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21 The Energy Revolution 

Munehiro Miwa 

Background of the Energy Revolution 

The transition from coal-based energy to oil-based energy in Japanese industry 

and utilities through the 1950s and'60s played an important role in Japan's 

postwar development as an economic power. In many Japanese industries 

the cost savings derived from the fuel conversion were necessary for their 

survival in the increasingly globalized marketplace. Across the board, however, 

adopting new and cheaper fuels reduced manufacturing costs while improving 

productivity and international competitiveness. 

Although there were a few significant moves towards increasing industrial 

use of oil during the Occupation, a coal miners'strike that began a few months 

after the Occupation ended in 1952 and continued for 63 days triggered a wave 

of conversions; a wave that continued to grow, accelerating from 1955 onward. 

The fact that handling and transporting liquid fuel is much easier than solid 

fuels, combined with the rapidly declining price of oil were significant factors 

in the widespread conversion offuel sources. The CIF (cost, insurance, freight) 

price of crude oil decreased steadily for nine years after a peak in 1957 (during 

the Suez Crisis). The FOB (free-on-board) price also fell steadily until 1962 

(see Table 21.1).1 The two prices initially fell together, as large oil fields were 

discovered and developed in the Middle East. But as the impact of this factor on 

prices began to level out, the CIF continued to decline as transportation costs 

fell with the introduction of supertankers. When looking at a comprehensive list 

of factors including items such as facilities, coefficients ofutilization, transport 

and labor resources, with the merit value offuel oil designated as 100, coal was 

calculated to be about 85. In other words, to produce one kilo-calorie of coal 

and one of oil, the costs of coal and oil were in the ratio of 85 to l00, and at 

this ratio their economic efficiency was considered to be roughly the same.2 

The decline in the coal industry did not become apparent immediately. 

Although coal's share of the energy resources market was definitely declining, 

the market itself was growing at an ever-increasing rate. Deep structural 

troubles in the coal industry were further concealed when the Suez Crisis 

of 1957 temporarily interrupted oil supplies and the price rose sharply, 

highlighting the volatility and insecurity of relying on oil. Once this crisis 

was over, however, oil prices began a long decline. The coal crisis came to a 
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れ1ble21.1: Change of imported crude oil price (unit: yen) 

Domestic crude oil釦 Imported crude oil Price after refining 
Year process at production site FOB (` I I4, 

1956 9,550 4,424 7,333 

lり57 9,550 4,511 7,690 
l ()58 9,550 4,406 7,114 

1959 9,2(）5 3.838 5,965 

1960 8,(169 3,431 5,213 

1961 7,620 3,283 4,939 

1962 （i會47 8 3̀?76 4,835 

1963 3,326 士759
1964 5ぶ30 3.330 4.579 

1965 5,830 3,305 4,471 

1966 5,830 ¥222 4,277 

1967 5,K3(） 3,215 4,392 

l968 3,193 4,255 

a [)ata on domestic crude oil arc obtained from Bank of.Japan. StatiヽticsDivision. Data on imported 
crude oil are obtained from Coal mining Bureau, Oil Planning Section. 
Source: Kaigai Kcizai Kyoryoku Kikin Chosa Bu (Inquiry Section of the Overseas Economic 
Cooperation Fund), Sckai no genyuj,jo to waga lwni kaihalsu vum・ (Worldヽituationof crude,iii 
and importヽfordC¥cloping our nation). 1970, p. 172 

head earlier and more severely in coalfields producing inferior q叫 itycoal 

such as Ube and Joban than at higher quality coalfieldヽ inHokkaido and 

KyushC1.'Nevertheless. it soon became apparent that the growing number 

o「bankrupteiesin the coal sector and the withdrawal of large corporate 

conglomerate．ヽfromthe sector were due to structural changes in the seetor 

rather than a slump in the businesヽ cycle(which, as mentioned, eontinucd 

to boom). 

As the coal-mining industry began to contract, it experienced a団cricsof 

disturbances and accidentヽwhicheach contributed to further price rises and 

further declines in the industry (refer to「igure21.1), primarily due to domestic 

factors sueh as: 

l a 63-days minerゞ strikefrom October 1952 

2 an extraordinary water shortage in the Autumn of 1956 

3 a loekout at Mitsui Miike Coal Mine from January to October 1960 

4 an extraordinary water shortage from January to March 1961 

5 a large explosion at the Mitsui Miike Coal Mine in November 19(13. 

Around 1945, themeritsofconverting「romoil to coal were frequently diヽcused

in S』¥itemlzyc:iron (Coal review), a journal pub)ドhedby the(― òal Association 

of Japan (Ni hon sekitan kyokai). The idea gradually began to filter through 

the industry、butno eomerヽionshad actually begun yet. From 1955, with an 
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increasingly unstable supply and a continually rising cost of producing coal, 

energy consuming industries were urged to convert to fuel oil. Oil refining 

activities along the Pacific Ocean were reopened in 1949, and controls on the 

sales price and quantities of petroleum were lifted in July 1952. There was a 

trend toward removing the existing restrictions on converting to oil.4 

Soon, however, new government regulations restricting fuel oil consumption 

were implemented in an effort to prevent the coal industry from collapsing. In 

1955, two laws were enacted to this end: the Law on Extraordinary Measures 

for Rationalizing the Coal Mining Industry (Sekitan kogyo gorika rinji sochi 

ho) and the Law Concerning Temporary Measures to Restrict the Installation 

of Oil-fired Boilers (Juyu boira no sechi no seigen to ni kansuru rinji sochi 

ni kansuru horitsu). At the same time, customs excises of2% and 6.5% were 

imposed on crude oil and fuel oil, respectively, and a new customs levy of 

10% was introduced for light oil. 

Around 1958, the repercussions of the decline in the coal industry were quite 

apparent, especiallytheeconomic devastationandhighunemploymentinthe 

coalmining communities. The Liberal Democratic Party, the Socialist Party 

and the Democratic Socialist Party began, in 1958 or thereabout, to emphasize 

the need for'policies that recognize coal as our primary energy resource and oil 

Figure 21.1: Changes in unit price of coal in Kyiishii (Based on coal quality 

q/'5,000 kcal/kg) 
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as secondary (tanshu yuju seisaku)'. However worthy their intentions, though, 

such a policy would be economically untenable unless manufacturing and 

chemical industries could procure coal at prices that remained internationally 

competitive with oil. The Japanese coal industry was by this time in such a 

mess that it could only sell coal at internationally competitive prices if it were 

propped up through government subsidies. The only effect of the government's 

efforts to protect the industry in the end, though, was to cushion the blow and 

delay the effects of the'drastic change'that was being pushed by external 

forces. As Hiroshi Anzai of the Tokyo Gas Co. observed,'The electric power 

companies are currently engaged in negotiations with the government about 

the price they can charge for electricity, and continue using coal only to avoid 

upsetting the government. It is probable that once the new price schedule has 
been agreed upon, they will quickly move towards using oil.'Although the 

electric power industry was initially rather slow (compared to the gas industry 

for example) to convert from coal to oil, the electric power companies swiftly 

converted later,just as Anzai had predicted.5 

The Gas Companies 

The energy revolution was far more beneficial to the gas supply industry than 

to anyone else. Table 21.2 presents comparative figures of the proportions of 

different raw materials (coal, oil and natural gas) that Tokyo Gas Co. used for 

manufacturing gas. Production of oil-based gas (LPG) began to increase in 

1960 or so. The usage rate of city/town gas6 was only 17% in 1953, and half 

of all households continued to use wood and charcoal for their cooking and 

heating fuel. Consumption ofbottled LPG increased ten-fold in the late 1950s, 

jumping from 45,000 tons in 1956 to 441,000 tons in 1960. In 1961 bottled 

LPG was used in 4.12 million Japanese households, rapidly approaching the 

number of households (4.81 million) connected to the city/town gas systems. 

The increased use of gas reduced the burdens of domestic labor, such as cooking 

and heating bath water.7 

In November 1952, Tokyo Gas Co. installed a pyrolytic oil gas producer 

at Senju Gasworks, and began producing gas from fuel oil. In April 1957, 

Tokyo Gas was the first Japanese gas company to receive a foreign currency 

allocation for importing crude oil, and began to produce gas from it. In mid 

1960 crude oil became the only raw material used for producing gas. The last 

coke furnace facility built by Tokyo Gas was at Toyosu Gasworks in 1958. In 

1960 Tokyo Gas imported 349,000 kiloliters of crude oil. This figure climbed 

to 528,000 kiloliters in 1962 and 659,000 kiloliters in 1965. This rapid growth 

was assisted by the installation of the pyrolytic oil gas producer and a customs 

duty exemption for crude oil. 

At the same time, uses for the gas by-products of oil refineries and 

petrochemical plants~ which traditionally had been disposed ofby burning 
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Table 21.2: Changes ofgas resources (Tokyo Gas) 

Coal based gas Oil haヽedgas Natural gas 
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were being developed. The by-products of petrochemical plants contained high 

levelヽofmethane. while by-products of oil refineries contained high levels of 

hydrogen. In December 1959 Tokyo Gasヽigneda contract to purchaヽeNippon

Petrochemical's gas by-products, beginning with 4.2 million m3 in 1960. This 

increased ten-fold to 43.2 million m" in 1965 and by another twenty-fold to 

800 million m'in 1972. The uゞeof gas by-products contributed to reducing 

operating costs fいrthe gas supply companies. 
Before April 1961 naphtha was subject to customs duties under the volatile 

oil tax law and the local road tax, and was therefore too expensive as a raw 

material for producing city/town gas. With these duties lifted, however, Tokyo 

Ga,ヽbeganto purchase naphtha from Mitsubishi Oilい． inDcccmhcr 1961. 111 
1966 Tokyo Gas used 260,000 kiloliters of naphtha. By 1975 this had almost 

tripled to 700.000 kiloliters. This sharp rise in the use of naphtha was due 

to several factors. including a declining price and the「actthat gas-refining 

equipment was not required. reducing thc capital investment required for a 

new production facility.' 

Osaka Gas Co. purchaヽedfourONlAGEKI-type crude oil catalytic cracking 

gas plants (132.000m1/day each) from H & Gin England in February 1961. 

Osaka Gas also installed an ONIAGEKl plant at Kobe Gasworks in January 

1962, and another the fol lowing year. Subsequently. the company installed two 

CCR-type naphtha plantヽ(developedby UGI in the US), the first in December 

1963 and the second in January 1965. This naphtha reforming equipment with 

technical rnodifieations by 0、akaGas (16.000 m¥day each) was built at the 
Takasago Gasworks in January 1963, and subsequently four plants (60,000mり

day each) at the Kyoto Gasworkヽ， followedby four plants (220,0001n1/day 

each) at the Hokko Gasworks. The use of gas made from oil increased from 

9% (220,000m ;/day) in February 1956 lo 49% (4,930.000m'/day) of the total 

gas suμply in the Kyoto-Osaka-Kobe area in February 1966.9 

The Electric Power Industry 

In 1951, only 20りoof the electricity generated by thじninemajor electric 
power companies (kyu denryoku) was thermal power. (The remainder was 

hydroelectric.) Only about 20.000 kilo liters offuel oil was consumed in thermal 
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power generation that year, in contrast to 6.4 million tons of coal. Through the 

first half of the l 950s, the electric power companies consumed between 300,000 

and 400,000 kiloliters of fuel oil per annum, doubling to 700,000 kiloliters in 

1956 and reaching 5 million kiloliters in 1960. Fuel oil accounted for only 3% of 

the fuel consumption by the nine electric power companies in 1956, increasing 

to 36% in 1960. At Tokyo Electric Power Co., coal and oil consumption grew 

from 800,000 tons to 3.5 million tons (>4x), and from 20,000 kiloliters to 1.7 

million kiloliters (85x), respectively from 1951 to 1960. As a result, the ratio of 

fuel oil used for power generation increased from 6% to 46%. Kyiishii Electric 

Power Co., which was located near the Chikuh6 coalfield, had a relatively 

high rate of coal consumption; however, the consumption of fuel oil rapidly 

increased during the ten years from 1960.w (Refer to Figure 21.2) 

Reforms to the'Oil Boilers Control Law (Jiiyu boira kisei ho)', which 

had restricted the installation of new oil burning plant and equipment, are 

representative of the policy changes that reduced the government's protection for 

the coal industry. This reform and the decisions of the 23rd and 30th meetings of 

the government organized Electric Power Development Coordinating Council 

(Dengen kaihatsu chosei shingikai) decided to allocate 2.68 million kiloliters to 

the usable fuel oil out of the total of 3.56 million kiloliters approved for newly 

constructed power stations. In May 1960, the construction of thermoelectric 

power plants designed to use fuel oil was approved. The number four facility 

of Mie Thermoelectric Power Plant of Chubu Electric Power Co. became the 

Figure 21.2: Changes <?fthe mixed combusion ratio of heavy oil/crude oil 
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刀／hie21.3 Changes ofji1el composit1on (u111t・ %) 

Ioky(）じlcctricPoncr Nine nrnjor electric power companies 
eヽar oil hca, ~ oil crude oil 1w11hth.i I ~G oil hca＼ヽoil cudc oil naphtha I ヽじ otlu.、 rga~

1%1 5(） 44 59 41 

1%2 ベ() 50 （） 57 43 

゜1%3 55 44 I 5X 4(I つ (I 

1%4 49 4S 3 48 4り 3 （） 

1965 40 5(， 4 46 51 3 （） 

1970 s 72 1 3 7 14 （ぷ 15 2 I 
l l) 73 （） 51 35 4 l (） 4 51 36 

Note: Where the distribution ratio iヽlcヽヽ (han(）'i＇) 9) ` lt ls prcゞen1mlas O° (） 
Source: Tokyo lknryoku ShaヽhiHenヽhulinkai (The Lditorial(¥1rnrnittce to Record the Cornr,any 
Iiiヽtoryor the I okyo Flel'lric Power Co.) (ed.),刀）K1 (） l)CIII1'（）K 19 1(111/17II(’II-I I11 (l he lh i rt y yccl l ll lヽtor)
of the Tol-,o Flcctric Pcl¥¥cr Co.), Tokyo Dcnryoku (Tokyo Electric、Power(・o）、 19X3, p. （）24 

first plant to exclusi¥・ely uヽcfuel oil. Thereafter the use offucl oil fix electricity 

generationヽpreadrapidly,ゞoonbecoming the main fuel in the induヽtry.Aヽ Table

21.3 illustrates, fuel oil remained the principle fuel in the electricity industry 

even after the use(）「crudeoil began in the early 1960s 11 

The Steel Industry 

The only steel manufacturing comrany in Jaran that uヽcdboth t、し］cloil and 

coal before WWII waヽ NKKCorp (Nippon Kok an). When the price of coal 

suddenly rose during the Korean War, NKK decided to install fuel oil furnaces 

to replace the existing open hearth furnaces at Tsurumi Steelworkヽ． llwas thc 

廿rstuヽeof this particular type offuel oil equipment in theヽteelmanu「i1cturing

industry. Other steel eompanie,ヽwhichhad previously uゞcdmixed gaヽ「urnaces

with steam coal soon began to install the same type of fuel oil furnaces. NKK 

uヽed18,600 kiloliters of fuel oil in 1950, riヽingto 32,900 kiloliters in 1951, In 

eontraヽt,the consumption of steam coal by the industry decreaヽedヽharplyfrom 

103,000 tons in 1951 to 61,000 tons in 1955 and 18,000 tons in Iり60.1'

Thus the Korean War was a turning-point in the steel manufacturing induヽ!ry.

As we ha¥ C eヽen.after the Korean War there were aヽericsof diヽruptionヽ to

coal sup1ぅIies, which resulted in further conversions of、steelfurnaceヽ from

coal lo「ueloil. From a different perspective, this process could be seen as 

having encouraged the accelerated use()「analternative resource, rather than 

making a complete volte-face in the patternヽofreヽourceuヽage_This trend also 

conformed with global trends in steel manufacturing technology.'11 

Table 21.4 indicates that the consumrtion o「「ueloil steadily increased rn 

the steel industry I、「om1950 to 1957. Lignite waヽalmoヽtcompletely replaced 

and steam coal consumption f、ellby 3(）り,,.Even as the steelrnakers turned 
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加ble21.4: Consumption oflignite, steam coal and heavy oil 

Lignite (1,000 tons) Steam coal (1,000 tons) Heavy oil (1,000 kiloliters) 
open rolling rolling open rolling 
-hearth method others total method others total -hearth method others total 

1950 691 264 187 1,142 280 1,043 1,323 195 56 6 257 

1951 736 238 118 1,082 480 670 1,150 345 94 11 450 

1952 436 224 196 856 225 985 1,210 429 153 41 623 

1953 236 160 124 520 195 856 1,051 5 1 3 273 Ill 897 

1954 93 80 86 259 131 929 1,060 506 316 143 965 

1955 116 75 110 301 110 920 1,030 602 366 143 I, 111 

1956 98 70 123 291 108 839 947 722 455 195 1,372 

1957 92 76 97 265 92 815 907 694 520 225 1,439 

Source N1hon Tekko Renmc1 (Japan Iron and Steel Fcdcrat1011), Scngo tckkD-sl11 (History o「Iron
and steel), 1959, p. 376 

Table 21.5: Consumption of'heavy oilfhr steel ingot 

1956 

1957 

1958 

92 liters/ton 

86 liters/ton 

55 liters/ton 

Source: Nippon Kokan KabuヽhikiGaiヽha(Nippon Kokan Corp,), Nippon KMwn Kabushiki Gaiヽhu
g6j1111cn-shi (Fifiy year history of Nippon Kokan Corp,), 1962, p, 910 

increasingly to fuel oil for their furnaces, they increasingly imported higher 

quality coking coal from the US and Australia, delivering a severe blow to the 

domestic coalmining industry.14 To cite but one example, the ratio between 

imported coal and domestic coal at the Hirohata Iron Mill of Nippon Steel Co. 

(Shin Nihon Seitetsu Kabushiki Gaisha) was 43 to 57 in 1955, and 83 to 17 in 

1965.1'Subsequently, a mixed combustion offuel oil and oxygen was introduced 

and the quantity of fuel oil used per steel ingot decreased (see Table 21.5). 

TheC 
. 

eramics Industries 

Glass 

The ceramics industries can be roughly divided into the glass and cement 111-

dustries. Looking at the glass industry first: Asahi Glass Co. (Asahi Garasu) 

and Nippon Sheet GiaゞsCo. (Nippon Ita Garasu) were the primary glass 

manufacturers during the immediate postwar period. GHQ/SCAP (General 

Headquarters of the Supreme Commander for the Allied Powers) recommend-

ed fuel oil for manufacturing window glass for schools. Following this advice, 

Asahi Garasu's Tsururnai Factory tested a fuel oil furnace in 1947. Nippon 
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Sheet Glass also researched fuel oil furnaces. Neither, however, installed 

such facilities until the coalminers'strikes from October to December 1952 

interrupted coal supplies. Beginning in December 1952, each Nippon Sheet 

Glass factory installed equipment that burned either fuel oil or a mixture of 

producer gas and fuel oil. Nippon Sheet Glass's Maizuru Factory continued 

to use this mixed combustion method even after the coal situation improved. 

Nippon Sheet Glass Co.'s Wakamatsu and Yokkaichi Factories both adopted 

this method in mid 1953. The fuel oil burners were gradually improved, and 

technical problems such as local overheating were resolved. By 1958 fuel oil 

accounted for 70% of Nippon Sheet Glass's fuel supplies. After it was proven 

that the sulphur content of fuel oil C did not have any undesirable effects on 

the product,16 Nippon Sheet Glass's Maizuru (mould furnace) Factory con-

verted its plant to burn fuel oil C in April 1956. In November 1959, fuel oil 

C was adopted for use in the ordinary plate glass furnace at the Wakamatsu 

Factory in November 1959 and at the Yokkaichi Factory in April 1960. It is no-
table that the first of Nippon Sheet Glass's factories to convert was the mould 

Table 21.6: Fuel consumption for manufacturing plate glass by Asahi Glass 

(Amagasaki Factory, Makiyama Factory and Tsurumi Factory) 

(unit: ton. kilo liter) 

Year Coal Heavy oil 

1947 77,872 2,131 

1948 68,979 10,501 

1949 100,448 9,448 

1950 116,929 16,660 

1951 126,865 15,987 

1952 129,113 16,816 

1953 113,386 26,177 

1954 118,027 38,283 

1955 119,847 35,829 

1956 143,268 37,479 

1957 165,136 49,778 

1958 118,188 64,589 

1959 34,161 119,092 

1960 14,703 158,545 

1961 14,827 174,874 

1962 14,377 164,804 

1963 12,147 192,152 

1964 10,662 211,510 

1965 8,955 208,575 

1966 233,751 

Source: Asahi Garasu Kabushiki Gaisha (Asahi Glass Co., Ltd.), Sha-shi (History of the company), 
1967, p. 667. 
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factory, where the potentially undesirable effect of the sulphur content on the 

product appears to have been ofless concern than the plate glass factories. In 

other words, only after the mould glass factory conversion proved satisfactory 

did the plate glass factories convert their fuel sources. The F,泊yYear History 

of Nippon Sheet Glass (Nihon Ita Garasu Kabushiki Gaisha gojiinen-shi) ex-

plains that'since fuel oil furnaces offered reduced fuel and labor costs as well 

as greater productivity from our facilities, the company examined various tech-

nical aspects thoroughly in order to make the fuel oil furnaces successful'. In 

the early I 960s, however, butane began to be used with a special burner that 

overcame the need for a mixture of refined gas and butane in a plate glass 

furnace. This new development made the gas generator at Maizuru Factory 

completely redundant in June 1962, at the Wakamatsu Factory in September 

1962 and at Yokkaichi Factory in September 1963刀Weshould note that the 

research that enabled the use of fuel oil also resolved various technical diffi-

culties and led to its replacement by butane gas. 

According to Asahi's Business History (Sha-shi), the fuel used for 

manufacturing both mould and plate glass changed from LSB fuel oil 

(low sulfur fuel oil B) to LSC fuel oil (low sulfur fuel oil C). When they 

discovered that HSC fuel oil (high sulfur fuel oil C) was more profitable, the 

company turned to this lower priced fuel. Like Nippon Sheet Glass, Asahi 

began converting its mould factories from 1960 and their ordinary plate glass 

manufacturing facilities from 1965. Thus, after 1966 Asahi did not use coal at 

all.18 (cf. Table 21.6 for the overall trend from coal to fuel oil at Asahi Glass.) 

Cement 

Ube Industries (Ube Kosan) began to use fuel oil in their calcinations process 

in December 1951.19 Onoda Cement Co. and Banjo Cement Co. soon followed 

suit. However Nihon Cement's Hyakunen-shi (One hundred year business 

history) observed that 

Following the enactment of the Fuel Oil Consumption Control Law (Jiiyu shohi 

kisei ho) in 1955 and the Suez Crisis in 1956, fuel oil was in short supply, and the 

price was slightly higher than coal. The trend of converting from coal to fuel oil 

was temporarily suspended. Subsequently, however, as the demand for cement 

rose with the growing economy after 1960, the need for fuel to produce this 

cement rose accordingly. At the same time, the price of fuel oil began to fall, and 

the industry rapidly converted from coal to fuel oil.20 

In the 1960s Nihon Cement changed from coal to fuel oil at various factories 

in the Tokyo, Osaka and Shikoku areas, where the price of coal was expensive. 

Chichibu Cement Co. changed from coal to fuel oil at Kumagaya Factory 

in 1952. The company's Fifty Year Business History in 1974 noted the great 
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impact of this change on the industry, calling it'a great achievement in terms 

of simplifying processes, safety, reducing fuel costs, reducing electric power 

consumption, etc.'21 Other advantages of the conversion from coal to fuel 

oil, as we have seen, included the higher calorie content and greater ease of 

handling liquid fuels. 

Table 21.7 indicates the growth in the consumption of fuel oil C in the 

cement industry from 1956-62. During this period the price of bulk fuel oil 

C fell sharply, from 8,200 yen/kiloliter at the end of 1960 to 6,600 yen at the 

end of 1961 and 6,300 yen in the first half of 1962.22 

Table 21.8 traces Onoda Cement's steadily increasing conversion from coal 

to fuel oil from 1961-65, by which time oil had completely supplanted coal as 

fuel. This might be explained by a 30% drop in the price of fuel oil from 1957 

to 1960, while the price of coal only decreased by 15-20%. 23 

The price of fuel oil remained stable until the oil crisis of 1973 (in 1968 it 

was about 6,000 yen/kiloliter). However in 1980, one year after the second oil 

crisis, the price of fuel oil jumped again -this time from 17,000 to 50,000 yen 

per kiloliter. This set off a reverse trend in the cement industry, as companies 

Table 21.7: Growth in the consumption ofCfuel oil (cement) (unit: kiloliter) 

1956 1957 1958 1959 1960 1961 1962 

C fuel 011 59,712 137,259 175,649 218,664 420,703 856,422 1,671,034 

Index l00 128 159 306 624 1217 

As compared with 
previous year 230 128 124 192 204 195 

Note: C fuel 011 is used for calcination and drymg. 

Source: N1hon Semento Kabushiki Gaisha (Nihon Cement Co., Ltd.), Hachijunen-shi (History 

ofeighty years), 1963, p. 130. 

Table 21.8: Conversion of fuel by Onoda Cement 

Coal Heavy oil Coonfshuemavpvtiooin l rate 
Period (1,000 tons) (1000 kiloliters) yo (%) 

1961 Second half of the year 312 85 30.1 

1962 First halfof the year 213 157 53.8 

1962 Second half of the year 162 209 67.0 

1963 First ha! fof the year 100 243 79.0 

1963 Second half of the year 93 278 82.5 

1964 First ha! fof the year 8 309 98.3 

1964 Second half of the year 

゜
299 100.0 

Note: Calculated based on heavy oil: 9800 kcal/I and 6200 kcal/kg. 

Source: Onoda Semento hyakunen-shi (One hundred year history ofOnoda Cement), 1981, p. 580. 
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began to convert their production plants from fuel oil back to coal□Aswe 
have seen, cement companies converted their plant and equipment from coal 

to fucl oil to take advantage of potential cost savings、amotivation that saw 

wholesale changes from coal to fuel oil in the early 1960s but also a reverse 

conversion from fuel oil back to coal after the second oil crisis. 

The Chemical Industry 

The Japanese experienced severe food shortages in the immediate aftermath 

of WWI I, suffering from a drought even whilst their infrastructure waヽbeing

deヽtroyedby Allied bombardment. Increasing agricultural production, a叫

thcreforc fertil izcr product ion, was a high priority for the Japanese government 

and the occupying Allied Powers (cf. chapters 19 and 26). The existing 

fertilizer manufacturers responded quickly to this demand, aided by their 

'priority production・ status. The Mini心tryof Agriculture, the Manufacturing 

Association of Ammonium Still江teFertilizer(Ryuan Hiryo Seizogyi:ぅKumiai)

and the ferti I izer manufacturers met on I September 1945 at the Imperial 

Hotel to discuss the production of ammonium sulfate and lime nitrogen. This 

was followed by a second •informal mecting'bet¥¥ccn governmcnt official、
and representativeヽ ofthe private sector. The corporations attending these 

meetings included: Nippon Chisso, Mitsubishi Kasei, Nissan Chemical, Nitto 

Chemical, Japan Iron and Steel, Toyo Koatsu, Ube Industries, Nicchitsu 

Chemical, Showa Denko, Sumitomo Chcmical, Sumitomo Taki Chemical, 

Toa Gosei and Tohoku Hiryo 

We should note that these companies diversified their fertilizer manu-

facturing businesses into the chemical industry and enjoyed tremendous 

growth during Japan's economic boom in the late 1950s and beyond. Our 

focuゞ， however,is on thc impact of the energy revolution on fertilizcr 

manufacturing. 

Ammonium sulfate ((NH4)cSO) is synthesized from the reaction with 

ammonia (NH_) and sulfuric acid (ILSO). The primary energy concern 

of the fertilizer industry was how to procure cheap hydrogen (H), becauゞ

about 70% of the cost of producing ammonia is inじurredin the production of 

hydrogen. Needless to say, if the newly available and increasingly inexpensive 

liquid fuels (crude oil and natural gas) could provide hydrogen cheapcr than 

it could be extracted from coal. the energy revolution would sweep through 

the fertilizer industry too. 

With support from the priority production system, the fertilizer industry 

quickly rcvivcd. increasing the output of fertilizer every year. By fiscal year 

1949. production exceeded 1.18 million terns, marking the point of recovery to 

the 1941 level. Thc Korean War broke out on 25 July 1950, and consequently, 

the export price of fertilizer rose suddenly. The export price to the South 

East Asian market hit $60/ton. In this favorable environment, fertilizer 
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manufacturers accelerated investments in their facilities. The capacity to 

produce ammonite increased from 1.87 million tons in April 1950 to 2.29 

million tons in April 1951 to 2.65 million tons in April 1952. Fertilizer exports 

were 188,000 tons in 1950. When they suddenly rose to 503,000 tons in 1952, 

fertilizer produced for the domestic market was used for exports. When the 

domestic price of fertilizer began to decrease after a peak in February 1952, 

each manufacturer actively sought to expand their export activities. However, 

to compete with the Western nations who also exported fertilizer to the Asian 

market, Japanese manufacturers had to sell their fertilizer at a price below the 

domestic price. This became a political issue, when farmers'organizations 

complained that'because of sacrifice exports, domestic farmers are forced 
to purchase comparatively expensive fertilizer'. 25 

As political pressure continued to mount, the government established the 

Fertilizer Measures Committee (Hiry6 taisaku iinkai) on 17 January 1953, 

and introduced the so-called'two measures regarding fertilizer (hiry6 ni 

hoan)': the'Temporary Law for the Stabilization of Ammonium Sulfate Sup-

ply and Demand (Rinji ryiianjukyii antei ho)'and the'Temporary Measures 

for the Rationalization of the Ammonium Sulfate Industry and the Export 

Coordination Law (Ryiian k6ky6 gorika oyobi ryiian yushutsu chosei rinji 

sochi ho)'at the end ofMay 1953. The effect of these measures was that Japan 

Ammonium Sulfate Export (Nihon Ryiian Yushutsu Kabushiki Gaisha) was 

established, and ammonium sulfate exports were restricted. For the next ten 

years the government determined the domestic price of ammonium sulfate 

and the manufacturers had no discretionary power over the price of these 
products. 26 

In response to these temporary measures, the Japanese Association of the 

Ammonium Sulfate Industry (Nihon Ryiian Kogyo Kyokai) submitted a five-

year rationalization plan to the Ministry of International Trade and Industry 

(MIT!), proposing that it be effective from the beginning of fiscal year 1953. 

MIT! responded with a'Five-Year Plan to Rationalize the Ammonium Sulfate 

Industry (Ryiian kogyo gorika gokanen keikaku) [the First Rationalization 

Plan (Dai ichiji gorika keikaku)], which was announced as official policy in 

August I 953. 

The key points of this plan were: changing raw materials for producing 

ammonium from coal to gas; expanding the production of urea fertilizer; 

and upgrading facilities by replacing outdated equipment. The plan also 

included targets to increase the production of ammonium sulfate by 30%. 

MIT! estimated that this would reduce production costs by 24%, which would 

finally achieve the international production cost of $50/ton.27 

To realize these goals, the manufacturers invested 77.3 billion dollars, twice 

as much as they had initially budgeted. The capacity to produce ammonium 

sulfate reached 4.575 million tons, an increase ofonly 21 %, and the production 

cost never fell below $50/ton. 
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Another objective of the plan that remained unrealized was to ensure there 

was no increase in the need to import fertilizer. But one of the basic assumptions 

of the plan -that the international market price would remain around $50/ton 

--was incorrect. To make matters worse, from around 1957, the international 

price offertilizer began to decline, and remained about ten dollars or so cheaper 

than the domestic price of $55/ton. 

Unfortunately, due to the Nagasaki flag incident in May 1958,28 relations 

between Japan and China took a turn for the worse, and fertilizer exports 

to China ceased.29 The'two measures regarding fertilizer'and their tight 

regulatory regime were extended for five years in 1959. According to the First 

Rationalization Plan, production costs were expected to fal I to $4 7 /ton by fiscal 

year 1963 by changing the types of fuels and fertilizers in use. However due 

to a significant decline in the international price of fertilizer, the amendment 

of the first plan became unavoidable, so a Second Rationalization Plan (Dai 

niji gorika keikaku) was introduced. The Ministers of Finance, International 

Trade and Industry, Agriculture and the Economic Planning Agency agreed to 

the Second Rationalization Plan. It became effective from September 1961.30 

In short, the aim of this revised rationalization plan was to improve 

manufacturing processes by adopting more efficient and cost effective fuels, 

thereby retaining the total existing capacity for producing ammonia by using 

newer and more efficient processes and facilities. The primary objective of 

this plan was to begin to use crude oil gas as the raw material for ammonium 

production. The plan stipulated that 13 factories should be converted to use 

crude oil gas, three to use natural gas, five to use COG (a gas by-product of 

burning coking coal), five to use petrochemical gas by-products, and two 

factories to use other materials. Rapid progress was made to this end: crude 

oil gas use increased from 7.3% to 37.8% of total production and natural gas 

from 8.2% to 19.6%, between April 1958 and April 1962. In the next few years, 

however, crude oil gas was gradually replaced with naphtha due to problems 

in the catalyst and the manufacturing costs of oxygen.11 

From 1965, the export price of fertilizer continually increased as the 

worldwide consumption of fertilizer grew. Activities in the Japanese fertilizer 

industry continued to grow along with this growing demand. As things picked 

up, the regulations controlling fertilizer manufacture and distribution were 

relaxed, and the fertilizer industry became a cherished export industry. To 

increase international competitiveness, small facilities were abandoned, 

and newly developed equipment was adopted. Under these conditions, the 

epoch-making naphtha steam reforming method developed by the English 

company ICI for producing ammonia NH1 was most welcome. Toyo Koatsu 

used butane as a raw material, while Sumitomo Chemical, Ube Industries, 

Showa Denko and Nissan Chemical used naphtha. With their new facilities, 

fertilizer manufacturing plants were soon operating at their maximum capacity 

of 500 tons per day. 
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Gas from crude oil. which had dominated the industry until about 1963. 

declined from 42.4% to 25.3り1oof total fuel consumption while the use of the 

ICI method increased to 41.4%. ln the chemical industry, as elsewhere, we 

find that the manufacturers'motivations to convert fuel and raw material 

resources were strongly cost conscious.''Having outlined the background 

to the fertilizer industry's responses to the energy revolution, we will now 

examine some specific manut江cturers. 

. Japan Gas Chemical Company and the Natural Gas Boom 

Japan Gas Chemical Co, (JGC: Nihon Gasu Kagaku Kogyo) was established 

by Vice-Admiral Ryuichiro Enomoto and a former navy technician named 

Takashi Eguchi. Thcy initially manufacturccl methanol from waler-soluble 

natural gas produced in NTgata, bcginning in September 1952." Enomoto 

obtained a loan from a reconstruction financc bank, and purchased an unused 

f'actory in Enoki「romToyo Gosei Co. He also rcuscd a high-pressure reaction 

chamber installed at an ex-navy fuel depot and the cquipmcnt and materials 

used by Hokkaido JinL6 Sekiyu. JG(_'made every cffi.irt to acquire equipment 

and parts that had been deヽignatedfor war reparations, and acquired other 

goods from second-hand equipment dealers. JG C's manufacturing operations 

were expanded from methanol to formalin. and plans were developed to begin 

manufacturing ammonite. In April 1955 the company signcd a provisional 

contract with Chemical Construction(_:orporation (Chcmico) in the US to 

import the latest technology for synthesizing ammonia, urea, and ammonium 

sulfate, etc. The formal contract was concluded in August that year.,-1 This 

irnportcd tcchnology was revolutionary, disintegrating natural gas such that 

thc entircty ofthc ammonia produced was convcrted to urea. The Ni hon Gas11 

Kagaku KDgyo S(>gvojugoncn-shiげiftccnyear business history of Japan Gas 

Chemicals) c;ヽtimatcdthat through this new process ammonia was produced 

at two-thirds the cost of the supcrヽcdcdmethods. The monthly output of J(_i(_‘ 

had reachcd 6,000 tons of ammonia, 4,800 tons of urea and 12,000 tons of 

ammonium sulfate by the end of March 1959. Subsequently, output continued 

to grow at a trcrncndous rate, with ammonia production reaching 8,300 tons per 

month by Octobcr 1960. As of the end of April 1966, the monthly production 

of ammonia, urea and ammonium sulfate wcrc 12,500 tons, 8,900 tons and 

15,300 tons今respectively."

In the wake of JGC's succcss、othercompanies, such as Toyo Koatsu, 

Tohoku Hiryo、NipponSuiゞoKogyo, Tcikoku Oil, Sumitomo Chemical 

and N]．ヽヽan(_:hemicalbegan planning to adopt natural gas as a raw material 

for manufacturing fcrtilizcrs, sparking a natural gas boom in the fertilizer 

industry.、1,Howevcr, since domcstic sources of natural gas were limited鵬these
manufacturers, with thc exccption ofJGC, were forced to look for new material 

resources such as crude oil, naphtha, LPG and LNG. 
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JGC initially purchased natural gas from Teikoku Oil. However, difficulties 

soon arose in their price negotiations. Enomoto, therefore began to seek 

alternative supply sources, acquiring 26,400m2 of mining areas on the Kita 

Kanbara Plain, and underwater mining rights along the continental shelf.37 

These acquisitions offered a potentially bright future for the company, but 

such undertakings did not always proceed smoothly. For example, land 

subsidence began to occur in 1958 in Nigata City, and water gas full ofCH4 was 

adversely affected. JGC therefore stopped extracting gas from underground 

water supplies. Fortunately, a large quantity of structural gas full of CH4 was 

discovered, and the business prospered more than ever訊Thesuccess of JGC 

thus had as much to do with their advantage in materials resources as with the 

excellence of the former navy technicians they employed. 

JGC eventually acquired an Alaskan natural gas field, and tried to construct 

a CHpH factory in Saudi Arabia. The company's farseeing capabilities were 

rewarded during the oil crises of the 1970s. 

Nissan Chemical Industries: Fuel Oil Gasification using the Fouser Method 

Nissan Chemical Industries (NCI) entered into a contract with the Italian 

company Montecatini on 27 August 1953 to import the Fouser technology 

for fuel oil gasification. The project was approved by the Foreign Currency 

Council (Gaishi shingikai) in November that year and full-scale operations 

began in September 1955. NCI was the first company in Japan to use fuel oil 

as a raw material for producing ammonia gas.39 The production capacities at 

NCI's Toyama Factory in April 1954 had been 117,900 tons of ammonia per 

annum via the Winkler method (where hydrogen was obtained from coal) and 

119,600 tons from electrolysis (where hydrogen is extracted from water) for a 

total productive capacity of237,500 tons. By 1 April 1958, after the introduction 

of the new Fouser technology, they were producing 95,800 tons by the Winkler 

method, 135,700 tons by electrolysis and 64,200 tons using the new Fouser 

technology, bringing the total capacity to 295,700 tons.40 

The Oil Boilers Control Law (Juyu boira kisei ho) that we mentioned earlier 

also imposed restrictions on NCI's operations, limiting the extent to which they 

could replace coal with fuel oil. After 1958, when crude oil became relatively 

cheaper than fuel oil, NCI turned increasingly towards this resource. In this 

move, as in the move to fuel oil in the first place, NCI lead the fertilizer industry 

in converting from solid to liquid raw materials. 

NCI entered a technical assistance agreement with Sanyo Chemical in 

1955. Moreover, as the sole Japanese agent for Montecatini, NCI entered into 

a technical agreement with Tokai Ammonium Sulfate Industries (Tokai Ryiian 

K6g.yp) 0nl March 1955.41 Another notable event was Shin Nippon Chisso 

Fertilizer Co.'s conversion from electrolyzing water to fuel oil with the Fouser 

method in 1957 at Minamata. 
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Nippon Suiso Kogyo: Using Powdered Coal with the Koppers Method 

Nippon Suiso Kogyo (NSK) was heavily reliant upon coal from the nearby 

Joban coalfield which, as we have seen, supplied inferior quality coal with 

poor caloric content. In an effort to improve the performance of this coal, 

NSK imported powdered coal gasification technology from Koppers of West 

Germany. This process was first used in Finland in June 1952, and NSK was 

only the second factory in the world to trial it.42 The trials were reviewed 

one year later in the Nenry6 Ky6kai-shi (Bulletin of the Fuel Association), 

which reported that'in general, the gasification of powdered low-grade coal 

inexpensively produces large quantities of gas, and is therefore the best method 

Japanese industries could adopt. The gasification of fuel oil was merely a 

transient phenomenon while the gasification process for coal was developed.,i1 

In other words, the authors expected that companies would increasingly return 

to using coal as this gasification process was refined and proven. 

However, the Gojunen-shi (Fifty year history) ofNihon Kasei Co. (Nihon 

kasei kabushiki kaisha -the successor to NSK)44 explained that following a 

sudden rise in the price of coal from the Joban coalfield, NS K's coal business 

did not yield satisfactory returns, and the company was forced to suspend 

dividends in 1957. It was well known that the coal produced from Joban had 

a high fusing point, the cinder flow was not good, and time had to be spent 

for the improvement of the furnace. They soon also discovered that it was 

costly to make solid coal into powdered coal.45 As a result of this, NSK tried 

to use natural gas, as well as crude oil gasification with the Fouser method. 

Table 21.9: Conversion of gas resources of Nippon Sui.1・0 K6gy6 (Hitachi 

Kasei) 

Year 

1940 

1947 

1954 

1957 

1960 

1960 

1965 

1970 

Process Gas resources 

Flarg coal (Jiiban coal) 

Fiarg (aqueous, scm1-aqueous) coke 

Koppers coal (Joban coal) 

Koppers coal (Joban coal) 
(adoption of natural gas) natural gas 

modified Koppers crude OIl 
(crude otl conversion) 

Fouser method natural gas 

Fouser method COG 
(crude 01! suspended) 

Topsoc method naphtha 
(naphtha conversion) 

Notes 

unsuccessful, conversion to coke 

forammoma 

for methanol 

for a1111110111a 

for ammoma 

Source: Hitachi Kasei Kabushiki Gaisha, Goji"inen-shi (Fifty-year history), 1987, p, 100, 
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Magazines related to technology indicated that Japanese corporations turned 

their attention to the Koppers method. However, the oil gasification method 

attracted the attention of the industry one year later and proved to be more 

effective. The early commercializers thus ended up failing to reap the fruits 

of their endeavors. 

NSK's experience with attempting to retain its traditional raw material 

resource in the face of the energy revolution is informative. Their efforts 

to import cutting-edge technology in order to make their poor coal supplies 

more efficient ultimately ended in failure. Interestingly, NSK had experienced 

difficulty in finding financing for this project, perhaps because they were going 

against the current of the times. In hindsight, though, it appears that those 

who rejected their applications were correct -the technology they selected 

showed a clear lack of foresight (refer to Table 21.9). In contrast to JGC, NSK's 

management had little experience of failures of such magnitude, and the sudden 

decline in the natural gas supply severely affected them. 

Beppu Chemical Industries and Ube Industries: Importing Crude Oil 

Beppu Chemical Industries (BCI: Beppu Kagaku Kogyo) was, by 1958, 

synthesizing urea using the Fouser-style semi-cycle method. They also 

adopted the Texaco-style compression gasification method. The latter method 

had already become well established in Japan since it employed natural gas 

that, unlike coal, was not restricted to particular locations. However when 

BCI adopted the Texaco method, they were aiming to use crude oil as a cheap 

resource instead of natural gas, and Texaco had little experience using either 

heavy or crude oil. 

BCI therefore consulted with Chemico and Texaco. According to Fumitada 

Matsumoto, head of the technology department at BC!, the company began to 

investigate the Texaco-style oil compression gasification furnace in late 1955. 

BCI signed a technical cooperation agreement with Chemico and received 

drafts of the design in May 1956. Shortly thereafter, Matsumoto and his team 

visited America, where they held further discussions with Chemico. Upon 

completing their business in the US, they visited Montecatini in Italy for 

discussions about ammonia synthesis equipment, then returned to Japan in 

late October 1956. Then, BCI started to build a new ammonia manufacturing 

factory with an annual capacity of 33,000 tons of ammonia.46 

Among the many companies that adopted crude oil as a raw material, Ube 

Industries (Ube Kosan) stands out as indicative of the depth and breadth of the 

impact that the energy revolution had on Japanese industries and communities. 

Ube is a coal mining town built over the Ube coalfields, and Ube Industries had 

traditionally consumed the local coal in its manufacturing processes. However, 

with changes in the coal mining industry and global improvements in petroleum 

supplies and prices, some time in 1958 Ube Industries began to contemplate 

408 



The Energy Rernlution 

converting to crude oil. A team was cヽntoverseas to meet v,ith companicヽ

about potential technical cooperation agreements. They entered into provisional 

contracts with Texaco for crude oil degradation equipment. Montecatini for 

synthetic ammonia processing and Chemico fi:_1r engineering related projects 

such aヽgaヽ refineryequipment. Application waヽ madefrir the goYernmcnt'.、
approval of these arrangements in October 1958 (in accordance with the foreign 

Capital Law (Gaishi ho)) and approval was granted in April 1959. 

Since Ube Industries was receiving sulぅsidiesfrom the government's 

funding for rationalizing the coal indu、ヽtry.though. MI Tl's Coal Mine Bureau 

had objected to the applicationヽ Fortunatelyfor the company, M!Tl's Light 

Industries Bureau waヽ in恥 orof the project and supported their applicationふ

The factory was completed in January 1960. Subsequently, Ube lndustric;、
actively and steadily converted from coal-based ga~ゞ resourcesto crude oil until 

tinallyヽ huttingdown the coal gas furnace fいrthclaヽttime in 1962. Shutting 
down the coal furnace in a coalmining town in favor of crude oil is a symbolic 

event in the history of the energy revolution. Ube lndu、ヽtriesagain converted 

from crude oil to naphtha in the second half of the 1960s. 

Without these adventurous u叫ertakingsand the wise dcci、ヽionmaking of 

Kan'ichi Nakayasu. the president of Ube Industries, the company would have 

been weakened by its dependence on coal as the coalヽituationdeteriorated and 

its later success would not have happened. A comparison of Ube Industries・ 

success and NSK`ヽ failure.both organi?ations located near poor-q叫 ity

coalfields, was used as a textbook example in busineヽsmanagement training 

for many years. 

Other projects that successfully reduced fuel costs included the introduction 

of the COG method in the iron and steel industry and the use of petrochemical 

gas by-products hy Showa Denko (Chemical Company) and Nippon Sekiyu 

Kagaku (Oil Refinery Company). 

Ne~ Naphtha Technology from ICI Sparks a New Wave of Material 
Conversions 

The English company !Cl, in a joint effort with the American Kellogg 

Corporation, developed a proecss for maヽヽ producingammonia using a 

naphtha compreヽヽ ionsteam refrirmer and a low pressure centrifugal machine. 

Theoretically, thぃgroundbreakingtechnology could produce 2,000 tons 
of ammonia per day from a single factory, and many Japanesc fertilizer 

manufacturers --including Nissan Kagaku, Toyo Koat．汎し1,Ube Industries, 

Showa Denko. Mitsubishi Kasei. Nihon Gasu Kagaku and Sumitomo Chemical 

were planning to expand their operations, following a global trcncl towards 

larger-scale ma.、sproduction. The Japanese Ammonium Sulfate Industry 
Association played a role in coordinating the manufacturerゞ applicationsto 

the government to expand their fertilizer manufacturing operations, and turned 
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to MIT! foradministrative guidance to ensure they did not build so many plants 

as to make them unprofitable. Bet ween 1965 and 1968. numerous large-scale 

ammonia production facilities were built and commissioned. llo¥¥e¥er, it took 

each company more than iヽxmonths after construction was eompleted to 

commission their facilities and commence operationヽ indicatinga variety of 

difficulties that were experienced during the commissioning proceゞs.The price 

of ammonia-based fcrtil izer exported to the Chineゞemarket fell sharply again 

in 1967. Consequently. M「rIeneouraged each company to construe! mueh 

larger f:cleilities. Once KTヽtechnologywas adopted, the other manufacturing 

methods rapidly disappcared「 andnaphtha became a primary ra,v material. 
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