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A B S T R A C T

With nearly 70 % of the global population expected to live in urban areas by 2050, cities will need to manage 
energy transitions to achieve ambitious carbon neutrality goals. As the current rate of decarbonization in cities is 
too slow to achieve these ambitious goals, feasible pathways toward deep decarbonization are becoming 
increasingly urgent. This paper synthesizes a technical and economic analysis with more qualitative methods 
(transition theory, thick description, and action research) to examine the potential for a key set of niche tech-
nologies to drive carbon neutral transitions in Kyoto, Japan: rooftop photovoltaics (PVs) integrated with electric 
vehicles (EVs) as batteries at the city scale (“SolarEV City Concept”). The article examines the opportunities and 
challenges of using the Kyoto Miraimon Project to establish a community-scale “PV + EV” system that can inject 
momentum into transitions in Kyoto. The platform accelerated transitions by supporting the adoption of inno-
vative technologies and aligning key stakeholder interests around regime-level government climate goals. With 
increasing EV penetration globally and the rapid uptake of PV technologies, the windows of opportunities for 
deep decarbonization of cities through rooftop PVs integrated with EVs are gradually opening.

1. Introduction

The evidence is incontrovertible: climate change poses an existential 
threat to the planet and its people [1–3]. To avert a climate crisis, 
holding global temperatures below 1.5 ◦C and reaching carbon 
neutrality goals by 2050 is critical [4]. While national governments are 
increasingly heeding this warning, the achievement of net zero goals 
will often depend on cities. Simply stated, cities will determine whether 
net zero is aspirational rhetoric or an achievable reality. The pivotal role 
of cities is evident in estimates that suggest 68 % of the global popula-
tion will be urban by 2050; this growth is a marked increase from 55 % 
of the population who lived in cities in 2018 [5]. The centrality of cities 
is similarly apparent in research showing national governments 
frequently lack the context-specific knowledge and multi-stakeholder 
connections required to reach all segments of society and steer transi-
tions alone [6–8]. Finally, the need for urban action is clear in previous 
studies that suggest that cities and other subnational governments often 
prove more flexible and innovative in crafting climate solutions than 
national governments [9–13]. The importance of cities has made its way 

into high-level policy statements: the 2023 G7 Hiroshima Leaders’ 
Communiqué, for instance, underlined “the transformative power of 
cities as drivers for every aspect of sustainable development” [14].

To some degree, how cities harness this transformative power is 
likely to vary across countries and contexts. More concretely, Japanese 
cities may face hurdles that differ from more studied European or 
American cities. Many of these differences can be traced to rapidly 
declining and aging populations as well as limited land area in Japan 
[15]. From this perspective, these constraints set Japan apart from other 
countries. There is indeed no question that Japan’s population is 
shrinking faster than much of the world. A similar claim can be made 
about the availability of land in Japan. In fact, Japan’s efforts to harness 
renewables for green hydrogen fuels have often focused on investments 
in Southeast Asia due to limited land. However, when viewed from 
another perspective, Japan is not as unique as it seems on the surface. 
For example, many other countries are also adopting bold net zero tar-
gets and fashioning multi-level power-sharing arrangements to help 
cities decarbonize energy systems. One needs to look no further than the 
G7 to see examples of the growing emphasis on devolution of 
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decision-making authority when it comes to climate policy.
To cite a relevant example of how cities in many countries are 

moving forward, a core feature of the United States Inflation Reduction 
Act is that cities and other local governments are expected to apply for 
fiscal transfers to help reach ambitious national and subnational targets. 
A similar pattern is also evident in Japan, wherein the national gov-
ernment unveiled plans about five years ago to reach carbon neutrality 
by 2050 and then followed that up with a sixth basic energy plan that 
stipulated that greenhouse gas (GHG) emissions should be reduced by 
46 % in 2030 from 2013 levels [16]. Japan’s renewable energy target for 
2030 increased from 22-24 % to 36–38 % in recent years, again 
underlining the heightened attention to shifting development pathways 
[16]. Importantly, these policy changes had a significant impact on local 
governments; many began to develop strategies that would help them 
achieve carbon neutrality goals in their wake [16–19]. In a slightly 
different variant on the same theme, some countries have also placed the 
onus on high-profile cities to set the example for other cities to follow 
[20]. Paris, for instance, is being held up as a model exemplar in France 
(and other countries) on how a subnational government can orchestrate 
a low-carbon transition. In Japan, too, the national government has 
selected more than 100 leading areas for decarbonization to showcase 
how frontrunner cities with requisite capacities and additional back-
stopping support can move a transition forward [21]. The hope is that a 
critical mass of lighthouse cities can lead the way and spur replication 
effects for other cities to follow in many countries [22].

There are also important parallels in the opportunities and chal-
lenges to decarbonization in cities across countries [23]. Some of these 
commonalities relate to the technical and economic feasibility of 
renewable technologies [19,24,25]. For example, many cities may lack 
charging stations required to spread electric vehicles or the financing 
models required to drive down the costs of renewables [26]. These 
possibly shared constraints on transitions require a deeper understand-
ing of not simply the technical or economic but also the social and 
institutional feasibility of transformative change [27]. Although 
techno-economic analyses provide the least-cost pathways [19], they 
may not be feasible due to real-world factors that are not easily captured 
in modeling such as social acceptance and multi-stakeholder coopera-
tion [27,28].

In fact, a sizable body of literature has shed light on these factors that 
are often relegated to the margins of models to demonstrate the poten-
tial and constraints on socio-technical transitions. Among the most 
illuminating of these studies is the work of Geels and others who have 
developed a multi-level perspective (MLP) [29]. The MLP perspective 
suggests that transitions require looking at three levels of analysis to 
understand the drivers and barriers to transforming socio-technical 
systems: the innovative niche (a technology), the regime (policies/in-
stitutions and business patterns), and the exogenous landscape (outside 
shifts in markets and/or norms) [27]. When actions or changes within 
these three levels are well-aligned and mutually reinforcing, a window 
of opportunity could open, allowing a radical shift socio-technical 
systems.

One of the strengths of this multi-level perspective is its generaliz-
ability. That is, it can shed light on not only the technical and economic 
but also the social and institutional dimensions of transitions in a variety 
of contexts [27,30]. Another virtue of this perspective is it underlines 
that starting and sustaining transitions is not easy. Several mutually 
reinforcing inertias within and across energy, urban, policymaking, and 
other socio-economic systems can prevent new technologies from 
breaking through and gaining ground. Yet a third reason that the MLP 
(and similarly motivated work on strategic niche management) is illu-
minating is that it suggests the possibility of overcoming these barriers 
when their mutually supportive pressures are at the lower niche and 
regime levels. To foreshadow the case study in this paper, those pres-
sures could be created by setting up a platform that helps align the in-
terests of different stakeholders around the installation and spread of 
rooftop PV systems integrated with EVs as batteries (“PV + EV” or 

“SolarEV City Concept”), which is highly efficient technologies for deep 
urban decarbonization [18,19]. This could begin with a demonstration 
project that opens a niche for “PV + EV” and then expands further as the 
platform builds trust and mutual understanding across actors. It could 
grow even further as broader policy and governance reforms help 
strengthen that platform and bring the funding and regulatory reforms 
needed to spread that innovative technology.

While the work on MLP [30–32] and strategic niche management 
[33–35] have much to offer in illustrating the potential and challenges 
to transitions, there have been relatively few studies to use those insights 
in Japanese cities [33]. In fact, the vast majority of work on transitions is 
concentrated in the Netherlands, where this line of thought originated, 
as well as other countries in Europe [33]. Though this regional con-
centration may be partially attributable to some of the unique charac-
teristics of Japan, such as the aging of society and limits on land, the case 
featured in this article, decentralized renewable-based “PV + EV” en-
ergy systems, is selected precisely because it offers a useful way to 
potentially expand opportunities [18] and overcome some of these 
challenges in a non-European context. Further, as the article will also 
show, the case of the renewable-based “PV + EV” system in Kyoto can 
also shed light on some of the opportunities and impediments to 
developing a niche technology and then working with different policy 
frameworks and institutions and multi-stakeholder platforms to support 
the spread of that socio-technical solution. The insights gathered from 
such a deep-dive case study are, therefore, likely to have implications for 
Japan and other cities. The present study, therefore, draws upon the 
above rationales to answer the following questions. 

1. What are the opportunities and challenges for cities with falling 
populations and limited land, such as Japan, to transition to decen-
tralized renewable-based “PV + EV” energy systems?

2. How can researchers, industry, NGOs, and local government 
collaborate to open and expand a niche for renewable-based “PV +
EV” systems?

3. What kinds of policy frameworks and governance arrangements can 
strengthen this multi-stakeholder collaboration and help spread 
niche-level “PV + EV” innovations and move forward transitions?

2. Methods

This research employs a case study approach to understand the op-
portunities and barriers to initiating and scaling up rooftop PV systems 
integrated with EVs (“PV + EV”) in Kyoto. Building upon our previous 
study on the energy-financial model analysis of the “PV + EV” system in 
Kyoto [19] (Fig. 1), this study utilizes several commonly employed case 
study research methods, including socio-technical transition and policy 
analysis [36–38], to provide those insights. The initial phase of this 
research involves a relatively standard economic and technical assess-
ment of the feasibility of “PV + EV” [19], which underscores the sig-
nificant potential for niche development around this particular solution 
in Kyoto. That analysis is further supported by a brief technical overview 
of CO2 emission trends in Kyoto.

However, because the scope of this research extends beyond merely 
assessing technical and economic potential, the study also draws upon 
socio-technical transition studies and qualitative methods commonly 
used in case study research [38], such as thick description and process 
tracing [39,40]. These methods enable a more detailed exploration of 
non-technical factors that could facilitate or hinder a “PV + EV”-cen-
tered transition in Kyoto (Fig. 1). Those methods are helpful because 
they can shed light on how key agents and interests interacts with pol-
icies and institutional frameworks at the regime level, and thus offers a 
more nuanced assessment of the feasibility of change within a carefully 
delineated case study. To complement the qualitative methods, the 
study also incorporates action-oriented research involving the Kyoto 
Miraimon Project, a stakeholder platform supporting “PV + EV” in 
Kyoto (Fig. 1). This connection to real-world initiative illustrates how 
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researchers can actively contribute to facilitating change on the ground. 
Thick description, process tracing, and action-oriented research have 
been applied in various areas of transitions and policy research to illu-
minate social and institutional barriers to change and can also provide 
useful insights for the research in Kyoto [41–44].

3. Case study background

The starting point for this case study is the niche technology—that is, 
decentralized renewable-based “PV + EV” energy systems. To under-
stand the technical potential of this technical solution, it merits under-
lining that PV outputs are greatly variable as they only work during the 
daytime, and thus require energy storage for deep decarbonization. 
Against this backdrop, the “SolarEV City Concept” has been introduced 
to mitigate the problems of variable PV outputs and to decarbonize the 
transport sector as well as the building sector [18]. This is done by 
integrating EVs as batteries at the city scale [45–47]. The concept uses 
V2H (vehicle-to-home) and/or V2B (vehicle-to-building) systems, which 

allow bi-directional charging of EVs from rooftop PV [48].
As the costs of PV and EV are expected to continue to decline in 

subsequent decades, the systems can provide affordable and dis-
patchable electricity to cities [49,50]. V2H systems have been 
commercialized in Japan since 2012 following the Fukushima disaster. 
More than 20,000 V2H units have been sold by the end of March 2023 in 
Japan [51]–though other countries still lack well-developed V2H mar-
kets. Thus, Japan is well positioned as a leading country to build the 
SolarEV City. Finding suitable locations for renewable energy (e.g., solar 
or wind) is difficult due to limited land areas and high population 
densities [18]. Given this situation, using rooftops for the installation of 
PV is a priority. The SolarEV City Concept was first proposed for Kyoto in 
2020 as a way to allow the maximum utilization of rooftop areas for PV 
in an economically efficient manner [45]. It was assumed that 70 % of 
the rooftop area of the city was utilized for rooftop PV, that all the ve-
hicles were converted to EVs in the city, and that 50 % of the EV battery 
capacities of all the vehicles were used as energy storage. Following this 
calculation, it was found that the “PV + EV” systems could supply up to 
70 % of electricity demand, including EV demand, and CO2 emissions 
from electricity and driving would decrease by 60–74 %. The energy 
costs would also fall by 22–37 % in Kyoto [45]. Further analyses of other 
urban areas in Japan (Hiroshima, Kawasaki, Koriyama, Kyoto, Niigata, 
Okayama, Sapporo, Sendai, and Tokyo special districts) and other 
countries suggested that the niche technology, rooftop PV system com-
bined with EV as a battery (“PV + EV” system), could serve as a 
cost-effective way to decarbonize urban energy systems [25,52–56].

The potential of integrated “PV + EV” systems in facilitating a 
transition towards carbon neutrality is also based on other potentially 
supportive trends. Since a national feed-in-tariff (FIT) began in 2012, 
large-scale PV has been installed on many optimal lands. In 2020, the 
cumulative installed PV capacity reached 72 GW (third in the world 
after China and the U.S.), and the PV capacity per flat land area, 470 
(kW/km2), was the largest among major countries [57]. However, 
owing to falling FIT rates, high PV installation costs, and limited land 
area, annual PV installation stagnated at around 7 GW since 2016—a 
figure that needs to be much larger to reach carbon neutrality by 2050. 
The use of rooftop space and agricultural lands has received increasing 
attention in recent years in an effort to increase annual PV installation 
and reach 2030 CO2 emission reduction targets. For example, the Tokyo 
metropolitan and Kawasaki City governments mandated rooftop PV be 
installed on newly built houses for large homemakers starting in 2025; 
other local governments will likely follow suit.

Another way in which cities like Kyoto can decarbonize involves 
accelerating the spread of EVs. The rapid increase in EVs [58] cannot 
only help reduce CO2 emissions from transport but also from other 
energy-related activities. This is because bi-directional EV charging 
makes it possible for EVs to use batteries to store surplus electricity from 
rooftop PV [59]. This multi-functional potential is sizable in Kyoto. 
Although individual technologies are already commercially available, 
for these technologies to work on a city scale, new technologies that 
maximize PV utilization on rooftops such as peer-to-peer (P2P), virtual 
power plant (VPP), and microgrids need to be developed [60,61].

There are other reasons these technologies could feasibly grow and 
spread in Kyoto. Most notably, relatively small, decentralized energy 
technologies can develop and penetrate more rapidly than larger 
centralized technologies, facilitating the decarbonization of energy 
systems [62]. In addition, the quick development of ICT, AI, and digital 
technologies could help build a new power system as part of smart city 
development. The growing use and purchase of EVs could further ease 
and accelerate these trends. Simultaneous developments of technologies 
from various directions can converge to build momentum behind rapid 
decarbonization.

The above suggests that a “PV + EV” system is technically and 
economically feasible and could serve as a niche for larger energy 
transition. However, Kyoto currently has introduced 148 MW of PV. 
Unfortunately, this only accounts for 2 % of the expected 7 GW rooftop 

Fig. 1. A flow chart of this research. A techno-economic analysis of “PV + EV” 
identified as an important technology for Kyoto’s decarbonization [19]. This 
study examines the socio-technical transition of niche technology, policy, 
institution, and stakeholders in Kyoto to scale up the system. Action research 
provides hands-on experiences for harnessing the “PV + EV" technology.
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solar (if 70 % of the rooftop area in Kyoto City is used for PV with 20 % 
efficiency) [63]. A critical question is why has rooftop solar and com-
plementary technologies not gotten more traction. As illustrated in 
Fig. 2, the answer to this question may lie in the fact that managing and 
then bringing that niche to scale depends on factors beyond the tech-
nological solution itself. Rather, it necessitates the combination of 
pressures at different levels and strategic management with stakeholders 
around the specific solution. The next section will offer a detailed 
description of some of the additional factors that could help or hinder 
the advancement of a niche built around “PV + EV” in Kyoto, beginning 
with an overview of the city’s emissions.

4. CO2 emissions in Kyoto

Kyoto, the eighth largest city in Japan, has a population of 1.46 
million in 2022 and is located in the mid-latitude of 35.0◦N, 135.8◦W 
with large seasonal variations in temperatures and weather patterns. 
The minimum and maximum daily temperatures are 2 ◦C in January and 
33 ◦C in August, incurring space heating in winter and cooling in sum-
mer, respectively [45]. CO2 emissions from energy use in Kyoto (direct 
emissions in the city plus emissions from electricity consumption) were 
5.49 MtonCO2 in 2020 [65]. About 54 % of the emissions originate from 
electricity consumption, 18 % from city gas consumption, and 28 % from 
fossil fuels (e.g., gasoline) [66]. Looking across different sectors, 
households emit the largest amount (32 %), followed by the commercial 
(29 %), transport (26 %), and industry sectors (13 %) (Table 1). The 
relatively smaller share of the industry compared to an average value of 
45 % of Japan in 2020 suggests there is potential for electrification, 
energy efficiency improvement, and renewable energy to decarbonize 
Kyoto’s energy systems [45].

Even with this potential and some of the milestones mentioned 
above, Kyoto has had mixed success navigating the early stages of 
decarbonization. In Kyoto, annual energy consumption fell from 
104,201 TJ in 1997 to 71,820 TJ in 2020, a more than 30 % decrease 
over 23 years [66]. On the other hand, CO2 emissions remained rela-
tively flat over the past three decades due to increasing CO2 emissions 
from electricity uses in commercial and household sectors and 
increasing grid emission coefficients (Fig. 3). More recently, CO2 emis-
sions fell by 24 % from 2013 to 2020 (Fig. 3) due to the reduction in total 
energy consumption by 9.2 % and lower grid emission coefficients 

(Fig. 3). After the Fukushima Accident in 2011, all the nuclear power 
plants in Japan closed for a few years (2012–2015) with increased 
outputs from fossil fuel power plants during the period. Since 2015, 
nuclear power plants have gradually reopened, leading to changes in 
grid CO2 emission coefficient (Fig. 3). As nearly half of the CO2 emis-
sions originate from electricity consumption (Fig. 3) and the share is 
expected to increase from electrification, the supply for affordable CO2 
free electricity from renewables will arguably help make more progress 
in decarbonizing Kyoto’s energy system.

5. Climate policy institutions in Kyoto

Of course, the potential for “PV + EV” does not solely depend on 
trends in CO2 emissions, it also requires an understanding of climate 
policy institutions and the broader context underlying their develop-
ment. To explore the prospects for transition in Kyoto, some background 
on the city is helpful. For more than 1000 years, Kyoto has played a 
central role in Japan’s historical, cultural, and political development. 
Kyoto was established as the capital of Japan in 794 by Emperor Kanmu. 
Japanese emperors (the religious, political, and cultural center in Jap-
anese history) continued to reside in Kyoto until the Meiji Restoration in 
1869, when the capital moved to Tokyo. At around the same juncture, 
the industrial revolution led to a shift to a fossil fuel-based energy sys-
tem. The industrial revolution fueled Japan and Kyoto’s development 
for more than a century. Today, the impacts of relying on fossil fuels are 
increasingly clear: nearly 1.5 million people and 732 thousand house-
holds living in Kyoto emit a significant amount of CO2.

Although the population in Kyoto has remained relatively stable 
since the 1980s, the number of households has been increasing due to a 
growing number of single-person households and nuclear families [65]. Fig. 2. Socio-technical transition in Kyoto. Adapted from Geels et al. [64].

Table 1 
CO2 emissions (MtonCO2) from different sectors in Kyoto City. Parentheses 
indicate emission reductions from the base year 2013 (a base year used in 
Japan).

Fiscal 
year

Industry Transport Household Commercial

2019 0.75 1.50 1.56 1.69
2020 0.69 (− 33 %) 1.44 (− 7.6 %) 1.77 (− 16.6 %) 1.59 (− 39.1 %)

Fig. 3. GHG and CO2 emissions from Kyoto City [67]. (top) CO2 emissions from 
commercial, household, transport, and industry sectors in Kyoto. GHG emis-
sions includes CH4, N2O, HCFC, etc. but with small shares in addition to CO2 
[66]. (bottom) GHG emissions separated by CO2 emissions from electricity use 
and others. Blue circles are grid emission coefficient [66]. Electricity in Kyoto 
has been supplied primarily by the Kansai Electric Power Company (KEPCO).
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At the same time, Kyoto has aged and will likely shrink moving forward. 
More than 28 % of the population is greater than 65 years old, and this 
proportion is expected to increase, owing to longer life expectancies and 
declining birth rates [65]. In fact, some projections suggest that the 
overall population is likely to fall to 1.3 million or experience a 10 % 
drop from 2021 by 2045 [68]. To some extent, these population declines 
will help lower the city’s CO2.

Other factors that have arguably kept those emissions down include 
Kyoto’s unique position in the history of international climate negotia-
tions. In 1997, Kyoto hosted the Conference of the Parties 3 (COP3) for 
the United Nations Framework Convention on Climate Change 
(UNFCCC) during which the Kyoto Protocol was adopted [69]. The 
event had substantial impacts on climate awareness in Kyoto [70]. Since 
1997, many in the Kyoto government have viewed climate change as a 
priority and felt the city should lead Japanese and other municipalities 
abroad as the birthplace of the Kyoto Protocol (Y. Kawai, Pers. Comm.). 
In 2004, the establishment of a Climate Change Action Ordinance with 
GHG emission targets by the city marked an important step for Kyoto in 
demonstrating that leadership. In the years that have followed, subse-
quent actions based on the ordinance led to wider-scale efforts to 
address climate change. One of the outcomes was the establishment of a 

department for climate change action in the Kyoto government with 
about 37 officers (as of June 2023).

Another important milestone in Kyoto’s effort to address climate 
change was the creation of Miyako-no Agenda 21 around COP3 in 1997 
[71]. This is the local version of Agenda 21, the United Nations sus-
tainable development action plan established in 1992. The Miyako-no 
Agenda 21 became the basis for the collaboration between Kyoto’s 
government, industries, universities, and NGOs; a platform was formed 
to strengthen that collaboration known as the Miyako-no Agenda 21 
Forum [70]. NGOs also became active around COP3 in Kyoto. The Kiko 
Network, a major NGO working on climate in Japan, was established in 
Kyoto in 1998. Although the Kiko Network works throughout Japan, it 
has played a particularly important role in Kyoto’s climate action 
through the continued involvement with senior personnel in the Kyoto 
government (K. Taura, Pers. Comm.). The Kiko Network, for instance, 
contributed to climate change action in Kyoto through the establishment 
of local community power plants and local power companies [72]. The 
Kiko Network was also involved in the establishment of Kyoto’s ordi-
nance for mandatory renewable energy installation in 2010 and created 
a project team with Kyoto’s stakeholders, including professors at Kyoto 
University in Miyako-no Agenda 21, to formulate proposals that were 

Fig. 4. Relationship between Kyoto climate plans and related policies and plans [76].
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successfully included in the final form of the ordinance (K. Taura, Pers. 
Comm.).

In 2021, Kyoto adopted a mid-term climate change action plan. The 
plan runs from 2021 to 2030 with some provisions extending to 2050. 
The plan is the latest in a series of eight such plans; it is also the first 
version to include emission reduction targets for 2030. For example, the 
plan includes a GHG emissions reduction target of 46 % off 2013 levels 
by 2030. Importantly, the plan emphasizes the contributions of solar PV 
and electric vehicles to achieving emission reduction targets. Solar PV, 
in particular, occupies a prominent place in the plan. The promotion of 
EVs is part of the transport strategy, which also includes promoting 
walking, public transport, and AI-supported innovations in the transport 
sector.

The plan demonstrates a clear effort to ensure policy coher-
ence—both across sectors and levels (Fig. 4). Cross-sectoral horizontal 
coherence is reflected in, for instance, the strong links between the en-
ergy, transport, waste management, and land use elements of the plan. It 
is also evident in discussions of how the green recovery from COVID-19 
could free up resources from the national to local level to drive changes 
to energy systems. Another feature of the plan is extensive engagement 
with different social groups, industrial associations, and other stake-
holders. With these policies and plans, Kyoto aims to gradually intro-
duce PVs and EVs to move towards carbon neutrality [73–75]. A critical 
question is whether the plan and governance arrangements can be 
effective in scaling up PVs and EVs in the city.

6. Collaboration among stakeholders in university, research 
institute, and industry

Universities and industries could play a crucial role in facilitating 
innovation such as “PV + EV” systems for sustainability transitions. 
Kyoto, in particular, has many universities and key industries for 
decentralized energy systems. Traditionally, industry-academia- 
government collaboration has mainly been aimed at technological 
development in specific areas, and the coevolution of technologies and 
institutions has been promoted through a relatively limited range of 
networks. In contrast, the creation of innovations to tackle sustainability 
challenges such as climate change is characterized by the great diversity 
of knowledge required and the existence of a wider range of relevant 
stakeholders [77]. Toward this end, there is significant potential for 
universities to take the lead in forming platforms with relevant stake-
holders and creating innovations through social experiments [78,79]. 
From this experience, it is possible to identify some elements that can 
drive implementation through that process. These include proposing 
and sharing a vision based on scientific knowledge, forming a platform 
with stakeholders, setting clear and specific goals, collaboration be-
tween university researchers and industrial practitioners, active partic-
ipation of a wide range of stakeholders, development of new 
technologies and systems through social experiments, feedback to 
decision-makers, and effective institutional design. It is also critical to 
maintain transparency and inclusiveness in the process so that the 
project receives recognition and is viewed as legitimate in society.

On the other hand, there are several challenges that need to be 
overcome for universities to play an active leading role in facilitating 
close collaboration among academia, industry, government, and civil 
society for a sustainability transition. They include communication 
within a network that covers various stakeholders, organizational 
resistance of faculties and departments, lack of sufficient incentives for 
each researcher, and difficulty in evaluating the results of collaborative 
research between different areas of expertise. A key challenge is to 
effectively integrate the functions of education, research, and social 
contributions that universities have been carrying out. Analysis of actual 
cases under various domains and conditions can contribute to under-
standing the mechanisms by which universities take the initiative in 
forming platforms and creating innovations for decarbonization in 
cooperation with various stakeholders involved. A good example can be 

found in the collaboration between the Kyoto government and re-
searchers, which produced a base for mid-term climate actin plan using 
future design method [80].

There are some recent developments in facilitating collaboration 
among stakeholders in university, research institute, and government. 
Research Institute for Humanity and Nature (RHIN) and local govern-
ments (Kyoto Prefecture and Kyoto City), has launched the Climate 
Change Adaptation Center in Kyoto in July 2021, together with Kyoto 
University, Kyoto prefectural University and others. This center as well 
as several research projects on carbon neutrality in RIHN deal with 
climate adaptation and mitigation in Kyoto, areas that are usually dealt 
with separately. In this activity, researchers benefit from the following 
results of interdisciplinary studies [81]: 1) development of a model in 
Kyoto which can tell synergy and tradeoff among resources related to 
carbon neutrality, and 2) development of database on carbon neutrality 
with water-energy-food nexus for understanding relevant linkages in 
Kyoto. Local governments, farmers, industrial sectors, and citizen as 
consumers can also benefit from the results of this research as part of a 
transdisciplinary study [82], including 1) scenario development for 
future carbon neutrality plan in Kyoto with stakeholders; and 2) best 
policy mixes for carbon neutrality with other factors such as water, 
energy, food, labor, land use and others.

Another networking initiative with academia, industries and gov-
ernments is the formation of University Coalition in Japan for carbon 
neutrality. The university coalition in Japan was established on July 
2021 with the supports from the Ministry of Education, Culture, Sports, 
Science and Technology (MEXT), the Ministry of Economy, Trade and 
Industry, and the Ministry of the Environment (MOE). As of this writing, 
203 universities and companies have joined the coalition. The objectives 
of the university coalition in Japan for carbon neutrality are 1) transfer 
of the knowledge of carbon neutrality related to the efforts by univer-
sities, 2) promotion of the social implementation of carbon neutrality 
research results and research development according to needs by 
strengthening cooperation with local governments, companies, etc., and 
3) strengthen the ability to communicate domestically and interna-
tionally. There are five working groups that exist in the coalition 
including a) carbon neutrality of university campus, b) carbon neutrality 
for the local area, c) carbon neutrality innovation, d) human develop-
ment for carbon neutrality, and e) international collaboration for carbon 
neutrality. The good examples of the carbon neutrality research such as 
studies in Kyoto can be shared by this coalition from local to national 
and international.

To understand the socio-economic dynamics and structures of the 
society [83] for carbon neutrality in 2050, a case study has been con-
ducted in Kyoto Prefecture (different from Kyoto City). The surrounding 
municipalities have declared zero carbon in the prefecture to set up a 
dialogue forum for policy and science and attempt to match policy needs 
with research seeds. In addition, economic analysis has been conducted 
on new regional electric power projects in the prefecture to quantita-
tively analyze the economic effects of decarbonization measures. The 
transdisciplinary study on carbon neutrality has the benefit of identi-
fying the joint issue between researcher and stakeholder. Researchers 
also get benefits from this work—namely, to access insights from 
different sectors such as water, energy, and food, which are usually 
separated and never have been discussed together. Notably, city officers 
in Kyoto gave researchers many ideas and information of local knowl-
edge about how human behavior and policies are related to the local 
culture and why general policies did not work in the traditional and 
historical city. For instance, there is a tradeoff between renewable en-
ergy from solar panels on the rooftop and tourism with landscape 
regulation in the historical city. This kind of information is useful for 
making scenarios and best policy mixes for the future and analyzing the 
tradeoffs and synergy in the transdisciplinary study.

The next section describes some of the early efforts to build and 
expand a niche for “PV + EV” in Kyoto. It then turns to additional action- 
oriented steps that can be taken to strengthen collaboration between 
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universities and industries and related policy and governance reforms 
that can legitimize the platform and spread the technology.

7. A stakeholder platform for a socio-technical transition: Kyoto 
Miraimon project

Some initiatives have already started to construct a stakeholder 
platform that would open the niche for community-scale “PV + EV” in 
Kyoto. In the Spring of 2020, an action research project was initiated to 
promote “PV + EV” decarbonization on a community scale (Fig. 5). The 
research project was named the Kyoto Miraimon project. Miraimon (未 
来門) literary means “Gate for future”. The Kyoto Miraimon project 
aimed to build a “PV + EV”-based power system in a community to 
support urban decarbonization. It was organized around five themes 
and/or objectives: (1) transition research, (2) design of distributed 
power generation systems for PV and EVs, (3) development and imple-
mentation of power supply business model, (4) collaboration with local 
universities, (5) development of PV, V2H and V2G, and community 
energy management system (CEMS) with local companies (Fig. 5).

The platform consisted of a group of around 10 stakeholders in Kyoto 
with three divisions (Fig. 6). Every month, a committee meeting was 
held online or in hybrid form. Six university researchers (social and 
environmental scientists, engineers, and energy economists) joined the 
project to form a transition research team (Fig. 6). Two researchers 
regularly participated in the meeting and acted as meeting leaders. 
Other researchers served as advisors, occasionally providing relevant 
knowledge. These researchers helped to assess the progress of the 
project, advise the committee, and summarize performance in academic 
papers to disseminate findings.

Participants from industries were Nichicon (V2H system producer), 
Nissan (automaker), Kyocera (electronics maker), Orix (energy service 
provider), Tera Energy (a local power retail company founded by 
Buddhist monks), and other companies in the fiscal year 2021 (Fig. 6). 
These industry participants formed a team to build a business model for 
the utilization of “PV + EV” in collaboration with Kyoto and with a 
researcher specialized in distributed power systems. The team worked 
with the committee and collaborated with other project members for the 
establishment of “PV + EV” systems.

Participating NGOs include the Kikko-Network as well as the Kyoto 
Environmental Activities Association (KEAA: primarily founded by 
Kyoto City). Higashi Hongan-Ji (a sect of Buddhism in Japan) with a 
large temple in Kyoto participated since 2021. These organizations have 
strong ties with local communities and support the project by identifying 
the community’s needs. Kyoto’s government also participated in the 

project since the beginning but as an observer from 2022 (Fig. 6).
In the first year of 2020, those working on this initiative sought to 

install a rooftop PV and EV project in a district in Kyoto, using subsidies 
from the Ministry of Environment (MOE) or the Ministry of Economy, 
Trade, and Industry (METI). Subsidies from these agencies are partial: 
the ministry provides half or one-third of the necessary cost of the 
project. Companies must provide the rest of the project money. In 
addition, the subsidy comes with many requirements that can be diffi-
cult to meet in the early stages of a project. For instance, the location of 
the demonstration project needs to be identified in the proposal before 
funds are disbursed. Because of these requirements, getting an agree-
ment within the group during the first year proved difficult. It was 
determined that it would be better to explore an alternative route 
outside of this scheme in the second year.

In the second year of 2021, it was decided to build off the past 
experience and rely more on the private sector. As such, ORIX took the 
lead to form a “PV + EV” project. ORIX, Nissan, and Nichicon collabo-
rated to establish a business model in Kyoto, using “PV + EV” without a 
subsidy. This helped to reduce some of the challenging requirements 
encountered in the first year. It also addressed concerns that projects 
supported by subsidies tend “not” to continue after the subsidy ends. 
Using the network of Tera energy, the group tried to start a business at 
Buddhist temples and universities in Kyoto by using carport PV and 
shared EV schemes. However, reaching an agreement among companies 
and owners of locations again proved difficult. This may have reflected 
the importance of a deep understanding of the needs and concerns of 
communities and demonstrating the benefits of the technology. Moving 
forward, plans were made to take a different route that would fully 

Fig. 5. Kyoto Miraimon project as of May 27, 2020.

Fig. 6. Organization chart of Kyoto Miraimon project as of 2021.
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understand those needs and concerns.
In the third year of 2022, a decision was made to have researchers 

work with NGOs to identify communities that were willing and able to 
collaborate on a “PV + EV” demonstration project. The Kikko Network, 
KEAA, and Tera Energy led the search as they routinely work with 
communities on environmental issues. Though the search proved diffi-
cult - communities understandably wanted to know if any benefits/ 
subsidies are available from participating in the project - a collaborator 
in Gion (祇園), Kyoto has been located as a possible demonstration site. 
Gion is a famous Geisha district with traditional buildings and restau-
rants. The collaborator owns a café and co-working place in Gion. Both 
the collaborator and the community have an incentive to participate in 
the demonstration project because they can help the district gain 
attention. As of writing this article in July 2024, we were in the process 
of developing the demonstration project of “PV + EV” in Gion with 
traditional tile-style PVs as the Kyoto Miraimon projects.

8. Opportunities and challenges in facilitating a socio-technical 
transition in Kyoto

These experiences—though still ongoing—illustrate some of the 
challenges and opportunities for creating niche technology “PV + EV” 
and scaling up collaboration in Kyoto. Several lessons and implications 
learned warrant consideration in this regard. These lessons begin with 
the realization that finding a suitable location to initiate a demonstra-
tion pilot is a non-trivial undertaking, especially when “PV + EV” is not 
yet a financially attractive option, and there is underlying uncertainty 
about to what extent the technology can play an important role in 
decarbonization. There are understandable questions about the benefits 
as well as the risks involved in securing the supply of electricity for the 
local community. These questions need to be answered clearly and 
convincingly. It also merits noting that benefits are likely to vary greatly 
from one location to another, especially in the early stages of opening a 
niche. The benefits may also be intangible, such as demonstrating that a 
location is a first mover on technology and burnishing those first-mover 
credentials.

A second point pertains to the challenges of finding a suitable loca-
tion to install PVs in Kyoto. This includes that many preserved old 
wooden buildings are too weak to hold PVs and withstand large earth-
quakes; further, the timing of rebuilding introduces uncertainty over 
when to install rooftop PV, which is also often discussed for European 
historical buildings [84]. A related take-home point is a recognition that 
Kyoto has prohibited the installation of PV panels on many of these old 
wooden buildings in some protected areas with traditional tiles, Kawara, 
fearing that they alter and lower the scenic values of the urban land-
scape. This would necessitate the use of specially designed traditional 
tile-style PVs, which would incur additional costs but potentially help 
restore traditional views of the city. In addition, it is now understood 
that the heights of buildings in cities are not homogeneous, creating 
shades on the rooftops of lower buildings. A related consideration is that 
optimal PV capacity is generally calculated using the building’s energy 
demand, resulting in smaller than optimal uses of rooftop areas, but the 
integration of EV batteries with PV can substantially increase optimal PV 
capacity [53].

The third lesson involves the need to identify a sustainable business 
model for the project in a broader sense. Subsidy schemes may have a 
short-term appeal but can also include onerous requirements and 
considerable transaction costs. They may also discourage or crowd out 
private-sector investment. While initial costs can be high and have 
prohibited the rapid penetration of rooftop PV thus far [85], increas-
ingly popular third-party models may be the best way to lower these 
barriers and circumvent some of the obstacles involving direct govern-
ment funding.

The fourth lesson is that initiating a niche-level project is inherently a 
learning-by-doing process. The project has generated a considerable 
amount of interaction among participants; this has helped to refine 

goals, disseminate special knowledge of researchers, move past speed 
bumps, and set those engaged in this work on a more sustainable course. 
Much of what has been gained would not have been unknowable at the 
early stages of the project. Many of the learnings involve the various 
barriers to realizing the potential of “PV + EV”. Viewed from another 
perspective, however, these challenges may also be turned into oppor-
tunities. In this connection, the key is how to strengthen the platform 
and reform policies and governance arrangements so as to expand those 
opportunities. Importantly, changing landscapes (advancement of 
technologies, regulatory reform, and changes in people’s perceptions, 
etc.) could open the widow of opportunities in the future [86].

While the platform development contributes to facilitating a transi-
tion, there is still room for further improvement based on the lessons 
learned on “PV + EV”. One such area involves the mapping and iden-
tification of communities with the technical potential to install solar 
PVs. This mapping could also explore non-technical issues, such as im-
pacts on visibility and less visible community interests. It could, there-
fore, be accompanied by stakeholder surveys and/or focus groups that 
could shed light on these issues. Bringing community acceptability into 
this mapping would help determine not only the technical but also the 
socio-economic feasibility of “PV + EV”. It would also have positive 
spillover effects in terms of raising awareness of new technologies. These 
efforts can be part of larger efforts to strengthen community engagement 
around the mid-term climate change action plan and its 46 % target. 
Those efforts will also empower women’s groups and youth movements 
as part of a sustainable and socially just transition [87].

A second area where current plans and governance arrangements can 
be strengthened to support a transition involves financing. Though there 
is likely to be growing financial support for “PV + EV”, a key question is 
through what channels it is allocated and for what purposes. As noted 
previously, straight national-level government transfers of resources to 
cover initial costs would not be an optimal solution. Instead, plans can 
make strong links to third-party financing models—for instance, open-
ing opportunities for environmental service companies (ESCOs)—that 
help overcome initial cost barriers by allowing companies to capture 
cost savings from reduced energy costs over the lifetime of a project. 
This can also be supported by greater awareness among officials working 
on investment, transport, and energy. It would also help to bring in local 
banks that can support debt financing and work with ESCOs to structure 
financing [88].

There could be scope to use more direct public funding and fiscal 
transfers to finance the purchase of supportive infrastructure for EVs, 
including charging stations [89]. This could help accelerate and close 
gaps between Japan and many other developed countries in the pene-
tration of EVs. Closing this gap is essential for two reasons. The first is 
that overall, technology penetrates faster when it reaches a critical 
threshold of 5–10 % of the total share. The second is “PV + EV” tech-
nology, rooftop PV and EV need to have relatively high penetration to 
connect the dots physically for energy sharing. Though the V2H sales 
have been increasing, reaching nearly 20,000 units in 2023 in Japan 
[51] (but compare it with 62 million registered passenger vehicles in 
2022 in Japan), for “PV + EV” systems, meeting critical thresholds and 
getting significant price drops will require that essential infrastructure is 
in place. Similar to the above, greater coordination between divisions 
working on transport, energy, and urban planning will be helpful in 
determining the locations of charging stations. This effort could again be 
paired with work on mapping the social feasibility of PV.

Most of the proposed reforms thus far focus on actions by the local 
government. At the same time, it will be critical that central govern-
ments place more emphasis on EVs. Part of the reason that Japan has 
lagged relative to other countries on EVs is the lack of purchasing in-
centives for consumers and price support for manufacturers. This is also 
arguably attributable to a preference among some ministries and vehicle 
manufacturers to focus on hybrid or more energy-efficient vehicles. 
However, the global push for EVs might significantly disadvantage 
Japan if it continues along this course. Cities like Kyoto can help to 
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induce national policies in the direction of promoting EVs by demon-
strating the benefits of “PV + EV” systems and holding the case up as 
part of broader national decarbonization efforts. For instance, it could be 
featured as Kyoto acquires more funds and attention as a leading 
decarbonization area. For this to achieve maximum impact, it would be 
necessary to establish mechanisms that provide steady flows of infor-
mation from the bottom up. Gradually strengthening the vertical con-
nections between Kyoto and the national government could pay 
dividends for both levels.

A final area involves the style of governance. Some have noted the 
complexity of managing a transition requires not simply sound in-
stitutions and carefully crafted policies but reflexivity. Opening a 
growing space for innovations to grow will sometimes entail thinking 
and acting outside the box of established routines and standard oper-
ating procedures. For instance, it would be important to think creatively 
about communicating the benefits of “PV + EV”. It would also be critical 
to consider new ways of installing PVs in scenic areas or near older 
buildings. In much the same way the Miraimon platform supported 
learning by doing, governments will also need to create spaces for the 
same kinds of processes.

9. Conclusion

For rapid urban decarbonization, decentralized power systems such 
as rooftop PVs integrated with EVs could play an important role. Many 
studies have demonstrated that rooftop PVs integrated with EVs as 
batteries (“PV + EV” systems) is a technically and economically feasible 
approach to deep decarbonization if it is applied at the city scale (if 70 % 
of the rooftop area of Kyoto is filled with PVs, the capacity of PVs can 
reach 7 GW, and the PVs coupled with EVs can supply up to 70 % of 
electricity to the city.). To build such systems at the city scale, a rapid 
socio-techno-economic transition needs to occur. Rapid advances in PV 
technologies combined with a wide penetration of EVs offer a niche 
technology of “PV + EV” that could make this transition increasingly 
feasible.

This study offers a first-of-its-kind analysis and discussion of how the 
“PV + EV” diffusion can gain momentum through collaboration among 
key stakeholders, including city and national governments, universities, 
research institutions, business enterprises, and NGOs in Japan. The 
study also highlights that governance will play a critical role in the 
penetration of PVs and EVs, and university researchers can provide 
important future visions of the new technological potentials of decar-
bonization through techno-economic analysis in Japan. Further, it 
demonstrates these points by using Kyoto as a thick description case 
study supplemented by an action-oriented hands-on project, the Kyoto 
Miraimon Project, with stakeholders in the city to establish a real deep 
decarbonization pathway. A platform such as this project can facilitate 
the transition, aligning stakeholders’ goals with local expertise in uni-
versities and industries. To establish swift and deep urban decarbon-
ization through “PV + EV”, similar attempts also need to be 
implemented elsewhere.

While the study offers some useful findings, it also has some limi-
tations. As this study is based on a single case analysis of Kyoto, in order 
to evaluate to what extent, the experience of this city can be generalized 
and applicable to other cities, further research would be expected to 
explore how other cities in Japan and beyond are working on “PV + EV”. 
That would be helpful to evaluate to what extent the findings based on 
the experience in Kyoto can be applicable to other contexts with similar 
constraints on land and aging populations. Comparative case studies of 
cities that, for instance, would not necessarily have the same level of 
strong institutional support for climate action would also be useful. 
Similarly, it is also important to note the uncertainties inherent in work 
on transitions. While most of the technical and economic assessment of 
innovative climate solutions could be backed up with relatively robust 
estimates of mitigation potential and costs, transition studies would lack 
the same kind of precision. Additional efforts would be required to 

integrate insights on social and institutional feasibilities into more 
conventional assessments of the potential of novel initiatives.
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