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Abstract  

 Commercial operations of nuclear power plants in Japan started in 1970. In fiscal 2006, fifty five plants having 

the power capacity of approximately 49.5 billion W are in operation, and produced about 303 trillion Wh, which 

occupies about 30% of the total electricity consumption of Japan. According to METI's report entitled ñLong-term 

Outlook for the Energy Demand and Supply until 2030ò, issued in March 2008, at least nine new power plants shall 

be required until 2030 in order to achieve the energy strategic target of Japan. In fact two plants are under 

construction now and eleven plants are scheduled to be constructed. If all power plants have been completed, total 

number of nuclear power plants would be sixty eight, resulting to the expected output of approximate 65 billion W. 

However "Capital fund" and "Human resources" that could realize METI's scenario are not clarified yet.  

Objectives of this paper are to clarify the facts of "Human resources," "Technology innovation" and "Capital funds" 

required for the new and/or aging nuclear power plants in Japan. In conclusion, two remarkable issues were 

withdrawn, one is the decreasing trend in the number of workers, and another is the distortion of generation 

structure due to occupational categories.  

 

 

1.  Introduction  

 Amount of supply of the primary energy in fiscal year 2006 recorded 23,448PJ in Japan. That consists of oil at 

47.9%, natural gas at 15.4%, coal at 20.6%, nuclear power at 11.43%, hydro power at 3.5% and 1.3% of geothermal 

and other renewable energies such as solar, wind etc.
1

. Figure 1
2

shows the history of individual primary energy 

supply in Japan since 1953. It is noted that the first oil crisis in 1973 became a good chance of diversifying energy 

sources in Japan as being nuclear power and natural gas first introduced. However, the rate of self-sufficiency of the 

total primary energy in Japan was 80% in 1953 but decreased gradually to reach 6.8% in fiscal year 2004 because 
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Japan depends on the import for most of energies. If nuclear energy is considered to be semi-domestic produced 

energy, however the rate of self-sufficiency becomes 17.3%. It should be noted that the rate of self-sufficiency 

including nuclear energy increases more slightly since the first oil crisis. This indicates that "nuclear energy" is 

important energy source for the energy security in Japan, and suggests necessity and indispensable energy for the 

Japanôs energy policy in the future. 
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Fig.1  Trend in primary energy supply in Japan
2

 

 

In addition, the historical transitional data of individual energy sources producing electricity and their power 

supply composition of Japan are shown in Fig. 2
2

. This figure shows that the total power generation of the 

electrical energy gradually increases, and the power supply composition shows that nuclear power increases greatly 

while oil decreases rapidly. The shear percent of electricity power supply in fiscal year 2006 was oil at 10%, natural 

gas at 26%, coal at 24%, nuclear power at 30%, hydro power at 9% and 1% of geothermal and other renewable 

energies. It is predicted that the amount of power generation by nuclear power increases further toward in 2016.  
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Fig. 2  History and outlook of electric power supply by sources in Japan 
[2]

 

 

 



3 

 

 The Ministry of Economy, Trade and Industry (METI) that recognized climate change in the global 

environment that caused from energy consumption in recent years according to aggravation of  unexpected energy 

conformational change in Japan and the global warming issues with such a in the international energy industry as 

being announced in "Long-term outlook for energy demand and supply" in March, 2008
3

. 

 METI assumed that it was necessary to evolve the energy policy of Japan according to the following three 

basic principles in order to solve global energy and environmental problems, namely "Secure for the stable supply,"  

"Be friendly with the environment" and "Utilizing market mechanism." Moreover, METI insisted that at least nine 

nuclear power plants to be added as a concrete figure toward 2030, because nuclear power generation was 

recognized to be an important energy source for Japan in future 

Nuclear power generation is important for the energy policy of Japan. However most of Japanese have a very 

negative public acceptance against the atomic energy because of unhappy experiences in atomic bomb trauma of 63 

years ago. Figure 3 and 4 show example enquete . This result of the questionnaire is a general answer of the 

people in Fukui prefecture where many nuclear power plants are located. Even for inhabitants in the prefecture who 

felt nuclear power familiar, the majority was always "Uneasiness" and "If anything, uneasiness" for nuclear power 

generation. Nearly 70 % of the answering persons answered as "Keep the current status" or "Careful promote" 

about the question concerning promotion of nuclear power generation. A negative image concerning this nuclear 

power is recognized as a problem in advance to be solved without fail for promoting nuclear power generation in 

Japan for the future.  
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Fig.3  Safety and uneasiness of Fukui-prefecture inhabitants for nuclear power plants
[4]
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Fig.4  Answer of question concerning promotion of nuclear power generation
[4]
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 While reviewing the industrial establishment in Japan, especially the transition of work forces is an important 

factor for promoting nuclear power generation. Figure 5 shows the transition of work forces in Japan
3

. From this 

figure it is suggested that total population of Japan begins to decrease after reaching a peak at 127.8 million in the 

fiscal year of 2004, however the population of work forces (ages between 15-65 ) reaches its peak in the fiscal year 

1997, then gradually decreases in the future. This population transitional problem is a big issue for Japanese 

industrial development in future. This fact causes the same problem given for the nuclear power generation 

promotion.  

We have several problems to be solved when nuclear power generation is selected as a means to achieve the 

energy policy of Japan for the future. "The operating funds (capital expenditure and operating expenses)" is a 

critical factor to develop and to operate the nuclear power plant facilities successfully. On the other hand, There is a 

problem of technological loss due to the retirement of baby boom generation's (the generation of 1946 - 50 years, 

having huge population born after the War, which results in decreasing work forces. As for "Human resources", it is 

recognized that it is one of important problems that should be immediately solved. The objective of this paper, 

therefore, is to analyze the past historical trend up to the present and to predict the future scope of "Human 

resources" that relates to the Japanese industry of nuclear power generation so as to clarify the issues and to discuss 

on the solution 
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Fig. 5  Total population of Japan and transition of work Forces 
[3]

 

 

 

2.  Current  Status and Future Scope of Nuclear Power Generation in Japan 

2.1 Construction Situation of L ight Water Reactor 

 Commercial operations of nuclear power plants in Japan started in 1970. In fiscal year of 2006, 55 plants 

having the power capacity of approximately 49.5 billion W were in operation, and produced about 303 trillion Wh 

of electricity, which occupies about 30.5% of the total electricity consumption of Japan. Figure 6 shows 

transitional history of the number of starting plants in operation in Japan and the total number of nuclear power 

plants under construction during the year. These figures were drawn by authors based on the latest homepage 

information of electric power companies, which are partially different from the figures issued by METI's plan. 
[5]
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Figure 6 (a) shows that the peak exists in 1985, when five plants started operation in that year.  However, the 

number of plants starting operation in each year between 1998 and 2008 decreases substantially as compared with 

the previous years. In average, the number of plants starting operation during a year in Japan from 1970 up to 

present is approximately 1.3 plants /year. On the other hand, two peaks on the total number of plants under 

construction appear in 1975 and 1985, respectively, as shown in Figure 6 (b), when more than 15 plants were under 

construction. Obviously, this historical figure shows that in Japan, construction of nuclear plants has been continued 

at least two plants a year without breaking off. Therefore technological know-how and project management 

required for the nuclear plant construction could be maintained in Japan so as to establish technological legend. In 

fact, the nuclear industry in Japan was lucky. The current plan of nuclear power plants should be steadily advanced 

according to the schedule announced in "Long-term outlook for energy demand and supply toward 2030". 
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Fig. 6  Annual transition of numbers of nuclear power plants starting operation and plants being under 

construction in Japan 

 

 Figure 7 shows historical transition of total power generation capacity of nuclear plants as well as number of 

plants in operation in Japan. It reached up to 55 plants which had 49.5 billion W of the power generation capacity in 

fiscal year of 2006. In this figure we can recognize two time periods, which is a period when number of plants 

increases rapidly and another one is the period when the expansion becomes duller. According to "Japanese nuclear 

power promotion plan"
[5]

, the former is defined as   "Construction period" and the latter are defined as 

"Maintenance period".  
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Fig. 7  History and forecast of total nuclear power generation capacity in Japan 

 

2.2 Schematic Image of Future Nuclear Power Generation in Japan 

 Figure 8 shows schematic image explaining the process of shifting nuclear power plants in Japan in the history 

and toward future which is cited from "Japanese nuclear power promotion plan,"
[5]

 issued by Agency of Natural 

Resources and Energy in 2006. This diagram shows that Japanese nuclear power generation plants shift as follows:  

(a) "LWR period" that uses existing light water reactors having 40 years of assumed longevity, (b) "Maintenance 

period" that gives aging plants maintenance under plant life extension schemes, (c) "Replacement period" that 

replaces decommissioning LWRs and (d) "FBR (Fast Breeder Reactor) period" that finally could use uranium fuel 

efficiently. 

Fig. 8  Schematic image explaining process of nuclear power plants schift in Japan 
[5] 
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 However, plant conversion is not easy task. For example, Figure 9 explains about  some technological issues 

in "Maintenance period" of LWR 
[6]

. Typical degradation events that would occur in changing difficult parts of a 

high aging plant are as follows: ñBrittleness of reactor pressure vessel due to nutron irradiation,ò ñIrradiation 

assisted stress corrosion cracking in reactor internals,ò ñCable degradationò and ñConcrete degradationò. In order to 

prevent such problems, many research and performance development (PD) programs are advanced in Japan at 

present.  

atigue

Radiation Damage

RPV

Radiation Damage

Ni

atigue

Fuel

Corrosion

HE

Containment Vessel

Corrosion

Reactor Building

Corrosion

Cable

Aging

Thermal,Radiation

Piping System

Fatigue

Corrosion

SCC

atigue

Radiation Damage

atigue

Radiation Damage

RPV

Radiation Damage

Ni

atigue

RPV

Radiation Damage

Ni

atigue

Fuel

Corrosion

HE

Fuel

Corrosion

HE

Containment Vessel

Corrosion

Containment Vessel

Corrosion

Reactor Building

Corrosion

Reactor Building

Corrosion

Cable

Aging

Thermal,Radiation

Cable

Aging

Thermal,Radiation

Piping System

Fatigue

Corrosion

SCC

Piping System

Fatigue

Corrosion

SCC

 

Fig. 9  Technological issues in "Maintenance Period" of LWR 
[6]

 

 

 Figure 10 is a schematic diagram showing transition of the cumulative degradation of LWR from the damage 

initiation up to the solution. This figure, often presented at academic society, is a very understandable explanation 

about the degradation behavior of LWR. In this figure S-shape character curves show following situations 

consisting of (1)damage initiation, (2) research and development, (3) solution, and (4) remission. As for each 

damage case, size of damege, time required for solution are different. In case of serious damage,it requires about 

20 years for reaching the solution in the worldwide scale. We believe that even a damage that occurs in high aging 

plant would be solved in future as well as current damages. On the contrary the possibility is still left to be 

variable in future as anunexpected degradation event beyond our presumable assumption.  
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Fig. 10  Schematic diagram showing transition of the degradation of LWR
 [6] 
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2.3 Capital Fund Spent for Nuclear Power Development in Japan 

 The process of nuclear power development of Japan from the past to the future was discussed in the foregoing 

paragraph. "Capital fund (investment + expenditure)" spent for the nuclear power development is reviewed here. 

Figure 11 shows historical record of the amounts of investment and expenditure related to nuclear power 

developing activities from 1960 when the nuclear power development was begun. These monetary figures were 

adjusted as real value of the money in reference year of 2000 using price inflation deflator. For example, total 

amount of investment and expenditure spent in 2000 was about 3.83 trillion yen a year. 

Although the amount of this capital fund shown in Figure 11 is not for LWR only, it may be considered to 

represent the trend of LWR capital fund because the capital fund related to the LWR occupies major portion of the 

total expenses. This figure apparently shows that capital funds for both mining and manufacturing and electric 

utilities sectors immediately increased after the first commercial LWR started in 1965, then it increased on a 

straight line by 1985 and leveled off at almost constant amount afterwards. 

  By extrapolating this trend we can guess the magnitude of required capital fund for Japanôs nuclear power 

development in future, that is, current constant levels of capital fund expenses would be continued even in future. 

This suggests not causing the issues concerning the nuclear power development fund in the future easily. As for 

government funds spent for the research and development sector in the nuclear power industry became constant 

after 1985 and continued a similar tendency as the above. It is concluded that capital funds required for respective 

sectors of nuclear power industry would be continued at the similar magnitude of current expenses in future. 

 

Fig. 11  History of capital fund spent for nuclear power generation in Japan 
[7]

 

 

 

3.  Analysis on Human Resources in the Nuclear Energy Industry 

Figure 12 shows Japanôs transition of number of work forces engaging in the nuclear power industry. We 

drawn this graph based on data cited from the successive annual reports entitled "Nuclear power industry 

investigation of actual conditions report" 
[7]
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they turned to decrease substantially down to 2006. On the contrary, technical workers are also saturated in mid 

1985 but the number seems to be maintained thereafter.  

By extrapolating these tendencies we draw two lines as shown in Fig. 12, which suggests that number of 

technical work forces would be level off at 27,000. On the other hand, the decreasing trend of the number of 

clerical work forces is a serious problem, which may reach zero after 2015. If such a forecast is realized in future, 

Japanese nuclear power generation business should be faced with disastrous situation.  

It is noted that after 2005, numbers of both clerical and technical work forces seem to halt decreasing trend. 

Therefore it may not be good timing now to make a final judgment for human resource shortage. 

Now, it is necessary to examine detail status of allocation of technical and engineering work forces. Figure 13 

shows historical transition of numbers of people classified in individual technical and engineering categories. This 

showed the data after 1985 when the number of technical work forces had been almost saturated at the level of 

approximately 27,000 as described in the previous section. 
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Fig. 12  History of number of work Forces engaging in nuclear power industry 
[7]

 

 

As shown in Fig. 12, numbers of persons classified as "Designers" and "Researchers" have decreased 

gradually, however only number of people related to "Service" increases remarkably among the technical work 

forces. Instead, other categories such as "Planning,ò "Equipment manufacturing," "Fuel fabrication," "Construction 

engineering," and ñEquipment Installationò are indicating almost constant numbers of personnel in the past history. 

This is caused by the remaining personnel who were hired during "Maintenance period" of the LWR era. However, 

we would like to give a warning that such a sharp decrease in the numbers of "Researchers" and "Designers" should 

withdraw serious personnel shortage in research and design divisions, which should be required for the later 

"Replacement period" as well as "FBR period" in future. 
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Fig. 13  History of numbers of detailed classified technical work forces
 [7]

 

 

Fig. 14  Age structure of personnel working at nuclear power plants and/or research committees 
[5,8]

 

 

 In the next, age structure of personnel who works at nuclear power plants and/or government committee is 

investigated here. Figure 14 is composed by authors by rearranging a part of retouch correction based on referencial 

data from "Nuclear power promotion plan" 
[5]

 and "Nuclear power human resources development society 

investigation report" 
[8]

. Numerical figures count number of people belonging in age bands which is divided from 

20 to 70 years old with intervals of 10 or 5 years old. 

Upper graph indicates that people working for the executive position in nuclear power industry ranges almost 

equal from 25 to 55 years old in the survey year of 2003. As shown in the lower graph in the survey year of 2006, 

however nuclear power energy specialists working as members of government committees range from 40 to 70 

years old, except young generation from 20 to 40 years old. This is reasonable because learning experience and 
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high level of intelligent are needed for the specialist. Base on this analysis, we wish to suggest that number of 

younger specialists must be increased as soon as possible because present peaks of specialist's has been obviously 

biased to the old age side.  

 It was pointed out before that decreasing in the number of ñResearchersò and ñDesignersò looses Japanôs 

potential ability of future nuclear power development toward "Replacement period" and "FBR period." Here, we 

made analysis on human resources relates to FBR. Figure 15 shows historical transition and age structure of 

technical work forces who have engaged with FBR "Monju" of Japan. The number of engineers related to Monju 

has decreased after 1985 similar to LWR case. As for the age structure, there is a peak ranging between late 40 and 

late 50 years old, and number of young engineers is extremely scarce. It is highly warned that technology and 

engineering relates to Monju construction should be lost in ten years later when a large number of work retirements 

happens. It is incontrovertible that the stagnation of Monju development due to the sodium leakage accident is the 

avoidable cause. However it may be another cause not to have allowed young generation to join in the research and 

Monju development field. Now it is the last chance for us to make up young work forces in order to stop 

technology loss in future before reaching large number of retirement.  
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Fig. 15   Population transition and age structure of engineers relates to FBR "Monju" 
[5]

 

 

 

4.  Discussion on Solutions for Human Resources Problems 

 In this Chapter 4, we discuss on proposed solutions for the issues concerning the human resources problems. 

4.1  Expansion of University and Graduate School related to Nuclear Energy 

 The university is a largest educational institution to supply human resources for the nuclear power industry.  

Figure 16 shows the transitional record of the number of enrollments for the undergraduate students, the graduate 

school students seeking a master degree and seeking a doctor degree at the university, respectively
 [5]

. The number 

of undergraduate student increases linearly from 1960 up to 1978, when it reached the saturated condition 

afterwards. On the contrary, students seeking master degrees and students seeking doctor degrees look like 


