2,114 Bl11 1,910 2,347 11,377 3,457 592 2,031 2,623
1358 5,301 2,559 1,042 2,041 2,177 14,976 2,659 378 1,438 1,816
1359 6207 2899 1,338 2,190 1,968 17,080 869 358 1450 1,848
1360 8,225 3,141 1,653 1,986 1,948 19,026 843 426 1,208 1,724
- 1361 6,861 2,676 1,936 1,936 1,910 19564 - 1726 473 1,368 1,842 -
1362 10,840 2,911 2,411 2130 1,930 19,576 1,899 720 1,831 2,551
1363 B310 2317 2,641 2192 1,811 20,915 1,546 823 1,734 2,562
1364 7411 1,576 2,506 2,252 1,898 25,011 1,400 617 | 1,537 2,153
1365 5461 1,695 3,132 2,143 1,508 18,286 1221 320 1,326 1,646
1366 5,498 1,662 3,727 2,027 " 1,403 51,260 1,557 245 1,116 1,361
1367 4,829 1,479 4,330 1,893 1,396 56,817 1,730 278 894 1,173
1368 7,548 2,344 5402 2,052 1,189 74318 1,866 393 864 1,257
1369 6,864 2,395 1,337 2253 518 918 1,436




Table 2.9 Total & Urban population
- (Unit:Million)

" Year ‘Total Urban Year Total Urban

| 1338 21.204 7.072 1370 57.263 32.585
1340 22.444 7.743 1372 60,162 34.57
1342 23.739 8.489 1374 62.962 36.549
1344 25.091 9.316 1376 65.891 38.64
1346 26.501 10.233 1378 68.822 40,752
1348 2797 11.247 1380 71.884 42.959
1350 29.499 12.369 1382 75.081 45.265
1352 31.089 13.607 1384 78.268 47.574
1354 32.818 15.139 1386 81.59 49.975
1356 34.736 16.648 1388 84.886 52,367
1358 37.991 18.45 1390 88.315 54.849
1360 41221 20.604 1392 91.883 57.427
1362 44438 23.093 1394 95.408 59.982
1364 47.807 125.802 1396 99.068 62.63
1366 50995  28.067 1398 102666 0 65.241
1368 54.504 30.778 1400 106.396 67.94

Table 2.10 Crude Qil Price in the World Market & Domestic cons. of Oil

Year Pxoil|$/b]] Doil[bl/a] Year Pxoil[$/bl] Doil[Mio. bl/a]
1348 n.a. 188.70 1376 2051 524.85
1350 na. 217.18 1378 21.15 572.48
1352 n.a, 229.73 1380 21.70 623.19
1354 10.52 262.87 1382 22.17 677.08
1356 12.67 294.33 1384 22.57 734.21
1358 22.17 305.30 1386 22.92 794.68
1360 34.48 248.87 1388 23.21 858.57
1362 27.46 246.14 1390 2347 925.94
1364 2432 362,69 1392 23.69 996.85
1366 ©17.00 278.32 1394 23.87 1,071.38
1368 1670 363.10 1396 2403 1,149.55
1370 17.88 399,42 1398 24.17 1,231.43
1372 18.89 438.42 1400 24.29 1,317.04

1374 19.76 480.19




Table 2,11 Consumplion of Eleciricity and Natural Gas

Elec.[GWh{a]

Year Elee.[GWh/a]  Gas{Mrd.in"3/a] Year Gas[Mrd.m"3/a]
1368 48.7 412 1386 225.9 5176
1370 58.7 63.1 1388 262.9 656.4
1372 70.4 83.8 1390 304.9 828.1
1374 84.2 110.7 1392 352.5 1,039.2
1376 100.2 145.2 1394 406.1 1,297.7
1378 118.7 189.4 1396 466.5 1,612.4
1380 140.2 245.6 1398 534.0 1,993.9
1382 165.0 316.6 1400 609.5 2,453.8

1384 193.4 4059

Table 2.12 Rate of Increase of Electricuty & Gas Cunsum;ﬁtion

- Year Elec.[%] Gas[%] Year Elec.[%] Gas[%]
1368-1370 9.77 15.62  1384-1386 8.07 12.92
1370-1372 9.54 1526  1386-1388 7.88 12.61
1372-1374 9.31 1490  1388-1390 7.70 12,32
1374-1376 9.09 1455  1390-1392 7.52 12.03
1376-1378 8.88 1421  1392-1394 7.34 11.75
1378-1380 8.67 13.87  1394-1396 7.17 11.47
1380-1382 8.47 13.55  1396-1398 7.00 11.20
1382-1384 8.27 1323 1398-1400 6.84 10.94




Table 2.13 Development of GDP and GDP per Capita

Year GDP[Mrd Rsfa] GDP/pop[Th Rs/a]

Year GDP[Mrd Rs/a] GDP/pop[Th Rs/a]

1338
1339
1340
1341
1342
1343
1344
1345

1346

1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369

2,485.7
2,707.0
2,936.6
3,116.6
3,286.2
3,517.6
4,029.3
4,411.5
4,927.5

54937

6,179.9
6,836.7
7,685.0
9,033.7
9,833.9

10,544.0

11,043.9

12,921.8

12,625.5

11,310.8

10,545.0
9,032.3
8,894.1

10,135.0

11,049.6

11,187.2

11,379.7

10,318.5

10,196.4

10,410.3

9,560.2

9,802.2

117.2
1241
130.8
135.0
138.4
144.1
160.6
171.1
185.9
201.8
2209
2380
260.5
298.3
3163
3300
336.5
383.3
363.5
313.5
2776
227.8
215.8
236.8
2487
242.1
238.0
209.0
199.9
197.6
175.4
175.4

1370

1371

1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386

1387

1388
1339

1390

1391
1392

- 1393

1394
1395
1396
1397
1398
1399
1400

10,044.2
10,310.1
10,576.0
10,822.1
11,068.1
11,325.6
11,583.1
11,840.7
12,098.4
12,367.5
12,636.6
12,917.6
13,198.7
13,478.8
13,758.8
14,050.8
14,342.8
14,632.5
14,922.2
15,223.7
15,525.1

15,838.7

16,152.3
16,462.1

16,771.9 .

17,093.6
17,4153
17,731.6
18,047.9
18,375.7
18,703.5

1754
175.6
175.8
1758
175.8
175.8
1758
175.8
1758
175.8
175.8
175.8
175.8
1758
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8
175.8




Table 2.14 Consumplion of Urban, Rural & Gevernment Expenditure

) ] (Unit:Mrd Rs/a)
Year Rural Urban Government Year Rural Urban Government
1338 972.1 677.2 173.5 1362 2,1304 4,562.5 1,930,1
1339 9102 7139 1843 1363 2,192.2 4,879.8 " 1,810.8
1340 878.8 749.3 179.9 1364 2,2524 4,953.5 1,898.1
1341 873.0 7870 1834 1365 2,143.1 4,316.5 1,507.6
1342 849.6 8271 197.7 1366 2,026.5 4,048.1 1,402.8
1343 746.1 867.8 238.9 © 1367 1,893.1° 4,226.6 1,396.1
1344 782.6 906.2 317.9 1368 2,052.1 4,246.0 1,189.4
1345 881.4 049.3 362.3 1370 2,126.1 4,657.8 1,220.2
i346 963.0 1,049.7 '418.2 1372 2,463.9 4,941.7 1,151.3
1347 882.1 1,143.3 494.3 1374 2,543.1 5,302,3 1,089.2
1348 812.3 1,365.6 588.6 1376 - 2,624.1 56534 1,039.8
1349 816.7 1,573.7 682.2 1378 2,799.1 5,962.5 1,000.5
1330 955.7 1,814.1 898.9 1380 3,065.1 6,285.4 969.1
1351 903.6 2,046.5 1,127.3 1382 3,361.0 6,622.8 9442
1352 999.1 2,352.6 1,236.5 1384 3,631.5 6,960.5 924.3
1353 1,535.0 2,164.2 ©1,756.4 1386 3,861.9 7,405.3 908.4
1354 1,760.4 3,158.8 2,145.9 1388 4,164.7 7,759.6 8095.8
1355 1,621.2 3,297.3 2,319.4 " 1390 4,506.0 31274 _ 885.8
1356 1,813.1 3,449.5 2,307.1 _ 1392 4,881.6. 8,509.3 877.7
1357 1,909.5 3,492.5 2,346.9 1394 5,2493 8,888.0 871.3
1358 2,041.0 3,548.7 2,177.3 1396 54024 9,528.5 866.3
1359 2,1904 3,125.7 1,968.4 1398 5,741.7 9,992.7 . 8623
1360 1,986.1 3,484.8 1,947.9 1400 5,997.7 10,5722 858.5
1361 1,9355 3,922.6 1,910.1
Table 2.15 Development of Capital Stock & Invesiment
' {Unit:Mrd Rs/a)
Year Capital - Investment Year Capital Investment
1344 n.a. 103.7 1374 23,038.3 1,747.9
1346 n.a. 164.7 1376 24,3019 1,799.9
1348 n.a. 1955 1378 25,594.1 1,877.8
1350 n.a. 252.5 1380 26,9477 - 1,973.9
1352 n.a. 370.1 1382 28,3408 2,061.8
1354 na. 2,453.0 1384 29,846.9 2,189.4
1356 n.a. 3,231.0 1386 31,3882 2,282.7
1358 na, 1,815.8 1388 33,0109 2,404.6
1360 na. 1,722 1390 34,690.7 2,509.2
1362 n.a. 2,551.1 1392 36,3827 2,602.2
1364 n.a. 2,1533 1394 38,126.3 2,713.3
1366 n.a. 1,360.6 1396 39,8959 2,813.8
1368 18,613.1 1,216.8 1398 41,669.1 2,904.1
1370 20,4019 - 1,851.1 1400 ' 43,461.8 3,002.8

1372 21,750.7 1,711:8




Table 2.16 Import of Consumer, Intermediate & Capits! Goods

. . n (Unit:Mrd §/a)
" Year CON INT CAP Year CON INT CAP
1338 0.16 0.27 0.11 1370 220 6.36 4.93
1340 0.16 033 0.13 1372 221 7.31 4.84
1342 0.12 0.29 0.10 1374 X 8.16 5.00
1344 0.16 0.52 0.22 1376 2.26 9.06 538
1346 0.15 0.71 0.33 - 1378 2.30 9.89 573
1348 0.17 0.99 0.39 1380 235 10.68 6.12
1350 024 1.34 0.48 1382 2.41 11.51 6.50
1352 0.56 2.27 0.91 1384 2.46 12.35 6.97
1354 2.00 6.21 349 1386 2.52 13.25 7.38
1356 270 7.91 4.02 1388 2.58 14.15 7.85
1358 2.56 5.30 1.84 1390 2.63 15.10 830
1360 3.14 823 2.15 1392 2.69 16.11 8.74
1362 291 10.84 435 1394 275 17.14 9.23
1364 1.58 741 242 1396 2.81 18.22 9,70
1366 1.66 5.50 221 1398 287 19.33 10.17
1368 234 7.55 292 1400 2.93 20.51 10.66

Table 2.17 Export of Non-oil goods
{(Unit:Mrd Rs/a)

Year Non-oil goods Year Non-oil goods
1338 80.4 1370 132.1
1340 718 1372 134.0
1342 75.9 1374 136.0
1344 933 1376 137.9
1346 89.1 1378 140.7
1348 112.1 1380 144.5
1350 160.5 1382 148.4
1352 151.5 1384 152.4
1354 129.5 1386 156.6
1356 101.6 1388 160.8
1358 102.0 1390 1652
1360 31.6 1392 169.8
1362 28.5 1394 174.4
1364 315 1396 179.1
1366 24.4 1398 183.9
1368 113.0 1400 1888




Table 2.18 Shadow Price of Foreigh'Exchang'e Reserves and Oil

Year  SFX[Rs/$] Poil[$/b1] Year  SFX[Rs/§] Poil[$/bl]
1370 259.5 392 1386 - 404.0 35.0
1372 274.3 26.6 1388 426.9 34.9
1374 289.9 282 1390 4512 . 338
1376 306.4 29.6 1392 476.9 37.0
1378 323.8 30.8 1394 504.0 353
1380 342.2 32.0 1396 532.6 32.8
1382 361.7 311 1398 562.9 33.0
1384 382.2 318 1400 1,041.4 20,7




Table 2.19 Crude Oil Price in the World Market

_ (Unit:$/bl)
Year  Reference ~ POIL_1 POIL 2 "POIL 3 POLI 4
1353 10.28 10.28 10.28 10.28 10.28
1354 10.52 10.52 10.52 10.52 10.52
1355 11.29 11.29 11.29 11.29 11.29
1356 12.67 12.67 12.67 12.67 12.67
1357 12.65 12.65 12.65 12.65 12.65
1358 22.17 2217 22.17 22.17 217
1359 35.46 35.46 35.46 35.46 35.46
1360 34.48 34.48 34.48 34.48 34.48
1361 28.75 - 28.75 28.75- 28.75 2875
1362 27.46 27.46 27.46 27.46 27.46
1363 26.73 2673 26.73 26.73 26.73
1364 2432 24.32 24.32 2432 24.32
1365 12.88 12.88 12.88 12.88 12.88
1366 17.00 17.00 17.00 17.00 17.00
1367 14.09 14.09 14.09 14.09 14.09
1368 16.70 16.70 16.70 16.70 16.70
1370 19.30 18.69 20.46 23.45 17.88
1372 - 21.54 20.46 23.45 2772 18.89
1374 23.45 22.05 25.83 30.40 19.76
1376 25.10 2345 2772 32.10 20.51
1378 26.51 2471 29.21 33.17 21.15
1380 2172 25.83 30.40 33.85 21.70
1382 28.75 26.83 31.35 34.27 22.17
1384 29.64 27.72 32.10 34.54 22.57
1386 30.40 28.51 32.70 34.71 22,92
1388 31.06 29.21 33,17 34.82 2321
1390 31.62 29.84 33.55 34.89 2347
1392 3210 30.40 33.85 34.93 23.69
1394 3251 30.90 34.08 34.95 23.87
1396 32.87 31.35 34.27 34.97 24.03
1398 3317 31.75 34,42 34.98 24.17
1400 3343 3210 34.54 34.99 2429




Table 2.20 Development of GDP for DIff. Scenarios of Qil Prices o
: (Unit:Mrd Rs/a)

Year - - Reference POIL 1 - POIL 2 POIL, 3 POIL, 4
1338 2,485.7 - 2,485.7 2,485.7 2,485.7 2,485.7
1339 2,707.0 2,707.0 2,707.0 2,707.0 2,707.0
1340 2,936.6 2,936.6 2,936.6 2,936.6 2,936.6
1341 3,116.6 3,116:6 3,116.6 3,116.6 3,116.6
1342 3,286.2 3,286.2 3,286.2 3,286.2 3,286.2
1343 35176 . 3,517.6 3,517.6 3,517.6 3517.6
1344 4,029.3 4,029.3 4,029.3 4,029.3 4,029.3
1345 4,411.5 4,411.5 4411.5 44115 4,411.5
1346 49275 49275 4,927.5 4,927.5 4,927.5
1347 5,493.7 5,493.7 5,493.7 5,493.7 5,493.7
1348 6,179.9 6,179.9 6,179.9 6,179.9 - 6,179.9
1349 6,836.7 6,836.7 6,836.7 6,836.7 6,836.7
1350 7,685.0 7,685.0 7,685.0 7,685.0 7,685.0
1351 9,033.7 9,033.7 9,033.7 9,033.7 9,033.7
1352 9,833.9 9,833.9 9,833.9 9,833.9 9,833.9
1353 10,544.0 10,544.0 10,544.0 10,544.0 10,544.0
1354 11,043.9 11,043.9 11,043.9 11,0439 11,043.9
1355 12,921.8 12,921.8 12,921.8 12,921.8 12,921.8
1356 12,625.5 12,625.5 = 12,6255 12,625.5 12,625.5
1357 11,310.8 11,310.8 11,310.8 11,310.8 11,310.8
1358 10,545.0 10,545.0 ~ 10,545.0 10,545.0 10,545.0
1359 - 9,032.3 9,032.3 9,032.3 9,032.3 9,032.3
1360 8,804.1 8,894.1 8,804,1 8,894.1 8,894.1
1361 10,1350 10,135.0 10,135,0 10,135.0 10,135.0
1362 11,049.6 11,049.6 11,049.6 11,049.6 11,049.6
1363 11,187.2 11,187.2 11,187.2 13L,187.2 11,1'87.2
1364 11,379.7 11,379.7 11,379.7 11,379.7 11,379.7
1365 10,318.5 10,318.5 10,318.5 10,318.5 10,318.5
1366 10,196.4 10,196.4 10,1964 - 10,196.4 10,196.4
1367 10,410.3 10,410.3 10,410.3 10,410.3 10,410.3
1368 10,845.5 10,845.5 10,845.5 10,845.5 10,845.5
1370 11,137.3 10,348.3 11,129.3 11,108.7 9,562.2
1372 12,915.5 12,271.4 13,097.6 13,303.7 10,927.3
1374 15,292.3 14,5822 15,962.8 16,485.4 12,682.4
1376 16,420.9 15,459.4 17,861.2 19,499.0 13,227.6
1378 17,177.5 16,150.8 18,884.6 21,5682 13,7344
1380 17,894.8 16,778.7 19,9201 23,148.3 14,192.1
1382 18,887.0 17,574.6 '21,059.1 24,795.3 14,721.2
1384 19,782.6 18,443.7 22,790.1 25,881.4 15,265.1
1386 21,119.7 19,315.8 23,9309 26,710.7 15,814.1
1388 22,377.2 20,683.1 24,677.7 27,438.6 16,361.6
1390 23,213.6 21,731.3 25,334.4 28,227.0 17,073.5
1392 23,825.0 22,434.5 25,982.7 29,1444 17,744.3
1394 22,638.0 21,350.8 24,816.6 28,398.0 16,987.1
1396 22,802.7 21,438.5 254637 302268 17,447.7
1398 23,075.8 21,687.6 26,413.6 343174  17,969.0
1400 23,4719 22,036.3 - 28,531.1 44,1184 18,399.7




Table 2,21 Scenarios of Pomestic Oil Consumption

" (Unit:Mio.bi/a)
Year Reference DOIL 1 DOIL. 2
1368 363.1 303.1 363.1
1370 398.6 397.0 3911
1372 435.8 430.6 413.9
1374 474.5 463.9 4321
1376 514.8 496.5 446.5
1378 556.5 5283 457.7
1380 - 5994 5591 466.5
1382 643.6 588.7 473.2
1384 688.8 617.2 478.3
1386 735.0 644.3 482.3
1388 782.1 670.1 485.3
1390 829.8 694.6 - 487.6
1392 878.2 717.7 489.4
1394 - 9270 7394 490.7
1396 : 976.2 759.9 491.7
1398 1,025.6 779.0 492.5

1400 1,075.1 796.8 4931

Table 2.22 Shadow Prices of .Cru.de Oil for Diff. Secenario of
Domestic Qil Consumption

: (Unit:$/bl)
Year Reference DOIL 1 DOIL 2
1370 53 42 1.1
1372 6.1 4.8 1.3
1374 6.9 54 1.4
1376 79 6.2 1.6
1378 9.1 7.1 1.9
1380 10.4 "8.2 22
1382 11.9 9.4 2.5
1384 13.6 10.7 28
1386 15.6 12.3 3.2
1388 179 14.0 3.7
1390 20.5 16.1 42
1392 234 184 4.8
1394 268 21.1 55
1396 30.7 24.1 6.4
1398 35.2 27.6 73

1400 40.6 31.9 8.4




Table 2,23 Shadow Prices of Foreigh Exch. Res, for Diff. Scen.'of Domes,

0il Consumption

(Unit:RS/$)
Year Reference DOIL 1 DOIL 2
1370 23838 2257 215.7
1372 2524 238.6 228.0
1374 266.8 252.1 2409
1376 281.9 266.5 254.6
1378 298.0 281.6 269.1
1380 314.9 297.6 284.4
1382 - 3328 3145 300.6
1384 351.7 3324 3177
1386 371.7 351.3 335.7
1388 392.9 371.3 354.8
1390 4152 392.4 375.0
1392 438.8 4147 396.3
1394 4638 4383 418.8
1396 490.1 463.2 442.6
1398 518.0. 14896 467.8
1400 543.1 5133 490.5




Table 3.1 Final energy uses per unit real
exp. in rural and urban hous.
(Unit:BOE/Mioc.Rs)

Year Urban Rural
1361 9.43 17.26
1362 9.13 16.14
1363 9.83 - 16.14
1364 _ 10.11 16.39
1365 11.75 17.12
1366 13.01 17.27
1367 14.34 18.43
1368 14.82 17.22

1369 14.63 . 15.95

Table 3.2 Share of final energy consumption
in rural and urban areas

(%)
Year Urban Rural
1361 52.11 47.89
1362 54.68 45,32
1363 5742 42.58
1364 57.59 4241
1365 58.47 41.53
1366 : 60.92 39.08
1367 63.18 36.82
1368 64.50 35.50

1369 63.14 36.86

Table 3.3 Development of final energy consumption in household |

(Unit:MBO¥/a)
Year _ Elec N. Gas Pet. Prod Trad Fuel
1361 4.94 4,74 40.46 21.94
1362 5.56 5.85 44,56 21.77
1363 6.27 7.69 49,72 2253
1364 6.94 8.27 54,74 21.40
1365 7.59 9.23 53.21 21.11
1366 8.29 10.40 53.49 20.04
1367 8.64 13.68 56.43 21.29
1368 - 9.58 14.46 62.17 19.58
1369 - 10.73 16.19 60.36 20.79




Table 3.4 Development of final energy consumption in urban household

-~ (UnittMBOE/a)
Year Elec N. Gas Pet. Prod . Trad Fuel
1361 4.02 4,71 24.47 4.36
1362 4.51 5.81 27.91 4.28
1363 4.93 7.61 3225 an
1364 5.32 8.06 34.69 453
1365 5.97 8.93 34.50 3.89
1366 6.05 10.18 36.00 3.95
1367 6.46 13.29 38.74 472
1368 7.08 14.04 43.03 4.09
1369 7.72 15.65 40.61 4.26

Table 3.5 Development of final energy consump. per Cap. in urban hous.
(Unit:BOE/a)

Year Elec N.Gas . Pet.Prod Trad Fuel
1361 0.18 0.22 1.12 0.20
1362 0.20 0.25 1.21 0.19
1363 0.20 0.31 1.32 0.19
1364 0.21 0.31 134 0.18
1365 - 0.22 0.33 1.29 0.15
1366 0.22 0.36 1.28 0.14
1367 0.22 0.45 1.32 0.16
1368 0.23 0.46 1.40 0.13

1369 0.24 0.49 1.27 0.13

N ¥ .



Talde 3.6 Devel

t of eriergy consumnplion of & family In urban areas(1361)

YEAR ELEC N.GAS 1rG  KEROSENE GAS DIL FWOO0D CHARCOAL Total Clec N. Gas Pet. Piod
D) 1) o) () o) {MD ) (M) _(BOEm) (RO} {HOTA
Gl 138035 68.58 1576.26 13468.84 13285 620.89 B91.53 i8539.3 0.225 m2 2.636
G2 211487 166,18 2B47.51 17100.35 440.43 208,79 586,73 - 254649 0.345 ¢.028 3451
G3 273032 987.39 3615.46 18831.24 97 2446.11% 853,43 W0463.7 0.456 0.167 3.959
G4 3884.36 2133.92 5041.93 20001.59 303297 2082.87 1005.83 angse 0,635 0.361 4,753
G5 433B.52 21.37 3341.90 21860.9t 2228.51° 2180.93 128015 © 392723 0,769 0.342 4.986
6.6 5494,34 4812.08 £053.58 23381.36 2722.52 1523.20 152257 45509.2 0.897 14 5444
G7 612973 7291.69 €860.72 26156.84 2456.41 4307.50 2419.14 - 56228.5 10494 1.235 " 6006
GEB 8338.34 12661.05 NNA6 2723339 3908.13 7841.14 W95.T2 | Tnasy 1.362 2142 6486
L8y 107H3.83 2250854 “4313,20 20268.75 2388751 526128 17712 1031204 1.748 2.808 10.574
G_1 14600.28 21652.64 8575.91 36538.25 5914.05 35915.03 6185.36 1432815 2385 5385 9.197
Table 3.7 Development of enerpy consumption of a Gamily In urban arcas(1363)
YEAR ELEC - N.GAS 1PG KEROSENE GAS OIL FWO0D CHARCOAL “Tolal Elco N, Gas el Prod
™MB )] 1) ™MB 1) M) ) (3] [HO®/a] {LOE/a) [BOF/]
G.1 IRYL RS 13332 1749.26 15169.05 369.38 552.74 793.68 201417 0.224 0023 2926
G2 095,59 30133 316004 18977.18 488.77 19£6.36 52234 275114 ©0.342 0051 33830
G3 2766.21 9212 401227 20898.05 1042.85 27764 759.76 325790 0.452 0156 4393
G 4 386918 192120 559531 S R191.29 33485.86 1854.26 w544 39698.5 0.632 0325 na.
G3 4347.64 2412.54 392819 2428143 2473.10 194157 1139.65 425251 0.710 0.408 na
G 6 $534.77 6372.88 6717.98 25941.55 302133 1356.02 1355.11 30305.6 6.504 1078 na
G_7 677159 9614.57 61372 28027.66 212602 . 383509 215363 61742.3 1.105 1.627 na.
G8 838844 14033.32 95823 30222.37% 4337.07 6980.55 266693 45869 1370 2374 na,
G4 10768.56 2144992 1033536 - 3248111 26509.0 4683.83 193817 114166.7 1.759 4.644 na,
G 1 14687.70 40923.29 9517.15 40881.40 9892.41 31973.21 6040.64 153915.8 2399 6924 na.
Tahlk 3.8 Develepment of energy of a family in yrban areas(1366) .
YEAR ELEC N.GAS IPG KEROSENE GAS OIL FwoOn CHARCOAL “Total Elec N. Gas Pet. Prod
()] (411} [Gal)) ) 2] M) ™MD M) (BOE ) [BOE/a} IROFE/a)
G_1 1581.68 21183 1885.55 16350.94 39816 459.05 T16.59 217438 0.275 0036 na.
G2 25328 T, 53153 3406.25 20455.78 526.86 1775.38 471.61 20826.7 0.433 0091 na.
G3 354215 1786.05 4324.89 22526 30 12410 1966.14 685.97 35955.6 0.57% 0.302 na
G_4 0703 3571.55 6031.26 23926,78 362810 16M4.17 BB.47 44547.4 0.801 0.604 na,
G5 5475.88 4585.93 " 639008 26174.38 2665. 79 1752.99 1028.95 48074.0 0.894 0.776 na,
G #3775 13109.42 LAl 27RO 325673 1224.32 1223.49 509824 1.136 218 na
6.7 8508.57 17340.00 8206.93 312689.33 2938.41 3462.61 1944.45 T3690.3 1.3%0 2934 na
G 8 10565.42 2390034 8578.29 357112 467498 630255 2407.90 £9006.6 . ].726 4043 aa.
¢9 13571.11 3397563 11140.63 35011.85 28575.19 4228.91 174993 ' 1282542 217 5.748 a4
¢.10 18511.30 45630026 10258.67 44046.64 1066317 28867.79 5453.94 1641218 3024 7.833 na
Tahle 3.9 Developmenl of energy consumption of a family in urban areas(1369)
YEAR ELEC N.GAS 1PG KEROSENE GaS QL F.WOOD CHARCOAL Total Elec N. Gas Fel. Prod
(1) Q) o) 41) [} 1) [&D) ()  (BOBm]  [BOF]  [BOB/A]
Gl 03078 428.93 194404 16%58.09 410.51 476.02 683.52 228319 033 0973 na.
G2 3158.58 861.57 351190 21090.25 34320 1693.43 449.84 31308.8 0.516 0.146 na.
63 4170.36 2470.13 4459.63 23225.00 113896 187538 £54.31 oM3.2 0.681 0.587 na
G4 5802.05 642544 621833 24668.91 3740.64 1596.89 7715 492234 0.948 1087 na.
o5 £507.28 4500.58 656828 26986.22 2748.48 1672.07 981.46 51984.4 1,063 1.100 na.
G6 8272.47 1709115 466,02 28836.75 335174 1167.89 1167.01 67358.6 1,351 2892 ‘na.
6.7 10121.81 22800.62 B461.49 32259.82 3029.55 330217 1B54.70 81830.8 1.653 3.857 n.a.
oR 12598.09 A3LS236 . BB4436 33587.56 4819.99 011.63 29675 101410.7 2058 5.625 na.
G9 16173.62 5487187 11486.18 36097.81 2946150 4033.70 1669.13 1537938 2642 2283 na
G 10 2206119 74774.4 10576.86 45433.45 1999390 27535.24 5200.18 196577.2 3.603 12.651 g



Table 3.10 Development of energy consmnption of g i’ainily in rurai areas(136l)

YEAR ELEC N.GAS LI'G - KEROSENE GAS OIL
D) (M) (M) (M) (M)
G_1 : 349,20 6.79 545,99 10864.76 8211
G2 579.25 13.58 1333.73 15557.85 116,37
G_3 940,20 20.37 2147.47 19443,53 240.20
G.4 ' 134451 13.95 2658.14 20896,88 a07.50
G_S 1639.13 47,53 3222.76 20488.12 292.01
G_6 2125.81 67.51 4055.12 25288.87 036.20
G 2833.18 108.65 5187.45 2824266 1991.83
G_8 3215.19 156,18 6025.64 3047146 2024.32
GY 4553.40 190.14 6691.92 27638.78 6876.12
G_10 5326.93 448.18 7755.57 3387437 7447 83

Table 3.11 Development of energy consumption of & fmhily in rural areas(1363}

YEAR ELEC N.GAS LPG KBROSENE GAS OIL
(M3 (M1 [G1)] (LGt ~_(MB

G_1 436.87 15.40 561.72 11164.57 84 48
G2 698.71 30.79 1372.16 15987.17 119.72
G 3 1216.08 4619 2209.34 19980.07 247.12
G 4 T 1759.48 76.98 273473 21473.52 419.24
G_s 2045.32 107.77 3315.61 21053.49 300.43
G 6 2834 48 15395 4171.96 25986.72 963.17
G_7 4003.57 246.33 5336.92 29022.01 2049.22
G 8 4396.70 354.10 6199.25 31312.32 2082.65
G.9 6607.66 431.07 6884.73 28401.47 7074.24
G i0 7321.61 1016,10 7979.02 34809.13 7662.44

Table 3.12 De#elﬁpment of energy consumption of a family in rural arcas(1366)

YEAR ELEC N.GAS 1FG KEROSENE  GAS OIL

) (M1) (M3) (M1) (M1)
G 1 636.99 49,00 579.48 11465.53 na.
G2 1138.55 98.00 1415.55 16418.12 na.
G_3 2021.87 147.00 227921 20518.66 Ra.
G4 3218.27 245.00 2821.21 22052.37 na.
G5 : 3806.53 343.01 342046 21621.01 na.
G.6 5234,70 490.01 4303.89 26687.22 na.
G_7 7413.12 784.01 5505.68 2980433 na.
G 8 8235.80 1127.02 £395.29 32156.37 na.
G_9 1287133 1372.02 710245 29167.06 na.
G 14523.55 823134 35747.45. na.

3234.05

Table 3.13 Development of energy consumption of a family in rural arcas(i369)

YEAR FLEC N.GAS LPG KERQSENE  GAS OIL

(M (M) M M) (1)
G_1 739.53 95.44 599.56 11792.50 na.
G2 1256.82 190.88 1464.60 16886.33 na.
G3 2255.68 286.32 2358.20 21103.81 na.
G4 3353.05 47720 291898 22681.25 na.
G.5 4164.05 668.08  3339.00 22237.60 na.
G_6 6155.33 954.40 4453.05 27448.28 n.a.
G.7 8918.66 1527.04 5696.49 30654.29 ia.
G.8 1012021 219512 661693 3307341 na.
G9 15723.03 2672.32 7348.59 29994.85 na.
G_10 17741.30 6299.0 8516.61 36766.89 na.



Table 3.14 Development of useful encrgy cdnsnmptlun of
a family in urban areas(1361)

YEAR Elect.(GI) Heating(G]) Cooking(G1)
G1 138 559 1.69
G2 2.11 7.23 2.43
G_3 .79 875 2592
G 4 3,49 11.25 3.63
G5 434 11.37 3.90
G 6 549 13.76 4.49
G_7 673 16.55 529
G 8 834 21.59 5.98
G9 1070 41.36 7.55
G 10 14.60 44.20 933

Table 3.16 Development of useful energy consumption of

a fomily in urban areas{1366)

Cooking(GI)

YEAR Flegt(GI) Heating(GY)

G1 168 6.68 2.00
G2 265 8.67 250
G.3 3.54 10.62 3.50
G4 490 13.86 438
G.S 548 14.63 477
G 6 6.95 20.43 5.86
G7 8.51 2425 6,86
G_8 10.57 30,12 7.66
G9 13.57. 53.01 9.46
G_10 18.51 55.08 11.37

Table 3.18 Development of useful energy consumpt

ion of a family

in rural areas(1361)

YEAR Elect.(GI) Heating(G)) Cooking(GD)
G1 035 6.52 0.93

G2 0.58 10.26 L.65
G3 0.95 13.01 223

G 4 1.34 13.83 247

G5 164 14.24 278

G.6. 2.13 18.08 349

G_7 2.83 20.41 406

G8 322 22.27 4.57

G239 4.55 24.71 499

533 28.44 5.59

G_10

‘Fable 320 Development of useful energy consumption of a Eamily

in roral areas{1366)

YEAR Elect.(GI) Heating(GJ) ' * - Cooking(Gl)
G1 0.64 6.70 0.95
G2 114 10.42 167
G_3 202 13.21 226
G_4 3 14,51 2.52
GS . 381, 14.47 . 2.83
G_6 5.23 18.40 3.55
G_7. 741 ° 20.94 - 4,16
G8 8.24 22,91 4.69
G9 12.87 26.25 5.18
G 10 29.34 572

14.52

— 17._.

Table 3.18 Development of useful enefgy consumption of
a Family in urban areas(1363)

YEAR Elect.(GI) Healing(GI) Cooking{G])
G.1 137 619 1.86
G2 2,10 7.99 268
G.3 2,77 951 321
G4 3.87 12,14 3.97
G5 435 12.61 43
G6 5.53 15.77 503
G.7 6.77 190 592
G & 830 23.61 655
6.9 10.77 47.05 851
'G_10 14.69 50.89 10.55

Table 3.17 Development of useful cnergy consumption of
a family in urban areas(1369) '

YEAR Elect.{G) Heating{GJ) Cooking(GH)
G1 203 699 207
G2 3.16 9.09 300
G3 417 11.83 373
G4 5.80 15.80 4n
G_S 6.51 18.05 5.04
G 6 8.27 23.04 629
G7 10,12 271.70 743
G.8 12.60 35.78 8.51
G9 16.17 65.70 11.20
G 10 2206 71.53 13.66

Table 3,19 Development of useful cuergy consumption of a family

i rural areas(1363)

YEAR Elecl.(G]) Heating(GJ) Cooking(GI)
G_1 0.44 6.60 0.94
G2 0.70 1032 1.65
G 3 122 13.09 2.24
G 4 1.76 13.94 2.49
G5 2.05 14.31 2,80
G 6 2.88 18.18 3.51
G7 4,00 20,57 4,09
GS§ 4,40 2245 4.61
G.Y 6.61 25.08 503
G_10 7.32 28.72 5.63

Table 3.21 Development of useful encrgy consumption ofa family

in rural areas(1369)

YEAR

Elect {GT} Healing(GI) Cooking{GI)

G 1 0.74 6.80 0.96
G2 126 10,52 1.68
G3 2.26 13.35 229
G4 335 14.32 2.56
G5 4,16 14.67 287
G._6 6.16 18.68 3.60
G_7 8.92 21.41 424
G.8 10,12 23.53 479
Nel) 15.72 27.85 538
G0 17.74 30.16 5.85




Table 3.22 Value-added of industry and GDP in constant prices of 1361 S
: ' : ' : (Unit:Mrd.Rs/a)
Year Industry - GDP  Year Industry GDP

- 1338 97.3 2,177.6 1354 806.8 9,227.8
1339 107.9 2,384.4 1355 1,049.1 11,254.3
1340 116.8 2,598.6 1356 1,101.3 11,183.8
1341 1357 2,7786 1357 986.2 10,070.8
1342 149.0 2,936.9 1358 859.1  10,543.1
1343 157.9 3,158.7 1359 964.8 9,323.1
1344 178.0 3,621.6 1360 1,042.3 9,175.2
1345 206.4 13,9928 1361 9967 10,335.4
1346 237.4 4,4403 . 1362 1,115.3 11,536.7
1347 273.5 5,001.7 1363 1,252.3 11,587.1
1348 309.6 5,653.3 1364 1,225.9 11,607.4
1349 338.5 6,252.3 1365 1,148.0 9,861.7
1350 397.7 7,045.5 1366 1,275.6 10,019.8
1351 4704 8,201.9 1367 1,301.8 9,234.3
1352 561.8 8,956.3 1368 1,417.9 9,514.6
1353 745.7 9,342.7 1369 1,643.8 10,664.9

Table 3.23 Share of ind. value-added in GDP and GRP at constant prices(1361) .
' B (Unit: %)

Year IND/GDP IND/GRP Year IND/GDP IND/GRP
1338 4,468 7.528 1354 8.743 16.207
1339 4.525 7.692 1355 9.322 16.207
1340 4.495 8,046 1356 9,847 16.254
1341 4884 9,038 1357 9,793 14,237
1342 5.074 9.470 1358 8.148 10.728
1343 - 4,999 9,492 1359 10348 11,408
1344 4.915 9,424 1360 ©11360 0 12.569
1345 5.169 10.168 1361 9.644  11.883
1346 5.346 10.561 1362 - 9.667 11.703
1347 5.468 11.109 1363 10.808 12.571
1348 5.476 11.793 1364 10.561 12.305
1349 5414 11.857 1365 11641 13,572
1350 5.645 12.532 1366 12.731 15.148
1351 5.735 12.346 1367 14.097 17.403
1352 6.273 13.508 1368 14,902 18,595
1353 7.982 16.510 1369 15.413 19.569




Table 3.24 Energy consumption in total of Largé industry
Year  Elec.(Mio. kWh/a) Encrgy(Mio. BOE) ~ Year  Blec.(Mio. kWh/a) Encrgy(Mio, BOE)

1350 1452.66 14.06 1360 2398.10 n.a.
1351 1647.56 14,84 1361 2679.38 34.60
1352 2367.64 16.03 1362 2962.61 40,71
1353 4815.28 20,29 1363 3334.69 43.80
1354 4996.07 2265 1364 2987.55 41.96
1355 5318.53 2510 1365 3110.03 45.86
1356 na. na, 1366 397014 46.44
1357 na. na. 1367 5467.09 $8.10
1358 2180.49 na. 1368 6385.02 70.59
1359 244895 na, 1369 8330.72 67.73

‘Table 3.25 Share of induestry in energy consumption

Year Energy(%) Electricity(%)  Year Energy(%) Electricity(%)
1350 227 45.0 1361 227 29.8
1351 S 242 480 1362 _ 20.8 31.0
1352 242 51.9 1363 19.9 30.6
1353 24.7 54.6 1364 183 28.7
1354 24.7 50.6 - 1365 17.8 : 26.7
1355 - 316 47.5 1366 17.9 20.8
1356 233 45.1 1367 17.9 21,9
1357 20.5 ' 41.2 1368 ' 19.5 21.2
1358 223 384 1369 19.2 227
1359 22,5 359 1370 19.6 21.6
1360 227 34.7




Table 3.26 Share of energy carriers in energy cnnsumpthn of industry

Year -Elec N. Gas Others . Pet. Prod
1350 6.06 0.00 0.00 93.94
1351 6.52 0.00 0.00 93.48
1352 8.67 000 0.00 91.33
1353 13.93 0.00 211 83.96
1354 12.94 0.00 2.29 84.76
1355 12.43 0.00 2.51 85.05
1356 n.a. n.a. n.Aa. n.a.
1357 na. n.a. n.a. 1n.8.
1358 LA, n.a, n.a. 1.4,
1359 na. n.a. n.a. n.a.
1360 L3, n.a. n.a. n.a.
1361 4.54 20.49 0.57 74.40
1362 427 2796 047 67.30
1363 447 2924 024 66.05
1364 4.18 31.18 0.47 64.18
1365 3.98 30.04 0.44 65.54
1366 5.02 30.36 0.00 64.63
1367 5.52 25.63 0.00 68.84
1368 5.31 29.25 0.00 " 65.44
1369 7.22 32.69 000  60.09

—20—
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Tablé 330 Activity level of passenger fransport modes

(Unii:Mio. p-km)

Year Mini-Bus Bus . Cycle Train_Diesel Air {Dom)
1349< 9,078 10,936 865 1,782 n.a.
1350 10,136 12,210 995 1,772 na.
1351 11,506 13,862 1,080 - 2,034 n.a.
1352 12,900 15,541 1,165 2,167  na
1353 14,315 17,245 1,239 2,244 n.a.
1354 15,838 19,080 1,220 . 2,805 1,272
1355 18,151 21,867 1,278 3,476 1,490
1356 20,989 25,286 1,149 3,636 1,763
1357 22,549 27,165 1,139 2,951 1,630
1358 23,714 28,569 942 3,168 1,581
1359 24,978 30,091 1,430 2,677 1,170
1360 26,786 32,269 . 2,098 2,501 1,867
1361 27,966 33,690 2,167 4,687 2,085
1362 30,953 37,289 2,155 5,726 3,334
1363 34,932 42,083 2,190 6,069 4,107
1364 © 39,023 47,011 2,160 5,529 4,035
1365 40,737 49,076 2,083 4,592 4,695
1366 41,452 49,938 1,944 3,637 4,792
1367 41,315 49,772 1,684 4,614 4,194
1368 41,690 50,225 1,467 4,705 4,713
1369 41,911 50,490 1,227 4,528 5,700
1370 44,814 53,088 1,111 na. 5,369




Table 3.31 Activity of modcs in Freight transportation
: (Unit:Mio. t-km)
Year - S.Truck L.Truck  Train Diesel Air(Dom)

1349 1,114 S 12,623 2,330 na.
1350 1,253 14,196 3,006 n.a.
1351 1,401 15,876 3,692 n.a.
1352 1,560 17,677 4,388 n.a.
1353 1,784 20,221 4,917 n.a.
1354 2,445 27,715 4,943 134
1355 3,138 35,563 4,877 163
1356 4,109 46,569 5,017 199
1357 4,800 54,396 4,083 178
1358 5,117 57,995 3,124 174
1359 5,429 - 61,529 3,428 123
1360 5,624 63,735 3,861 217
1361 5,840 - 66,189 5,567 245
1362 6,730 76,275 6,762 398
1363 7,706 87,338 7,566 475
1364 - 8,695 98,539 6,888 410
1365 8,887 100,717 7,316 485
1366 8,915 101,037 8,625 582
1367 8,674 98,306 8,047 502
1368 8,384 95,020 7,963 533
1369 8,202 92,951 9,041 639
1370 8,506 96,401 n.a. 526




Table 3.32 Fuel Consumption in Road Transport Sector

Olto Engine {Unit:MBOE/a)
Ycar Car Tr. MC.Tr ~ Mini-Bus Tr. Bus Tr, o 8. Truck Tr. L. Truck Tr,
1349< 4.65 0.24 0.84 0.79 115 4.96
1350 542 0.27 0.94 0.88 1.29 5.58

1351 6.49 0.30 1.07 1.00 145 6.24
1352 771 0.32 1.19 1.12 1.61 6.95
1353 9.65 0.34 1.32 1.24 1.84. 7.95
1354 12.61 0.34 1.46 137 2.53 10.90
1355 15.66 0.35 1.67 1.57 3.24 13.98
1356 19.32 0.31 1.93 1.82 '4.20 18.27
1357 20.41 0.31 2.07 1.95 4,88 21.32
1358 21.57 0.25 217 2.05 5.19 22.71
1359 22.69 0.37 2.28 2.16 5.49 24.07
1360 22.95 0.54 244 2.32 5.67 24.91
1361 23.20 0.55 2.55 2.42 5.88 25.84
1362 23.89 0.54 2.81 2.67 6.74 29.67
1363 24.65 0.55 3.16 3.01 7.69 33.84
1364 25.07 0.53 3.51 3.35 8.61 38.05
1365 2425 0.51 3.64 3.49 8.76 38.79
1366 23.26 0.47 3.70 3.55 8.75 38.83
1367 2211 0.40 3.68 3.54 8.50 37.72
1368 20.92 0.35 370 3.56 8.20 36.42
1369 19.10 0.29 3.71 358 8.00 35.56
1370 0.25 3.94 3.81 8.26 36.76

18.04
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Table 333 Final energy intensity in passenger transportation modes

- {Unit:k/p-km)

Year - Car (Otlo)  Car(Diesch) Taxi Mini-Bus Bus  Train_Elec Train_Diesel
1349< 1,681 1,716 2,052 548 426 290 446
1350 1,680 1,715 2,050 . 548 426 290 413
1351 1,678 1,713 2,048 548 426 290 354
1352 1,676 1,711 2,046 547 426 290 350
1353 . 1,675 1,710 2,044 547 426 290 334
1354 1,673 1,708 2,042 546 426 290 352
1355 14,672 1,707 2,041 545 426 290 380
1356 1,671 1,706 2,040 543 425 290 337
1357 1,623 1,657 1,981 542 425 290 375
1358 1,619 1,653 1,976 541 425 290 407
1359 1,610 1,643 1,965 540 425 290 364
1360 1,578 1611 1,926 539 45 290 382
1361 1,570 1,603 1,916 538 425 290 331
1362 1,570 1,603 1,916 537 424 290 268
1363 1,558 - 1,591 1,902 535 423 290 264
1364 1,564 1,597 1,909 531 422 290 318
1365 - 1,562 1,595 1,907 529 421 290 2N
1366 1,559 1,591 1,903 527 420 290 293
1367 - 1,558 1,590 1,901 527 420 290 290
1368 1,559 1,591 1,903 525 419 290 290
1369 1,515 1,547 1,849 . 524 419 290 347
1370 1,491 1,522 1,820 520 417 n.a. n.a.

__25___



Table 3.34 Final energy intensity in transportation sector _
{Unit:kJ/t-km)

Year S.Truck LTruck  Train Diesel Total
1349< 6,109 2,325 883 2,378
1350 - 6109 2,325 818 2,659
1351 6,109 2,325 700 2,485
1352 6,109 2,325 692 2,605
1353 6,109 2,325 . 662 2,647
1354 6,109 2,325 697 2,782
1355 6,097 2,324 753 - 2,793
1356 6,041 2,320 666 2,882
1357 6009 2317 743 2,824
1358 5,993 2,315 805 2,773
1359 5,978 2,313 7200 2,646
1360 5,964 2,311 757 2,639
1361 5,949 2,308 655 2,595
1362 5,921 2,300 531 2,427
1363, 5,897 2291 523 2,420
1364 5,856 2,283 629 2,446
1365 5,830 2,277 536 2,428
1366 5,806 2,272 580 2,403
1367 5794 2,269 575 2,406
1368 5,782 2,266 574 2,398
1369 5,768 2,262 ' 688 2,380
1370 5,743 2,254 n.a. 2,525




Table 3.36 Development of share of éxpenditure groups in urban population (Unit:%)

Year _ 1368 1373 1378 1383 1388 1393 1398 1400
UPOP 1&2 7.46 7.46 7.46 7.46 7.46 7.46 7.46 7.46
UPOP_3&4 - 2331 23.31 23.31 23.31 233 2331 23.31 2331
UPOP_5&6 37.07 3707 37.07 37.07 37.07 37.07 3707 37.07
UPOP_7&8 2399 2399 23,99 23.99 23.99 2399 2399 23.99
UPOP 9&10 8.17 817  8.17 8.17 8.17 8.17 8.17 8.17
Table 3.37 Development of share of expenditure groups in rural population (Unit: %)
Year 1368 1373 1378 1383 1388 1393 1398 1400
RPOP 142 16.36° 1_6.36 16.36 16.36 16.36 16.36 1636 16.36
RPOP _3+4 36,15 36.15 36.15 36.15 3615  36.15 36.15 36.15
RPOP 5+6 32.58 3258 32.58 32,58 32.58 32.58 32.58 32.58
RPOP_7+8 12.59  12.59 12.59 12.59 12.59 12.59 12.59 12.59
RPOP 9+2 2.31 231 2.31 231 2.31 2,31 231 2.31.

Table 3.38 Development of Real expenditure of Urban & Rural Honseholds
(Unit:1,000 Rs/Capita/a)

Year 11368 1373 1378 1383 1388 1393 1398 1400
Urban 164.8 164.8 164.8 164.8 164.8 164.8 164.8 164.8
Rural 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5

Table 3.39 Development of Demand for Useful Energy in Rural Household .
S _ (Unit:Pl/a)
Year 1368 1373 1378 1383 1388 1393 1398 1400

Heating 25.56 28.87 32.28 35.96 39.81 43.92 48.15 49.90
Air-Cond. 3.25 3.67 4.10 4.57 5.06 5.58 6.12 6.34
Refrig. 2.86 3.24 3.62 4.03 4.46 4.92 5.40 5.59
Elect+TV 4.16 4,70 5.26 5.86 6.48 7.15 7.84 8.13
Lighting 1.15 1.29 1.45 1.61 1.78 1.97 2.16 2.24



"Table 3.40 Development of Demand for Useful Energy in Urban Household

(Unit:Pi/a)

Year 1368 1373 1378 1383 1388 1393 1398 . 1400
Heating 65.72 7423 8299 9246 10236 11292 12380 12830
Air Cond. 1861 2102 2350 2618 2898 3197 3505 36.33
Refrig. 7.56 8.54 955 1064 1178 1299 1424 1476
Elec+TV 8.57 968 1083 1206 1335 1473 1615 16.74
Lighting - 3.05 345 386 4,30 4.76 5.25 5,75 5.96
Table 3.41 'Developmenf of Demand for Useful Energy in Industry

- | o | (Unit:PJ/a)
Year 1368 1373 1378 1383 1388 1393 1398 © 1400
Heating 22077 245.56 28745 34394  404.65 47267 54564  576.52
M. Power 2890 3215 37.63 4503 5297 61.88 7143 75.47
Feed Stk 4428 4925 5765 6899 8116 9480 10944 11563
Elec 35,18 39,13 4581 5481 6448 7532 8695  91.87




Table 3.42 Development of Demand for Useful Encrgy of UP Transport

{Unit:PJ/a)
Year 1368 1373 1378 1383 1388 1393 1398 1400
UP_Car 45,35 54.33 64.96 76.71 80.08 10246 116.23 122,27
UP_Taxi 7.52 9.00 10.76 1271 14.76 16.98 19.26 20.26
Up_MC 0.88 1.06 1.26 1.49 1.713 1.99 2.26. 2.37
UP_M-Bus 6.86 8.21 0.82 11.59 13.46 15.49 17.517 18.48
UP_Bus 1.98 2.37 2.84 3.35 3.89 4.47 507 5.34
UP_Train 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
UP_TOT 62.58 74.97 89.64 105.85 122.93 141,39 160.38 168.72
Table 3.43 Development of Demand for Usetul Energy of IP Transport
: : o {Unit:PJ/a)
Year 1368 1373 1378 1383 1388 1393 1398 1400
IP_Car 1.44 176 2.10 2.47 2.86 327 3.69 3.87
[P M-Bus 4.14 504 6.03 ALY 8.20 9.39 10.61 1111
I?_Bus 077 8.25 9.86 11.60 13.42 15.36 1735 18.17
IP_D-Train 1.32 1.62 1.93 2.27 2.63 3.0 3.40 3.56
.IP_E-Train 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.03
IP_Air 4.48 5.47 6.53 7.68 8.89 10.17 11.50 12.04
IP_TOT 18.17 22.15 26.47 31.13 3601 41.22 46.58 4878
Table 3.44 Development of Demand for Useful Energy of Freight Transport _
S (Unit:P3/a)
Year 1368 1373 1378 1383 1388 1393 1398 1400
Fr_L-Tmck 80.00 £§7.42 103.14 129.46 156.81 185.52 215.46 22728
Fr_S-Truck 13.46 14.71 17.36 - 21.79 26,39 31.22 36.26 38.25
¥Fr_D-Train 1.70 1.85 2.19 2.74 3.32 393 457 4.82
Fr;E-Train 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00
Fr_Air 0.83 0.91 .07 134 1.63 1.93 224 2.36
¥r TOT 95,99 104.89 12375 . 155.34 188.15 222.60 258.52 2721
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Cement

Sheet Glass
Sugar

Iron and Steel
Power Generation
Qil Refining

Others

Y1, Record of Visits to Factories and Plants



1. Cement
1.1 Tehran Cement Factories (No. 1 and No. 2)-
1.1.1 Qutline

‘Tehran Cement Company, one of state-owed cement companies in this country, has 2 faétor_ies
near to Tehran, one ( No. 1) of which installed No. 1-6 lines and another (No. 2} No. 7 line. These
plants arc producing cement in their full operation, coping with rapid increase in demand for cement
in recent years. More specifically, they are operating for 335 days per annum, andmaintenance period
is curtailed as short as possible although 30 days are usually allocated for it. Some of indicators of

these plants are shown in Table 1.1.
1.1.2 Countermeasures (Devices) on Heat Consumption
(i)  Outline of Heat Consumption

Indicators for considering countermeasures for promoting energy in No. 1 and No. 2 factorics
including capacity, production, energy consumption, and others are shown in Table 1.2 and 1.3
respectively.

Fig, 1.1 shows production flow in No. 2 factory (No. 7 line), which installed SP kiln with
satellite coolers, and energy consumption per unit of production (970 kcal/kg-cl) is reported to be

among the lowest of factories which have the similar scale of production capacity to this.

Temperatures of exhaust gas and clinker at No. 7 kiln are as follows

exhaust gas (at the outlet of kiln 1,.200"(3
cxhaust gas (at the outlet of pre-heater) 450-500°C
exhaust gas (at the outlet of EP) | 90-120°C
clinker (at the outlet of pre-heater) _ 800°C
clinker (at the outlet of cooler) 130°C
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Table 1.1 Some !ndicatolr's of Tehran Cement Factories
(NO.1 and NO.2)

Fuel

Established year

Line Capacity(t-cl/h) | Kila type

Nol 300 Yet Fo, NG 1952
No2 _ 300 Tet s 1957
No3 600 Tet : 1967
Nod 2. 000 Dry . 1973
No5 300 Tet ’ . 1961
Nob | 4, 000 Lepol FO/NG 1978
NoT | 2000 sp - FO/NG 1985

NOTE: " FO, NG™" means that heavy fuel oil or natural gas is fired
and " FO/NG " means that they are fired mixedly.

Table 1.2 Indicators on Enefgy Consumptibn in NO.1 Factory

1 Factory
Yajor product Portland cement
Production 1988 | 1089 | 1990 ] 1991 |
L9 |Loz]L6a|1g [Mr-cl/y
Operating hour 365%x24 h,/Y
do of emplovee 1, 800 - persons
2 Esergy coasumption 1981 I 1992 I
fleavy Fuel oil 48, 738 82.566 | k1Y
Natural gas 174, 1538 132. 998 I
3 Specific eaergy cousumption _
Heavy Fuel oil 25.7 ~ 1/ t-ct
Natural gas 91.7 ~ m,*/t-cl
4 Energy cost
-~ IR/ k1

Heavy Frel oil

s

Natural gas

NOTE: ~ (See Table 1.1)




Table 1.3 Indicators on Energy Consumption in NO. 2 Factory

1 Factory .
Total capacity - 2, 000 t-cl,/ D
Production 1988 | 1989 | 1990 | 1991
_ _ 409 414 502 472 kt-cl/Y
B Emproyee 420 _ persons
""" ! echengmeer 2”
""" C hem” 4”
Elecﬂ 4” ..........
2 Epergy consumption
Fuel oil 8. 5 ‘ k1l h:
N-gas | g, 000 m.*/h
3 Spécific fuel consumption -
Fuel oil 94~95 k g /t-pro
N-gas 100 m;?*/ t-pro
(Calory base) 370 keal kg-cl
| 4 Energy cost _ _
Fuel oil 2.5¢at refinery), 5(at factory) IR/I
N-gas 5 IR/ m,?
s Lower calorific value _ _ _ '
Fuel oil g9, 600 kcal kg
N-gas 9, 400~9, 6060 kcal,/ m,?
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(i) Countermecasures to be Considered

Energy consumption per kg of clinker in No. 2 factory is r'cpbrtcd to be 970 kcal, which can be

compared with 706 kcal in 1990 in Japan. Following countermeasures or devices can be

recommended for the factory and No. 1 factory, which is less efficient in energy uses, to fill such a

difference.

a)

Countermeasures at the 1st step

* Rehabilitation of bricks in kilns. .

* Rchabilitation of ducts for insulation of hig]}-tcmpératurc combustion gas,.combustion
air, and clinker. - ‘

* _ Preventing high-temperature combustion gas, combustion air, and clinker from leakage.

* Preventing cool air from entering kiln.

*  Quality control in preparing raw materials (reduciﬁg moisture and making the grains
uniform, in particular). '

*  Managing fuel and combustion in kiln.

Additionally, spccial mention should be made of the necessity of prcscr\{iﬁg working

environment in the factory. Preventing clinker as well as cement from dispersing within the factory

might mean "money conscrvation” rather than energy conservation.

b)

Countermeasures af the 2nd step _

Wet type kilns (= 13{]—140. kg/t-cal) are installed in No. 1 factory except for No. 4 kiln (= 85
kg/t-cal) and No. 6 kiln”(bepo.lc type; = 80 kg/t-cal) and are less efficient -in energy usages.
Following recommendations can be made mainly for these kilns.

* Installation of SP (suspension pre-heater)

* Installation of pre-calciner (new suspension pre-heater...... NSP)

* Recovery of exhaust heat from air cooler, 7

In addition, the installation of cxhaust gas heat ICCOVETY p{)wc.r 'plants should be considered.
Heat losses due to exhaust gas and radiation account for a major part of heat Joss in kilns. In
Japan, there has been a growing number of exhaust gas heat recovery power plant.install.ed in

cement factories where the temperaturc of exhaust gas at the outlet of p;e»hcatcf at SP kiln is 32

0 - 350°C. The temperature of exhaust gas of No. 7 kiln is reported to be 450-500°C, much
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higher than that in Japan, and heat can be utilized for power generation through modifying
pre-heater. The same suggestion is supposed to be able to be made for other kilns although any

specific data could be obtained by Japancse experts.

¢}  Countermeasures at the 3rd step
As countermeasures at the 2nd step mentioned above and conversion from wet type kiln to dry
-~ type will require a large amount of investment, a comprehensive examination and decision
including considering replacement of the wet type kilns with larger scale ones should be
conducted. If the replacement is implemented, decrease in encrgy consumption per unit
production caused by higher efficicncy as well as by larger scale can be enjoyed in addition to

decrease in production cost.
1.1.3 Countermeasures (Devices) on Electricity Consumption
(i}  Outline of Electricity Consumption

Electric power used in this factory are supplied from outside. -
The loads of main electricity users in No. 1 factory are as follows.

Raw mill 125MW

Kiln 11.8 MW

Cement mill - 15.4 MW

And the loads of main eiectricity user in No. 2 factory are as follows.

Raw mail 3.75 MW
Kiln 1.4 MW
Cement mill 3.8 MW

Electricity consumption per ton of clinker is reported to be 130-150 KWh in wet kilns and 95 -
110 KWh in dry kilns in No. 1 factory. Average consumption of electricity per ton of clinker in this

factory is as follows.

1991 132 kWhit
1990 123 kWhit

- 1989 130 kWh/t

A_.39M_4



1988 125 kWht

And 90-92% of electricity is consumed for driving motors and 8-10% for heating and lighting
in No. 1 factory. Consumption of clectricity per ton of cement products is reported to be 117 KWh in
No. 2 factory, which can be compared with 102 kWh in Japan in 1990. This comparison implies that
even No. 2 factory, one of the most cfficient factories in this country, still has much soon for saving

electricity.
(i) Countermeasurcs to be Considered

a)  Countermcasurcs at the 1st step
* Measuring and monitoring of electricity consumption to operate main facilities cffectively

* Reducing opcration hour of main facilities and lowering peak load

b)  Countermeasures at the 2nd step

* Controlling the volume of air flow and water flow by introducing inventer system

c)  Countermeasurcs af the 3rd step =~

* Introducing more efficient crushers _
Crushers in raw and cement mills use about two-thirds of total clectricity consumpﬁbn in
acement factory. The effect of instailing more cfficient crﬁs_her, vertical one, is substantial
in decreasing elcctricity consumption. In addition, introducing preliminary crushing
system also brings effective.utilization of electricity in the cement factories.

* Conversion from wet type kiln to dry type kiln _
This device mentioned alrcady can also contribute to reducing clectricity consumption in

No. 1 factory where four wet type kilns (No. 1, 2, 3, 5) arc installed.
2. Sheet Glass
2.1 Ghazvin Glass Co.

2.1.1 Outline of the factory
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The factory is located in Ghazvin at about 200 km in the west of Teheran, being a national
factory belonging to the Ministry of Industry. In 1968, the present No. 1 line wés constructed, and 4
years l_fitcr, No. 2 line a'nd in succession No. 3 linc were constructed. At present, with No. 4 line
completcd, the production capacity has bechéxpzmdcd to 550 t/d from the initial capacity of 70 t/d. 1t
is the largest sheet glass factory in Iran (the share in 1992 is about 70%). Presently, with the

cooperation of Nippon Sheet Glass Co., Ltd., a new linc of float system is being planned.

The factory uses silica rocks, soda ash, dolomite, cte. sent from mines, and produces sheet
glass (also patterned glass) by a process consisting of a crushing plant, mixing step, glass melting &
clearing step, and molding & annealing & processing step.

It is said that a wet crushing factory is being constructed in Drekuhi (mine) at 50 km away from
Ghazvin as a joint invested factory of four glass factories under the guidance of the government for
rationalization of production and to avoid the problem of dust pollution. The crushing factory is

scheduled to start deliveries two weeks later.,

Most of the glass products are sold in the domestic market, and very recently export to the
Middle and Near East has just started.

2.1.2 Present situation of the factory and energy saving indicators

The present situation of the factory and energy saving indicators are shown in Table 2.1.
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Table 2.1 Present situation of the factory and indicators concerned

1 Factory

Total Capacity

120,000 productt/Y

Crushing Plant

35 (3 plant total) th

Diesel-Generater {emergency)

860 kVA % 8 set, 530 kVA x 3 set

Production (1992 actual)

146,000 product-t/'Y

Name of Product

Sheet Glass

Operdting Hour

365 x 24 = 8,760 WY

No of Employee

1,400 persons

No of Engineer

20 persons

2 Energy Consumption (1991)

Heavy Fuel Oil = 200,000 1/d

Gas oil = 7,500 iid S
Natural Gas = 12,000 Nm3/d

Electricity ~kWH/Y

3 Specific Eneray Consumption
Heavy Fuel Oit

5,257 Mcallt
- kWEHA

Electricity

Note: The value of mark {~) are filed by the report alter siven by the factory.

2.1.3 Energy saving measures
A glass melting furnace is a major apparatus in the glass manufacturing.industry. The melting
temperature of glass is generally as high as 1400 to 1600°C, and glass mclting accounts for about 9

0% of the heat energy consumption of the entire factory.

The specific energy consumption rates in the sheet glass industry of Japan arc as follows:
‘ Specific heat energy consumption: 2,934 Mcal/t (in terms of fucl oil)

. Specific electric energy consumption: 229 kWH/}!



(i)

The specific heat energy consumption of this fact'ory is as very large as 5,257 Mcalft as shown
in Table 2.1.

Encrgy saving measures in the 1st step

The energy saving measures in the first stage are taken by intensifying cquipment maintenance

and improving operation. The older the equipment, the more effective these measures, Major matters

found as a result of the ficld survey arc as follows:

a)
b)

<)
d)
e)
B
£)

(i)

Repair of fummace walls and prevention of ingress of cold air into furnaces

Repair of ducts of hot gas, hot air, ctc. to cnsure more perfect heat insulation, and prevention of

lcak

Morc intensive fuel and combustion control of respective furnaces

Repair of meters and more intensivc numerical control

Prevention of scattering of raw materials and intermediate products

Enhancement of yicld by decreasing the quantity of broken glass, etc.

Improvement of operation in the clearing step

Energy saving measures in the 2nd step

Glass melting furnaces

*

- Especially in the glass manufacturing industry, the furnace walls are not often thermally

insulated to keep the life of furnace materials as long as possible since the repair cost of
furnace materials is very high. Itis recommended to adopt high performance electrocast
refractories for raising the refractoriness of the furnace materials and extending the
continuous operation timé, and also to thermally insulate them more perfectly.

The loss dug to the exhaust gas of melting furnaccs is considered to be on the level of 60
to 70% tho’ugh not measured. If higli perfonnancc recuperators are installed for recovery
of waste heat, to heat the secondary air to the level of 1000°C by the hot exhaust gas, the
loss due to exhaust gas can be decreased to lower than 25%. In addition, this raises
combustion performarnce, and greatly contributes to the improvement of glass quality.
High performance burners should be adbbted to lower the cxcess air ratio to lower than

1.15. The excess air ratio of the presently used burners is surmised to be more than 2.0



judging from the white smoke emitted from the stack,. though not measured. A higher
cxcess air ratio increases the loss due to exhaust gas, and exerts adverse effects such as
the increase of hot flames blown out of the opening.

The fuel is planned to be changed to natural gas 2 years later. So, the above must of

course be sufficiently examined.

b)  Generators _
The factory has cight 860 kVA diese! generators and three 530 kKVA dicsel generators for
emergency in preparation for unstable clectric power supply. In addition, in preparation for a
new line to be inStaHed, emergency diesel generators of 4 MW in total arc being newly installed.
Even if recuperators are installed for the melting furnaces, the exhaust gas temperature is still on
the level of 300°C. So, it is recommicnded to install exhaust gas boilers and to constantly
operate steam turbinc driven generators for power generation, for reducing the purchased
electricity. This is surmised to be effective for cnergy saving and ecoriomical.

c)  Electric equipment
The factory uses largc—éa'pacity blowers. It is recommended to control their rotational speeds,.

for reducing the electric energy consumption.
(iiiy Energy saving measures in the 3rd step

The energy saving measures in the second stage described above are concemned with the
improvement of existing apparatuses. Adopting larger melting furnaces is also Very effective for
energy saving. This js recommended to be examined in connection with the modemization of
equipment. This should of course be judged comprehensively, considering the market trends,

economic effect, operation efficiency, ete.
2.2 Abguineh Glass Mig. Co.
2.2.1 Outline of the factory
The factory is located in Alborz Industry City at abéut 150 km in the west 6f Ti cﬁeran, being a

national faétory belonging to the Ministry of Industry. The faétory’ contains glass production lines

and glass processing lines. The outline is as follows:
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. No. 1 line: Started operation in 1972, The pl'cscnt production capacity is 42,000 tons/ycar. |

+  No. 2 line: Anew plant which was decided to be comstructed in 1987 and started operation in
July, 1992 with the coopcratibn of Nippon Sheet Glass Co., Ltd, (including a cullet
regeneration plant) The production capacity is 54,300 tons/year.

. No. 3 line: Started operation as color glass line in 1982. The pres.ent production capacity is 18
tons/year.

. Automobile front glass processing linc:  Raw glass is imported from Turkey.

o Tempered glass processing line:  Production capacity, 100,000 m2/year

«  Glass laminate processing line

The factory is the second largest sheet glass factory next to the above mentioned Ghazvin Glass

Co. in Iran.

Such raw materials as silica rocks, soda ash and dolomite sand sent from crushing plants at

mines are mixed in an automated batch plant and the mixture is sent to the Nos. 1 and 2 lines.

A wet crushing factory is being constructed at Drekuhi (mine) at 50 km away from Alborz as a
joint invested factory of four glass factories under the guidance of the government for rationalization

of production and to avoid the problem of dust pollution, as described before.

Most of the products are sold in th_é domestic market, but 10,000 m2 of products per year arc
exported to Afghanistan, TQrkmcnistan, Bangladesh, etc. |
Furthermore, a business stratcgy is beiﬁg dechIOped bascd on an estimate that 410,000 tons of total
domestic glass consumption will be covered by domestically produced 310,000 tons and imported 10

0,000 tons.
222 P:resent_situatiori of the factory and energy saving indicators

The present situation of the factory and energy saving indicators are shown in Table 2.2.



Table 2,2 Present situation of the factory and indicators concerned

1 Factory N
Tola! Capacity 100,000 product/t-Y
No. 1 Line 42,000 product/t-Y
No. 2 Line ‘ 54,300 product/t-Y
No. 3 Line 7 18 product/t-Y R
Production ' ~ product/t-Y
Name of Product Sheet Glass & Others

- Operating Hour 365 % 24 = 8,760 WY

No of Employee : 1,100 persons '
No of Engineer 22 persons

2 Energy Consumption _
Natural Gas {*) ~ Nm¥Y

Electricity I~ KWHY

3 Specific Energy Consumption |
Natural Gas Mecal/t
Electricity - kWH/t

Note: The value of mark (~) are filed by the report after given by the factory.

2.2.3 Encrgy saving measures

As stated before, the specific energy consumption rates of the sheet glass industry in Japan are
as follows:

. Specific heat energy consumption: 2,934 Mecal/ (in terms of fuel oil)
. Specific electric energy consumption: 229 kWH#} ”

The energy consumption rates and productidn quantities in this factory. are unknown, not
allowing accurate comparison. The consumption estimated from the natural gas consumption in
April, 1993 (3,387,805 Nm3) and the nominal production capacity (100,000 tons/year) is 3,862
Mecal/t (in terms of fuel oil). ' o '

Tudging from this valuc, the specific heat energy consumption can be said to be large.

(i}  Energy saving measures in the 1st step

In this factory, Nos, 2 line and the batch plant started their operation only recently, and so are



well maintained and adjusted. For the other plants, it is recommended to intensify equipment

maintenance and to improve operation as encrgy saving measures,

a)
b)

c)
d)
c)
f)
8)

(i)

Repair of furnace walls and prevention of ingress of cold air into furnaces

Repair of ducts for hot gas, hot air, etc., to ensure more perfect heat insulation, and prevention
of leak

More intensive fuel and combustion control of respective furnaces

Repair of meters and more intensive numerical control

Prevention of scattering of raw matcrials and intermediate products

Raising yicld by decreasing the quantity of broken glass, etc.

Improvement of operation in clearing step

Energy saving measures in the 2nd step

Glass melting furnaces

*

Especially in the glass manufacturing i'ndu'stry, the furnace walls are not often thermally
insulated to keep the lifc of furnace materials as long as possible since the repair cost of
furnace materials is ve.ry'largc. High perfofmaﬁcc electrocast refractories are adopted
only paniélly in No. 2 melting furnace. It is recommended to adopt the high performance
clectrocast refractories fﬁlky, for more perfect heat insulation.

The tcmperaturc' of the cxhaust gas is said to be on the 750°C level in No. 1 melting

fumaéc and on the 400°C level in No. 2 melting furnace, and the heat efficiencies arc said

 to be 28% and 32% respectively. It is recommended to install exhaust gas boilers and to

constanti'y operate thc_étcam furbine driven generators for power generation, to reduce the
electricity purchased. The available heat for glass and the recovered heat of the exhaust
gas boilers together are expected to give a heat cfficiency of more than 70% as shown in

Table 2.3. The economic effect is also large, as well as the energy saving effccet.



Table 2.3 Heat balance of glass melting furnace
(with exhaust gas boiler installed)

) ftem : . %
Combustion heat of fuel 100.0 |
Available heat for glass 35.0
Recovered heat of boilers 31.5
Radiation loss of furnace walls 140
Loss due to exhaust gas 13.5

A prcscnt the excess air ratios of burners arc said to be on the 1.2 level. No 2 furnace
has an automatic air ratio controller, and in addition, is designed to allow flow control of
individual burners. So, the excess air ratios of bumners can be easily adjusted. However,
Nos. 1 and 3 furnaccs are manually controllcd,. and the eXCcess air rafioé are surmised to

be somewhat higher. The excess air ratio directiy affects the loss due to exhaust gas.

b)  Electric equipment _

This factory also uses large-capacity blowers. it is recommended to control their rotational

speeds and also those of pumps, etc., for reducing the electric cnergy consumption.
(iti) Energy saving measurcs in the 3rd step

Nos. 2 line, batch plant, etc. are modernized in efforts to have efficient equipment. The
difference between the new equipment and the old équipmcnt is large. It is recommended to scrap the
old equipment for substitution by new equipmcﬁt, comprehensively considering the market trends,
economic effect, operation efficiency, etc.
3. Sugar

3.1 Varamin Sugar Refining Factory

3.1.1 Introduc.tion



There are 36 sugar factories including cane sugar, beet sugar, and rcfining in this country.
Varamin Sugar Factory which Japanese experts visited is onc of statc-owned factories, and was built
in 1933 by using the technologies and cquipments of Scoda Company of former Czechoslovakia.
Crude sugar retined in this factory is imported from the Philippines, Thailand, Cuba, Brazil and

others.

The flow of heat energy in the factory is shown in Fig.3.1. The main sources of heat utilized in
its production linc are low-pressure steam from turbine and steam generated in a boiler which was

installed for supplying steam exclusively to distillation process.
3.1.2 Countermeasures (Devices) on Heat Consumption
(i}  Outline of Heat Consumption

Indicators for considering countermeasures for promoting energy conservation in this factory
including capacity, production, cnergy consumption and others are shown in Table 3.1. And the

outline of boilers and generators is shown in Table 3.2.
(i) Countermeasures to be considered
This factory is 60 years old and almost all parts of it have not been renovated.

a)  Boilers and generators
1)  Countermeasures at the 1st step
* Rchabilitation for appropriate combustion in boilers
* Rehabilitation for insulation of steam pipes, high-temperaturc part of ducts, and others
* Rehabilitation for preventing steam, high—t’c:hpcraturc condensate, and others from
leakage
*  Leveling off of boiler load

In addition, sudden and repcated stoppages and starts of the operation of a diesel generator (23

5 kW) for emergency use, which are caused by blackouts for around 2 hours every 2-3 days, are not

desirable in terms of energy conservation.
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Table 3.1 Indicators on Energy Consumption in Varamin Sugar Factory

1 Factory
Major product Whitc sugar
Production (based on product sugar) 1988 | 1989 | 1990 | 1991
| Ss | 53 | 50 | 42 |kyY
Total capacity (baéed On raw sugar) 150 t/d
Raw sugar
Crude sugar 70 t/d
Granulated sugar 130 t/d
Product price | _
Official 30 IR/kg-prod.
Free market price 700 IR/kg-prod.
Subsidy 500 IR/kg-prod.
Operating hour 365 x 24
Yield factor 200/ 150 _
Number of employce _ 700 persons
Mech', Chem', Elec', Food Engineer 1 each person
2 Energy Consumption
Heavv fuel Oil 16.060 (1991 ) kI/Y
Diesel fuel oil | 14 (1991 ) KI/Y
Electricity (Commeicial elec') 9.196 Mwh/Y
_ (Autg' generation) 3,456 Mwh/Y
3 Specific epergyv consumption |
Heavy fuel oil 382 kl/t-prod.
Diesel fuel oil 0.3 kl/t-prod.
Electricity 301 kwh/t-prod.
4 Energy cost
- Heavy fuel oil 8.4 IR/]
Diesel fuel oil 13 IR/L
Electricity ~ IR/kwh




Table 3.2 Ouiline of Boilers and Generators in Varamin S'ugar Factory

No.1 ~ No.3 Boiler

- Type ‘Water tube boiler
Pressure 18 kg/cmiiG
Temperature , 350 Deg C
Evaporation (Rating) 0 t/h
{Actual) 3 t/h
Fuel Heavy fuel oil
Control Manual
No.4 Boiler .
Tvpe Fire tube boiler
Pressure 150 Ib/in2G
Temperature o sat' :
Evaporation (Rating) 22,500 b/h
Fuel Heavv oil
Control Automatic
No.1. No.2 Turbine
Tyvpe Back pressure turbine
Steam Pressure (Inlet) - 18  kelem2G
. {Outlet) 1.8 ~2 ke/em2G
Steam Temperature _ (Inlet) 350 . Deg C
Revolution 3.000 rpm
~{Nol, No.2 Generator .
Voltage 380 \%
Cvcle 50 Hz
Output 800 KVA
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2)

Couritermeasures at the 2nd step

*  Installation of economizers and air-heaters for heat recovery from exhaust gas of boiicrs

* . Complete rccovery of condensate from steam using facilitics

(Present ratio of condensate recovery is estimated to be about 60%)

* Installation of measuring instruments

Investments in these equipments and instruments should be finally determined after taking into

account the cost of investments in countermeasures at the 3rd step mentioned below.

b)

1)

2)

Countermeasures at the 3rd step

Replacement of water tube boilers can be recommended as one of devices for modernizing
facilities and equipments. The efficiency of the boilers is cstimated to be less than 60%,
considering over-load opcration, type and daté of manufacturing of them. The over-load

operation should be avoided particularly in terms of safety.

Production line

Soluble tank, evaporator, and crystallizer are main users of steam in sugar factories.

Consumption of heat energy per ton of crude sugar is estimated to be 382 1 of heavy fucl oil

equivalent in this factory, which can be compared with 130-140 1 depending upon refining

methods in Japan.

Countermeasures at the 1st step

* Preventing molasses and others from leakage

*  Leveling off of crystallizer load
Steam utilization in the crystallizer varies substantially to influence heavily boiler load
mentioned above. Improving the opcration'bf the crystallizer can bring good results.

* Reducing exhaust vapor from éfystaliizcr
Heat cnergy of exhaust vapor from crystallizer is equivalent to about half of total hcat
energy consumption in sugar factorics. Generation of the exhaust vapor can be reduced

by improved operation of reducing feed water to crystallizer.

Countermeasures at the 2nd step



3.1.3

@

As a large volume of hot water is used in sugar factorics, the installation of heat ‘exchanger for
heat recovery from the exhaust vapor of crystallizer is cffective for supplying hot water to be
used.

Countermeasures (Devices) on Electricity Consumption

Outline of Elcctricity Consumption

Main users of clectricity in this factory are centrifugal separators, mixing machines, and vacuum

pumps. Power loads of these facilities are as follows.

centrifugal separator; 720 kW (90 kW *8)
mixing machine: 100 kW (5 kW *20)
vacuum pump: 56 kW+47 kW

1,100 - 1,500 kW of electric power is supplied from the national grid, and 800 kW from auto

generation plants. Annual electricity consumption is reported to be 9,196 MWh.

If the figure of 42,000 tons is used as annual production of sugar, electricity consumption per

ton of sugar is calculated to be 301 kWh, which can be compared with 100 kWh in Japan,

(i)

a)

b)

Countermeasures to be Considered

Countermeasures at the 1st step _
*  Strengthening the management of majntenance and operation (the same as those in iron

and steel)

Countermeasures at the 2nd step
*  Managing peak load (the same as those in ron and steel)
* Controlling the volume of air flow and water flow by introducing invertor system

* Revising the capacity of motors to correspond to load in order to improve power factor



3.2 Haft Tappeh Cane Sugar Co.
3.2.1 Outline of the factory

The factory is located at 80 km in the north-northwest of Ahwaz and has an about 10,000
-hectare plantation of sugar canes. It is a crude sugar production-sugar refining factory and adjacent
to it is a paper mill using bagasse as a raw material, to constitutc a consistent complex as a whole.

(The factory survey was conducted only for the crude sugar production-sugar refining factory.)

The factory is 0pt:fatcd in a period from November 1 to March 15 only in relation with the

harvest season of sugar cancs.
322 Present situation of the factory and energy saving indicators

The present situation of the factory and energy saving indicators are shown in Table 3.3



Table 3.3 Present situation of the factory and indicators concemed

1 Factory

“Total Capacity

1,000 x 10} Suger Cane-t/Y

Raw Sugei‘ Plant -

120 % 10} product-t/Y

. Refined Suger Plant

100 % 10? product-t/Y

Crushing Capacity

1,000 vd

Mill Capacity (total)

5.000 (Terbine Drivén X 6 unit) t/d

Boiter

Terbine-Generaler

68 t'h x 2 unit, 200 vh x | unit
3.15 MW x 2 unit

Giesel-Generater (emergency}

1 MW x L unit

Production (1991 actual}

30,753.2 product-t/Y

Name of Product

Raw & Rifine Suger

Operating Hour

100 = 8 =800 h/Y

MNo of Employee

5,060 persons

No of Engineec ~ persons
2 Energy Consumption (1992)
7 Heavy Fuel Ol B 6341285 1Y
- Electricity ~ kWH/Y
3 Specific Energy Consumplion
Heavy Fuel Gil 212.7 ip-t
Electricity ~ kWH/p-t

MNote:  The value of mark (~) are filed by the report after given by the factory.

3.2.3 Energy saving measures
The sugar factory is a crude sugar production-sugar refining factory with a plantation of sugar

cancs as described above. We have no such factory in Japan.

The sugar refining industry in Japan is high in the degree of refining and must produce various
kinds in respectively small quantities to meet the market structure peculiar to Japan. So, the specific
energy consumption is said to be relatively high. For reference, the national average specific energy

consumption rates of the sugar refining industry in FY 1990 in I apan are shown below.



e Specific fuel consumption (in terms of crade oil)  102.3 /RS-t

. Specific clectric power consumption '102.8 kWH/RS-t

Especially the stcam consumption in the crude sugar process heavily depends on the sugar
content of sugar canes. According to our survey, the annuat mean rainfall in the plantation is 250 to 3

00 mm, and the sugar cancs are 32 to 33% in the mean sugar content and 52 to 54% in water content.
(i)  Energy saving measures in the 1st step

The energy saving mcasures in the 1st stcp are recommended to be taken by intensifying
equipment maintenance and improving operation, and are desired to be sufficiently taken since little

investment is required.

a)  Boilers, generators, étc.
A sugar factory uses much low pressure steam for both crude sugar production and refining.
So, it is often practiced to install turbine driven mills and turbine generators, for using the waste
steam as a heat source fof concentrators, érystallizcrs, etc.
The energy flow of this factory is also the same. The major particulars of the. boilers and
turbines are shown in Table 3.3, Steam is discharged from the boilers by 31 kg/em? at 385°C,
and from the turbines by 1.7 ']%glcmz.
The fuel of the boilers is being converted from fuel oil to natural gas based on the request of the
government due to unstable supply of fuel oil.
Major energy saving measures in the first stage for the boilers and turbines arclcnumerated
below. _

1) Low oxygen operation of boilers (decrease of loss due to cxhaust gas by lowering excess air
ratio) ' '

2)  More perfect heat insulation of steam pipes, hot ducts, etc.

3)  Prevention of leak of steam and hot condensate

4)  Leveling of boiler loads (reduction of crystallizer loads, cycle adjustment)

5)  Maintenance of meters, and more intensive numerical control

b)  Production equipment



D
2)
3)

(i)

b

2)

3)

b)
Ly

2

(i)

Prevention of scattering and leak of raw materials and intermediate products
Leveling of crystaliizer loads (reduction of crystallizer loads, cycle adjustment)

Decrease of feed water to crystallizers (decrease of evaporated water)
Energy saving measures in the 2nd step

Boilers, generators, etc.

The following cnergy saving measurcs require the improvement of equipment for recovery of
waste heat of boilers, etc. _

Heat recovery from exhaust gas of boilers, for preheating combustion air, and installation of
process hot water making cquipment

More perfect recovery of condensatc from steam-using apparatuscs such as evaporators and
crystallizers

Installation of energy control and measuring instruments

Preduction equipment

Hot water and heat recovery from crystallizers _

The crystallizers discharge a large quantity of about 65°C steam duc to the evaporation of water
from molasses. On the other hand, a large quantity of hot water is used for washing containers,
floor, etc. So, the recovery of hot watcr and heat from the steam cvaporated from the
crystallizers is effective, and also contributes to the load reduction of vacuum pumps.
Utilization of CO2 gas in the exhaust gas of boilers _

At present, a lime kiln is installed in the crude sugar cleaning process, and the coke uscd as the
fuel for it is supplicd from Isfahan [ron & Steel Complex. If the CO2 gas in the exhaust gas
from the boilers in the crude sugar cleaning process is utilized, the kiln is not required. In

Japan, no lime kiln is used.
Electric equipment _
It is recommended to control the rotational speeds of the blowers of boilers, ctc. and water

supply and drainage pumps, for reducing the electric energy consumption.

Energy saving measures in the 3rd and 4th steps



This factory is one of agricultural product processing factorics and is inevitably operated for a
seasonally limited period, as described before, So, the factory operation rate is low and the cocrgy
saving cffect and factory profitability are poor. Apart from the ficld production in a crude sugar
factory, refining factories can be integrated to raisc the operation rate of the refining process, This
problem is tecommended to be cxamined comprehensively together with the modernization of
Varamin Sugar Rcfinihg Factory reported in 3.1.

In I.ran, there exist the following factories concerned with sugar.
® 39 bect factories
. 2 canc factories

. 2 refining factories

It is planned to construct seven 100,000-ton factories (including plantations) by the end of 199
6. (At present, 50% of domestic consumption is covered by domestic production, while the balance

of 50% is covered by import.)

For rationalization of the crude sugar factory, it is recommended to consider the construction of

a food proccssing factory as an anncx, and many other measures.
4. Iron & Steel

4.1 .Isfahan Iron & Steel Complex

41.1 Introduction

The jron and steel com'plex of Isfahan Steel'Company is located at Dashte - Tabas, 45 km south
| of Isfahan city. The construction of the complex was started after a contract between Iran and former
USSR was signed on January .13;1966, and No. 1 blast furnace, which has the préduction capacity
of 600,000 tons of crude steel, was constructed by 1969. Additional construction works were made
from 1974 to 1992 to :reach the production capacity of crude stee!l of 1.9 million tons. The
modemization and expansion of the complex has been ptanned; in which the production capacity of
crude steel w'i.ll be incrcased to '2.5 million tons, 3.7 million tons, and 5.0 million tons as the first,

second, and third step respectively.

59—



As can be scen in Fig. 4.1, facilitics including sintering plant, coke oven, blast furnace, basic

oxygen furnace, continuous casting unit, hot rolling mill arc installed in the complex, which is only

one iron & steel complex installed with blast furnace in this country,

4.1.2

(1)

- Countermeasures (Devices) on Heat Consumption
Outline of Heat Consumption

Indicators for considering countermeasures for promoting cnergy conservation'in this complex

including capacity, production, energy consumption and others are shown in Table 4.1. The outline

of facilities visited by Japanese experts arc as follows.

a)

b)

Coke oven _ :

No. 1 coke aven, which has the capacity of 500,000 ton pf:r annum (58 cells}), and -No. 2,
which has the capacity of 600,000 ton per annum (72 cells), are operated at the cell cyéle 20
m/co Both of them are heated directly by coke oven gas (COG) and wet QUenchjng method is
adopted. 1.3 ‘million tons of coking coal, around half of which is imported from foreign
countries including Australia, are used in the coke ovens. Expansion of capacity through

replacing the existing equipments is being considered. The temperature air and exhaust gas is as

follows.
Heated air : 800 - 900°C
Exhaust gas (at the outlet of coke oven) 850°C
Exhaust gas (at the outlet of cooler) _ 75°C

Blast furnace
No. 1 blast furnace, which has the capacity of 1,033 m3, and No. 2, which has the capacity of
2,000 m?, are installed in this complex with the total production of pig iron being 2,050,000

tons per annum, Fig. 4.2 shows the energy flow and other indicators of operation at No. 2 blast

furnace which Japanese experts visited.
Basic oxygen furnace

Three units of basic oxygen furnace, which has the capacity of 100 tons for each, are installed.
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Table 4.1 Outline of Operation and Energy Consumption in Isfahan

Steel Mill
1 Factory .
Total capacity(based on hot metaly 1,200 kt /Y
Production(based on hot metal) 2,100 Kt/ Y
Operating hour IG5 X 24 h/7Y
Operating ratio 110.5 %
Pig iron 2,050 kt /Y
Crude steel 2,200 kt /Y
Steet products -~ kt/Y
Annuat sales amount ~ IR/Y
2 Index for energy consumption
Energy consumption rate
(bzsed on steel product ton) 9 Geal / t
Ccal consumption rate
{based on hot metal ton) ~ Geal / t
N-gas consumplion rate .
(based on.hot metzl ton) ~ Geal / t
3 Energy consumption _ .
(1) Coal consumption 1,300~1,500 kt /Y
{2} N~ges censumption 100.000 Nm3 /Y
4 Energy cost '
(1) Coal ~ R/t
(2) N-gas 5 ~ iR / Nm3
5 Cost of commercial electricity
{1) for sale (mean) 7.5 IR/ kwh
{2) for buying {mean) : IR / kwh
& Generated gas consumption
(1) COG 40~50,000 Nm3 7 h
(2) BrG 400,000 Nm3 /h
7 Lower czlonfic value
{1) Coal
{2) N-gas 9,500 " kcal / Nm3
(3) COG 4,000 kcal / Nm3
(4)Y BFG : 900~1,000  kcal / Nm3
8 Energy consumpticn by each process. :
(equivalent value / ¢rude steel ton)
(1) Coal : ~ ~/t
(2) Ngas ~ ~/t
(3)COG ~ ~/t
. (4) BFG ~ ~/ 1
9 Treatment for slag
(1) Sand weol 5 %
(2} Slag aggregate 80 %
(3) Others 15 %

NOTE: ~ indicatés that figures will be filled
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d)

@i1)

The flow of exhaust gascs and other indicators at the furnaces are shown in Fig. 4.3. The
capacity expansion to 130 tons for each unit is'being planned.

Power plant for own use

Demand for clectricity in this complex is usually fully supplied by two power plants constructed
for own uSc, onc (No. 1) of which has the czlpacify of 24 MW and another (No. 2) 115 MW,
There are two units of turbines in No. 2 power plant which was visited by Japanese experts
(Fig. 4.4), and the extract steam of onc unit (No. 3....4 stage extract steam condensate

turbine) is confirmed to be used for heating water and as the heat source of heat exchanger for
heating the complexes' building (8 kg/em? G x 110°C). Another unit (No. 4....3 stage extract
steam condensate turbine) is not supplying its extract steam for utilization for un-identified

reasons.

_Three boilers are installed in No. 2 plant, mixed - firing' natural gas (NG), blast furnace gas
{BFG}, and COG. '

Countermeasures 1o he Considered

As mentioned above, this complex has been planning to modermize and rationalize its facilities

as well as to expand its production capacity. As details on its plaﬁning coutd not be confirmed during

Japanese experts' visit there, rTecommendations on countermeasures or devices for promoting cnergy

conservation are made in this report without taking into account the planned modernization and

rationalization. Some of our recommendations might have been already adopted or implemented by

the management.

The present energy consumption per ton of steel products in this complex, however, is reported

to be around 9 Geal, which can be compared with 5.7 Geal in Japan, showing that there is much

room for this complex to save energy in future.

.a)

Countermeasures at the 1st step

Strengthening the management of maintenance and operation of individual facilities is the
countermeasure at the 1st step as mentioned earlier. Individual effects of such countermeasures
arc not so great, but a large amount of effect can be acéumulated in total. In'other words, such a
kind of devices leads 1o "the elimination of wastes.” Following devices can be recommended as

those at the 1st step.



le8y§-moj4 Jueld ueBAxQ oiseg ¢ ‘Bid

TSUgmios 16 M

1PpUN % 20 <%V
U3JU0D UOTIRD

BN USBAXS OIseg
__ (eioL) U/gWINGOL X e 181585

ey NI SHONURUOD 0 g

Ja1 D 0041 ~ 00V /

E O

5.052 BN 100

cliceRole]

B WESIS DZW/DH O OL (s N7 55T 07 X D,Wia/ 01 07



l98Yg-moi4 1ueld 12|10G 2ON ¥ 'Bid
Jejeydialg-ue)3 .

el
h ‘ 948
N
~ 06044 . 7l 500
HY
_ | _ ooomml | A
o) S o _
\\l\ : | ! >
\
‘@ | ol Ta0E |
e
N 3 651
umv WSS EIRT |
0705 0} WICTEON  TeIoEEON  15)0g TON
SHIoEN |

|
PRCOSIN
RWOS 0T 9O FANOGIUNETON | NN NN $

£ X W) 022 X DOVG X DzWobX 001




b)

1)

2

*  Rehabilitation of furnaces and boilers for insulation and the prevention of cool air from
entering, |

*  Rehabilitation of pipes and dusts for insuiation. and for the prevention of steam, high -
temperature gas and air from leakage.

* Management of fuel and combustion in furmnaces and boilers,

In order to accelerate these devices, the executives and employees arc requested to have the

consciousness of participating in the campaign for such acceleration,

Countermeasures at the 2nd step
Total amount of cncrgy emitted from iron and stecl works as the forms of exhaust gas, exhaust

hot water and the sensible heat of intermediate products and others are estimated to account for

" around 40% of encrgy consumed in the works. The cffective utilization of the exhaust energy is

very important not only for reducing costs but aiso for accelerating environmental protection

measures including those in the global point of view.

For iron-making process

Since encrgy consumption in iron-making process accounts for around 60% of total cnergy
consumption in iron and steel works, countermeasures for the process is especially important
for promoting energy saving. Adopting following devices in order can be recommended if
references are made to the experience of rationalization in Japan.

®o Strcngthenmg the makmg of the grains of iron ore and coke uniform.

*  Hi-pressurc operation of blast furnace(Pressure at the top of blast furnace is 1 kg/em? G)
*  Expansion of the scale of blast furnace _

* Opcratiori: of blast furnace in de-humidity of air injected.

* Installation of TPT (top - pressure recovery turbine) at blast furnace.

* Installatlon of CDQ (coke dry quenching) at coke oven.

For steel - making process -

The energy of exhaust gas from basic oxygen furnace is the biggest of enérgies exhausted from
this process. This works has already adopted OG (oxygen gas) method to recover the heat of
the exhaust gas, but the amount recovered could not be confirmed by Japanese experts. In
Japan the enhanced recovery of OG has been intended through improving the skirt of basic

oxygen furnace.



3)

d)

1y

Improving measuring systems to increase measured itemns

Investments in facilities and equipments mentioned in 1. and 2. above should be effective in
terms of” gcttmg return mamly because of high.costs. And in order to assess the investments
being effective, it is indispensable to grasp detailed and accurate data and to analyze them to
evaluate the effect of the investments. In this regard, it seems to Japanese experts that this
works should be much better equipped with measuring systems to collect a great number of

detailed and precise data.

Countermeasures at the 3rd step _

Adopting continuous caster and hot direct rolling contributcs-substantially to increasing yield
and ratlonahzmg production facilities. Lossess in the sensible heat of intermediate products and
solids is the largest of losses in exhaust heat in the integrated iron and steel works and it is
reported that the lossess accounts for around 18% of total energy consumption .in the works in
Japan, To introduce continuous casting and other devices is very effective for energy
conservation in the steel works as one of measures feducing the losseéss in the. sensible heat. It
is supposed that the yields of steel products in this ‘works, which has already installed
continuous casters, is highcr than other works which still .installs ingot making

process,although specific figures on yields were not obtained during our visit.

Power plants for own use

Since two power plants are supplying all power Joad in this works, the stable supply of power
from these plants should be considered se'riously. The power plaﬁts. are reported to have
continued their operation at the load factor of more than 100%. Supposing such situations,
following suggestions can be made for No. 2 power plant which was visited by Japanesc

experts,

Countermeasures at the 1st step
* Usual operation of gas turbine gcnerafors
Operating power plants at the maximum efficiency at-the endof generation results in the
largest effect of energy conservation in the plants. Some mcasurcs shoutd be adopted for
reducing high load at present, and the usual operation of generators (2 units of 27 MW
- gas turbine generator) installed as emergency use arc supposed to. be one of realistic

solutions in which power plants in the iron and steel works will aperate at the maximum



cfficiency.

* Utilization of extract steam of turbinc
As mentioned earlier, the extract stcam'qf No. 4 turbine is not utilized at present for
un-identified rcasons. The utilization of the extract steam can be recommended to increase
the efficiency of Rankin cycle.

* Enhancing the degree of vacuum of condenser
The degree of vacuum of condenser has been reduced for unidentified reasons. Operating
value was 0.76 kg/cm? abs. at No. 3 tufbinc,' which could be compared with designed
value (0.04 kg/cm? abs. at No. 3 t'urbinc;. 0.035 kg/cm? abs. at No. 4 turbine). To
investigate the reasons why the degree of vacuum has decreased can be recommended for

enhancing the cfficienéy at the end of generation.

2)  Countermeasures at the 2nd step
It is supposed that the reduced cépability of air cooling tower has caused the reduced degree of
vacuum of condenser. If it is the casc, increasing the capacity of air cooling tower and

improving method of cooling water of condenser will ncéd to be considered and implemented.
4.1.3 Countermeasures (Devices) on Electricity Consumption
(i)  Outline of Electricity Consumption
a)  Power generation

This stee! works installs two power plants, which are su‘ppllying almost all electricity used

inside it in recent years. BFG, COG and NG are used as fucls for power generation. The

outline of the plants is shown below.

Frequency: 50 Hz

Voltage: : 63 kv (No. 1)
230 kv (No. 2)

Capacity: 24 MW (No. 1)

115 MW (No. 2)

. Surplus of generated ¢lectricity can be sold to the national grid although the sold volume has



b)

(1)

1)

2)

b)

1y

2)
3)

been negligible since 1991, The price of sélling and buying electricity is 7.5 IR/KWh, and the

contracted volume of electricity hought' from the national grid is 70 MW.

Power utilization

Annual cons’um.ption of electric power is reported about 1,161,000 MWh, the largest part of
which is used in oxygen plants (45MW). Six oxygen plants gencrate 340, 000 m3 of oxygen
per hour. The load factor of the wotks is very high (about 97%) and its power factor more than
80%. If we use the figure of 2.2 million tons as an annual crude steel production, we can get
the figure of 527 KWh per ton as a unit consumption of clectricity, which can be compared with

450-480 KWh in Iapan.
Countermeasures to be Considered
Countermeasurcs at the st step

Strengthening the managément of maintenance and operation

*  Electrical equipments and machines should be operated at a proper load because of lower
efficiency of conversion from clectric power to motive power at lower load.

* The voltage of power sources should be maintained at an appropriate level.

* Lack of lubricant in machines, looseness in belts, ete, should be avoided.

Installing more efficient lamps in hot roiling mills

Converting mercury lamps to sodium lamps in hot rolling mills are estimated to total to 40%

saving of electricity.

Countermeasures at the 2nd step

Managing peak load to improve power factor to more than 90% in each shop.b'y introdubing
measuzing systems. _

Controlling the volume of air flow and water flow by introducing inventer system.

Effective utilization of nitrogen generated at oxygen plant

As mentioned above, electricity consumption of oxygen plant is the largest in this works. In this

plant, electricity is also consumed for generating nitrogen, the volume of which is four-fold of

—70-



oxygen generated there and is not utilized at all. Nitrogen can be utilized for cooling, preventing

oxidization and others.
4.2 Ahwaz Steel Co.
4.2.1 Outline of the complex

Ahwaz Stecl Co. zid()pts'a direct reduction steel making process, like Mobarakeh Steel Co.
which started operation in 1992, and is one of three major steel complexes belonging to NISCO
(National Iranian Steel Company) under the control of the Ministry of Metals and Mines, and Isfahan

Tron & Steel Complex feported in PR1 is another of the three complexes.

Th1s complcx began to be constructed before the 1979 revolution with Swindell Drcssler USA
_asa consultant and the constructlon was suspended by the Iran-Iraq war. n February, 1989, the
construction was cornpleted independently by the complex alone, to start production. The outline of

the present facilities is shown in Fig. 4.5.

Tron ores and coal for coke making are imported from Brazil, India, Australia, ctc. and

transported by freight car from Bandar Imam Khomeini port.

The production of blooms and slabs (no mill line) planned to be achieved in FY 1992 (Iranian
- fiscal year from March 21 to March 20; hereinafter this applies) is 800,000 tons, and that in 1993, 1,0
00,000 tons.

At prescﬁt, the products are supplied to nearby Kaavian Steel Co., Nasr Steel Co., ctc., and
because of deficicncy in the mill capacity of INSIG (Tran National Steel Industry Group),
semi-finished products are exported to China and Germany.

4.2.2 Present situation of the factory and cnergy saving indicators

The prcsbnt situation of the factory and energy saving indicators are shown in Table 4.2.
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Table 4.2 Present situation of the factory and energy saving indicators

l. Factory

"“Total Capacity

1,500 x 10°vY

Pellet Plant -

2,500 x 10 pellet-t/Y x 2 plant

DR Plant (PUROFER) 330 % 10* pellet-t/Y X | plant
(MIDREX) | 400 x 10% peltet-17Y x 3 plant )
(HYL) 1,000 x 10* (3 plant total (U/C))

Continuous Casting

1,500 x 10% product-t/Y (3 plaut total)

Electric Atk Furnace 1,600 x 10° product-t/Y (6 plant total)
804,752 VY (1992)
Bloom, Slab

24% 11 %x30= 8,000 hiY

Production

Name of Product

Operating Hour

No of Employee 5000 P
No of Enginser =300P
2 Energy Consumption {t99?__) _ .
~ Natural Gas 286,164,728 Nm*/Y
Electricity 872,600 MWIIY
3 Specific Energy Consumption
' Natural Gas 3.34 Gealt

Electricity 1,084 kWH/t

4.2.3 Encrgy saving measures

The steel making plant of the compiex' adopts a direct reducing fumace-clectric furnace process
as described above, and since the process is not adopted for commercial operation in Japan, it is
difficult to compar:c the specific energy consumption. Compared to the specific energy consumption
of a typical direct reducing furnacc-clectric furnace process shown in Table 4.3, the 'specific encrgy

consumption of natural gas is somewhat Ibwcr, and that of electricity is higher.



@

Table 4.3 Specific cnergy consumption of typical DR steel making plant

Continnous

DR Plant ?’Eiit;éz Ark Caster Total
Yield (%) % 95 L
DRI Mixing Ratio (%) 85 '
Specific Energy Consumplion ' o
Naturat Gas (Geal/) 2.85 047 047 379
Electricity (kWH/D) ' 130 700 20 850

Energy saving measures in the 1st step

The energy saving measurcs by way of intensified equipment maintenance and improved

operation are small in the effect of cach measure, but their cumulative effect is large as a featurc of

these measures. Typical measures are enumerated below.

a)

b)

Repair of furnace walls to ensure more perfect heat ihsuiati{)n, and prevention of ingrcss of cold
air into furnaces _

Repair of pipes of hot gas, hot air, stcam, etc. to ensure more perfect heat insulation, and
prevention of leak

More intensive fuel and combustion control of respective furnaces

Prevention of scattering of raw materials and intermediate products

Repair of meters and more intensive numerical control
Energy saving measures in the 2nd step

DR plant _

A typical energy balance of the fiéld-survcyed Midrex plant is shown in Fig. 4.6. As can be
seen from the drawing, large heat loss includes the sensible heat loss of DRI (70.8%), loss due
to exhaust gas of top gas (9.6%) and loss due to exhaust gas of combustion gas (9.2%). These

waste heat losses amount to 89.6%.
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b)

(iii)

It can be understood that the waste heat must be recovered more perfectly.

Electric furnaces
The clectric furnaces of this complex are rclatively 1£1rgc in capacity, and are relatively -
modemized, being provided with continuous casters, Flickes compensator system ~and
preheating equipment by natural gas. The consumption in FY 1992 was 710.8 kWH per ton of
molten steel. ' _ _

Simple comparison with the consumption'by clcctric. fﬁmaccs in'Japz}n cannot'bc made, since
scraps arc used as the raw material in Japan. Anyway, the specific elcctric energy consumptidn
in the Japanesc electric furnace steel making industry in 1990 was 515 kWH per ton of products
as a mean of the whole country, and the lowest consumption rcpor‘fed was 340 kWH per ton of
products. . ” _

Among the improvement measures taken for lessening. the encrgy consumption in Japan, typical
energy saving measures surmised to be effective for equipment improvement and waste heat
recovery in the clectric fuméccs of the complex are enumerated below.

1)  Oxygen cnnchmg equipment _

2)  Preheating of scraps by the exhaust gas of clectrlc fumaces

3)  Adoption of water-cooled furnace walls (adoptlon rate in Japan: more than 75 %)

4)  More perfect sealing at the openings of preheating furnaces and electric furnaces

Most of these measures greatly contribute to not ohly energy saving, but also to dissolution

speedup, quality improvement and productivity enhancement.

Electric equipment _
The iron industry uses large-capacity blowers and pumps. If their rofational speeds are

controlled, the consumption of electric energy can be very effectively decreased.

Energy saving measures in the 3rd and 4th steps

DR plants

The sensible heat loss of DRI at DSR pldnts is very- large, as described above. It is

recommended to examine the direct supply of DRI into the clectric furnaces since it is one of

very effective measures.



b)

d)

5.1

5.1.1

Mills

The complex does not have any mill as deseribed above. The installation of mitls can make
substantiall_y a cdhsistcnt stec! making factory. This should be studied preferentially from a
comp'rchchsivc viewpoint of increasing the production capacity of rolled steels, reducing the

transport cost, etc. This will of course greatly contribute to production enhancement and quality

improvement, with a resultant large contribution to energy saving.

Electric power supply

The clectric powcr-supply to the complex is being improved recently, but the shortage of power
Supply in the summer peak season compels them to curtail their operation. In addition to
existing two 2.5 KVA diescl generators, they are instatling additional two 2.5 MW gas turbine
gencrators in preparation for service interruption. Elcctric power plants. are being constructed
one after another for ensuring stable power supply which is a problem to be solved before

talking about energy saving measures.

Utilization of scraps

The utilization of scraps as a raw material for the electric furnaces is very. low. The
establishment of a scrap recovery system for using more scraps will greatly lower the specific
electric energy consumptiOn of the clectric furnaces. The raw material for steel making by
electric furnaces in Japan is scraps, and their specific encrgy consumption is as described
before. The utilization of scraps is needless to say preferable also in view of the re-utilization of
resources. In Japan, the scrap utilization accounts for about 35% in the raw materials of steel

making, and the recycling rate of steel cans rcaches 50%.
Power Station
Munta;er Ghaem Power Station

Introduction

This power station is located in Shahriyar region to the south-west of Tehran. An agreement on

installing steam units was concluded in 1967 betwcen Iranian Ministry of Energy and General Electric

Company of the U.S.A. No. 1 and No. 2 units of generator were commissioned in 1972 and No. 3
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and No. 4 in 1974 (156 MW for cach). A gas turbinc unit (24 MW) was also constructed. The
construction works of 6 gas turbines (116 MW for each) as parts of combined cycle power plants are
‘under way with two of them having already been commissioned. The construction of 6 steam turbincs

as parts of the plants arc planned although no contracts on the construction have been made yet.

This station owned by Tavanir, state-owned electric power generation. and transmission
company under the Ministry of Encrgy, is supplying electiicity to Tehran area together with four other
power stations located in the area. In addition to these power stations, electricity is supplied to Tehran

area by other stations including hydro and thennal ones in Esfahan, Tabriz and other places.
Table 5.1 shows the outline of opcration in this power station.

51.2  Countermeasurcs (Deviécs) on Heat Consump.tiori

()  Outline of Heat Consumption

Indicators for considering countermeasures for promoting energy conservation in this power

station are shown in Table 5.2,
(i) Countermeasures to be Considered
a)  Countcrmeasures at the 1st step

1)  To enhance total heat efficiency _
Heat efficiency at the end of generation was reported to be 35 - 36% when Japancse exi;erts :
visited the station. The efficiency at the end of transmission was not identified, but it was
reported that own use of electricity is about 6% for each gencrator and about 7% for the power

station. All of steam pressure at the outlet of boiler heater (1,750 p s i), steam temperature at the

werc observed to be lower than planned ones while figures on heat efficiency at planning stage
were not given, And it was explained that the operation of boilers had been conducted at lower
pressure and temperature than planncd ones becausc of the water. tube of the boilers being.

corroded, but the cause of decreased degree of vacuum could not be confirmed.



Table 5.1 Qutline of Boilers'and Generators in Montazer Ghaem

Power Station

1 Boiler .
Type Natural circulating one drum
water tube boiler
¥aker CE (USA)
Normal working steam pr_'e'séﬁre(SH outlet)) 1., 875 psi
Normal working steam temp’ (SH outlet) 1, 005 °F
_Continiious maximum evapblation 1, 100, 000 l1b/h
Reheater steam temperature(RH in/outlet) 68871, 005 °F
Reheater steam flow rate ' 988, 000 ib/h
Air heater air temperature(All in/outiet) 6357311 °F
Heavy fuel oil . 77, 800 Ib/h
' Thermal efficiency (planning) g0. 57 %

Fead water treatment

Dexineralizer

'2 Turbo-generater

Type Tandem-compound type b stage
| extract condencing unit
¥aker GE (USA)
Turbine revoiution 3. 000 Tpm
Voltage 15 : kv
Qutput 176. 471 mvaA
Cycle 50 Hz
Condenser cooling tvpe Air cooling tower type
Condenser vacume 2. 5 inch Hg-abs

Generater cooling type

I, gas cooling type
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Talle 5.2 Indicators on Energy Gonsumption in Montazer Gheam
Power Station '

Tota! generated power(1991) 3, 643, 966 mwh,/Y
Peak lord 7 = T00~T750 o mw
R SSErer Z500~600 -
_Power'cousumptiou for plant 6~T" %
Operating hour |  365%x24 h/Y
Operating ratio(mean in 1991) 70. 29 _ %
Total fuel consumption(1931) . 857, 000 k1Y
Heavy fuel dil{ _
Specific gravity 0. 9641
T it e 9 69 kcal/kg
Fuel cost : |




2)

)

4)

The decreased pressure, temperature, and vacuum degree arc considered to have a negative
effect on the heat cfficiency at the end of generation. To increase them to at least planned levels
can be recommended for enhancing the heat cfficiency.

Corresponding figures in power stations in Japan, which install around the same scale of
gcncration units and operate in around the same condition of steam, are as follows.

*  Heat cfficiency (at the end of generation) 38.15%

*  Heat efficiency (at the end of transmission) ~ 35.74%

* Own use of electricity 5.70%

To control boilers' heat efficiency

Heat efficiency of boilers was reported to be 90%, around the same as that of planning stage.
Follovéing devices, however, can be suggested for strengthening the management of
maintenance and operation of boiters.

* Control of fuel usage (fuel's temperature in particular)

*  Low oxygen combustion for reducing exhaust gas

*  Controlling water quality '

* © Preventing steam, combustion gas and air from leakage

* Controllmg the blow of boiler water

* Prevcnting heat transfer surface from being soiled and corroded

Relating to tutbine

Soiling of cooling pipe at condenser, decrcased capability of ejector and cooling tower, and air
leakage are considered to be main causes for the decreased vacuum degree of condenser.
Countermeasures for coping with these items should be taken for mcredsmg heat efficiency in

this power station.

Measuring and monitoring data

It was observed that automatic control and measuring instruments in a monitoring center in the
power station werc well equipped. Detailed measurements, however, sccmed not to be
conducted there. In Japan, data including heat efficiency arc measured and managed at least to
one place of decimals every hour. If heat efficiency drop by 0.1%, increase in fuel coﬁsumption
will be 309 tons of heavy fuel oil per an.num for cach unit of boiler and generator in this station.

This figure implies that control in power stations should be conducted through utilizing detailed



and reliable figures.
b)  Countermeasurcs at the 2nd step
1)  Conversion of boiler fuel from heavy fuel oil to natural gas
This power station is planning to convert its fuel from heavy fuel oil to natural gas. Such
conversion is important for prcvcntihg heating surface from being soiled and corroded as well
as for environmental protection, .
2) Establishing auxiliary heat surface in boilers
Establishing auxiliary heat surface in boilers will increase boilers' heat efficiency because the
dew point of exhaust gas from natural gas is lower than that from heavy fuel oil.
5.1.3 Countermeasures (Devices) on Electricity Consumption
(i}  Outline of Electricity Consumption
As mentioned above, own use of electricity is about 6% for each generator and about 7% for the
station as a whole. When Japanese experts visited the station, it was obscrved that 8 MW was used
for own use at No. 3 generator the output of which was 80-90 MW, These figures can be compared
with 5.7% in Japan.
(i} Countermcasurcs to be Considered
Rehabilitation or more efficient operation for reducing own use of elcctricity (at the ist step)
C 6. Qi Refinéry
6.1 Tehran Oil Refinery

6.1.1 Introduction

Tehran Oil Refinery, which composes of No. 1 (South) and No. 2 (North} refineries, is located
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south of Tchran city. The former was constructed in 1967 and the latter in 1974, Total refining

capacity is 220,000 b/d at present.
6.1.2 Countermeasures (Devices) on Heat Consumption
(i} - Outline of Energy Consumption

Gas and oil are used as fuel for heating fumaces and boilers in this refinery. Fuel gas used here
is a mixture of stabilizer off-gas, isomax off-gas, hydrogen off-gas, platformer off-gas, and natural
gas which is supplied through national pipeline network when needed.

Fuel oil is a mixture of furfural cxtract, vacuum residue, visbreaker bottom, waste oil, etc...

It was observed that furnaces in process units and boilers were not installed with any devices

such as cconomizer and air pre-hcatcr for recovering heat from high-temperature cxhaust gases.
Accordingly, heat efficiency of many furnaces is estimated to be 60-70%, which can be
compared with the appropriate level of more than 80%. In addition, some of furnaces;have not

instatled any instruments for controlling excess air and the instruments in others are not in services.

Typical cxamples of exhaust gas temperature are as follows:

No. 1/No. 2 Crude furnace 900 F
Vacuum furnace 900 °F
Platformer furnace 1,400 °F
Boiler plant : 500-700 °F

. Demand for electric powér is satis'fied_ with supply from auto-generation in this refinery.
Exceptionally, a part of generated power there is being supplied to neighboring NIOPDC's deposit
for heating tank.: No. 1 and No. 2 rcfineries have a power plant respectively, the gencration capacity

of which is 21.6 MW (7.2 MW * 3), although an i:ltegrafcd operation of two plants are conducted.

" Four units of boilers (320,000 Lb/h for each) are installed in No. 1 refinery and threc units (the



same as in No. 1) in No., 2.

According to the refineries' record, intemnal use and loss of encrgy is 7.2% in terms of crude oil
input in January, 1993, in which 5.8% is accounted for by fuel uses and 1.4% by losses. The

standard ratio of internal use and loss is estimated 4.5% for the similar type of refincry.
(i) Countermeasures to be Considered

A committee for encrgy conservation has already been established for a few years in this
refincry, according to the instruction of Refinery Expansion & Dévelopmcnt Center of NIOC, 3-4
projccts for implementing energy saving are reported to have been at their construction steps and
some on application for construction. Al of countermeasurcs mentioned below including setting air

pre-heater system might have been seriousty considered in the refinery.
a) Countermeasures at the st step
*  Rehabilitation of pipes and other parts for insulation

*  Proper management of excess air control for combustion

b)  Countermecasures at the 2nd step

*  Installation of economizers and air pre-heaters in furnaces and boilers
7. Others
7.1 Kaavian Sieel Co.
7.1.1 Outline of the complex

Kaavian Steel Co. is located in Ahwaz, being a national factory belonging to the above Ahwaz
Steel Complex. The construction started in 1976, and the operation started in 1980 but suspended by
the Iran-lraq war., Six years ago, re-construction started, and was completed four ycars ago.

Operation was resumed one and a half years ago.

The factory is engaged in the hot rolling of the slabs (250 * 1200 * 4000 nﬂm) and blooms (85



to 130 mm t) mainly supplicd' from Ahwaz Steel Complex, and produces slabs, blooms and plates of

8 to 40 mm in thickness.

They 'produccd 109,000 tons in 1992, and plan to produce 400,000 tons in 1993 and 800,000
tons/year two years later. Fowever, since their products arc not officially qualified, the sales are
rather poor, to lower the operation rate.

Present situation of the factory and encrgy saving indicators

7.1.2

The present situation of the factory and energy saving indicators are shown in Table 7.1.

Table 7.1 Present situations of the factory and indicators concerned

Factory

Total Capacity 800,000 product-t/Y
Slab 400,000 product-t/Y
Bloom 300,000 product-t/Y
Plate 100,000 product-t/Y |

Furnace Capacity -

120 tx 1 plant, 150 x { plant

Production {1992 actual)

109,000 product-t/Y

Name of Product

Slab, Bloom, Plate

Operating Hoiir {1992 actual} | 5,300 WY
No of Employee 960 persons
No of Engineer 60 persons
Yield = 90%

| Energy Consumption (1992)

Natural Gas

21,462,851 Nm¥%/Y

Gas ol 95,903 kg/2 months
Electricity 110,469,732 KWH/Y

 Specific Energy Consumption .
Fuel 1.92 Gealft

Electricity

96.05 kWH/t

7.1.3 . Energy saving measures

There is no appropriate factory comparable to this factory in Japan. For reference, a specific
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heat energy consumption of about 0,32 Geal/t was achicved in Japan for heating cold billets only in a
converter steel making-hot rolling process. Compared to the value, the above consumption is very

high,
(i)  Energy saving measures in the 1st step

As described also for Ahwaz Steel Complex, essential energy saving measures by intensified

cquipment maintenance and improved operation are as enumerated below.

a)  Repair of furnace walls to ensure more perfect heat insulation, and pre\;cntion of ingress of cold
air into furnaces |

b)  Repair of ducts of hot gas, hot air, etc. to ensure more perfect heat insnlaﬁon, and prevention of
leak

¢)  More intensive fuel and combustion control of respective furnaces

d)  Repair of meters and more intensive numerical control

A further other cause for the high specific heat energy consumption of the factory is surmised to
be a low operation rate. ‘The fuel consumption required for the start-up of the heating furnaces and
the fucl consumption required for keeping the internal temperature of the furnaces remaining out of

operation are large.
(i) Energy saving measures in the 2nd step

a) | Heating furnuces _
The heating fumaces have recuperators instalicd for recovery of wastc heat, and the outlet
temperature of the exhaust gas is 800°C at the highest and on the level of 300°C normally. It is
recommended to use the exhaust gas for ﬁreheating the steel, and this will also contribute to the
improvcmr:’nf of product quality, |

b)  Electric equipment
This factory uses various blowers and pumps including the large-capacity blowers for the
heating furnaces. If their rotational speeds are controlled, the consumption of electric energy

will be very effectively reduced.
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(ill) Energy saving mcasurcs in the third stage

This factory is an intermediate product factory relying on other factories working upstream and
downstream, unpreferably in view of factory management. This situation of course greatly affects the
operation rate. A fundamental study in this regard is required.
7.2 Khuzistan Pipe Manufacturing Co., Ltd.
7.2.1 Outline of the factory

The factory is located in Ahwaz, being a private factor which produces 45,000 tons/ycar (target
of 1993} of cast steel pipes of ductile cast iron and gray cast iron for city water and drainage, and also
various joints (in conformity with DIN and IS0O), using 50% of scraps and 50% of pellets (imported
from’ Brazil) as raw materials.

7.2.2 Present situation of the factory and energy saving indicators

The present situation of the factory and energy saving indicators are shown in Table 7.2.
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Table 7.2 Present situation of the factory and indicators concerned

1 Factory
Total Capacity ~ product-t/Y -
Electrical Induction Furnace | 2.5 MW X 3 line . .
Holding Furnace 750 KW x 1 set, 350 KW x | set
Annealing Furnace . _'~ x 1 line
Casting Plant 3line
Production {1993 target) 45,000 product-t/Y
- Name of Product ~ | Cast Tron Tube & Fitting
Operating Ratio 14% '
Yield = . 83%
No of Employee ' 1,200 persons
No of Engineer 15 persons
Electric Capacity 16 MW
2 Energy Consumption (.1992)
Natural Gas ~ Nm¥Y
Gas oil ~ kY
Electricity - : ~kKWH/Y
3 Specific Energy Consumption
Fuel . ~ Gealft
Electricity ~ kWH#

Note: The value of mark (~) are filed by the report after given by the factory.

7.2.3 Energy saving measures

“The factory is a casting factory using electric induction furnaces only as stated above, and we

have no factory of this type in Japan. The casting of this scalc is effected by a cupola.
(i) Encrgy saving measures in the 1st step

The energy saving measures in the first stage are taken by intensifying equipment maintcnance

and improving operation. Typical measures are enumerated below.

a)  Repair of furmace walls of clectric induction furnaces and annealing furnace (o ensurc more



0)

d)

@ii)

perfect heat insulation, and prevention of ingress of cold air into furnaces
More intensive fuel and combustion control of annealing furnace
Shortening of waiting time in process

Repair of meters and more intensive numerical control
Energy saving measures in the 2nd step

The first step of energy saving measurcs is to identify the present conditions. This is the reason

why measuring instruments for energy control must be installed. This is a problem common to

cquipnient in general,

a)

b

%)

b)

(iif)

Annealing furnace

The waste heat tcmperature of the annealing fumacc is estimated to be on the level of 300 to
500°C, though not confirmed because of no measurement made: The preheating of cast iron
pipes by the exhaust gas is effective not only fo’r.energy saving but also for product quality
improvement. The identification of the present conditions, numerical analysis and examination
of economic values are surmised to be necessary. The heat recovery for preheating combustion
air is one of relatively easy waste heat recovery methods,

Improving the scaling structure at the portion where cast iron pipes axé inserted is also effective
for energy saving as well as for product quality improvement. The cxamination of this item is

surmised to be as valuable as that of the above item.

Electric equipment
This factory uscs various blowers and pumps. [If their rotational speeds are controlled, the

consumption of electric energy will be very effectively decreased.

Energy saving measures in the 3rd step:

Flectric power supply

At presen{, ‘electric power supply is unstable (service interruption occurred for 1,360 hours in

1992). So, in addition to two existing 2 MW emergency diescl generators, two 2.5 MW 2as

turbine generators were ordered and are scheduled to be installed six months later in preparation
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for service interruption, It is recommended to examine the additional installation and constant
operation of gas turbine generators, based on the economic effect analysis in reference to' power
loads, power cost reduction effect, drop of factory operation rate due to decreased production,

ete. This will also enhance energy saving.

b)  Utilization of scraps
Scraps account for 50% of the raw materials at present, and the supply from a scrap collection
company under the control of the Ministry of Heavy Industry is said to be stable. It is
recommended 1o ‘examine measures for stabilizing the quality of scraps and to incrcase the
utilization of scraps. This contributes to not only energy saving but also the reeycling of

resources.
7.3 Bafkar Textile Co.
7.3.1 . Qutline of the factory

The factory is located in Teheran and is onc of four largest national factories belonging to the
Ministry of Industry. It began to be constructed as a joint concern of an American company and the
Iranian government in 1937, and started operation in 1958,.heing managed under the American

company till 1969.

The raw cotton and chemical fibers used are 100% domestic products,'and the dyes are
_imported from Germany, France, China and India. 1t is a consistent factory consisting of the steps of
spinning, weaving, blcaching, dycing and textile finishing, and produces various printed fabrics.

(The share of the products is about 2%.)

At present, they produce 3,520 tons/ycar (22,000,000 m2/year). They are modemnizing the
spinning step and changing the exhaust gas treatment in the spinning step from open type to closed
type (the rate of recovering raw cotton from the exhaust gas will be 80%), and after completion of the

improvement, they will increase the production to 4,300 tons/year.

They have filed an application for the permission to move the dyeing line to Zanjan at about 400

km in the west-northwest of Teheran within 5 years. This decision is said to have been triggered by



the request from the municipal government, which requires additional investment for the treatment of
their waste water. (They. can receive a subsidy of scven million US dollars and will be exempted
from tax for 10 years if they t?lk_e any environmental protection measure in conformity with the
regulations of the Ministry of Industry.)

7.3.2 Present situation of the factory and energy saving indicators

The present situation of the factory and energy saving indicators are shown in Table 7.3.

Table 7.3 Present situation of the factory and indicators concerned

1 Factory .
Production 22,600 x 10° product-m¥Y
3,520 product-U/Y B 4
Name of Product : Textile {priat) :
Operating Hour C 1275 x 24 = 6,600 WY
~ Noof Employee 2,000 persons . 7 ) |
No of Engiﬁeer 45 persons !

‘| 2 Energy Consumption (1991)

Natuiral Gas 33,640,000 NmY
Gas oil 150000 Y . L
Electricity | 31,680,000 KWH/Y
3 Specific Ene'rgy Consumpiionw 7 .
Fuel (oi! equivalen) 10,441 it }
Electricity 9.0 kWH/kg ' §
7.3.3 . Energy séving measures

Among tckﬁle products, especially.clothing is highly fashion-oriented and seasonal. So a textile
factory high in the production ratio of clothing like this factory is forced to produce many items in
respectively small.amounts, and as a result, is poor in efficiency in view of energy consumption. In
addition, a féctory with step.s of bleaching, dyeing and textile finishing is higher in the fuel cost

proportion in the production cost than factories of other categories.
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Also in Japan, the textile indusity cngaged in the weaving of short-fibers of cotton and chemical
fibers and dyeing & textile finishing recorded the fdllowihg average specific energy consumption
rates in three years till 1990. '

. Specific heat ehergy consumption: 1280.1 Ut (in terms of fucl oil)-

»  Specific clectric energy consumption: 6,13 kWH/kg

The factory is very large in specific heat energy consumption, since it has a history of about 35
years as stated before. The specific electric energy consumption is also large, though not so large as

the specific heat encrgy consumption.
(i) Encrgy saving mcasurcs in the 1st step

The energy saving measures in the first stage are taken by intensifying equipment maintenance

and improving operation. Main measures are enumerated below,

a)  Prevention of leak of steam, condensate, hot water, compressed air, ctc.

b)  Repair of hot pipes and hot ducts to ensure more pexfect heat insulation

¢)  More intensive fuel and combustion control of boilers, direct fire type dryers, etc,

d)  Repair of walls and prevention of ingress of air of boilers, direct firc type dryers, ctc.
¢)  More thorough decrease of hot waste water '

f)  Repair of meters and more intensive numerical control

g)  Decrease of re-processing and failure of cloth

h)  Decrease of waiting time in process

Many cylinder dryers are operated in this factory, and the heat balance of such a cyiiﬁder dryer
is shown in Table 8. Water evaporation of cloth and radiation loss account for a large percentage.
The recovery and re-utilization of the heat is being developed in Japan, but is substantiatly difficuit.
The next large heat loss item is the leak of steam at the joiht of cylinder rotary portion aﬁd at the steam
trap. This stcam consumption can be positively decreased by intensifying.thc maintenance.

(ii) Energy saving measures in the 2nd step

The cnergy saving measures in the second stage accompany equipment investment for recovery



of waste heat, etc.

For proper judgment of investment, as shown in Table 8, it is first of all necessary to accurately
mumerically identify and analyze the supplicd cnergy, cffective heat energy, discharged cnergy and
present temperature level for each step of the process. This is the reason why measuring instruments

are required.

‘Table 7.4 Heat balance of cylinder dryer

ltemu . T
Waler evaporation of cloth ' 38.2
[ Radiation loss 23.7
Leak of steam at joint and trap 17.6
Loss due 1o pause 1.3
Others ' 9.0
Total 1000

Also for this faétbry, it is recommended to install energy control instruments and to intensify the

numerical control based on the instruments,

a) Spinning
More than 90% of the energy consumed in this step is electricity, and in the electric energy
consumption, cotton and dust collectors account for more than 60%. In the factory, the
cquipment are being modcmizcd as described before, and it is recommended to introduce
rotational spced.cohtrol for suction fans. |

b) Dyciﬁg and processing

1) Recovery and cffective utilization of steam drain
All the steps of bleachmg, dyeing and textile finishing use heat encrgy consuming apparatuses,
‘with much waste encrgy chscharged from them. The waste cnergy includes the exhaust gas
from dryers, hot waste water from washmg machines and dyemg machines, the heat duc to

radiation and steam drain generated from the liquid surfaces of washing tanks and hot water



2)-

storage tanks, etc.

Especially cylinder dryers, washing machines, dyeing machines, heat setters and steam pipes
discharge condensates of various pressures and temperatures, They should be positively used
for boiler feed, flush steam, etc. '
Heat recovery from hot wastc water

As impbrtant as the recovery and effective utilization of steam drain as an cnergy saving
measure in the dyeing and processing step is the hcat recovery from the hot waste water
generated i.n.large quantitics by washing and dyeing. It is recommended fo use plate type heat
exchangers, ctc. for cascade utilization of heat, and to use heat pumps for utilizing hot waste

water at a higher temperature.,

Boilers and generators

The factory has two 3,000 kVA condensate turbine generators and one 1,250 kVA diesel
generator for emergency in preparation for unstable electric power supply, but the condensate
turbine g_cnf:rators are little used since they are superannuated.

The dyeing and processing step uses a large amount of steam for various heat sources and hot
water pmducﬁon as described before. This factory has the following boilers.

e Water tube boiler for. power generation: 41 kg/fem? * 360°C * 16 t/h * 2 units

. Fire tube boiler: 6 kg/em? Satur_ated * 4 units

* - Flue and smoke tube boiler: 135 Ib/in? saturated * 4 units

Normalily, low preséure boilers are operated (56 th in the rated quantity of evaporation by 7

units), using natural gas as the fuel.

For the fire tube boilers and flue and smoke tube boilers now in operation, it is recommended to

more thoroughly recover the drain for utilization for feed, and also to more thoroughly' IECOVET

heat from the exhaust gas as described before.

(iii) Energy saving measures in the 3rd step

4)

Dyeing and processing _ _

In Japan, jet streaming type dyeing apparatuses and economical dye liquor applicatoré.are
introduced already as novel energy saving type dyeing equipment.- As of 1991, 225 units of the
former (adoption rate 16%) and 41 units of the latter (adoption rate 9%) arc mtroduced for

contribution to rationalization of production. However, since they are very cxpenswe for



b)

investment, production scale, marketability of products and funding plan must be examined as
well as lechnical aspect. For example, available for this approach are the wince type dycing
machines different in performance such as liquor ratio as shown in Fig.7. 3.

Furthermore, making thc flow in the dyeing and processing step continuous, allowing
production of many kinds in respectively small lots, speed-up, cnhancement of product yicld,

etc. are rationalization measures which also remarkably affect energy saving.

In the current construction of a new factory for dyeing and processing, it is cxpected that these

matters are sufficiently taken into account in addition to simply renewing the existing

superannuated apparatuses.

Boilers and generators |
The heat cfficiency of the existing fire tube boilers is considered to be as very low as less than
60%. This problem is surmised o be solved by the new boilers installed in the new factory, as

in the above case.

Liquor flow type Liquor flow type Liquor flow type

T Winc R : .
ype ) fnce wince (winpact) wince (dash ling) wince (super flow} ]

opo60QDOOT

Textile 60 m/min 80 m/min 80 m/min 210 m/min
velocity .

Liquor — 60 sec 30 sec 20 sec
circulating - - :

cycle

Liquor ratio . 1:20 1:15 1110 s
Productivity i revolution/D - 2 revolutions/D 2 revolutions/D 4-5 revolutions/D

Fig. 7.3 Characteristic value of Wince Type Dyeing Machines ()
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1. Unit Conversion Factors and Emission Factors

tars

Fuel Wood  Ton

Unil Converslon Fac =
) Unit TOE BOE G 1000 Keal TOESton

Crude Oil Kl 0.890 6.2689  37.179 8,982 1.600
Gasoling Kl 0.780 55256  32.657 7.801 1,670
Jet Fuel Kl 0.860 6.063 35839 8,562 1.065
Gas Oil Kl 0.670 6.100  36.593 8.742 1.025
Fuel Oil Kl 0.920 6.502 38435 9,182 £.960
Gas 1000 m3 0.880 6.198  J6.635 8,752

Ceal Ton 0.625 4356 27,214 6,501

Adter JICA's Energy Batance of IRAN

SOx Emission Fac

tor

S Content %wt. @IBAN

" S0x Emission (502 equivalent)} _Avg. 502 Emission

Crude Qil 20 x S% *0.46 x 5% kglton 32 20 0.48 kyfton
Gasoline 20 x S% kg/ton 008 - 0.10 1.8 kgfton

Jet Fuel 3.2 kgfton 0.005 - 0.01 3.2 kgiton
Gas Ol 20 x 5% kgfion 0.B- 1.0 18 kgfton
Fuel Ol 20 x 5% kafon 3.0- 35 65 kgfton

Gas 0.0092 kgi1e10cal 0.0082 kgflet0cat
Coal 15.5 X 5% kaiton 2 31 kgfton
Fuel Waod 0.86 kgfloe 0.88 kgftoe

*  @Refinery @ Relinery

‘Alter The Science and Technology Agency, Government of Japan

NOx Emlission Fac

Unit: kglton

lor B
Refinery Power Gen.  Endusiry Air Trans,  FAoad Trans.  Other Trans. Residenlial  Agric. & Commercial

Crude Oil 0.24 7.24 5.0% , 5.09 1.70 3.05
Gasoline 16.71 16.71 16.71 31.7 16.71 18.71 16.71
Jet Fuel . 10.50 _ '
Gas Qil 27.37 9.62 54.13 27.4 54,13 3.21 577
Fuel Ol 10.00 5.84 54.13 27.4 54.13 1.95 3.50
Gas * 4.40 2.24 2.24 1.57 1.57
Coal 9.95 7.50 7.50 1.88 3.75
Fuel Wood ** 6.00 6.00
* kg / 1e1D cal.
** ; kg/ loe o
Afler The Stience and Technology Agency, Government of Japan
CO2 Emission Factor
Crude Qil 3.165 ton/ton
Gasoline 3.132  tonfton
Jet Fuel 3.157 ton/ion
Gas Oil 3.1B7  tonjton
Fuel Oif 3.219  tonjton
Gas 2.31E-04 g-CO2/cal.
Coal 3.905 tonftoe
Fuel Wood . 4,366 _tonfloe
After The Science and Technology Agency, Government of Japan
Emission Factar for “Other Fuel® _Unil: kg/TOE

: Refinery  Power Gen. * Indusiry Air Trans. foad Trans. Olher Trans. Residenliat  Agric. & Commercial
SCOx kg/loe - . 0.86 0.88 0.88 0.86 D.86 0.86 0.86 0.86
NOx kg/toe 6 _6.00 . 6.00 6.00 8.0 6.00 6.00 6.00
CO2 Tonlloe 4.366 4.366 - 4,37 4.366 4.366 4.366 4.37 4.366




2. Parameters for Emission Estimation (1)

IUnp. Al G182 3 World Talile "2 1HAN] [T w7 1972 1421 1974 1955
Popelstion : 28,429,008 25,360,000 30,213,008 31,167,008 32,164,000 33,206,000
GNP per capita (USRS, cutt. pr.) 350 430 510 0 950
Gross Natioeal Prodect {tocal,cure. pr.) TOK, 199.97) 840 908,199.962,6247  1,235,000,229 888 |  1,836,399.460,3521 3079400325120 34973494
Gross Domestic Product  (logal;cert. pe.) $54,100,104,1921  1014.300016,640F  1,264400,203,776]  1LE60SYGA3E,592]  3,089.903,765,184 | 5,512,100.45 1400
6Dy Deflator (1987 =100,10d¢5) 6 7 $ 1 6 oo
GDF Deflator (1985100, pder) g 10 1 ] el Ell
Gross Domestic Product (local, 1985, p1.} WIS, 761,784,599 10,405,126.363,723 | 11,749,175,813,510] 13,50%,725,146,583 14,026,984,637,807] |
[Pp. au? GDE ; Prepared by IRANIAN Camtlerpaet] 1970 1971 1972 1977 [
Fopulation N 29,499,000 0,256,000 31,059,000, 31,951,000 32,814,000
Gross Domescic Praduct (Jocal, 1982 g1.) e N 7,045,500,000,000| - §,201,963,390,625 $.956,299,804,688|  9,342,700,195,313) 9,227, 799,801 188
Gross Domestic Prodoee {local, correal -.)MM“ N KLA00012.207]  1,130,199.951,172  1,678,800,048,528|  2,985,500,000,00G)  3,302,500,000,0G0
[Primary Fuerpy Regvirement]
. ;Enerpy Balance Fable, 1L KIBUNE ') e 19:1 1972 1973 1374 975
Solid Fue! (MM bbl Qi) Fq.) 140 1.60 2.50 4.20 deef oo $.40
Prisolewm (MM b1 03t Eq.} e 84.36 §9.99 93,16 117.02 _
Natwral Gas (MM b1 03 £4.) 10.34 13.01 15.24 198
| Hydro (MM bbl Ol Eq.) 2.60 420 5.50 a0
Qibees (MM bbl Qi1 Eq.) 21.50 049 19.37 18.97
Non-Comm. (MM bbl il Eq.) 400 3.80 EXD) 3.50
[—;.'.m..,- Eutigy Requitement Tazal (MM bbl Ol Eq.) 124.30 133.09 139.47 167.97
Flare Gas; OPEC, (Value 1970-1976 ; Estimated}] 1970 FIH 1972 197 1974 1975
Flazed Natoral Gas (M3} 15,574,000,060]  22.021,000000f  24367,000,000| 28431000000 - 29,210000,000]  25.953,000,000
Flared Natoral Gas (MM UBI Oil Eq. ; 6,198 BOE/3,000M3) 115.12 136.49 151.03 176.22 181.04 160.86
{C0O2 Emission Est. ; JLICA Team "93] 970 97t 192 1973 1974 1975
CO2 Emission Estimation (CO2 millian tvs) 4466 46.57 49.75 S8.10 62.98 71.83
Total CO2 Emission Eslimation - {Carboz million ton}) 12.18 12.70 13.57 1584 1718 19.59
[CO2 Emission from FLARE GAS ; JECA Team 93] 1950 1971 1972 1973 g 1975
Cal. Yalue Flarz Gas {cal.} @8752 Keal/M3 1.63E+17 1.93E+17 213E+17, 249417 2566417 2270417
€97 (rom Flare Gas (CO2 million 100) @B0002312 -COeal 3738 44.56 49.3] 51.53 soml| 52.51
€02 [rom Flage Gs {Carbon miilion ton) - 1035 1215 1348 1569 1612 ETED
1 {SOx Emissian Est, by Fuely JICA Team 93} - I870 1971 1972 973 1974 IWE
Solid Fucl 00100 0011¢ ¢.0178 0.0299 _oen? o 0034
Petroleam D2sz 0.264 0.277 0.346 £.380 460
O.GDGU(DSH . D.00G0H2052 0.0C0004994 0.000010758 0.000013577 0.000015817
0.002565 _boazs3 0.00240 0.00235 0.00221 0.00213
0.000495 Q00047 0.000458 0.000:433 0.000420 0.000420
Total S0x Emissian Estimalion (S02 million ton) 0.265 G279 0.298 0379 0416 0.496
[$0 % Enission from FLARE (7AS ; JICA TEAM '93] ivi0 T2 1972 1973 1924, 1975
Flared H25 (Jitters) @ H25 4 mol® 742,960,600,060: 850,840 000,000 9‘.'?1.680,000,000 *1,137,240,000,000 1,168,400,000,000{  1,038,120,009,000
H25 (g-muols) 33,167,857,143 39,323,214,286 43,512,500,000 30,769.642,857| 52,160,714,286 46,344,642 857
H2S (grms) 1L,127,707,142,857|  1,336989,285,714} 1,479,925,080,0600 ],726,]67,.857,]43 1,773,464,285, 714  1,575,717.857,143
H2S (108) 1,127,707 1,336,989 1,479,425 1,726,168 1,773,464 1,575,718
%% [rom Flace Gas (SO2 million toe) 2123 2517 2,783 3349 3.33%8 2.%66
! NOx Emisivn Est. by Fuel; JICA ‘Team '93} 1970 971 1972 1973 - rer4 . 1975
Solid Fucl 03024 0.0028 0.0043, ¢ 00072 0.0079 ' 0.0083
Petroleum B 0.1149 012531 Q13§ 0.612] - 0.1508 02182
_Gas . boom 0.Cco8 " 00019 00040 0.0051 0.0059
__ Uthers 00185 - 0677 00167 00164 00154 00149
Non-Commerciat, 00033 0.0033) 0.0032 0.0030 ooos| - nco2e
[Totel N0x Emissicn 25 K02 {millige too) 01395 01498 01606 " 01917 02121 02502
INOX Endission fronmt FLARE GAS ; JICA Team: 93] 1970 1974 . 1972 i . 1973 1924 975
Cal. Valuc Fiare Gas (sal.) @752 Keal/M3 - 1.6IE+37 193E417 2.i30+17] - 249E+LT 2S6E417[ T 21
NOx from Fiare Gas (NOZ million ton) @2.24 NO2 kg /-1¢16 cal. 0.035 0043 D048 0.056] G.057 [
[Crude il Production ; Arab Oil & Gas Direclory} 1970 17 w7z R 1923 1574 1975
Aanual Crude Oil Production [MM bbl} 1397.59 1656.942 1838.46 2139.22 2197.8% 179279
[ Year | 7570 T 7977 ] 1973 i 7073 ] 577 T s
ECrmrnl Froduclion [million tog] i | ! | HE i I ;
I CO2 from Ceent Productian {0.12 Carbus ton / Czinent ton] I 1970 I 97T i 1972 l 1973 [ 1975 I 1375 |
€02 frem Cement Froduction [Casbon millive 100 K ] i ] [ | |

_gs.k



2. Parameters

for Emission Estimation (2)

[Pop, aml G 3 Wardd Table '92 1IRAN] 116 7 1978 ’ _}9?9 980 8¢
Pupulation ) 3,294,000 35.431,008 36617008 37,848,000 39,124,010 A0,330,000
GNP pey capita {USS, curr pr.) 1,890 2,170 1,970] - 2,030 1,990 2540
[Gross Natignal Produet {local,corv. pr.) L AA91699.171,3281 - 5,899,500,090,365  5,343,801,245 696 _6,390,801,235,968 ) 5,628,101,324,8005  $,379.801,010,176
Gtoss Domestic Product {lugal,gues. pr.) A696.898,011,136]  5,947,500003,328 5,529,597,373,550( - 6,335,401,820,160%  6,021,698,719,744 S,J-l‘).l‘){).}ﬁ}i,}“;a;
(j_l_)l’ Bellator (1967 =100,1ndex) 2 23 26 33 43 5_9
GDP Deltator (1985=100,Jnde s} 28 ¥ 37 a7 &l 7
Gross Bomestiv Product  (lucal, 1985, pr.) 16,877,803,625,802]_18,005,466,594986| 14030,492,538390 13,557,106,474.238}_10.936,703,356,382 | 11,829,066,270,621 ]
Pup. awd G Preparcd by TRANTAN Cunnlevpan} ivid 1977 1978 99 1986 st
Papulation L 33,709,000 24,736,000 36,077,000 37,991,000 39,646,000 41,221,000
Gress Domestic Product {local, 1982 pr.} 11,254,299,804,688 | 11,183,799, 804,688 10,070,739, 804,688 10,542,099,609,373 1 9,.323,059,600375 | 9,175,200,195,313
Gross Domestie Prodvet {local, cotfent pr.) 4.440,799,804,688 ] 5,177,000,000000]  5,095,500,000000! © 5158200,195313]  6,471,100097,656] 7,884,299 KMl 688
(Primary Eoeny Regoincoeent}
sKnergy Batunee Table, B KIBUNE 53 1976 1937 1978 1979 1980 1981
mbf})lid Foel  {MM bbl 01 Eg.) 8§40 850, 4.80 7.50 7.50 . 660}
Prurolcum (MM bbt O Eq) 179,08 02.60] 197.25 wazs| o
Natursl Gas_ (M bbi Ol Eq.) o 2362 660 .75 3197 nn 35.83
Hydre (MM bbl Cil Eg.) 6.20[ 560| n.80f 8.30 8,50 9.70
Gthees (MM bbl Oil Eq.) R 3714 1785 B V754 1785 1704
Non-Comm, {MM bbl il Bg.) 3.40 3.30 3.40 3.50 3.40 3.60
[Peimary Fucegy Requircment Towal * (MM bb) Oil Eo.) 237.94 264,94 257.85 286.94 26115 2.7
{Flare Gas; OPEC, (Valie 19701976 5 Estintated}} 1976 977 1978 979 1980 19%f
Flared Natvral Gas (M3} 28,538,000,000 26,334,000,000 5,728,000,000 15,793,000,000 9,470,000 460 £,200,000,000
Blared Natnral Gas ™M .\‘l bl il Eq. ; 6193 BOES,B00M2) T 176.88 . §63.53 139,46 97.89 58.70 . 50.82
T ICO2 Emission B 3 JICA Team '93] 1976 177 7% 1979 1980 wa
(02 Emission Estimation (CO2 nilliea ton} §1.70 ) 95.45 95.61 " 10428 98.45 103.09
Taral COZ Emissios Eslimation {Carben miltidn ton) 22.28 26,03 26.07 2844 26.85 28,43
[L0O2 Bmtssion from FLARE GAS ; JICA Feam 93] 1976 1977 1978 1979 1980 7987
Cal. Value Flate Gas {val.) @8732 Keal/Md 2.350E+17 23E+T 2.25E+17 1.38E+17 8.20E116 7.18E+16
Ca2 trom Flate Gas (COZ million ton) @ 0.0002322-p-CO0/eal - 5115 §339 52.06 3196 1916 £6.59
03 from Flate Ges (Carbon miltion 10n) 1575 14.56 14.20 872 5.23 4.53
i 180 x Emissicn Fxt. by Fuely HCA Team '$3} 76 077 . J978 Wy vsn 98¢
__Siuh'd Fuel 0.0363 00605 0.037 0.053¢4 0.0562 Q.0470
Petroleum 0.532 0.604% D.641 . n.ess ) 0.647 0.703
Gas - 0.006018599 0.600021957 0000020335 (.000025560 0.000038349 {LO0004628E
Othess 0.00213 000212 koo 000212 00221 000211
Non-Commerciat ; 0.000420 0000433 0.0G01 20} 0.000423 0.000420 0.0003355
“Total $Ox Gmission Fstimation (S0 million tor) 0.571 0.672 04681 0723 0.706 {1.753
1SOx Ewissiun feom FLARE GAS ; HCA TEAM '93] 1976 7 1978 192 - 1980 1981
Flared H25 (Jivers) @128 3 mol% 1,§41,520,000,000}  1,055,360,000000| 1,029,120,000,000 531, 720,000,000 378,500,000,000 328,000,000,800
H1S (g-mals) 50,960,714,256 47,114,285,714 45.942,857,143 28,201,785,714 16,940,714,286 14,542,857, 143
}iz8 (grms) 1,732,664,283.714 1,651,885,714,286 1.562,057,142,857 958,860,714,286: 574,964,785,714 497,857,142,857
HIS (tna} 1,732,664 1,601,856 - 1,362,057 958,861 574,964 497,857
S0x from Flare Gas {SO2 millica 1en} N 3.26) 3015 . 2940 1.805 1.082 0.937
i_ [NOx Ewmission Est. by Fuel; JTCA Team '93) 1976 1977 1978 15y 950 1981
Solid Fucl ] 0.0038 o0 e0090] 0.0129 00136 00114
 velmlium 2580 0.3110 03215 03356 0.2918 D
Gas £.0066 00080 _opon 0.0125 n.ot2s N
Others R 0.014% 05148 b01sa 0.0148 . 0.0154 oD
on-Conmezciul $.0029 0.0030 0.0029 0.0030 G.002% 0.6073
[Total Hox Emission 43 NG2 {million 100} 02911 {3515 3562 0.3799 03365 0.3368
O Emissinn from FLARE GAS ; FICA Team 93] 1976 977 1578 : 15 Irso 1981 —
Czb. Walue Flare Gas (val.) @3752 Keal/M3 2_.50]_:,{-[7 2318417 225E+17 1.381E+17, 5296+ 16 EALIR21]
[0« Erom Flace Gas (NO2 millioo [on) @2.24 NO2 kg 7 1c1D cal, 0.056 -0.052 . {050 0.031 0.019 U.Ul_ﬁ_
[Crinde Oif Producting ; Arab Oit & Gas Directary] 1976 1977 1078 1979 i 1980 1981
Aduual Crude Qit Produstion {MM bb1] 2153.15 206693 1943.22 EISG.ZS; 537.05 IS‘CED_
T Ve - T 1778 [ 7777 ILH ] T 1977 i 7950 I TORT
[Cemeant Fraduction [million 1an] : | 7.375) 7706} 7450 7620 _1.89s] 9331
[ 03 Fronn Comeat Produriin 1012 Cavbon 159 7 Cement son) I 1976 | 1577 1978 | 978 f T8 I 7957 ]
[COZ frum Cemeat Psoduction [Carbon millionton] - | 0.835] 0.9257 G.858] 0.913f 0.947] 1108

~499_ﬁ



2, Parameters for Emission Estimation 3)

[Pup, amd G 3 Warld Table ‘92 IRAN]

1982

1983

1964

- 1985

98¢

1987

lMapulatioe

41,832,(K10

43,276,000

94,787 008

46,374,000

48,051,008

49,824,000

GNI' pes capila (USS, curr. pr.)

3,140

3,530

3750

3,940

3,960

3,650

Gross Natinnil Preduct (lubal.cu_LLpl.)

11,§52,000,024,576

14,021,0600,429,568

15,151,000,453,120

16,521,999,941 632

18,116,994 917,376

28,280,203,997,184

GOY Deflator

Gross Domcstic Product  (Jecal,eyer. pr,y 14,152,101,736 448 | 14,027.800,044,%28 | 15,162,000,015,360( 16,555,902,500,864| 18,124,996,870,144| 21, 269986.672,/40
GDP Dellator {1587=100,lzdex) 58 66 18 7l - ) 84 1450
{1985+100,ladex) 82 M 46 100 119 132

Gruss Damestic Praduct {local, 1985, pr.)

13,605,095,770,735

14,981,405,324,7u5

15,736,842,681,720

16,555,902, 500,864

15,253,8Y7,217312

25,015,146,246,038

{Pup. and GDE ; Prepared by BEANIAN Comterpant] 1982 18 1981 ._J"'S;.-\’.i 1986 - 1987
Pupulation . 42,800,000 40,438,000 46,201,000 47,807,000 49,363,600 50,995,600
firnss Romestic Froduel {local, 19582 pr.} 10,335.400,390,679]  11,536,700,105 313 11.587,099,609.395] 11,607400,390,605) 9861,700,195313[ 30.019,799,804.688
Gross PBomestic Proguel {lvcal, cureent pr.) 19,335,400,3%0,625 Ié.‘?}D,ﬂl}ﬂ,ﬂ{lﬂ,ﬁ{}U 14,242,400,390,625 | 15,167,799,804,688]  15,614,000,000,000| 19,284,000,000,0¢0

iPrimary Lneny Requirement] i :
;Faergy Bataoce Table, 1L KIHUNE 'Y pIAF S {983 JEh A 1985 T I98h 1987
Selid Fucl (MM &bl Qi Eq.) 880 ka0 6.50 6.40} £.30¢ 620
Petialeumm (MM bb1 Ol £ _ 21201 e 300,62 3i835 292.90 EEEH
Natvral Gas (MM o0l 011 Ev.) 41.69 a7.61 55.28 55.03 5260 6.6
tiydio (”.;1.\1 bbl 0l Eq.) 10.10 970 .%o 870 HEHE 13,10
Otlices (MM bbt Qi Fg.) 18.35 4w 22.37 20.28 23.57 26.15
-.\'nu-Cumm. (MM bbl Ol Eq.) 3.50 350 3.50 3.50 330 Kt
Primacy Encepy Requircosens Tatal (MM bbl Qil Eq.) 304,56 © 36534 347.27 41228 390.57 428,25
[Flare Gas; QVEC, (Value 19701976 ; Extihated)] 1952 FLhas 195t . 1255 . 1986 - 1987 ]
Flared Natural Gas (M3) 14,256,000,060 9,700.800,600 6,500,000,000 5400060000 5,3G0,000,600 4,800,600,000
Flared Naturai Gxs (MM bbl O)i Eq. ; 6.193 DOE/1,000M3) §8.32 60,12 <02% .47 32.85 275
[€2632 Emissivn Est.; JICA Team '33) 1882 1982 1984 1785 1986 Pl
€02 Emission Estimztion (CO2 miliion sou) 114,72 13%.50 _ tagsl 16035 1¥2.94 162.96
Toral CO2 Emission Estimalion {Carboo milkivo 1on) 31.29 3513 4053 anl o 41,71 2444
[COZ Emisoiun from FLARE GAS 3 JICA Team '93) 1952 ‘1983 RTTY 1985 1986 1987
C4), Value Flare Gas (cal) @8752 Kcal’M3 125417 SANE 16 5.69E516 - A3R+16 4.64E+16 4208+ 16
£02 from Flare Gas (CO2 million 10n) @C.0002332 3-CO3rcai 2883 19.63 13.15 10.93 10,72 X
G2 from Flate Gas (Catdon millios ton) T 7.36 5.35 3.59 . 298 292 2.65
[501x Ensiasion Est. by Fuck JICA Team '93} 1082 1983 1954 I98% - 1986 1987
Soli! Fuel 2.0633 0.05948! 0.0463 0.0455 0.0448 0.0441 |-
Petzoleum 9752 (0.918 1.04! 1158 1120 1102
0000053502 0.000061634 0.000071554 0.000071255 0.000068073 0000085723
- 0.00227 0.00307 0.00277 0.00251 0.00291 0.00323
Non- Commercizt T 0.000433 0.00043 0000433 0.000433 0000433 1.000408
“Total $0x Bmission [stimation (502 million ton) 0.518 0.9%1 1090 £216 1.16% 1.150

150 x Emission frem FLARE GAS ; JICA TEAM 93] 1982 1983 1984 19835 1956 1987
Tiared 1125 (liters} @H2S 2 moi% S70,000,500,006 388,000,(6K), 000 250.000,000,000 216,000,000,000 212.000.000,000 192,0{00,00,000
1125 {z-nicls) 25,446,428,571 17,321,428,571 11,607.142,857 9,642 857,143 9,454,285,714 8,571,428,571
1S {zems) §65,178,571,429 S8B,928,571,42y 334,642,857,143 327,887,142,857 321,735,114,286 391,428,571,429
H3§ {too). . 865,179 588,929 394,643 322,857 321,78 1,129
SOx from Flare Gas {S02 miilicn ton) 1.629 A 0.743 G617 0606 0.549

1 INO% Emissinn Est. by Fuel; JICA Team '93} 1982 V53 WEE 1985 1986 Iv8§7
Solid Fuct 0.0153 0.0145 00112 00110 0.0108 0.0107]
Ictrolcum 0.3401 0.420% 0.45611 05173 04896 L 0S04)
Gas 0.0172 0.0194 0.0221 00218 00202 00281
Others 0.0158 0.02:14 0.0193 00175 3.0203 0.0226
Non-Commercial 0.003¢ 0.0030 00030 0.0030 (0.0030 0.0028
[To1a1 %= Emissiun s NOZ (million taa) 03915] 0.475% D.5167 05706 05940 0.5683
[NOx Fmissivn from FLARE GAS ; JICA Team 93] 19582 1283 1984 1985 1986 957
“al. Yaluc Flate Gas (ral.) @8752 Keat/M3 B 1256217 BAL+16 5.69T+16 47315+ 16 46415 4.20E+ 1G]
NQx from Flare Gas (NO2 million 100} @2.24 NOZ kg / 1210 cal. 0.028 0.01% 0013 0.011 0.010 0.009
1€ rude il Profuctivi ; Arab 031 & Gas Directoryl 1982 1983 1984 1985 1986 1987
Annual Crude Qil Froduction [MM bbl} 87282 §91.22 743.86 860.20 743.55 ¥i8.63
I Tear I [EEH T [E5] I TINF ] 1985 ] T9RG T 7987
|Cemen #roductiva [millien 1a6] ] 10.001 | 10,912} 11,803} 12.10] i27] 12621
| 02 from Cereat Praductina [0.82 Carbonion f Cement lon} NIV | RLEE 984 i ] TTi8E TUNT
[CUZ fram Cement Production [Carboo miflion ten | 1.200] 1.309] 1.416] 1.45] 1358 |£I

- 100—



2. Parametérs._for Emission Estimation (4)

{Pep. tand GDIT L Wodd Talie '92 HIAN] 1988 195y 19
Populstian 5,698,000 51.681,008 35,779,008
GNP pet capha {USS, curs. pr.) 3,010 2,580 2,490
Gross Natignal Product {locad,curs. pe.) 23,507,808.6154241 18 138897.67¢.143 ] 36,963,097.931.920
Gross Domestic Meodoct {lugad,curr, pr.} 23.587,859,726,3361  23,123,512.963,072] 36,441,992,200,192
GDF efllawor {1957=100,1ndex) 1] 137 162
GDP ellaor {1953 =100.Index) 13 195 . N9
Gioss Domestic Peadoey (local, 1985, pr.) LL,043,636,413,372 14,453, 812,552,204 15,910,289,668,741
[Pop. sl G5 Preparcd by IRANLAN Coenterpart] 1988 FL LY Jom
Population E 51,672,000 54,504,000 56,401,000
Ginss Doméstic Produey (foeal, 1982 pr.) 0.234.299, 804,688 | 9.514.599.609,375 | 10,664.500,390,623
Gross fomestic Pruduct (loead, current pr.) 21,753,59%,605.375 | 27,028,500,781,250] _35,755,000,000,600
[Primary Euerey Requirenentf
sEneepy Balance Talte, I KITUNE 93 1988 198y 1o
Selid Fuet (MM bbl DIl Eq.) . 640 4.70 5,70
Petroleum (MM bbl Ol Bg.) 314.49 330,26 © H8.68
Matural Gas  (ALM UBI Oil Eq.) ) &9.51 91,34 119.44
Hydro (MM obnlGitBy) 1140 11.70 9.50
Othrcs (MM bb1OMES) .00 3168 24.90
Non-Coiam. (MM bbl Oil Eq.) 349 330 N“3.?_U
Primary Energy Requircment Total {MM &bl 0it Eg.) 438.20 472,38 510.40
Flare Gas; OPLEC, (Yalue 1970-1976 ; Estimatcd)| 1988 1939 90
Flared Natugal Gas (M3) 4,080,000,000 1,500,600,000 11,350,000,000
Fiared Natutal (ras (MM bbk 01l Eq. ; 6175 BOES,00033) 24.79 9.30 .35
1202 Emissing Est. 3 JICA Team 93] 1988 108y 99
€02 Emission Extimztivn (CO2 millioo on) 167,98 18(.13 1535.08
Toial COY Emission Esticiation {Carbon_million tan) 45.81 49.13 5048
LC02 Emissiun from FLARE GAS ; JTCA Team "53] sy 1989 1
Cal, Valve Flare Gas {cal.) @8732 Kesl/M3 3.50E+ k6 E31E41 86 Q93E+10
€02 from Flare Gas {02 millicn ton) 45 0.00032312 - CO2fcal 8.09 3 2297
CO2 feom Plare Gas {Carbon millioo toa) 11 Q.83 6.25
I [SOx Emissing Est by Fucl; JICA Team '93} 1988 J98% 1990
Soelid Fueel 00455 0.0334 0.033-!
Pctraleum 1.124 L1758 1.225]
Gas 0.000087969 0000113201 0.000333061
Others 0.00408 _Doo3g 0.00308
Non-Commercial R R, 0.000420 0.0003%6 £.000356
“Totat SOx Emission Istimation (802 milifon ton) 1.174 1213 1.262
{$0x Emissinn frum FLARE GAS ; JICA TEAM 93} PR 1982 I9u0
Flared H2S liters) @128 4 mal% B 160,000,000,000 £60,600,000,000)  454,000,000,000
E[Z5 (g-mols) 7,142,857,143 2678571429 20,261,857,143
H3S {gims) . 243,857,142,857 91.071,428,571 ' 689,107,142,857
H2S (tpa) 242,957 91,07y A58, 107
50x from Flare Gas (502 million 108) o 0.457 0.171 1.297]
l [NOx Enrission Est. by Fuel; HCA Team 93} 1988 1089 1990
Solid Fuct 0.0110 04081 0.0081
Poigol  os01s 0.5392 0.5542,
Gas ~ Y 00334 0.0428
Gthers n ' 0.0285 00273 0.0215
- Non-Commescial 3.0029 0.0028 . 0.0D28
I_’_rnul NUOx Emission as 802 (millioo tog) 0.5724 0.6127 {16394
{A0Ox Emissios fenm FEARE GAS ; JTCA Team ‘93] : JO8Y 1989 190
Cal. Value Flare Gas (cal.) 8752 Kcais/M) 3.501:¢16 l.ﬂ_l.\l';r'lﬁ QY3E+16
NGx ltom Flare Gas (NO2 miflion ton) @2.24 NO2 kg / lclD cal. 0.008 0.003 0.022
|Crede O Production 5 Arab Ol & Gas Dircetury) 1988 - 1989 avn
Aanuai Crode Oil Froduction [MM bblj M3 1027.14 1116.66
[ T Year i 7958 i 1569 ] 7590 H
[Cement Productivn [milliog taa] T | 12.12] 12.83] - 15.35}
[ 07 Trom Cement Brodicilon [B.17 Carbon 1] Cement tn] I 958 I 559 ] T i
[€02 Tiom Cement Productice jCarbon miilicaton ) - | 1.45] 154} 1.82]
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