Japan-China Comparative Analysis on Measures Against Sulfur Oxides Pollution
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Summary

In this paper, a factor analysis model that could break down sulfur oxide emissions into five

factors is developed and used to evaluate the contributors to fluctuations of SO, emissions in Japan

and China. Then we make a comparative analysis on abatement efforts under way in each country. The

major conclusions are as follows:

(1)

(2)

(3)

(4)

In Japan, SO, emissions have been on the sharp decline after peaking in the 1960s' second half at
the 5-million-ton level. It was because comprehensive environmental measures, including des-
ulfurization efforts and energy-related ones, were introduced after the Environmental Act was
enacted, and because all factors but the economic growth functioned well to reducing SO; emis-
sions.

In China, SO, emissions have increased from 7 million tons-short in the early 1970s to 24 million
tons in the mid-1990s. For one thing, the desulfurization factor functioned little as a contributor
to SO; reductions. The remaining factors contributed to SO; reductions less than their Japanese
counterparts did, while the economic growth proved much higher than in Japan, thus sending
positive contributors overwhelming negative ones.

Focusing on environmental control policy system, Japan's system centers on emission standards,
total emission control and fuel regulations, while China's dose on concentration standards and
desulfurizer regulations without committing to quantitative control and fuel regulations. On en-
ergy and environmental policies, the both countries strengthened energy conservation measures.
Yet, as for structural shifts (switching to low-sulfur fossil energies and to non-fossil energies),
Japan definitely took incentive measures, but China did few.

To keep the robust economic growth and realize SOx reductions simultaneously, it would be es-
sential for China to introduce quantitative control and take policies to discourage coal use and

promote switching to non-fossil energies, while strengthening conservation measures.

O Full report will appear in the Home Page [J http://eneken.ieej.or.jp/[] of IEEJ.O
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1,00000 | 1000 | 1,000TOE | 1,000TOE | 1,0000 O | TOE/1000 00 a] 0 0 kg/1000 O | kg/10000 | PPM | mg/m?
1960 2,800 | 73126 | 82295 | 77,266 3,208 113 93.89 415 87.27 38.29 43.88
1961 3140 | 81,766 | 93296 | 87,447 3,557 1.14 93.73 407 88.27 38.40 4351
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1978 1,500 | 271,349 | 339,993 | 317,997 8,785 1.25 9353 2.76 17.08 553 3237 | 0017 | 0.049
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1976 8,556 980 | 327,134 | 323213 | 11,343 333.79 98.80 351 7543 | 8,730.07 | 11,573.77
1977 9,758 1,055 | 368,821 | 364727 | 12,937 349.74 98.89 3.55 7543 | 925364 | 12,267.89
1978 10,952 1178 | 411,213 | 407,378 | 14520 349.10 99.07 3.56 7543 | 9207.75 | 12326.37
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1981 11,044 1437 | 407,211 | 401548 | 14641 283.30 98.61 3.65 7543 | 7,68345 | 10186.17 | 0.040 | 0115
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1960 - - - - - - - -
1961 340 33.85 -61.10 -5.01 40.94 331.35 340.03 -0.03
1962 300 47.66 16.28 30.28 -37.84 243.72 300.10 -0.10
1963 500 48.43 -54.37 7.26 145.34 353.82 500.48 -0.48
1964 490 32.05 -7.42 23.66 45.41 396.56 490.26 -0.26
1965 450 49.83 32.63 -4.82 84.90 287.71 450.26 -0.26
1966 130 -346.66 -112.91 12.54 59.14 517.57 129.68 0.32
1967 5 -641.53 -182.42 60.67 244.21 524.44 5.37 -0.37
1968 -15 -376.97 -213.93 5.27 -12.80 582.97 -15.45 0.45
1969 -10 -507.89 -253.51 18.85 165.98 566.44 -10.13 0.13
1970 -12 -149.12 -365.66 -3.84 111.88 394.70 -12.04 0.04
1971 -78 -93.47 -180.95 -24.47 -22.07 242.94 -78.03 0.03
1972 -200 -242.45 -281.08 3.06 -96.55 416.87 -200.16 0.16
1973 -690 -959.96 -267.08 34.61 288.58 216.25 -687.60 -2.40
1974 -560 -558.10 26.69 -44.92 33.99 -17.67 -560.01 0.01
1975 -860 -636.97 -44.70 -21.61 -277.94 117.89 -863.32 3.32
1976 -490 -590.05 -26.81 -11.93 53.50 86.63 -488.66 -1.34
1977 -400 -441.45 -1.04 10.42 -51.55 84.12 -399.50 -0.50
1978 -200 -231.14 31.79 -34.32 -50.55 84.35 -199.87 -0.13
1979 -50 -107.67 9.56 -13.95 -11.95 74.04 -49.97 -0.03
1980 50 119.95 -15.37 -20.47 -72.02 37.85 49.95 0.05
1981 -100 -15.43 -37.13 -9.76 -80.42 42.71 -100.02 0.02
1982 -100 -57.70 -14.69 -17.23 -51.59 41.17 -100.03 0.03
1983 -200 -183.10 -4.52 -13.77 -28.69 29.98 -200.11 0.11
1984 -50 -100.75 -23.62 -3.88 35.12 43.18 -49.94 -0.06
1985 -20 88.42 -85.81 -25.02 -39.65 42.06 -20.00 0.00
1986 -110 -117.82 0.71 -4.37 -18.61 30.12 -109.98 -0.02
1987 -14 -51.34 38.38 -11.50 -31.96 42.42 -14.00 0.00
1988 -15 -60.11 -27.30 13.16 7.15 52.12 -14.99 -0.01
1989 -15 -43.45 -7.01 2.23 -5.20 38.43 -15.00 0.00
1990 0 0.10 -40.00 -5.11 -2.29 47.30 0.00 0.00
1991 0 4.83 -18.88 -5.27 -6.14 25.46 0.00 0.00
1992 0 -36.78 20.80 -0.14 12.82 3.32 0.00 0.00
1993 0 -18.11 26.42 -16.59 4.11 4.17 0.00 0.00
1994 0 -34.61 -8.06 1.14 35.87 5.66 0.00 0.00
1995 0 -31.49 18.95 -12.51 0.86 24.18 0.00 0.00
1996 0 -26.04 4.53 -1.85 -3.98 27.33 0.00 0.00
1961-66 2,210 -134.84 -186.88 63.90 337.90 2,130.72 2,210.80 -0.80
1967-73 -1,000 -2971.39 -1,744.62 94.15 679.22 2,944.62 -998.03 -1.97
1974-96 -3,134 -3128.82 -177.10 -247.23 -549.13 966.82 | -3,135.46 1.46
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1960 47,515 29,108 643 77,266 5,031 0 5,029 82,295 2.03 1.12 0.72 1.06
1961 49,296 37,156 995 87,447 5,848 0 5,849 93,296 1.96 1.12 0.69 1.06
1962 47,470 45,228 1,260 93,958 5,366 0 5,366 99,324 2.01 1.12 0.69 1.06
1963 48,786 57,297 1,705 107,788 5,931 0 5,932 113,720 2.02 1.12 0.69 1.03
1964 50,007 68,620 1,855 120,482 5,914 0 5,914 126,396 2.02 1.12 0.68 1.03
1965 49,197 79,394 1,799 130,390 6,540 0 6,542 136,932 2.04 1.12 0.67 1.03
1966 52,510 92,514 1,881 146,905 6,824 156 6,980 153,885 1.99 1.12 0.67 1.01
1967 57,760 113,608 1,987 173,355 5,895 156 6,052 179,407 1.93 1.12 0.69 0.96
1968 59,553 132,810 2,129 194,492 6,317 261 6,578 201,070 1.82 1.12 0.70 0.95
1969 63,749 159,770 2,568 226,087 6,480 287 6,766 232,853 1.72 1.12 0.71 0.92
1970 61,618 185,426 3,049 250,093 6,484 1,199 7,683 257,776 1.57 1.12 0.72 0.90
1971 56,041 200,886 3,314 260,241 7,241 2,085 9,327 269,568 1.53 1.12 0.67 0.86
1972 54,742 220,206 3,444 278,392 7,319 2,476 9,794 288,186 1.44 1.12 0.65 0.82
1973 57,862 252,178 5,073 315,113 5,743 2,530 8,504 323,617 1.35 1.12 0.65 0.80
1974 61,516 244,469 6,721 312,706 7,110 5,134 12,330 325,036 1.37 1.12 0.68 0.79
1975 57,091 229,625 7,717 294,433 7,173 6,548 13,807 308,240 1.36 1.12 0.66 0.77
1976 56,498 245,412 9,070 310,980 7,189 8,881 16,243 327,223 1.35 1.12 0.64 0.76
1977 53,228 253,755 11,115 318,098 6,275 8,251 14,785 332,883 1.36 1.12 0.63 0.76
1978 46,576 255,754 15,667 317,997 6,024 15,457 21,996 339,993 1.42 1.13 0.62 0.74
1979 51,217 258,720 18,614 328,551 6,944 18,345 26,063 354,614 1.44 1.13 0.64 0.74
1980 59,556 235,649 21,396 316,601 7,593 21,524 29,890 346,491 1.43 1.13 0.66 0.75
1981 65,069 219,307 22,026 306,402 7,533 22,886 31,191 337,593 1.38 1.12 0.68 0.75
1982 64,303 213,153 22,733 300,189 7,018 26,694 34,806 334,995 1.37 1.11 0.67 0.74
1983 61,768 211,376 23,938 297,082 7,247 29,785 38,273 335,355 1.38 1.10 0.65 0.73
1984 69,576 216,284 32,521 318,381 6,159 34,990 42,315 360,696 1.38 1.10 0.64 0.71
1985 72,977 203,563 34,991 311,531 7,127 41,587 49,999 361,530 1.25 1.09 0.63 0.69
1986 69,000 209,327 35,495 313,822 6,950 43,861 52,002 365,824 1.26 1.07 0.62 0.68
1987 66,841 210,493 36,132 313,466 6,432 48,931 56,575 370,041 1.35 1.07 0.61 0.66
1988 73,637 228,596 37,553 339,786 7,765 46,560 55,494 395,280 1.30 1.02 0.61 0.65
1989 73,246 239,845 40,613 353,704 7,890 47,657 56,732 410,436 1.30 0.97 0.60 0.63
1990 74,002 252,925 43,263 370,190 7,680 52,713 61,890 432,080 1.23 0.92 0.60 0.62
1991 76,589 253,076 46,510 376,175 8,384 55,629 65,538 441,713 1.20 0.87 0.61 0.62
1992 75,229 260,613 47,264 383,106 7,099 58,183 66,819 449,925 1.24 0.82 0.61 0.62
1993 76,829 254,880 47,781 379,490 8,221 64,958 74,707 454,197 1.30 0.77 0.61 0.61
1994 78,755 268,513 51,167 398,435 5,785 70,136 77,816 476,251 1.29 0.72 0.60 0.61
1995 82,592 269,569 52,018 404,179 7,062 75,903 85,884 490,063 1.33 0.67 0.61 0.61
1996 84,643 273,527 56,056 414,226 6,925 78,755 89,082 503,308 1.35 0.62 0.60 0.60
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1960 57.7 35.4 0.8 93.9 6.1 0.0 6.1 100.0 61.5 37.7 0.8 100.0
1961 52.8 39.8 11 93.7 6.3 0.0 6.3 100.0 56.4 425 11 100.0
1962 47.8 455 13 94.6 5.4 0.0 5.4 100.0 50.5 48.1 13 100.0
1963 42.9 50.4 15 94.8 5.2 0.0 5.2 100.0 45.3 53.2 1.6 100.0
1964 39.6 54.3 15 95.3 4.7 0.0 4.7 100.0 415 57.0 15 100.0
1965 35.9 58.0 1.3 95.2 4.8 0.0 4.8 100.0 37.7 60.9 1.4 100.0
1966 34.1 60.1 1.2 95.5 4.4 0.1 4.5 100.0 35.7 63.0 13 100.0
1967 32.2 63.3 11 96.6 3.3 0.1 3.4 100.0 33.3 65.5 11 100.0
1968 29.6 66.1 11 96.7 3.1 0.1 3.3 100.0 30.6 68.3 11 100.0
1969 27.4 68.6 11 97.1 2.8 0.1 2.9 100.0 28.2 70.7 11 100.0
1970 23.9 71.9 1.2 97.0 25 0.5 3.0 100.0 24.6 74.1 1.2 100.0
1971 20.8 74.5 12 96.5 2.7 0.8 3.5 100.0 215 77.2 13 100.0
1972 19.0 76.4 1.2 96.6 2.5 0.9 3.4 100.0 19.7 79.1 1.2 100.0
1973 17.9 77.9 1.6 97.4 1.8 0.8 2.6 100.0 18.4 80.0 1.6 100.0
1974 18.9 75.2 21 96.2 2.2 1.6 3.8 100.0 19.7 78.2 2.1 100.0
1975 18.5 74.5 25 95.5 2.3 2.1 4.5 100.0 19.4 78.0 2.6 100.0
1976 17.3 75.0 2.8 95.0 2.2 2.7 5.0 100.0 18.2 78.9 2.9 100.0
1977 16.0 76.2 3.3 95.6 1.9 25 4.4 100.0 16.7 79.8 3.5 100.0
1978 13.7 75.2 4.6 93.5 1.8 4.5 6.5 100.0 14.6 80.4 4.9 100.0
1979 14.4 73.0 5.2 92.7 2.0 5.2 7.3 100.0 15.6 78.7 5.7 100.0
1980 17.2 68.0 6.2 91.4 2.2 6.2 8.6 100.0 18.8 74.4 6.8 100.0
1981 19.3 65.0 6.5 90.8 2.2 6.8 9.2 100.0 21.2 71.6 7.2 100.0
1982 19.2 63.6 6.8 89.6 2.1 8.0 10.4 100.0 21.4 71.0 7.6 100.0
1983 18.4 63.0 7.1 88.6 2.2 8.9 11.4 100.0 20.8 71.2 8.1 100.0
1984 19.3 60.0 9.0 88.3 17 9.7 11.7 100.0 21.9 67.9 10.2 100.0
1985 20.2 56.3 9.7 86.2 2.0 11.5 13.8 100.0 23.4 65.3 11.2 100.0
1986 18.9 57.2 9.7 85.8 1.9 12.0 14.2 100.0 22.0 66.7 11.3 100.0
1987 18.1 56.9 9.8 84.7 17 13.2 15.3 100.0 21.3 67.2 11.5 100.0
1988 18.6 57.8 9.5 86.0 2.0 11.8 14.0 100.0 21.7 67.3 11.1 100.0
1989 17.8 58.4 9.9 86.2 1.9 11.6 13.8 100.0 20.7 67.8 11.5 100.0
1990 17.1 58.5 10.0 85.7 1.8 12.2 14.3 100.0 20.0 68.3 11.7 100.0
1991 17.3 57.3 10.5 85.2 1.9 12.6 14.8 100.0 20.4 67.3 12.4 100.0
1992 16.7 57.9 10.5 85.1 1.6 12.9 14.9 100.0 19.6 68.0 12.3 100.0
1993 16.9 56.1 10.5 83.6 1.8 14.3 16.4 100.0 20.2 67.2 12.6 100.0
1994 16.5 56.4 10.7 83.7 1.2 14.7 16.3 100.0 19.8 67.4 12.8 100.0
1995 16.9 55.0 10.6 82.5 14 15.5 17.5 100.0 20.4 66.7 12.9 100.0
1996 16.8 54.3 11.1 82.3 14 15.6 17.7 100.0 20.4 66.0 13.5 100.0
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1971 - - - - - - - -
1972 338.30 0.00 -119.25 -4.67 202.51 259.74 338.33 -0.03
1973 150.93 -0.01 -164.12 -5.84 -227.44 548.10 150.70 0.23
1974 -28.28 0.01 -227.34 -9.10 42.80 165.38 -28.27 -0.01
1975 1,207.28 -0.05 63.57 10.23 479.82 655.57 1,209.13 -1.85
1976 89.77 0.01 -276.07 3.08 499.86 -137.23 89.65 0.12
1977 1,202.35 0.00 97.52 8.24 427.52 670.43 1,203.70 -1.35
1978 1,193.67 -0.01 49.81 18.53 -19.09 1,144.59 1,193.83 -0.16
1979 254.94 0.06 70.73 -10.83 -616.42 811.20 254.75 0.19
1980 -122.95 0.00 40.63 -20.52 -979.62 836.79 -122.71 -0.24
1981 -40.13 0.00 140.84 -20.08 -721.52 560.76 -40.00 -0.13
1982 568.15 -0.06 145.21 -14.68 -548.70 985.98 567.75 0.40
1983 657.53 0.01 75.15 -19.22 -633.41 1,234.21 656.74 0.79
1984 1,189.10 0.02 159.24 14.87 -804.26 1,817.30 1,187.18 1.92
1985 1,048.15 -0.02 58.85 1.24 -781.88 1,768.29 1,046.48 1.67
1986 868.41 0.06 -7.99 7.94 -391.53 1,259.44 867.93 0.48
1987 1,025.53 -0.02 17.12 1.67 -736.45 1,741.95 1,024.27 1.26
1988 1,023.72 -0.02 -1.49 -7.10 -777.86 1,808.92 1,022.44 1.28
1989 675.90 -0.03 -15.51 -12.09 -10.11 713.62 675.89 0.01
1990 355.10 0.05 85.36 -15.96 -396.01 681.61 355.05 0.05
1991 616.91 -0.03 -97.20 13.28 -950.33 1,650.38 616.10 0.81
1992 358.50 -0.02 -145.38 -6.51 -2,043.95 2,552.54 356.69 1.81
1993 1,049.52 0.06 -184.11 -44.70 -1,248.10 2,523.66 1,046.80 2.72
1994 1,568.51 -0.06 276.16 -83.33 -1,146.83 2,520.59 1,566.54 1.97
1995 1,650.74 0.03 58.42 -1.64 -689.18 2,281.98 1,649.61 1.13
1996 879.06 0.00 -192.83 14.97 -1,155.54 2,211.23 877.83 1.23
1972-78 | 4,154.02 -0.06 -575.89 20.47 1,405.97 3,306.57 4,157.07 -3.05
1979-88  6,472.45 0.03 698.29 -66.71 -6,991.63 12,824.86 6,464.84 7.61
1989-96 | 7,154.24 0.01 -215.09 -135.97 -7,640.05 15,135.61 7,144.50 9.74
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1971 | 190,409 39,873 3,132 | 233,414 2,580 0 2,580 235,994 115 0.30 0.300
1972 | 199,276 45,929 4,054 | 249,260 2,924 0 2,924 252,184 1.15 0.30 0.300
1973 | 202,642 52,741 5,008 | 260,391 3,268 0 3,268 263,659 1.15 0.30 0.300
1974 | 200,667 60,644 6,305 | 267,616 3,698 0 3,698 271,314 1.15 0.30 0.300
1975 | 234,419 67,783 7,412 | 309,614 3,870 0 3,870 313,484 1.15 0.30 0.300
1976 | 235,391 79,363 8,458 | 323,213 3,922 0 3,922 327,134 1.15 0.30 0.300
1977 | 269,073 85,505 10,149 | 364,727 4,094 0 4,094 368,821 1.15 0.30 0.300
1978 [ 302,284 93,614 11,479 | 407,378 3,836 0 3,836 411,213 1.15 0.30 0.300
1979 | 309,732 92,342 12,131 | 414,205 4,309 0 4,309 418,514 1.15 0.30 0.300
1980 | 306,557 89,654 11,960 | 408,170 5,006 0 5,006 413,176 1.15 0.30 0.300
1981 | 306,175 84,696 10,678 | 401,548 5,637 0 5,663 407,211 1.15 0.30 0.300
1982 | 322,689 84,143 9,999 | 416,831 6,398 0 6,427 423,257 115 0.30 0.300
1983 | 341,364 86,072 10,234 | 437,670 7,427 0 7,464 445,134 1.15 0.30 0.300
1984 | 375,311 88,292 10,577 | 474,179 7,463 0 7,529 481,709 1.15 0.30 0.300
1985 | 404,841 93,290 10,831 | 508,962 7,944 0 8,036 516,998 1.15 0.30 0.300
1986 | 429,034 99,155 11,526 | 539,716 8,130 0 8,230 547,946 1.15 0.30 0.300
1987 | 457,721 105,739 11,635 | 575,095 8,601 0 8,708 583,804 1.15 0.30 0.300
1988 [ 486,268 112,833 11,945 | 611,047 9,387 0 9,513 620,560 1.15 0.30 0.300
1989 [ 505,054 117,647 12,603 | 635,305 10,182 0 10,330 645,635 1.15 0.30 0.300
1990 | 515,414 116,534 12,800 | 644,748 10,898 0 11,056 655,805 1.15 0.30 0.300
1991 | 532,131 124,187 13,445 | 669,762 10,758 0 11,003 680,765 1.15 0.30 0.300
1992 | 541,355 132,545 13,625 | 687,524 11,286 0 11,531 699,055 1.15 0.30 0.300
1993 | 569,114 146,653 15,608 | 731,374 13,139 418 13,934 745,308 1.15 0.30 1.00 0.307
1994 | 614,745 146,138 16,346 | 777,229 14,470 3,624 17,918 795,146 1.15 0.30 1.00 0.300
1995 | 658,142 158,436 16,707 | 833,286 16,390 3,344 19,271 852,556 1.15 0.30 1.00 0.337
1996 [ 678,978 173,422 18,724 | 871,125 16,165 3,737 19,593 890,718 1.15 0.30 1.00 0.365
oddoboooooooogooooag gooobooboooobooboooono

Oobootbo|000OO0000o0o000ooan

oood ooo oo oood
0d 00 0ood 0d ooo oo 00 00 ooog
1971 80.7 16.9 1.3 98.9 11 0.0 11 100.0 81.6 17.1 13 100.0
1972 79.0 18.2 1.6 98.8 1.2 0.0 12 100.0 79.9 18.4 1.6 100.0
1973 76.9 20.0 1.9 98.8 1.2 0.0 12 100.0 77.8 20.3 19 100.0
1974 74.0 22.4 2.3 98.6 14 0.0 14 100.0 75.0 22.7 2.4 100.0
1975 74.8 21.6 2.4 98.8 1.2 0.0 1.2 100.0 75.7 219 2.4 100.0
1976 72.0 24.3 2.6 98.8 12 0.0 1.2 100.0 72.8 24.6 2.6 100.0
1977 73.0 23.2 2.8 98.9 11 0.0 11 100.0 73.8 23.4 2.8 100.0
1978 73.5 22.8 2.8 99.1 0.9 0.0 0.9 100.0 74.2 23.0 2.8 100.0
1979 74.0 22.1 2.9 99.0 1.0 0.0 1.0 100.0 74.8 22.3 2.9 100.0
1980 74.2 21.7 2.9 98.8 1.2 0.0 1.2 100.0 75.1 22.0 2.9 100.0
1981 75.2 20.8 2.6 98.6 1.4 0.0 1.4 100.0 76.2 21.1 2.7 100.0
1982 76.2 19.9 2.4 98.5 15 0.0 15 100.0 77.4 20.2 24 100.0
1983 76.7 19.3 2.3 98.3 1.7 0.0 17 100.0 78.0 19.7 2.3 100.0
1984 77.9 18.3 2.2 98.4 1.5 0.0 1.6 100.0 79.1 18.6 2.2 100.0
1985 78.3 18.0 21 98.4 15 0.0 1.6 100.0 79.5 18.3 21 100.0
1986 78.3 18.1 21 98.5 15 0.0 15 100.0 79.5 18.4 21 100.0
1987 78.4 18.1 2.0 98.5 15 0.0 15 100.0 79.6 18.4 2.0 100.0
1988 78.4 18.2 1.9 98.5 15 0.0 15 100.0 79.6 18.5 2.0 100.0
1989 78.2 18.2 2.0 98.4 1.6 0.0 1.6 100.0 79.5 18.5 2.0 100.0
1990 78.6 17.8 2.0 98.3 1.7 0.0 1.7 100.0 79.9 18.1 2.0 100.0
1991 78.2 18.2 2.0 98.4 1.6 0.0 1.6 100.0 79.5 18.5 2.0 100.0
1992 77.4 19.0 1.9 98.4 1.6 0.0 1.6 100.0 78.7 19.3 2.0 100.0
1993 76.4 19.7 2.1 98.1 1.8 0.1 1.9 100.0 77.8 20.1 21 100.0
1994 77.3 18.4 21 97.7 1.8 0.5 2.3 100.0 79.1 18.8 21 100.0
1995 77.2 18.6 2.0 97.7 1.9 0.4 2.3 100.0 79.0 19.0 2.0 100.0
1996 76.2 19.5 2.1 97.8 1.8 0.4 2.2 100.0 77.9 19.9 2.1 100.0
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