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Abstract: Hydrogen technologies are promising candidates of new energy technologies for electric 

power load smoothing. However, regardless of long-term public investment, hydrogen economy 

has not been realized. In Japan, the National Research and Development Institute of New Energy 

and Industrial Technology Development Organization (NEDO), a public research-funding agency, 

has invested more than 200 billion yen in the technical development of hydrogen-related 

technologies. However, hydrogen technologies such as fuel cell vehicles (FCVs) have not been 

disseminated yet. Continuous and strategic research and development (R&D) are needed, but there 

is a lack of expertise in this field. In this study, the transition of the budgetary allocations by NEDO 

were analyzed by classifying NEDO projects along the hydrogen supply chain and research stage. 

We found a different R&D focus in different periods. From 2004 to 2007, empirical research on fuel 

cells increased with the majority of research focusing on standardization. From 2008 to 2011, 

investment in basic research of fuel cells increased again, the research for verification of fuel cells 

continued, and no allocation for research on hydrogen production was confirmed. Thereafter, the 

investment trend did not change until around 2013, when practical application of household fuel 

cells (ENE-FARM) started selling in 2009, in terms of hydrogen supply chain. Hydrogen economy 

requires a different hydrogen supply infrastructure, that is, an existing infrastructure of city gas for 

ENE-FARM and a dedicated infrastructure for FCVs (e.g., hydrogen stations). We discussed the 

possibility that structural inertia could prevent the transition to investing more in hydrogen 

infrastructure from hydrogen utilization technology. This work has significant implications for 

designing national research projects to realize hydrogen economy. 

Keywords: hydrogen society; national projects; grant distribution; structural inertia 

 

1. Introduction 

The adoption of renewable energy, such as solar and wind power, has progressed rapidly in 

recent years; for example, the system cost of solar power decreased while adoption increased 

rapidly—approximately tenfold from 2010 to 2016 [1]. However, renewable energy has unstable 

output because renewable energies depend on weather and daylight conditions. To cope with the 

volume growth of renewable energy, it is vital to introduce and develop technologies for electric 

power load smoothing. These technologies typically focus on energy storage and/or energy 
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conversion. Hydrogen-related technologies such as hydrogen production, storage, transport, and fuel 

cells are one of the clusters of technologies for electric power load smoothing. Hydrogen can be 

produced from the electricity surplus of renewable energy production as CO2-free energy sources 

and used later for fuel cell operation [2–4]. Thus, hydrogen is one of the promising candidates for 

smoothing the electric power load [5]. 

The role of hydrogen is not limited to energy storage for renewable energy systems described 

above. Hydrogen economy has been proposed as a vision where hydrogen is used as the energy 

carrier not only in transportation but also in the power generation sector [6–9]. However, it is not 

easy to realize hydrogen economy, and transition from the current energy system to hydrogen 

economy has been investigated in the previous literature [10–14]. Hydrogen economy has faced the 

cycle of hope and hype [15] among diverse stakeholders having different expectations [16]. 

There are several issues regarding dissemination of hydrogen-related technologies, such as 

household fuel cell and fuel cell vehicles (FCVs), which include cost [17–20], social awareness, 

perception and acceptance [21], lack of suppliers, infrastructure, and customers in a two-sided market 

[22,23]. These factors are interrelated, and some will be resolved after a wide range of disseminations. 

For example, in Japan, fuel cells started sales for home use in 2009 [24]. Since then, fuel cell price has 

gradually decreased. Market dissemination has been growing steadily, surpassing 10 million units in 

2014. Certainly, the situation is different between fuel cells for home and FCVs. Another report 

discusses a survey about the widespread status of FCVs [25]. One of these vehicles, MIRAI, started 

selling in 2014 [26]. Although the number of FCVs sold reached 2000 in 2017, sales were considered 

to be sluggish when compared with the sales of household fuel cells [4]. It is clear that long-term 

commitment is still needed to realize hydrogen economy [3], and technological advancement is 

expected to play a key role. 

The aim of this paper is to investigate the R&D trajectory in Japan and compare it with the trend 

of main actors in the field to drive implications for R&D planning and management based on 

observation. Japan has been a leading country in technological development for hydrogen 

technologies. We investigated the number of patents related to fuel cell technology. In Japan, there 

were 48,672 patents related to fuel cell technologies from 1993 to 2020. This is approximately three 

times the number of patents in the United States (16,752) and China (16,689) [27], and therefore 

worthy of investigation. The methodology and discussion about the number of patents is covered 

later. We analyze resource allocation patterns among projects by the National Research and 

Development Institute of New Energy and Industrial Technology Development Organization 

(NEDO, Kawasaki-shi, Kanagawa, Japan). NEDO is one of the public research-funding agencies in 

Japan; it has invested more than 200 billion yen in the technical development of hydrogen-related 

technologies, such as fuel cells, after 1993 [28–31]. 

Since NEDO has been investing heavily in research on hydrogen-related technologies, we 

inferred that NEDO projects played a key role in technological development and dissemination of 

technologies. However, we found little to no research on the analysis of budget allocations of the 

largest research funders (in our case, NEDO). Here, we analyzed NEDO-funded projects on 

hydrogen-related technologies to clarify the background issues related to the current penetration rate 

of household fuel cells and FCVs. The time–series changes of research funds were investigated in 

terms of the budget allocations by classifying along the hydrogen supply chain and research stage. 

The rest of the paper is organized as follows. In Section 2, we discuss the methodology. Section 

3 presents the results. Section 4 presents the discussion. Finally, Section 5 presents the conclusion. 

2. Methodology 

2.1. Data 

The NEDO projects related to hydrogen technology such as fuel cells and FCVs were analyzed 

by using public data available on the NEDO website [32]. The information was extracted by searching 

for the keywords, “fuel cell” and “hydrogen.” The survey period was between 1993 and 2016, because 

one of largest research projects on hydrogen technologies at NEDO, the World Energy Network (WE-
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NET), started in 1993. Budget information was extracted from documents of the basic plan for each 

project, implementation policies, and project ledgers for each year. There were 30 hydrogen-related 

technology NEDO projects in the survey period. The total budget for each project was calculated by 

adding up the project allocation in the budgets in each year. The NEDO projects associated with 

hydrogen-related technology were classified along the hydrogen supply chain and research stage 

based on the basic plan, yearly plan, and project ledger. 

We also utilized other information resources to supplement the analysis on the NEDO projects. 

To investigate the backgrounds of resource allocation change, we referred to the webpage of the 

Ministry of Economy, Trade and Industry (METI), the Japanese Cabinet Office, and the Japanese 

Prime Minister’s Office for identified keywords [33–35]. It was impossible to access information prior 

to 2000, so the website for the achieving project (WARP) was used to go through archived information 

[36]. The survey period was the same as that of the NEDO project (1993–2016). The total subsidy 

related to fuel cells by the METI was also analyzed. The METI website was searched for the keywords, 

“fuel cell,” and “hydrogen” [33]. 

Industrial policy can be influenced by industrial actors. Therefore, we searched for major 

industrial actors from the following database. We use Nikkei Information on Firms’ Activities 

available from Nikkei Value Search for the actor analysis. This is a database containing timely 

disclosure information and press releases. Nikkei Shimbun and Nikkei Sangyo Shimbun are 

classified in accordance with the definitions shown in Supplementary Materials Table S1. This table 

contains, therefore, the firms’ cession information. Since 1997, researchers at Nikkei Research have 

been carrying out data updates 30 to 50 times a day. As of August 2017, the database contained nearly 

200,000 pieces of datum. We searched the database using the keywords “hydrogen” and “fuel cell.” 

In Nikkei Information on Firms’ Activities, the researcher must input a short outline of a few hundred 

characters per activity and the keyword search is conducted with the activity titles and these outlines. 

There were 928 activities that were extracted. However, this information sometimes included noise. 

Next, one of the authors (MT), who worked for a major energy-related firm for an extensive period, 

carefully examined all activities with the use of “hydrogen” and “fuel cell” as keywords. The result 

showed that out of 928 activities, 501 were related to hydrogen energy. The current article analyzed 

the information from these 501 activities. We also investigated the website of the Council on 

Competitiveness-Nippon (COCN) [37]. The survey period was the same as that of the NEDO project 

(1993–2016). 

The number of patents related to fuel cells and hydrogen-related technologies was investigated 

using Derwent Innovation, which collects patent data from 44 issuing authorities. An equivalent 

query was applied per Derwent syntax as follows: For patents related to fuel cell, “ALLD = (“FUEL 

CELL“) AND AY ≥ (1993) AND AY ≤ (2020)”, for patents related to hydrogen technology, “ALLD = 

(“HYDROGEN“) AND AY ≥ (1993) AND AY ≤ (2020)”. Patent data were retrieved on 17 September 

2020. 

NEDO is one of the biggest funding agencies in Japan and has played a major role in hydrogen 

energy development. Nonetheless, we also collected data from another funding agency, Japan Society 

for the Promotion of Science (JSPS, Tokyo, Japan), that focuses on basic science. We used the database 

of the Grant-in-Aid for Scientific Research (KAKENHI) by JSPS. The keyword search in the Scientific 

Research Grant Program database extracted research projects related to hydrogen and fuel cells [38]. 

The keywords used to search in the KAKENHI database corresponding to each stage of the hydrogen 

supply chain are shown below: (1) Hydrogen production: Hydrogen production, CO2-free hydrogen, 

Hydrogen fuel; (2) Transport, storage, supply: Hydrogen transport, Hydrogen storage, Hydrogen 

fuel tank, Hydrogen container, Hydrogen station, Hydrogen infrastructure, Hydrogen supply; (3) 

Utilization: Fuel cell; (4) Multiple: Hydrogen society. The total research funds for each year were 

calculated by adding the funds for each research project in that year. It should be noted that the 

research status was set to “all,” and the survey period was between the years of 1993 and 2016 (same 

as that for the NEDO project analysis). 
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2.2. Method 

We analyzed the budget allocations of NEDO by classifying along the hydrogen supply chain 

and research stages. On the hydrogen supply chain, we classified each project into: (1) Hydrogen 

production; (2) Transport, storage, and supply; (3) Utilization; and (4) Multiple. As regards the 

research stage, we created the following classification schemes: (A) Research, basic techniques, 

materials, and components; (B) Products and system development; (C) Demonstration and 

commercialization studies; (D) Test, evaluation methods, and standardization; and (E) Investigation 

research. The detailed definitions for each classification and classification scheme are listed below. 

1. Hydrogen production 

If the project name, title, or summary contained “hydrogen production” or words paraphrasing 

hydrogen production (gas utilization, CO2-free hydrogen, etc.) and the content was determined as 

technology related to hydrogen production, the projects were classified as “hydrogen production.” 

2. Transport, storage, and supply 

If the project name, title, or summary contained “transport, storage, supply” or words 

paraphrasing transport, storage, supply (fuel tank, hydrogen container, hydrogen station, hydrogen, 

and infrastructure, etc.) and the content was determined as technology related to the transport, 

storage, and supply, the projects were classified as “transport, storage, and supply.” 

3. Utilization 

If the project name, title, or summary contained “fuel cell” or “components used in the fuel cell,” 

the projects were classified as utilization. After the initial screening, the summary in the basic plan 

was checked for projects other than hydrogen “utilization.” 

4. Multiple 

The projects that fell under all the multiple processes of (1) to (3) were classified as “multiple.” 

Detailed definitions and classification of the research stage are as follows: 

A. Research, basic techniques, materials, and components 

If the project name, title, or summary contained “basic research,” “reaction mechanism analysis” 

or words to paraphrase basic research (the fuel cell member, cell, stack, etc.) and the content was 

determined as research-based technologies, materials and members level, these projects were 

classified as “research, basic techniques, materials and components.” 

B. Products and system development 

The products and systems development in this study are defined as FCVs, cogeneration systems, 

products equipped with fuel cell, and hydrogen-related products. If the project name, title, or 

summary contained “fuel cell products,” “hydrogen-based products” or words to paraphrase the fuel 

cell products or hydrogen-based products (cogeneration systems, etc.) and the content was 

determined as products and systems development level, these projects were classified as “products 

and system development.” 

C. Demonstration and commercialization studies 

If the project name, title, or summary contained “demonstration” and the content was 

determined as demonstration level, these projects were classified as “demonstration and 

commercialization studies.” 

D. Test, evaluation methods and standardization 

If the project name, title, or summary contained “the system (software)” or words to paraphrase 

the system (software) and the content was determined as test, evaluation standardization level, these 

projects were classified as “test, evaluation methods and standardization.” 
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E. Investigation research 

If the project name, title, or summary contained “the investigation research” or words to 

paraphrase the investigation research and the content was determined as investigation research, 

these projects were classified as “investigation research.” 

3. Results 

Figure 1 illustrates the annual total budget change of NEDO hydrogen projects. Between 1999 

and 2002, the total budget increased from several tens of billion yen to around 100 billion yen and 

150 billion yen in 2000 and 2002, respectively. Then, it increased rapidly to 210 billion yen in 2006. In 

2009 and 2010, the total budget started dwindling and was approximately 80 billion yen in 2011. After 

2014, the total budget showed a slight increase. From these observations of the total budget change, 

we classified the following five phases in the funding of hydrogen technologies as follows: 

 Phase 1: From 1993 to 1999 (Initial stage), 

 Phase 2: From 2000 to 2003 (Expansion stage), 

 Phase 3: From 2004 to 2007 (Growth stage), 

 Phase 4: From 2008 to 2011 (Decline stage), and 

 Phase 5: From 2012 to 2016 (Re-attention stage). 

As described below, we observed different budget allocation strategies in different phases. In 

addition, the average budget in each stage was 13, 124, 180, 133, and 107 hundred million yen, 

respectively. 

 

Figure 1. Transition of annual total budget and average budget for each research phase of National 

Research and Development Institute of New Energy and Industrial Technology Development 

Organization (NEDO) projects related to hydrogen technologies. 

Figures 2 and 3 show the budget allocation in Phases 1–5 along the hydrogen supply chain and 

research stages, respectively. 

In the initial stage, the WE-NET project was undertaken, and each of the hydrogen production 

and storage technologies were allocated approximately 40% of the budget for the hydrogen supply 

chain. Furthermore, hydrogen utilization and investigation research funds were distributed at 

approximately 50% and 10%, respectively. In contrast, the allocation of basic research funds for 

materials and members was 85% in terms of the research stage. Investigation research accounted for 



Sustainability 2020, 12, 8546 6 of 15 

approximately 15%. We found that basic research was carried out in each of the four hydrogen supply 

chain levels as shown in Figures 2 and 3. 

Although hydrogen production and multiple projects dwindled in the expansion stage, 

hydrogen utilization projects rapidly increased to approximately 80% in the same phase. The main 

projects during the expansion period were related to molten carbonate fuel cells (MCFCs), polymer 

electrolyte fuel cells (PEFCs) using liquified petroleum gas (LPG), and conventional PEFCs. Thus, we 

see that the allocation of fuel cells (MCFCs and PEFCs) was increased in the expansion stage. In terms 

of the research stage, the basic research on materials and members declined. The ratio of research 

projects related to testing, evaluation methods, and standardization increased to approximately 30%. 

These changes indicated that evaluation technology related to PEFCs could be the focus in the 

expansion stage, considering the hydrogen supply chain classification. 

Although there was no drastic change in the trend of utilization at the growth stage, the 

distribution ratio of the storage technology projects also increased. The main projects in the growth 

stage were related to solid oxide fuel cells (SOFCs), portable fuel cells, and new usage of fuel cells. 

Here, we see that the investment targeted toward fuel cells was diversified. In terms of the research 

stage, empirical research increased with most research projects on standardization. 

In the decline stage, the allocation was similar to the expansion stage, and focused on investment 

in fuel cells. The main projects were about standardization of PEFCs and research on SOFCs. Here, 

we see that the investment targeted toward fuel cells was uniform. There were no research projects 

on hydrogen production. In terms of the research stage, the investment in basic research, materials 

and components increased again. Furthermore, research projects for verification were continued, and 

no allocation for research on hydrogen production was seen. 

In the re-attention stage, hydrogen production projects were again allocated funding and the 

allocation ratio continued to be flat at approximately 5%. In contrast, hydrogen transportation, 

storage, supply, and hydrogen utilization allocation decreased gradually. Moreover, the distribution 

ratio of research and development (R&D) for multiple projects on the supply chain increased to 50%. 

In terms of the research stage, the distribution proportion of basic research, materials, and member 

level decreased rapidly to 45%. Allocations for projects on products and systems products increased 

rapidly to approximately 25%. Furthermore, an increase in hydrogen production and compositive 

levels was observed. 

 

Figure 2. Transition of budgetary allocation ratio for NEDO-funded research projects on the hydrogen 

supply chain. 

0

2 0

4 0

6 0

8 0

1 0 0

1 . In it ial stag e 2 . Exp ansio n stag e 3 . Growth stag e 4 . Decl ine stag e 5 . R e-atte nt ion  sta ge

R
e
s
e
a
rc

h
 b

u
d
g
e
t 

a
llo

c
a
ti
o
n
 /

 %

Phases

Hyd rog en  pro d uction Storag e Use M u ltip le



Sustainability 2020, 12, 8546 7 of 15 

 

Figure 3. Transition of budgetary allocation ratio for NEDO projects by research stage for hydrogen-

related technology. 

Based on Nikkei Information on Firms’ Activities available from Nikkei Value Search, the 

hydrogen energy actor network was analyzed. The hydrogen energy actors formed a complicated 

network. The changes in the number of actors involved in this network are shown in Table 1. The 

number of actors involved was counted for each year, regardless of their position but excluding 

duplication. In other words, whether they were an investor or investee was not considered, but the 

number of actors who were involved with some activities was counted each year without duplication. 

We see that the change in the number of actors related to hydrogen technologies increased from 1999 

to 2000. After 2000, the increase in the number of actors was almost flat and range-bound until 2011. 

It was followed by a rapid increase from 2011 to 2016. 

The list of actors and behaviors in the hydrogen energy actor network at each stage is described 

below (Table 1). 

Phase 1—From 1993 to 1999 (Initial stage): The major actors were Ebara and Ballard Generation 

Systems, who established a joint venture for R&D of PEFC technology. Most projects by other 

companies were related to strengthening their existing business. 

Phase 2–From 2000 to 2003 (Expansion stage): The major actors were Ebara, Osaka Gas, Toshiba, 

and Tokyo Gas. These were companies working on household fuel cell technology. Again, most 

projects by other companies were related to strengthening their existing business. 

Phase 3—From 2004 to 2007 (Growth stage): The major actors were Ebara and Nippon Oil 

Corporation. These were companies working on fuel cell technology. Although new fuel cell 

technology companies, automakers, and hydrogen suppliers were observed (e.g., Iwatani and 

Nissan), most projects were again related to strengthening existing business. 

Phase 4—From 2008 to 2011 (Decline stage): The major actors were Iwatani, JX TG Energy, 

Toyota, Honda, Toyota Tsusho, Toho Gas, and Nissan. These companies were automakers, hydrogen 

producers, and suppliers. Most projects were related to strengthening existing business and newly 

started FCVs. 

Phase 5—From 2012 to 2016 (Re-attention stage): Many actors involved in the decline stage, such 

as Honda, Toyota Tsusho, and JX TG Energy, were again involved in the re-attention stage. These 

companies were related to manufacturers of FCVs and hydrogen fuel suppliers. Most projects were 
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focused not only on strengthening existing business, but also on business collaboration and 

establishment of joint ventures. 

Table 1. Transitions of behaviors and actors in each stage. 

Behavior 

The Ratio of Behaviors (%) 

From 1993 to 1999 (Initial 

Stage) 

From 2000 to 

2003 

(Expansion 

Stage) 

From 2004 to 

2007 

(Growth 

Stage) 

From 2008 to 2011 

(Decline Stage) 

From 2012 

to 2016 

(Re-

Attention 

Stage) 

Strengthening of 

the existing 

business 

42 39 41 68 48 

Establishment of a 

joint venture 
25 12 8 1.3 6.4 

Minority capital 

participation 
17 14 10 5.1 2.1 

Business 

collaboration such 

as sales, 

technology, and 

production 

8 28 27 18 33 

Reduction of the 

existing business 
8 2.6 0 1.3 3.1 

Merger/business 

integration 
0 2.6 3 1.3 1.6 

Cancellation or 

postponement of a 

plan 

0 1.3 4 0 0 

Additional 

purchase of 

minority shares 

after acquiring 

50% 

0 1.3 2 0 0 

Establishment of a 

new company 
0 0 3 1.3 2.1 

Entry to a new 

business area 
0 0 2 0 1.6 

Acquisition of a 

business sector, 

intangible fixed 

assets, and 

tangible fixed 

assets 

0 0 0 3.8 2.1 

Total 100 100 100 100 100 

Actors 

(Number of 

Appearance (>2)) 

Ebara (4),  

Ballard Generation Systems (2). 

Ebara (6),  

Osaka gas 

(4),  

Toshiba (4),  

International 

Fuel Cells (4),  

Corona (3),  

Mitsubishi 

Corp (3),  

Sumitomo 

Corp (3),  

IHI (3),  

Tokyo Gas 

(3),  

Nissinbo (3). 

Nippon Oil 

Corporation 

(6),  

Ebara (3),  

Iwatani (3),  

Matsushita 

Electronic 

(3),  

Air Water 

(3),  

Nissan 

Motors (3). 

Iwatani (37), JXTG 

Energy (28), Toyota 

(27), Ebara (17), 

Tokyo Gas (14), 

Honda (13), 

Nippon Oil 

Corporation (11), 

Osaka Gas (11), 

Nisshinbo (11), 

Toyota Tsusho (11), 

Toshiba (9), Toho 

Gas (8), Sumitomo 

(7), Idemitsu Kosan 

(7),  

Panasonic (7), 

Nissan (7). 

JXTG 

Energy 

(25),  

Iwatani 

(21),  

Toyota 

(15),  

Honda (7),  

Toyota 

Tsusho (7). 
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4. Discussion 

As illustrated in the previous section, we can see the different budget allocation strategies for 

each phase of the NEDO hydrogen program. In the following, we overview the characteristics of each 

phase and discuss the rationale behind the allocation strategy change. The research projects and 

specific technology issues at each stage are summarized in Table S2. 

In the initial stage the WE-NET project was conducted, which was planned to achieve 

international use of renewable energy with hydrogen as the energy carrier. Budgetary allocation was 

centered on the production, storage, and use phases. The importance of establishing a global 

hydrogen supply chain was emphasized, which was reflected by a balanced budget allocation for 

production, storage, and use. On the use side, research on hydrogen combustion turbines was 

conducted. It had a historical background. Basic research on hydrogen combustion was conducted in 

the Sunshine Project, which was a national research program initiated in 1974 to develop new energy 

technologies including hydrogen combustion. The hydrogen combustion turbine was considered as 

the main target of hydrogen utilization in the WE-NET project, rather than fuel cells. However, the 

main actors on the business side were Ebara and Ballard Generation Systems, who focused on 

development of PEFC technology. Thus, we can deduce that in the initial stage, NEDO focused on 

the challenging technology of hydrogen combustion and the global hydrogen supply chain, which 

were too risky to be invested in only by the private sector. 

This balanced budget allocation changed in the expansion stage, where the government started 

focusing on fuel cells, and budget allocations for fuel cell research increased. Fuel cell projects were 

adopted as part of the Prime Minister-led Millennium Project [35]. The “Fuel Cell Commercialization 

Strategy Study Group” was established in METI in 2000 [33]. In 2001, fuel cell technology was 

assigned as a priority area in the Science and Technology Basic Plan, the sectoral promotion strategy, 

and the industrial technology strategy of the Japanese government. Corresponding to the movement 

of the government, R&D of fuel cell (hydrogen utilization) technology was focused on utilization 

technologies, and allocations for the same were rapidly increased. Furthermore, the technical 

development of the fuel cells was not conducted in the WE-NET. As can been seen in Table 1, during 

this phase the appearance of companies focusing on household fuel cells, including Osaka gas and 

Toshiba, increased. Contrary to the initial stage, the NEDO strategy and those of the business actors 

seemed to be synchronized. 

In the growth stage, basic research, such as that on material development, reaction mechanism 

analysis for the next-generation high-efficiency fuel cell, or improving the durability of the fuel cell 

at up to stack-system level from cell level, was added as an idea in the “Fuel Cell Commercialization 

Strategy Study Group” [33]. Thus, the total budget could be increased in the expansion and growth 

phases. In the expansion and growth stages, Panasonic, Toshiba, and Nippon Oil, which accounted 

for 90% of ENE-FARM production, joined the NEDO projects, while Toshiba already appeared in the 

expansion stage in Table 1. Therefore, the NEDO projects seemed to each company as strategies for 

the development of home-use fuel cells. According to the actor change analysis, the major actors were 

still the manufacturers of PEFC-related products, such as Ebara and Ballard Generation Systems, 

indicating that the R&D trend in the industry was also focused on household fuel cells. The 

governmental commitment to fuel cells during this phase can be confirmed by the technology 

strategy map published in 2005 and the hydrogen technology development road map published in 

2008 [39]. The technical strategy map published in 2005 set fuel cell technologies as important 

technical solutions in new energy technology for solving global warming such as electrode material, 

the proton conductor for the PEFC or SOFC, and the hydrogen separation membrane for the 

extraction of hydrogen [40]. The technical strategy map published in 2007 also identified anode–

cathode materials, electrolyte materials, and catalysts for fuel cells as important new energy 

technologies for solving global warming. However, there were no descriptions of the quantitative 

targets of performance and cost at that time. In 2008, fuel cell and hydrogen technology development 

roadmaps were issued for the first time. Although the technology strategy map in 2008 set forward 

technologies similar to those identified in 2007, this roadmap specified that two types of fuel cells, 

such as PEFCs and SOFCs, should be focused on and described technical problems in these two fuel 
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cells for stationary applications and FCVs [32]. In addition, this roadmap expressed quantitative 

targets for performance and cost of fuel cell technology, hydrogen production, storage, and 

transportation of FCVs. 

As can been seen in Figure 1, the total annual budget was halved during the decline stage. A 

plausible reason for the decline was the shift from R&D for fuel cells to subsidies for dissemination 

of ENE-FARM under the budget ceiling. Figure 4 shows the budget allotment of subsidies for 

purchase of ENE-FARM and the budget for research at NEDO projects related to hydrogen 

technology, in the decline stage and the re-attention stage. ENE-FARM started sales in 2009 in the 

decline stage. This was around the time when the total budget of the NEDO projects related to 

hydrogen technology was reduced. At the same time, subsidies for the purchase of ENE-FARM by 

METI also started. These actions could have had an impact on the decrease in the total NEDO project 

budget. However, the total budget for R&D related to hydrogen technology and subsidies for ENE-

FARM were not consistent. Therefore, whether the R&D budget was converted to the subsidy was 

still unclear, and we cannot conclude the reason for the decline. From Figure 4, it is evident that the 

subsidy appeared to contribute to the introduction of ENE-FARM. Subsidies remained at 

approximately 200 billion yen, or approximately two times the R&D budget for hydrogen technology, 

even after 2014. Although beyond the scope of this paper, the duration of the subsidies for ENE-

FARM should be discussed in terms of its policy effectiveness for promoting penetration of hydrogen 

technologies. Interestingly, the main actors changed from the manufacturers of PEFC-related 

products to automakers, hydrogen producers, and suppliers, indicating that the research and 

development goals of these companies had changed from household fuel cells in the growth stage to 

the spread of FCVs in the decline stage. 

 

Figure 4. Time–series change in the budget allotment of subsidies for purchase of household fuel cells 

(ENE-FARM), and the budget for research at NEDO projects related to hydrogen technology, in the 

decline stage and the re-attention stage. 

In the re-attention stage, the supply chain of hydrogen energy was the focus again, as in the 

initial stage. In the industry, the Council on Competitiveness–Nippon (COCN) proposed the “fuel 

cell vehicles, hydrogen supply infrastructure spread project” in 2009 [37]. COCN reported that most 

of the technical barriers to FCV adoption were expected to be resolved by 2015. However, cost 

challenges and hydrogen supply infrastructure remained major barriers to the spread of FCVs. 
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COCN is a lobby group of the Japanese industry and is influential with the government. The 

resurgence of an interest in hydrogen supply seemed to be partly because of the COCN report. 

However, it does not mean that the COCN report immediately changed the direction of the 

budget allocation of NEDO projects, and we waited, illogically, until 2013, when it was decided that 

the 2020 Olympic games were to be held in Tokyo. NEDO continued to focus on the technical 

development of hydrogen utilization, specifically on fuel cells. When it was decided that the 2020 

Olympic Games were to take place in Tokyo, the 4th Basic Energy Plan stipulated the construction of 

the hydrogen supply chain [33]. The Japanese Prime Minister, Mr. Shinzo Abe, mentioned at the 

hydrogen and other related ministerial conferences in 2015 that the Tokyo Olympic Games would 

use the hydrogen produced in Fukushima, and that Japan would be a world leader in the 

development of a hydrogen society [35]. In addition, the Japanese Cabinet Office formed a hydrogen 

energy system task force for the Tokyo Olympic Games [34]. Thus, the Tokyo Olympic Games could 

provide the momentum for Japan to become a world leader in hydrogen technology and society. In 

response to the abovementioned movements, after 2014, NEDO projects invested in research areas 

related to the hydrogen supply chain, such as hydrogen production, storage, transport, and 

infrastructure, instead of hydrogen utilization technologies such as fuel cell technologies. 

Furthermore, the 5th Basic Energy Plan and hydrogen basic strategy were formulated in 2017 and 

2018, respectively [41,42]. The 2020 Tokyo Olympics Games were recently postponed because of the 

COVID-19 pandemic. Although there are a few consequences for R&D plans caused by the 

postponement of the Tokyo Olympics Games, there are no public reports and plans related to fuel 

cell and hydrogen technology, as far as we know. The work on hydrogen society construction toward 

the 2021 Tokyo Olympics Games could be continued. 

In the text above, we investigated the changes in the budget allocation strategy by NEDO and 

the mechanisms behind these changes. In the initial stage, basic research of each phase of the 

hydrogen supply chain was conducted by producing and utilizing the hydrogen from the renewable 

energy power generation. In the expansion and growth phases, the budget allotment changed from 

hydrogen production to fuel cells, and research related to hydrogen production was discontinued. 

These movements may have contributed to the production numbers of ENE-FARM. Here, we must 

note that the supply chains of ENE-FARM and FCV are different. ENE-FARM can utilize existing city 

gas infrastructure and methane reforming. As shown in a paper published in 2008, hydrogen 

production accounted for over 70% of the total cost for utilizing hydrogen [43]. To lower these costs, 

it would be necessary to invest in R&D of hydrogen production technology. The ENE-FARM was put 

to practical use in 2009. 

Subsequently, the budget allotment gradually shifted to comprehensive technology from 

utilization technology (fuel cell) in the years following 2014, although the goal of R&D by these 

companies could have changed from household fuel cells to FCVs, observed by actor analysis. The 

target for NEDO projects must have been changed from ENE-FARM to FCVs before the decline stage, 

and national projects by NEDO had a strong impetus to maintain the allocation. A plausible reason 

for this lack of allocation change is that, ironically, the technological development of ENE-FARM 

succeeded, and the subsidies for ENE-FARM continued after the ENE-FARM was put to practical use 

in 2009. Additionally, there were approximately 48,000 patents related to fuel cell technologies up to 

2020 in Japan, as shown in Figure S1, which was more than in the United States (16,752) and China 

(16,689). Therefore, NEDO research projects contributed to the development of fuel cell technologies 

and the practical use of ENE-FARM. By contrast, the number of patents relating to hydrogen 

technologies in Japan remained at 103,853, similar to 90,107 in the US, although China achieved 

256,960, as shown in Figure S2. Thus, the contribution of NEDO research projects was not enough to 

develop hydrogen technologies, such as hydrogen production and transport, storage, and supply. 

The restart of investment for hydrogen production research had a large time lag of 10 years since its 

initial stage. Therefore, there could be no R&D or know-how in the companies. 

In hindsight, to resolve this issue it was necessary to classify basic and applied research and to 

adopt different allocation strategies for these two types. Figure 5 shows the change of the budget 

allotment for hydrogen technology by KAKENHI projects under the Ministry of Education, Culture, 
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Sports, Science and Technology (MEXT), which is another funding resource. The total budget related 

to hydrogen technology of KAKENHI remained flat, compared to that of NEDO projects under METI. 

Namely, the bottom-up type of research funds such as KAKENHI’s were less susceptible to industrial 

and political factors, contrary to NEDO projects. Because METI and MEXT are different ministries of 

the Japanese government, collaborations and orchestrations among different programs might have 

been difficult but desirable. 

This study highlights important ways in which the structural inertia hampering the design of 

national research projects can be alleviated. First, national research projects should be designed in 

terms of systems thinking. As the first step, we should set the system goals to be achieved, and then 

design the necessary value chain for achievement. The next step is to break down R&D plans into 

stages, instead of relying on the outcome of past research projects. Finally, academic knowledge 

should be utilized for designing national research projects. The diversity of research fields related to 

hydrogen technology for KAKENHI was consistently higher than that for NEDO projects (Figure 5). 

National research projects should be designed based on academic knowledge instead of the lobbying 

activities of Japanese industrial groups and companies. If these steps are taken, structural inertia for 

designing national research projects can be alleviated. 

 

Figure 5. Time–series change in the budget allotment of Grant-in-Aid for Scientific Research database 

(KAKENHI) grants related to hydrogen technology. 

5. Conclusions 

In this study, the transition of budget allocations for hydrogen-related technologies was 

analyzed by classifying NEDO projects along the two axes of the hydrogen supply chain and the 

research stage. From 2004 to 2007, the empirical research of fuel cells increased, with most of the 

research centered on standardization. From 2008 to 2011, investment in basic research on fuel cells 

increased again, the research on verification of fuel cells was continued, and no allocation for research 

on hydrogen production was confirmed. After that, the investment trend in terms of the hydrogen 

supply chain did not change until around 2013, after the practical application of household fuel cells 

(ENE-FARM) started selling in 2009 and the research trend in industry changed to FCVs. The 

structural inertia prevented the transition of investments to projects on the hydrogen infrastructure 

from the hydrogen utilization technology. The NEDO projects should be focused on the hydrogen 

supply infrastructure when switching from ENE-FARM, using city gas as the existing infrastructure, 

to FCVs, which require constructing a new hydrogen supply infrastructure, instead of continuing to 
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invest in hydrogen utilization technologies such as fuel cells. This study provides significant 

implications for designing national research projects without the structural inertia when research 

goals are changed. 

Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/12/20/8546/s1, 

Figure S1: Definition of data, Nikkei Information on Firms’ Activities (Source: Nikkei Value Search), Table S2: 

Transitions of specific research and development projects in each stage, Figure S1: The number of patents related 

to fuel cell technologies each country of applicants (Top 5 in ranking) from 1993 to 2020, Figure S2: The number 

of patents related to hydrogen technologies each country of applicants (Top 5 in ranking) from 1993 to 2020. 
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